
 

 

 

“Braking bad”: The influence of haptic 
feedback and tram driver experience on 
emergency braking performance 
 
 
Callari, T. C., Moody, L., Mortimer, M., Stefan, H., Horan, B. & 
Birrell, S 
Published PDF deposited in Coventry University’s Repository  
 
Original citation:  
Callari, TC, Moody, L, Mortimer, M, Stefan, H, Horan, B & Birrell, S 2024, '“Braking 
bad”: The influence of haptic feedback and tram driver experience on emergency 
braking performance', Applied Ergonomics, vol. 116, 104206. 
https://doi.org/10.1016/j.apergo.2023.104206 
 
 
DOI    10.1016/j.apergo.2023.104206 
ISSN   0003-6870 
 
 
Publisher: Elsevier 
 
 
© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under 
the CC BY license( http://creativecommons.org/licenses/by/4.0/). 
 
This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.. 

https://doi.org/10.1016/j.apergo.2023.104206


Applied Ergonomics 116 (2024) 104206

Available online 22 December 2023
0003-6870/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

“Braking bad”: The influence of haptic feedback and tram driver experience 
on emergency braking performance 

Tiziana C. Callari a,b,*, Louise Moody b, Michael Mortimer c, Hans Stefan c, Ben Horan c, 
Stewart Birrell d 

a Socio-Technical Centre, Leeds University Business School, University of Leeds, Leeds, UK 
b Centre for Arts, Memory and Communities, Coventry University, Coventry, UK 
c School of Engineering, Deakin University, Victoria, Australia 
d Centre for Future Transport and Cities, Coventry University, Coventry, UK   

A R T I C L E  I N F O   

Keywords: 
Tram 
Haptic feedback 
Road safety 
Emergency braking 
Streetcar 

A B S T R A C T   

Trams are experiencing a resurgence with worldwide network expansion driven by the need for sustainable and 
efficient cities. Trams often operate in shared or mixed-traffic environments, which raise safety concerns, 
particularly in hazardous situations. This paper adopts an international, mixed-methods approach, conducted 
through two interconnected studies in Melbourne (Australia) and Birmingham (UK). The first study involved 
qualitative interviews, while the second was an experimental study involving a virtual reality (VR) simulator and 
haptic master controller (i.e., speed lever). In tram operations, master controllers play a critical role in ensuring a 
smooth ride, which directly influences passenger safety and comfort. The objective was to understand how a 
master control system, enhanced with additional haptic feedback, could improve tram driver braking perfor-
mance and perceptions in safety-critical scenarios. Interview results indicate that the use of the emergency brake 
is considered the final or ultimate choice by drivers, and their driving experience is a moderating factor in 
limiting its application. Combined with the experimental results, this paper highlights how implementing haptic 
feedback within a master controller can reduce the performance disparity between novice and experienced tram 
drivers.   

1. Introduction 

The tram as a form of urban, public transport is advocated to be cost- 
effective whilst easing traffic congestion and lowering air pollution 
levels (Ajanovic et al., 2021; Kołoś and Taczanowski, 2016; Petkov, 
2020). In the UK and Australia in particular (where this research was 
conducted), there has been significant expansion and investment in 
specific urban areas to provide a more environmentally sustainable, 
safe, and reliable form of transport (Ballinger, 2001; Currie and Burke, 
2013; Guerrieri, 2018). Whilst trams are considered a relatively safe 
form of transport with lower accident frequency than cars (Guerrieri, 
2018; Rojas-Rueda and Nieuwenhuijsen, 2016), their operation presents 
unique human factors and safety challenges (Fontaine et al., 2016; 
Guerrieri, 2018; Restel and Wolniewicz, 2017). 

As large, heavy vehicles, tram collisions and incidents can result in 
severe damage and injury (Naznin et al., 2017). Unlike trains, trams 
often operate in a shared or mixed-traffic environment close to more 

vulnerable road users, including motor vehicles, cyclists, and pedes-
trians (Naznin et al., 2016). They operate on guided tracks on the road, 
so, unlike cars and buses, they are restricted in lateral movement. 
Additionally, as trams are typically not equipped with seatbelts, pas-
sengers may experience forward motion during a braking event. The 
swifter the application of brakes, the greater the disparity in motion 
between the tram and the passengers, which increases the possibility of 
passenger injury or discomfort, especially if they are unable to brace 
themselves in time. This combination of factors offers a unique set of 
task demands and cognitive workload for tram drivers to ensure a 
smooth and safe journey experience (Callari et al., 2021; Naweed and 
Moody, 2015; Naweed and Rose, 2015). 

The concept of ‘Distributed Cognition’, as introduced by Hutchins 
(1995a), provides a valuable framework for understanding tram safety. 
It allows us to understand the cognitive properties of complex 
socio-technical systems that emerge through the close interplay of the 
constitutive parts. The knowledge, competence, and experience of the 
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tram driver, shapes their ability to perform their tasks, achieve their 
goals, and maintain system safety (Callari, et al., 2022; Wilson et al., 
2007). The tram driver acts as a key cognitive agent, making decisions 
and taking actions to ensure safe operations. Furthermore, the broader 
tram system and its design play a significant role in shaping safety 
outcomes. The literature extensively examines the safety implications of 
mixed-traffic tram operations, recognising it as a contributing factor to 
incidents involving collisions with other road vehicles, including rare 
tram-to-tram collisions (Naweed and Rose, 2015) and fatalities, partic-
ularly among cyclists and pedestrians (Castanier et al., 2012; Cleghorn 
et al., 2009; Maempel et al., 2018). These incidents are often attributed 
to road design issues, which are widely regarded as the primary causes 
of such occurrences (e.g., (Currie and Shalaby, 2008; Naznin et al., 2018; 
Truong and Currie, 2019). 

Despite the complexity and challenges associated with this driving 
environment and scenario, there is relatively little research exploring 
tram driving, decision making and evaluating driver experiences (Naz-
nin et al., 2017). The limited research available has highlighted that 
further consideration is needed of safe and controlled tram braking 
(Callari et al., 2022; Naznin et al., 2017; Naweed and Moody, 2015; 
Naweed and Rose, 2015). As trams operate on guided tracks within the 
mixed traffic environment, the drivers’ only response to avoid an inci-
dent on the road is to brake. Due to their weight, trams have a long 
braking distance to reach a stop, so drivers need to anticipate other road 
users and brake in good time to maintain a smooth journey experience 
for their passengers (Callari et al., 2021; Naznin et al., 2017). In this 
paper, we specifically explore the task of braking from the perspective 
and experience of tram drivers. 

1.1. The master controller and the task of braking 

The master controller acts as the primary mechanism for controlling 
acceleration and deceleration. The driver achieves a smooth journey for 
their passengers through the operation of the master controller, which is 
critical in gradually reducing speed and emergency braking. In foot- 
operated trams, two pedals, similar to those found in cars, are used for 
both acceleration and braking (Fig. 1-a). On the other hand, in hand- 
operated trams, the master controller integrates both throttle and 
brake within one control (Fig. 1-b). Whilst there is variation in the type 
of master controller in use, there has been limited design evolution of 
the master controller in both foot- and hand-operated trams (Callari 
et al., 2022). 

Naweed and Moody’s (2015) human factors analysis identifies 
applying throttle and braking as a complex set of tasks requiring drivers 
to accurately estimate the influence of gradients and changing condi-
tions on speed as well as environmental factors. Experience empowers 
drivers to manipulate the master controller effectively, yet the cognitive 

processes involved in ensuring safety extend beyond the individual tram 
driver’s mind. They are distributed across various elements (Hutchins, 
1995a), including the technological artefacts such as the master 
controller, which serves as a cognitive tool, and the overall tram system. 
The master controller enables the driver to interact with the tram’s ac-
celeration and braking systems, providing vital information and 
feedback. 

Braking systems play an important role in ensuring safety (Kapsky 
et al., 2021). Safe driving and timely braking involve vision, perception, 
cognitive functioning and physical abilities (Castro, 2008; Read et al., 
2017; van Eslande and Fouquet, 2007). Functionally, there are three 
braking modes: service (under normal operating conditions); emergency 
(for stopping in exceptional cases to prevent traffic accidents); and 
parking (to prevent uncontrolled movement under the influence of 
external forces). Through their investigation of the key tram driving 
challenges in Melbourne, Australia, Naznin et al. (2017) identified 
challenges around braking under both normal and emergency condi-
tions. Rapid risk assessment and decision-making are required based on 
a range of factors such as the road environment, travel speed, risk level, 
etc. (Naznin et al., 2017). Decision-making occurs at the strategic, 
tactical and operational level: strategic decisions relate to the initial 
planning and executing of the journey; tactical decisions are made about 
speed and how to drive in the specific traffic situation, and at the 
operational level, the driver takes decisions that relate to the immediate 
control of the tram (Moutchou and Cherkaoui, 2012). 

Naznin et al. (2017) found that drivers were hesitant to apply the 
emergency brake due to the risk of causing a passenger to fall inside the 
tram. As a result, in a perceived emergency, they may need to make a 
rapid decision that involves a compromise between the safety of road 
users and passengers. In addition, there are a range of personal factors 
that will have an impact, such as driver experience, intentions, attitudes, 
and emotions (Naweed et al., 2020) and arguably an ethical element in 
how the driver considers minimising the risk to passengers or road users 
in a given situation (Samuel et al., 2020; Yahoodik et al., 2021). Here, 
we seek to further understand the emergency braking task as perceived 
by drivers, and explore how haptic feedback provided via the master 
controller may enhance safety. 

1.2. A role for a haptic master controller? 

There has been limited consideration of how the tram master 
controller could be further developed to guide the driver, or to enhance 
their understanding of the driving environment or their performance 
(Callari et al., 2022). The provision of haptic feedback has however been 
advocated and implemented in environments where there is already a 
large amount of visual information available, as an alternative means of 
providing guiding and warning information (Gaffary and Lecuyer, 2018; 

Fig. 1. Examples of master controllers in trams.  
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Girbes et al., 2016; Habib et al., 2021). The use of haptics in the complex 
operation of a tram has been considered in relation to automation (e.g., 
Habib et al., 2021). Here, we consider haptics with respect to the 
augmentation of the driving controls and its application within braking 
tasks. 

Theoretically, this augmentation through multimodal feedback, i.e., 
those that deliver information via more than one sensory channel or 
modality – which traditionally in transport are visual, auditory, and 
tactile – have long been seen to derive performance benefits under the 
principles behind the Multiple Resources Theory (MRT; Wickens, 2002). 
It is predicted that there are advantages by offering information 
redundancy via a second modality. Hence, multimodal feedback can be 
more efficient, because, on a perceptual level, the two components of a 
multimodal warning can enhance each other (King and Calvert, 2001). 
This efficacy of multimodal warnings has been demonstrated within the 
automotive field, but specifically relevant to this paper multimodal 
warnings, through the addition of haptic feedback to traditional visual 
information presentation, can improve reaction times in high-workload 
situations (Ho et al., 2007), and reduce the number of missed warnings 
and result in fewer false responses to a braking event (Geitner et al., 
2019). In previous work, Callari et al. (2022) developed an experimental 
haptic master controller to provide tram drivers with enhanced 
perceptual (or multimodal) information when driving trams in normal 
operations. Rather than test an adaptation to the master control in the 
real world, a virtual environment allows low-risk testing to consider the 
impact of haptics on driver performance and to complement the elici-
tation of driver views related to real-world driving. In this research, the 
haptic master controller has been employed to further understand the 
braking task within a virtual environment in emergency scenarios. 

1.3. Aims and objectives 

This paper adopted a mixed methods approach aiming to understand 
how a haptic master control system can enhance the information pro-
vided to tram drivers regarding braking in safety-critical scenarios. The 
research design encompassed two interconnected studies – one a qual-
itative interview -based study, the second an experimental virtual reality 
(VR) study. The first qualitative study sought to understand tram driver 
decision-making and the trade-offs drivers may make in emergency 
braking scenarios. This was investigated through interviews where 
drivers were prompted to reflect on driving scenarios and share their 
operational experience and views on the safety-related risks and un-
derlying dynamics. In the second study, an experiment was undertaken 
employing the purpose-built haptic master controller to explore the 
extent to which haptics could augment the braking task within the vir-
tual environment (VE) and provide useful perceptual information to 
inform driver decision-making. 

2. Methods 

The research was undertaken in Melbourne (Australia) and Bir-
mingham (UK) in March–July 2019. Melbourne is home to the largest 
tram network in the world, with over 250 km of double track across 
more than 30 tram routes and over 1.700 tram stops. Most tram tracks in 
Melbourne run down the centre of the road; critically, seventy-five per 
cent of the tram network is in mixed traffic operations. On the other 
hand, the Birmingham tram network consists of a single route (Line 1), 
which operates in mixed traffic in the city centre and exclusive tram 
lanes towards Wolverhampton, totalling 14 miles in length. Extensions 
to create new lines (Lines 2–4) are ongoing. 

2.1. Research participants 

The two studies were conducted at the Melbourne and Birmingham 
tram companies and involved their drivers. A total of 30 tram drivers 
participated, 14 from Melbourne and 16 from Birmingham. In 

Melbourne, drivers were involved in the qualitative study only, while in 
Birmingham, drivers were involved in both the haptic experimental and 
qualitative interview studies. The tram companies facilitated the 
recruitment of their drivers by advertising the research internally and 
providing a list of drivers interested in participating. The interested 
drivers were contacted by email to agree a suitable time to take part. The 
participants provided informed consent prior to data collection. 

Of the 30 drivers, 25 were male and 5 were female. Drivers were 
classified in terms of driving experience as follows: novices (up to 2 
years), experienced (from 2 to 5 years), very experienced (from 6 to 10 
years), and experts (over 10 years). Their mean driving experience was 
9.13 (SD = 7.96) years. Details of the two driver groups (Melbourne vs 
Birmingham) are detailed in Table 1 below. 

2.2. Qualitative interview study 

Ethical approval for this study was granted by the Coventry Uni-
versity Research Ethics Committee - Ref. N. P79580. 

2.2.1. Data collection 
The dataset involved 30 interviews. All face-to-face interviews were 

conducted with tram drivers at the companies’ premises except for one, 
which was managed online. 

The purpose of the interviews was to collect the views and lived 
experiences of the tram drivers about scenarios involving near misses (i. 
e., any event that could have had adverse consequences but did not) 
and/or incidents/accidents with road users (pedestrians or motor ve-
hicles) in mixed-traffic operations. This may have applied to any situa-
tion in which the tram and a road user (could have) collided. In cases 
where the drivers had directly experienced a safety-critical event (either 
a near miss or an incident), they were asked to recall the event and 
provide the following information:  

• The situation or context that led to the occurrence of the event.  
• Factors or aspects in the situation or context that contributed to the 

near miss or incident.  
• The undesirable outcome that occurred or could have occurred as a 

result of the event.  
• Reflections on the decision-making process and trade-offs involved 

in handling the event. 

Additionally, drivers were asked to provide information about their 
practices and braking patterns both in normal and emergency situations 
using the master controller. The interviews were recorded, transcribed 
verbatim. 

2.2.2. Data coding and analysis 
The process of data coding and analysis was managed using NVivo 

Table 1 
Overview of research participants’ demographics and driving experience.  

#Drivers Country/tram 
company 

Gender Years of driving 
experience 

Involvement in 
#Study 

14 Melbourne 
(AU) 

M (11) 
F (3) 

Novices (2) 
Experienced (3) 
Very 
experienced (4) 
Experts (5) 
Mean = 11.14 
SD = 9.36 

Qualitative study 

16 Birmingham 
(UK) 

M (14) 
F (2) 

Novices (4) 
Experienced (4) 
Very 
experienced (3) 
Experts (5) 
Mean = 7.38 
SD = 6.29 

Qualitative study 
Experimental study  
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(v.12 Pro for Windows, ©Lumivero). Braun and Clarke’s reflexive 
approach to thematic analysis (2022) was used to interpret the in-
terviews. Different NVivo tools were used to support the coding and 
analysis activities and ensure transparency and rigour of the whole an-
alytic process. NVivo analytic tools included and supported the pro-
duction of codes and themes, notetaking using annotations and see-also- 
link features to note down detailed impressions of the data, and map 
visualisations to support the creative process of theme development. A 
memo journal was created to record all analytical strategies and 
decision-making throughout the process. 

Following Braun and Clarke’s (2022) recommended phases to anal-
ysis, an inductive approach to coding and theme development was un-
dertaken. After the familiarisation phase, which involved an active 
engagement with the = content of the dataset, the coding activity pro-
duced a long list of first-level codes to which segments of related text 
were assigned. Following this activity, the codes were grouped accord-
ing to their similarity and/or their overlap with other codes. Themes, 
guided by our research objective, started to develop around the codes’ 
clusters, and consequently, initial labels identified. See Fig. 2 for an 
example of the clustering activity of the initial data-driven theme gen-
eration process using NVivo. This was an iterative theme development 
process of construction-deconstruction-reconstruction, to ensure that 
the final themes were able to convey a multifaceted and conceptually 
rich ‘story’ of the tram drivers’ challenges in emergency situations. 

While the initial data coding and theme development phases were 
undertaken by the first author of this paper, the theme definition was a 
team-effort. Notably, NVivo served as a collaborative platform where 
the authors could co-construct and reflect on the theme consolidation. 
The co-authors’ backgrounds encompasses engineering, human factors, 
transportation and safety. The unique and overlapping expertise 
brought to the discussion helped finalise the themes formation and study 
model, as presented in the Results section (see Section 3.1 – Balancing 
safety and … the ‘right thing to do’). 

2.3. Experimental study 

This study was conducted in Birmingham (UK) at the local tram 
company’s premises in June–July 2019 and involved 16 drivers. The 
Coventry University Research Ethics Committee granted ethical 
approval for this study (Ref N. P90433). 

2.3.1. Tram simulator 
The tram VR simulator included hardware components, with a PC 

connected to a high-definition 26’’ LCD monitor with a Nvidia GTX1080 
graphics card to meet the demands of rendering the required virtual 
reality environments in real-time. The software components supported 
the virtual environment through an Oculus Rift CV1 VR Head Mounted 
Display (HMD), providing a fully immersive 3D stereoscopic view. 

A haptic master controller1 (Fig. 3) was developed to explore the 
possible benefits of haptic technology and potential role in assisting 
tram drivers in braking. 

The haptic master controller was a bilateral interface where the 
driver commanded motion control input by way of moving the haptic 
lever like a traditional tram master controller lever in a real tram, while 
simultaneously receiving force feedback on the same control lever. A 
proportional force is applied inverse to the change rate applied to the 
master controller lever acting as a resistive counterforce. The haptic 
master controller was installed within a large custom-made aluminium 
housing and employed a back-drivable DC motor, low-friction pulley, 
and toothed belts to provide mechanical transparency while eliminating 
potential slippage. 

The haptic feedback algorithm was based on viscosity. It was sought 

to inform drivers about the accelerating and braking patterns via the 
haptic master controller: the faster they moved the lever to either 
accelerate or brake, the higher they experienced opposing forces in the 
hand. The device thereby provides drivers with feedback about how 
quickly they are applying the brakes. When brakes are applied slowly (i. 
e., the lever moves backwards slowly), the force is low; when brakes are 
applied quickly (i.e., the lever moves backwards quickly), the force is 
high. The rationale was to enhance the information available to the 
driver information about the rapid acceleration and braking of the tram, 
which can have safety-related consequences. 

2.3.2. Virtual simulated environment 
The simulated environment was developed within the Unity game 

engine. It displayed a city-loop environment with curved and straight 
road sections, in which the tram occupied the centre of the road space in 
mixed-traffic operations – i.e., other cars sharing the physical environ-
ment. Both cars and trams referred to the same traffic lights. Auditory 
stimuli were present in the form of car horns and traffic sounds, although 
they were kept at a medium-low volume. 

The scenario was designed to include an unexpected hazard (i.e., a 
car cutting across the tracks in front of the tram) while the participant 
driver was driving the tram in normal conditions (Fig. 4, a-d). In the 
simulated scenario, the hazard was anticipated by presenting two yellow 
warning triangles to the driver. The warning triangles were selected 
(Fig. 4-b) to alert the driver of a possible approaching hazard while still 
allowing for individual driver variation in braking performance. It was 
not intended to be an emergency warning, where all drivers would likely 
react the same and apply maximum braking. A total of 14 possible 
hazard locations were located around the city loop tram track, as pre-
sented in Fig. 5. Participants were randomly assigned one of these lo-
cations by the system and were given 50 m to brake in response to the 
unexpected hazard safely. 

2.3.3. Procedure 
After providing informed consent, the participants were invited to sit 

in the driver’s seat of the tram simulator and use the haptic master 
controller to drive the virtual tram. The haptic master controller was 
placed at their left-hand side to replicate the position of the master 
controller in the actual trams they drive in Birmingham (URBOS 3 
manufactured by CAF). The procedure of this study is presented in 
Table 2. 

Before the start of the experiment, the participating drivers were 
given time to familiarise themselves with the virtual simulated envi-
ronment and the use of the master controller to brake and accelerate. 
During this stage, the master controller did not include the haptic 
component. We intentionally refrained from imposing a specific time 
limit during the familiarisation phase to allow the drivers the autonomy 
to decide when they felt prepared to start the experiment. 

Following the familiarisation phase, participants were read the 
experimental scenario: 

As part of your job tasks, you are responsible for ensuring passenger safety 
and comfort as well as the safety of surrounding road users. You are 
driving along a downtown-city loop route. Your speed limit is 30 mph. It is 
peak time with many road users sharing the road. You need to be aware of 
potential road users that may cause a hazardous situation, and as such, 
you need to be ready to react accordingly. 

The participants were advised to behave as they would in real driving 
operations with the master controller in four experimental configura-
tions – i.e., (1) haptic information (force feedback), (2) visual infor-
mation (speedometer), (3) haptic and visual information (force feedback 
and speedometer), (4) no information. During each configuration/task, 
the participant had to respond by braking to avoid a collision with the 
car (Fig. 4-b). The scenario was designed in such a way that it was 
possible to complete it successfully – i.e., to bring the tram to a stop 
before hitting the car. 

1 Details of the tram simulator and the developed haptic master controller are 
published in Callari et al. (2022). 
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In the post-experimental session, interviews were conducted to 
explore participant’s experience of performing the experimental tasks 
using the haptic master controller, specifically if they found the 
enhanced information related to braking beneficial when presented with 
a hazard. The post-evaluation results are reported in Section 3.1.2. 

The study took about 45 min to complete, and participants received a 
£10 Amazon voucher in compensation for their time. 

3. Results 

Results from this mixed methods research are presented in two sec-
tions, 3.1 describes the results from the qualitative, interview study, and 
3.2 the experimental VR study. 

3.1. Balancing safety and … the ‘right thing to do’ 

In this section, we present the analysis of the interview study con-
ducted with 30 tram drivers from both the UK and Australia, where we 
explored the experiences of tram drivers in relation to ‘real-life’ 

scenarios involving near misses and/or incidents/accidents with various 
road users in mixed-traffic operations. 

Four themes were developed from the data-driven analytic process, 
as described in the previous section. These themes highlight the chal-
lenges and decision-making trade-offs the drivers are confronted with in 
risky situations, specifically in near-misses or incidents involving road 
users crossing the tracks unexpectedly. The four identified themes are 
not mutually exclusive, but they show interdependencies with each 
other, as shown in Fig. 6. 

3.1.1. Theme 1: The art of braking 

You have your disk brakes, your hydraulic brakes, and then your emer-
gency brakes. Braking requires more practice, more strategy. Braking is 
probably more complex and there can be a lot more at stake with the 
braking because people are ready for the tram to start, but they’re not 
always ready for a tram to stop. It is about being smoother, braking 
earlier, and changing the speed progressively. And also it is dependent on 
the master controllers too. Some of them, when you’re pulling forward 
and pulling back, is a lot more responsive than some of the others, and the 
ones that are more responsive you can generally do smoother. The ones 
that are a little bit harder to pull back, it’s resistance there, which makes it 
a little bit more complicated [to brake]. [Experienced driver, 
Melbourne] 

Tram drivers agree: tram braking is a complex task. Indeed, braking 
involves not only a backward motion of the master controller lever (for 
hand-operated trams) or pressing the braking pedal (for foot-operated 
trams) to stop or decelerate the tram speed. It rather encompasses 
expert skills that are acquired through years of hands-on training and 
driving experience. 

From a technical point-of-view, in normal operations, hydraulic 
brakes and disk brakes are engaged to decelerate, the latter to stop the 
tram to the point that it does not move (such as at tram stops). In specific 
environmental conditions (e.g., rain or leaves during autumn months), 
the track brakes can support the drivers as extra assistance to prevent the 
trams from skidding out of control and incurring incidents. Finally, 
trams are equipped with emergency brakes to be used in emergency 
situations. 

Braking effectively has direct implications on passenger comfort and 
safety. This means ensuring a smooth passenger journey, and reducing 
the likelihood of passengers losing their balance or falling in the car-
riage. To achieve smooth deceleration patterns and encourage a non- 
aggressive driving style, drivers reported receiving training in-
structions on the use of various braking techniques. These include 
‘coasting’ and ‘feathering’. Coasting involves pulling the master 

Fig. 2. Theme development in the NVivo project.  

Fig. 3. A detail of the developed haptic master controller.  
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controller to a neutral position to engage with a smooth speed deceler-
ation. On the other hand, feathering involves small backward and for-
ward motions to bring the tram to a complete and smooth stop, without 
needing to pull the level all the way down to brake the tram motion. 
Additionally, drivers are taught to be mindful when manipulating the 
master controller to avoid the so-called ‘jerk effect’. Tram jerkiness might 
be triggered in three driving situations, with two of them involving 
braking tasks: at initial take off, then from coasting to initial decelera-
tion, and when the tram is brought to a complete stop. Consistent with 
the existing literature, tram drivers also confirm that jerkiness is indeed 
recognised as one of the factors contributing to passenger injuries within 
the carriage, particularly among older people. 

Master controllers play a critical role in tram driving operations. 
Effective manipulation of the master controller to manage braking tasks 
influences the smoothness of the tram motion and, therefore, passenger 
perceived comfort and safety. Hand-operated master controllers can 
take the form of a ‘T’-bar or a joystick that can be located on the left side 
(e.g., in Birmingham) or the right-hand side of the driver (e.g., in Mel-
bourne); alternatively, in foot-operated master controllers, two pedals 

Fig. 4. Design of the experiment scenario and task.  

Fig. 5. City loop track, hazard locations were randomly assigned 50m from 
intersections denoted in blue. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web version of this article.) 

Table 2 
Experimental study agenda.  

Time Topic Activity Supporting Material 

5 min Introduction Welcome and introductions  
10 min Informed consent processes Review of Participant Information Sheet and Collection of Informed Consent. Completion of 

Participant Profile form  
• Participant Information 

Sheet  
• Informed Consent Form  
• Participant Profile 

5 min Familiarisation Introduction to the tram simulator, the simulated virtual environment and the use of the tram master 
controller  

• Simulator equipment 

10 min Experimental study/data 
collection 

Experimental scenario in four configurations/tasks  • Protocol/scenario-based 

15 min Post-experimental session Qualitative method  • Interview  
Wrap-up and thanks Voucher 

45 
min     
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are used to either accelerate and brake. Ensuring an effective manipu-
lation of the master controller is however another complex task, as 
master controllers perform inconsistently across vehicles. This has been 
acknowledged by both the Australian and UK drivers. Indeed, each 
vehicle has its own ‘personality’ reflecting different behaviours in 
response to the master controller’s acceleration and braking. Eventually, 
tram drivers learn each vehicle’s characteristics and adapt to its 
behaviour, which is also tested at the beginning of each shift, where 
drivers simulate the braking patterns they will encounter in their normal 
driving operations. Besides this declarative knowledge about the tram 
characteristics, additional unconscious/tacit knowledge is gained by the 
drivers through years of driving experience. This pertains specifically to 
the know-how for effectively operating the master controller to ensure a 
passenger’s safe and smooth travel experience. This ability is not sup-
ported by the current design of the master controller; critically, tram 
drivers refer to it as a ‘feel’ of how the tram is likely to react when 
performing driving tasks, particularly when managing braking 
situations. 

This is not a piece of information that the lever gives to you because the 
way you move the lever is just the same; the force that you receive from the 
lever is the same. If it’s 10%, 20%, it is the same to you; you don’t un-
derstand from the position of the lever. You simply feel it. [Very expe-
rienced driver, Birmingham] 

Tram drivers may encounter unexpected and emergency situations 
that require them to halt the tram suddenly. This is achieved using 
emergency brakes. In hand-operated trams, emergency brakes are acti-
vated by pulling the master controller lever all the way down; alterna-
tively, in foot-operated trams, like in manual cars, this is performed by 
pressing the brake pedal to the very end. All drivers have experienced an 
emergency braking at least once, and shared that the use of emergency 
brakes is the ultimate choice: indeed, while trams are brought to a 
complete stop, the road user and/or the passengers are likely to be 
injured, with the latter losing their balance and falling in the carriage. 

It’s never a pleasant decision to make. The last time I had one car doing an 
illegal U-turn right in front of me, I applied the emergency brake and one 
of my passengers fell over and got injured. [Expert driver, Birmingham] 

3.1.2. Theme 2: Anticipation as a ’buffering skill’ 

Well, part of the good driver is the ability to anticipate, don’t look at the 
car in front, look at the ten cars ahead of you sort of thing, and I think it’s 
a much more hyper-sensitive point of view. That’s exactly what you’re 
doing, you’re doing it with people on the road, you’re doing it with cy-
clists, you’re doing it with truck drivers, cars, you’re trying to anticipate 
ahead of time what people are going to do, and you’re analysing them. 
[Novice driver, Birmingham] 

All drivers (both in Australia and the UK) recognise that driving a 
tram requires being continuously vigilant to anticipate and minimise 
potential safety-related risks and avoid collisions, especially in mixed- 
traffic environments where the tram shares the road space with other 
vehicles and pedestrians. 

Tram drivers are assigned the same routes during their shifts. With 
time, they mentally build a spatial representation of the environment, 
including static contextual cues and dynamic factors. Static contextual 
cues can pertain to the position, sequence and behaviour of traffic lights, 
the length of road segments between tram stops that affect the 
acceleration-braking tasks, etc.; dynamic factors may include the ‘red 
spot’ areas where conflicts involving road users are likely to happen (e. 
g., shopping areas and traffic times). The accuracy of this cognitive 
mapping increases with the frequency tram drivers run the same routes, 
and it is scaffolded by the driver’s experience. 

I can’t do my job unless I know the lights, and it’s emphasised in the 
training too. […] Pedestrian crossing lights–because there are some lights 
that have a very long dwell time between what we call the flashing red 
man and solid red man coming up. […]. So, I’m sitting there mentally 
counting these off as I go. Solid red man, I know this particular light is 

Fig. 6. The tram braking phenomenon.  
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going to be right on it, so as soon as it goes red, I’m on the power. Others 
I’m going one, two, three, and then the power’s on, because I know that 
the signal logic is now going right, we’re now going green, and I’m already 
up and on the intersection as it goes green which I’m allowed to do. [Very 
experience driver, Melbourne] 

Drivers have referred to this as the ability to ‘read the track’. Reading 
the tracks involves comprehending and managing the complexity in 
front of the tram, and trying to anticipate potential adverse outcomes. In 
normal operations, it is about, for example, knowing exactly where the 
tram must stop at a tram stop, and calculating the decelerating gradient 
to cover the given distance to come to a smooth stop. Nevertheless, it 
also involves looking further up the tracks to anticipate unexpected and 
risky behaviours from road users interacting within the tram system. 

Developing the ability to detect and anticipate road users’ behav-
iours is an integral aspect of becoming a skilled driver. For tram drivers, 
the ‘anticipation’ factor involves foreseeing the movements of road users 
on the streets. It entails recognising patterns in road users’ behaviours, 
identifying potential distractions (such as pedestrians using their 
phones), predicting lane-changing manoeuvres by vehicles, or instances 
of crossing the tracks. As part of their refresher training, tram drivers are 
taught to expect the worst and devise countermeasures to mitigate 
associated risks. 

Measures mainly involve reducing the vehicle’s speed, and/or pro-
longing the stop at a traffic light or tram stop. Critically, the drivers have 
commented that they would intentionally decelerate (even below the 
required speed limit) on shared roads to be able to brake in the event of 
unexpected threats. The speedometer is a fundamental driving instru-
ment and visual assistant for tram drivers. It helps keep track of the 
speed requirements, especially downtown and in shopping areas where 
the traffic is congested. Additionally, it supports them in managing the 
braking tasks within the given braking distance. 

3.1.3. Theme 3: A conflict of choice 

It’s a hard choice. Either way, someone’s going to get hurt. I can’t give an 
answer until I’m in the situation. I’ve used the emergency brake before to 
avoid collisions and have been lucky that no one was hurt. I was driving 
about forty kilometres, and the person in front slammed their brakes 
because he wanted to turn into the side street. Luckily, I only had a few 
people on board, and they were fine. It’s really hard to determine the 
trade-offs until you’re in the moment, because your adrenaline goes up, 
everything starts sweating, your heart’s beating. I would rather not hit 
something in front of me but it’s too hard to tell what my reaction would 
be. I would try everything possible to not have to use the emergency brakes 
than hit the car, but it’s too difficult to give an answer because the factors 
are so different every time. I don’t think any driver could tell you how they 
would react because you could knock somebody out, or especially kill a 
pedestrian. [Expert driver, Melbourne] 

In emergency scenarios, drivers are confronted with trade-off deci-
sion-making regarding safety – i.e., safeguarding the safety of the road 
user(s) in front of the tram, or the passenger(s) behind in the carriage. 
Either decision comes with its own costs – somebody will likely be hurt. 

As presented in the previous Theme 2 – Anticipation as a ‘buffering 
skill’, mixed-traffic environments pose safety-related challenges to 
drivers’ situation awareness regarding the behaviour of road users. They 
would be able to detect the salient elements of the environment (the 
presence of the other road user in the specific context), project a po-
tential behaviour of the ‘target road user’ in the immediate future, and 
likely anticipate events that would develop into hazardous situations. 
The complexity of the mixed-traffic scenario is so described by the 
drivers in Melbourne and Birmingham: 

Mixed traffic is very dangerous, and it does take a high level of training 
and expertise to deal with it because people make silly decisions on their 
own, we’re all human, but it goes deeper than that, it’s not about the 

traffic itself, it’s about how people think, or to be blunt, how sometimes 
people don’t think when operating around traffic. So, for example, I was a 
passenger on an E-Class three days ago, it was definitely this week, at 
XXX, a low-speed area, the driver has the green light, the driver has closed 
the doors, the driver has proceeded. Someone walked in front of the tram. 
It’s a pedestrian only area, there are always going to be pedestrians 
around trams and quite frankly, some of them don’t care if they walk in 
front of a tram, because they assume the tram can stop in time. The driver 
had to apply emergency brakes, I was able to calm the passengers because 
I was in the passenger compartment. The driver was absolutely livid that 
someone would walk in front of the tram, while it was moving. That is not 
a car, that’s just people being people. The only real way to prevent that is 
full segregation which would render the purpose of the tram network 
meaningless because it becomes a lot harder to access. [Expert driver, 
Melbourne] 

[…] you open doors, close doors, there are people around, you see people 
doing things that they shouldn’t be doing, running across lights, standing 
where they shouldn’t be standing, you see cyclists running the red down at 
XXX because they can’t stop, you see cars everywhere …. [Novice driver, 
Birmingham] 

The avoidance of unexpected hazardous situations involves the use 
of the emergency brake. 

If a car jumps out in front of me which happens very often, if I can 
anticipate it, I will brake to prevent getting into a dangerous situation. But 
if it happens, unpredictably, I’m in a situation where I have to put the 
brakes into full power or even emergency, that’s not a smooth journey but 
it’s the safest option in a bad scenario. [Experienced driver, 
Birmingham] 

The interviewed drivers shared episodes of high-risk scenarios 
involving pedestrians, bikers, car drivers, and even other trams. With 
pedestrians, risk is increase during the typical peak hours (on weekdays, 
in the morning, lunchtime, and after work hours; during the weekend, 
during shopping hours) when they rush to their destination (work or 
school) and might be distracted using their mobile phones or head-
phones. Additionally, good visibility in daylight can help drivers spot 
unsafe pedestrians, but it is more challenging in the evening especially if 
pedestrians are dressed in black. The risk presented by tram-bike 
interaction encompasses situations where the bike wheels get trapped 
within the tram tracks, and the biker falls in front of the tram. Drivers 
commented that in environmental conditions where the tracks become 
particularly slippery (such as when it rains), more awareness is required 
to prevent these hazardous scenarios. Additionally, in shared roads 
where the space between the tram tracks and the pavements is narrow, 
most bikers tend to cycle in the middle of the tram tracks, which in-
creases the likelihood of incidents in the event of unexpected falls due to 
a loss of tyre adherence. Collisions between trams and motor vehicles 
are the most frequent incidents, especially in shared roads with no 
physical barriers, as one driver commented: 

[…] cars are attracted to trams like magnets, they love to turn in front of 
trams. [Very experienced driver, Melbourne] 

During the interviews, the drivers recalled instances of near misses 
and incidents they had experienced. All drivers confirmed having 
encountered near misses, while at least half reported being involved in 
incidents with road users. Their stories were anchored to locations in 
Melbourne and Birmingham, some presenting higher rates of accidents 
(due to the specific infrastructure, such as multi-lane intersections), and 
high-risk behaviours by road users (e.g., in U-turns, crossing the track 
when the tram is approaching). Drivers argued that most of the time, the 
road users were aware of the presence of the tram, but decided to take 
the risk, and get past and through the tram/tram tracks. To avoid a 
collision, the drivers’ first reaction is to go into full-service braking (i.e., 
engage disk brakes), and then decide whether to hit the emergency 
brake. As they shared in their stories, the drivers assess the gravity of the 
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situation in each specific scenario – What type of road user is involved (e. 
g., car driver vs. pedestrian/biker)?, How many passengers are loaded in the 
tram?, The braking distance available?. This information is the input for 
their trade-off decision-making around the event, and potential use or 
avoidance of the emergency brake that may cause passengers to fall in 
the carriage. The longer their driving experience, the more stored in-
formation drivers have to inform their decisions and act accordingly, 
such as starting to decelerate in advance to avoid the application of 
emergency brakes in potentially risky locations, and/or anticipating 
road users’ behaviours because you are able – as one driver commented 
– “[… } to read body language, both of people and cars. Alert systems, such 
as gongs and lights, can also be used to warn road users of the tram’s 
presence. 

3.1.4. Theme 4: What is at stake (in safety) 

No, for me I think of it [safety] this way: I think of it as my daughter is in 
the tram, and when I think that my family members are in the tram I look 
after my tram, whether it’s empty or whether it’s full. My trainer told me 
that, if you think of your loved ones in the tram, then you’ll do your very 
best to make sure you don’t go into an accident, and that you’re always 
safe. I’ve always done that. [Expert driver, Birmingham] 

Before each shift, drivers check the tram and especially the brakes to 
ensure it is safe. This would provide them with information about the 
master controller’s behaviour and potential response on the road. Crit-
ically, safe tram driving operations depend on the interplay of many 
factors – environmental, external, organisational, and human. Indeed, 
the driver is faced with several decisions to make – all influencing safety. 

The drivers commented that in a certain environmental conditions, 
the tram tracks get very slippery and, as such, additional considerations 
must be taken to ensure a safe journey. In changing weather and tem-
perature conditions, such as at the beginning or the end of the rain, or 
during Autumn when leaves fall, or when the temperature drops – the 
drivers rely on sand dropped onto the tracks and speed reduction to 
avoid slippery tracks. There are additional external factors that drivers 
consider to manage effective and safe braking patterns. These include, 
for example, having the carriage loaded fully or partially with passen-
gers and driving the tram on flat, uphill, or downhill roads. Drivers 
commented that the number of passengers affects acceleration and 
braking, as the extra weight in the tram can be felt and therefore in-
fluences the deceleration gradients to stop the tram efficiently and 
safely. As one driver commented: 

In a perfect world, it would be easy, but it’s all the things that you know 
that allow you to drive the tram safely because you are taking into ac-
count a wide range of inputs that allow you to make better decisions. 
There are no good decisions, it’s just better ones. [Very experienced 
driver, Melbourne] 

All interviewed drivers agree that driving the tram in mixed-traffic 
environments, i.e., sharing the roads with other motor vehicles and 
pedestrians raises many safety-related concerns as they are asked to 
manage and anticipate potential risky behaviours by road users. 

Organisational factors are critical in ensuring safe driving. Critically, 
drivers have reported aspects such as work design, communication, 
organisational culture, and training, which influence their driving be-
haviours. Here, work design includes the shift schedule, and the time-
table drivers are required to follow, regardless of the external factors 
that can affect running on time (e.g., during peak shopping hours). Shift- 
based work is typical, and the interviewed drivers shared how they try to 
manage the fatigue and the rest time between shifts. Drivers commented 
that the scheduled timetable needs to consider the actual traffic and the 
potential delays that driving in mixed-traffic operations can bring. 
Critically, drivers shared the pressure from management to maintain the 
scheduled timeline, and failing to meet the schedule may affect their 
run-on-time performance assessment. However, they also commented 

that if they abided by that, more risks while driving (such as accelerating 
between stops) would be taken with the likelihood of more collisions 
and incidents. As safety is a priority to them, they would tend to slow 
down and try to achieve a smoother and safer journey. Voicing an all- 
encompassing driver’s statement: 

I’d rather be safe than be on time. [Novice driver, Birmingham] 

A positive safety culture is promoted by the involved tram organi-
sations through regular refresher training and messages communicated 
by visual cues and/or verbal communications from supervisors and 
managers. The drivers commented on the potential conflict between 
their organisations commitment to safety, and delivery expectations 
(such as the ones on the timetable). The continuous tension between 
delivering an efficient service and safe transportation was directly 
commented upon by the drivers: 

Public transport – to me this is not public transport, this is a business 
which transports the public. [Experienced driver, Melbourne] 

That is why, for the tram driver, being a good driver is not only about 
acquiring the right expertise through years of driving practice. It is also 
about possessing a safety mindset and values. This relates to how tram 
drivers perceive and value safety as a broad concept. All of the drivers 
expressed a strong sensitivity and commitment to safety, seeing it as part 
of their professional identity, guiding and shaping their actions. 

3.2. The influence of haptics in emergency braking 

In this section, we present the findings of the experimental study 
conducted with 16 drivers from Birmingham, where they were asked to 
test the haptic master controller in four different experimental config-
urations during an emergency scenario. 

3.2.1. Experimental tasks with the haptic master controller 
Participant performance was collected by the VE system in response 

to the emergency braking scenario, this included task completion time, 
master controller position, tram position and velocity. Based on the 
qualitative results above, where smooth acceleration and braking was 
recognised as a key factor for passenger comfort and safety, ’jerkiness’ 
was calculated post-experiment to analyse participant emergency 
braking performance (i.e., lower jerkiness results in smoother braking 
which directly impacts passenger comfort and safety), and investigate 
effectiveness of each of the four task configurations as presented in 
Fig. 7. Task configurations included: 1) haptic information (force feed-
back); 2) visual information (speedometer); 3) haptic and visual infor-
mation (force feedback and speedometer); and 4) no information. The 
Haptic configuration resulted in the lowest level of jerkiness during 
braking (Mean = − 1.82, SD = 0.42). This was closely followed by Visual 
(Mean = − 1.89, SD = 0.51) and Both (Mean = − 1.9, SD = 0.41) 

Fig. 7. Average jerkiness during emergency braking scenario.  
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configurations. The highest level of jerkiness was reported when neither 
haptic nor visual information (Mean = 2.01, SD = 0.49) was presented. 

3.2.2. The role of experience in the introduction of a haptic master 
controller 

As ‘anticipation’ was identified by drivers as a key theme (Fig. 6 and 
Theme 2 presented in section 3.1.2), the total braking distance was 
calculated post experiment using tram positional data to investigate if 
driving experience had an impact on braking distance in each master 
controller configuration. The final stopping distance from the hazard 
was calculated by subtracting the total braking distance from the 50 m 
given to participants to respond to the unexpected hazard. A Spearman’s 
correlation test was performed separately on each of the task configu-
rations (haptic, visual, none and both haptic and visual) to investigate if 
any monotonic relationship between driver experience (independent 
variable) and braking distance (dependant variable) existed, as pre-
sented in Table 3. Results where the participant were unable to stop in 
time (i.e., hit the hazard) or did not come to a complete stop were 
considered a failed test and excluded from analysis. Results showed a 
significant positive correlation (r = +0.711, p = 0.006) when partici-
pants were presented with both visual and haptic information, indi-
cating the greater the level of driver experience, the shorter the braking 
distance. In contrast, the remaining configurations showed no signifi-
cant results. While the Visual (r = +0.423, p = 0.15) and None (r =
+0.204, p = 0.504) configurations showed weak positive correlations, 
the Haptic configuration (r = − 0.025, p = 0.936) was negligible indi-
cating that driving experience had no impact on braking distance when 
haptic information was provided. 

3.2.3. The perceived usefulness of a haptic master controller 
In the post-experimental interviews, the participants were asked to 

relate to the four experimental master controller configurations to 
further elaborate on their experience applying an emergency brake to 
avoid hitting the car (in line with the scenario design). The drivers 
agreed that in hazardous events, the focus is on stopping the tram before 
a collision with any road user could happen. Therefore, although the 
haptic feedback was felt using the master controller, it did not prevent 
them from ‘slamming’ the lever to a complete stop. 

I kind of ignored haptic at that point. I know if I’m in an emergency 
situation, I slam on, because really, it’s a preservation of life. So, if 
you’re going to have a collision with a vehicle, then it should be 
100% braking to avoid that. 

However, the haptic configuration prompted the drivers to reflect on 
how they could achieve smoother braking, potentially benefiting pas-
senger safety. Indeed, the participants’ responses converged on three 
main themes, as illustrated in Fig. 8. 

The first theme pertains to the haptic feedback serving as an indi-
cator that braking is working. In fact, the resistance provided the drivers 
with feedback that the tram was responding to their braking actions. 

As you’re braking, you feel a bit of resistance with it that makes you feel 
like the brakes are kicking in, if you get what I mean. 

The second theme explores the extent to which haptic feedback 
provides the drivers with a greater sense of control over the braking. The 

drivers reported that the feedback enhanced their sense of feeling when 
aiming for gradual braking, even in emergency braking situations. 
Indeed, they confirmed that haptic feedback made them conscious of 
how a smoother braking application can be executed even in emergency 
scenarios. 

You felt how harsh your braking was and how much to give it. It definitely 
felt that that could help with a smoother hazard because, obviously, we 
want to stop but we don’t want people to have an injury. 

Finally, haptic technology can serve as a training tool and aid for new 
drivers to increase their ’feel of the tram’ and improve their driving 
skills. Critically, it was suggested that if the master controller was 
augmented with haptic information for normal vehicle operations, 
drivers could be ‘coached’ by the tram as to what the best braking 
pattern is. 

[…] just because you’ve been doing the job for 20 years […] it could 
highlight something you might be doing wrong without realising. 

4. Discussion 

Tram driving presents a unique scenario within the transport liter-
ature due to the mixed or shared traffic environment in which they 
operate (like cars). However, they cannot deviate laterally from the rails 
(like trains), with a mixture of seated and standing passengers who are 
generally unrestrained without seatbelts. Therefore, this research aimed 
to enhance our understanding of the trade-off decision-making that tram 
drivers encounter in emergency scenarios, specifically when confronted 
with the potential for collisions involving other road users, such as 
motor vehicles, bicycles, and pedestrians. By focusing on these chal-
lenges, the research sought to contribute valuable insights into the 
factors that either sustain, or hinder tram drivers in achieving safe op-
erations. Although there are a few studies incorporating the perspective 
of tram drivers to offer safety-related analysis and recommendations (e. 
g., the work by Naznin et al. and Naweed et al.), we have adopted a 
human-centric approach by investigating tram drivers’ lived experi-
ences of hazardous scenarios in natural settings, as well as in a virtual 
environment. The interviews underscored the complexity of the tram 
socio-technical systems (especially in hazardous situations) in influ-
encing the driver’s cognitive processes, perception of cues, and decision- 
making strategies to anticipate and tackle potential safety-related risks. 

4.1. Distributed Cognition in tram safety 

Our results confirm that the attainment of tram system safety, results 
from joint coordination between tram drivers (including their skills and 
expertise) and the master controller technology to form a joint ‘cognitive 
system’ (Hutchins, 1995a). To ensure a safe and smooth tram journey, 
the drivers employ different braking techniques, such as ‘coasting’ and 
‘feathering’. To accommodate usability issues with the master 
controller, such as technology inconsistencies across vehicles, drivers 
adjust the level manipulation assessing device responsiveness ahead of 
their shifts. The ‘Distributed Cognition approach poses an emphasis on 
improving the design of technology to enhance usability and solve 
identified pitfalls, such as the reported inconsistencies across master 
controllers (Hutchins, 1995a). 

In line with situation action models (Lave, 1988; Suchman, 1987), 
the tram drivers’ activity is related to the ‘situation’—the spatial rep-
resentations of the environment with static and dynamic environmental 

Table 3 
Spearman correlation test of driving experience and distance from hazard.   

Haptic Visual None Haptic and 
Visual 

Correlation Coefficient (ρ) − 0.025 0.423 0.204 .711a 

Sig. 2-tailed (p) (significant < 
0.05) 

0.936 0.150 0.504 0.006 

N 13 13 13 13  

a Correlation is significant at the 0.01 level (2-tailed). 

Fig. 8. The perceived usefulness of a haptic master controller.  
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cues, the external environment (e.g., (Currie and Shalaby, 2008; Naznin 
et al., 2018; Truong and Currie, 2019), and the broader social and 
organisational context shaping and influencing driver actions (Naznin, 
et al., 2017). Situated action underscores drivers’ cognition and adapt-
ability to their environment, highlighting the improvisatory nature of 
human activity, especially when faced with trade-off decision-making 
during emergency situations. Notably, the participating drivers shared 
the emotions and conflicts of choice, weighing the safety of road user(s) 
or passenger(s). Each event is jointly dependent on the specific activity 
performed by the driver in the context of where it unfolds. 

4.2. Benefits of the addition of haptic feedback to the master controller 

The addition of haptic feedback to the master controller did not 
result in significant performance improvements over just visual infor-
mation in unexpected or hazardous braking events. This may be due to 
the virtual environment used, or the fact that our participants were 
already qualified tram drivers with the majority being relatively expe-
rienced drivers (driving experience in years Mean = 9.13, SD = 7.96) 
(Table 1). However, the augmentation of the traditional visual displays 
with haptic feedback could arguably lead to enhancements in driving 
performance. The following key points can be highlighted by integrating 
the results of the experimental study with the themes derived from the 
interview analysis (as discussed in section 3.1) and examining the po-
tential benefits of haptic feedback. 

4.2.1. Theme 1: The art of braking 
The experimental results illustrate an improvement in the smooth-

ness of braking (although not significant) with the addition of haptic 
feedback. This is also reflected in the qualitative feedback as drivers 
reported an increase in the sense of feeling of control with the haptic 
system, with the drivers conscious of how a smoother braking applica-
tion could be executed even in emergency scenarios. The use of haptics 
via a vibrotactile pedal in the automotive context has been shown to 
reduce driver workload when conducting an unfamiliar driving task, 
while also facilitating a smoother speed profile during driving (Birrell 
et al., 2013). Hence, the addition of haptic feedback to the tram master 
controller potentially increased the ‘feel’ of the tram braking system, 
and helped even experienced drivers better understand the art of 
braking. 

The haptic feedback, as implemented in this experimental study, was 
providing additional resistive force feedback at the limits of operation. 
Additional haptic feedback could support the introduction of new 
technology by, for example, providing a counterforce to limit accelera-
tion when an obstacle is detected, or by providing vibrotactile feedback 
if corner speed is deemed too high for the situation. 

4.2.2. Theme 2: Anticipation 
The drivers commented on mentally building a spatial representation 

of the environment, including static contextual cues and dynamic fac-
tors. Once this model is built through experience, spare capacity is 
available to be able to anticipate dangers and events before they happen, 
and react to on-track events. Specifically, with respect to haptic feed-
back via the master controller, the drivers commented that haptic 
feedback could serve as a training tool and aid, for drivers to increase 
their ’feel of the tram’ and improve their driving skills. This could be 
particularly relevant for either novice drivers learning the ropes, or 
experienced drivers learning a new route, where haptic feedback could 
aid the more efficient and effective development of the route mental 
models, giving an enhanced feeling of control to learn new braking 
patterns and applying them to new situations. 

Drawing support from the literature on cognitive mapping and 
spatial representation (e.g., Garling et al., 1984), experienced drivers 
develop a mental representation or cognitive map that facilitates their 
assessment of the unique environment, interpretation of perceived cues, 
and utilisation of their knowledge to make informed decisions. This 

understanding is essential for drivers to anticipate potential risks and 
manipulate the master controller with confidence. 

4.2.3. Theme 3: Conflict of choice 
The drivers stated in their interviews that to avoid a collision, their 

first reaction is to go into full-service braking, and then decide whether 
to hit the emergency brake. Within certain (i.e. not haptic as imple-
mented in this study) master controllers, the differentiation between 
full-service braking and emergency braking is often hard to interpret. 
For example, moving the T-bar downwards to 95% braking position is 
full-service braking, but fully depressing the T-bar to 100% applies the 
emergency brake. The use of haptic feedback as implemented in this 
experimental research provided resistive force towards the limits of 
operations, and could have helped drivers identify when they were near 
the limits of full braking and the threshold for emergency braking 
started – hence, facilitating smoother braking without having to apply 
full emergency braking. This was seen within the objective results, 
where a significant positive correlation was observed when participants 
were presented with both visual and haptic (such as multimodal) in-
formation, meaning the greater the driving experience, the shorter the 
braking distance. Hence, haptic feedback was seen to support the 
application of maximal ‘service’ braking from the tram drivers without 
diverting into emergency braking, which is uncomfortable for 
passengers. 

As discussed, haptic feedback (or multimodal feedback including 
haptics), has been shown to improve driving performance in high 
workload situations by offering redundancy of information to the driver 
as suggested in the Multiple Resources Theory (MRT; Wickens, 2002). 
Within tram operations, there is a high workload associated with oper-
ating in mixed or shared road environments (where cars, pedestrians, 
cyclists and trams all interact), as well as driving at peak traffic times. 
These are situations where the driver will be fully engaged in visually 
scanning the environment for possible events. Implementing haptic 
feedback within the master controller to provide supportive braking 
cues could reduce the need for drivers to divert their visual attention 
away from the road to look at the display or the controller, in order to 
understand what position it was in. 

4.2.4. Theme 4: What is at stake? 
As identified within the interviews, tram drivers have a strong 

commitment to safety. Whilst the simple addition of haptic feedback will 
not directly impact the safety culture, it could contribute to a sense of 
continual professional development to enhance efficiency and time-
keeping while maintaining safety. An example identified by the tram 
drivers in the interviews, is that they could be coached by the system to 
achieve maximally efficient coasting and braking to increase energy 
efficiency and timeliness. An example of how this could be delivered is 
in the rail sector, where the European Rail Traffic Management System 
will give in-cab feedback on the most efficient speed profiles to adopt 
when approaching a station. As trains do not operate in mixed envi-
ronments, this is effectively delivered via additional visual feedback. 
Within a tram, this could be delivered via haptic feedback through either 
shared control of the master controller or counterforces being applied 
when braking is suboptimal. Again, the drivers in this study identified 
haptic feedback as a possible training aid, and this is one area where this 
operational trade-off could be achieved. Another possibility is that the 
haptic system could provide additional feedback to the driver during 
high-risk conditions, as identified in the interviews on slippery tracks. 
Haptic feedback could inform the drivers when they are approaching the 
limits of safe operation. 

The haptic master controller was designed to support tram drivers in 
their braking tasks. When faced with an emergency braking situation, 
drivers must assess multiple factors to determine the appropriate level of 
braking needed to ensure passenger safety. The degree of braking 
applied is directly correlated to the rate of change exerted on the master 
controller. As trams are typically not equipped with seatbelts, 
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passengers may experience forward motion during a braking event. The 
swifter the application of brakes, the greater the disparity in motion 
between the tram and the passengers, which increases the risk, espe-
cially if passengers are unable to brace themselves in time. Ideally, in an 
emergency braking scenario, the driver should apply sufficient braking 
force to avoid a collision while allowing passengers time to brace 
themselves by employing as much of the available braking distance (i.e., 
the distance between the tram and the object of concern). 

4.3. Limitations 

It is important to note that this research has the following limitations. 
Firstly, interviewing tram drivers about braking behaviour led to the 
design and development of an experimental haptic master controller. 
This research presents the first use of the haptic master controller, and 
therefore, results are limited to this controller being an initial prototype. 
Initial feedback from participants who used the haptic controller during 
this research will be factored into its future design and development 
stages and are likely to improve performance results. 

It is also worth mentioning that the sample size of participants who 
undertook the experimental study is considered small from a statistical 
standpoint, limiting the type of analysis methods that could be applied. 
While the number of participants is considered small, it is representative 
of professional tram drivers in Birmingham. In fact, this research 
engaged approximately 60% of the tram drivers in Birmingham, which 
highlights the limiting factor in recruiting a higher number of 
participants. 

5. Conclusions 

To investigate the impact that the haptic master controller had on 
tram driver performance, this research adopted a mixed-methods 
approach. Results from the qualitative, interview study suggest emer-
gency brakes are employed in emergency situations that require the 
tram to be stopped suddenly. The use of emergency brakes is considered 
the ultimate choice, and therefore driver experience appears to be a 
moderating factor to limit their application. The experimental VR study 
principally assessed tram braking smoothness during four emergency 
braking scenarios for each of the four configurations (Haptic, Visual, 
Haptic and Visual, and None). The smoothness recorded during the 
emergency braking scenario provides insights into the impact on pas-
sengers’ comfort and safety. While these results were not statistically 
significant, they show that the haptic configuration reported the 
smoothest braking (i.e., the lowest level of jerkiness), which may pro-
vide some benefit. The fact that multimodal feedback (i.e., providing 
both Haptic and Visual feedback) showed an increase in jerkiness 
compared to haptics alone may suggest either a conflict between haptic 
and visual feedback, or challenges with perceiving both stimuli together, 
either warrants further investigation. 

Prior experience had an impact on braking performance for each of 
the four configurations, with a Spearman correlation showing a signif-
icant positive correlation for the haptic and visual configuration, weak 
correlations for both visual and none configurations and no correlation 
for haptic configuration. This suggests that while a relationship may 
exist between experience and braking distance when visual information 
is present, experience has no impact when perceiving haptic informa-
tion. This is novel and insightful for the literature, as this outcome 
suggests that the same level of training is required regardless of prior 
experience if haptic feedback is introduced to a tram master controller. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

The authors wish to sincerely thank the participating tram drivers 
who gave their time for the interviews and the research. We would also 
like to thank the tram companies in Melbourne (Australia) and Bir-
mingham (UK) for supporting this research. This research has been 
sponsored by Coventry University (UK) through the Grant Scheme 
“Cross-Centre International and Interdisciplinary Pilot Projects” (Award 
No 13705-03) and has received support by Deakin University 
(Australia). Any dissemination reflects the authors’ view only and 
neither Coventry University nor Deakin University are responsible for 
any use that may be made of the information it contains. 

References 
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