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Abstract: This paper presents a roadmap for promoting user experience (UX) in rail, in 

particular for professional workers in train traffic operations. There is a general neglect of UX 

aspects when designing for and interacting with various kinds of technology in the workplace, 

especially in safety-critical domains. We provide motivations for considering UX in safety-

critical domains and present recent UX research. We outline a roadmap consisting of a 

research agenda with five avenues for future research on train traffic operation. We argue that 

our roadmap is well-aligned with the identified need for more research on UX at work. We 

hope future research will contribute to a deeper understanding of how positive experience at 

work matters in train traffic. 
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1. Introduction 

It has been argued that rail is the forgotten branch of transport ergonomics (Wilson and Norris 

2006). Increased demands on the railway, caused by growing numbers of passengers, more trains 

running in the same time envelope and on the same infrastructure, and the added number of severe 

accidents have increased the interest in railway research. The railway has developed gradually, 

and only recently the interest in human factors research has emerged, in which task analysis, 

investigations of human reliability, and human error are much studied areas, mainly focusing on 

parameters of optimisation, efficiency, and resilience (Cort 2021, Wilson and Norris 2006). 

The prevailing orientation toward human factors and cognitive ergonomics within the safety- 

critical domain of rail is well justified and critically important, such as supporting traffic 

controllers’ rapid decision-making processes in the development of technical systems for enabling 

efficient planning and problem-solving (Andersson et al. 1998, Cort 2021, Sandblad et al. 1997). 

However, the fields of ergonomics and human factors are not yet well-aligned with more modern 

understandings of technology interaction (Grundgeiger et al. 2021, Savioja et al. 2014). This has 

resulted in the neglect of user experience (UX) aspects when designing and interacting with 

various kinds of technology in the workplace (Simsek Caglar et al. 2022), especially in safety- 

critical domains, which recently has been pointed out (Gramlich et al. 2022, Grundgeiger et al. 

2021, Hohm et al. 2022, Laschke et al. 2020). There are several reasons for the neglect of UX in 

safety-critical systems. One reason is the common belief that UX is only associated with seeking 

pleasure, fun, and stimulation when interacting with consumer products and applications (Simsek 

Caglar et al. 2022). Another reason is that the concept of “experience” commonly equates to 

something akin to a “number of years of service” rather than fulfilment of psychological needs 

(Hassenzahl and Roto 2007). Further, it is problematic that UX is considered to be an umbrella 

term (Roto et al. 2011, Simsek Caglar et al. 2022) rather than a strictly defined concept, despite 

one common definition being “a person's perceptions and responses resulting from the use and/or 
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anticipated use of a product, system or service” (ISO DIS 9241-210). It has been stressed that the 

consideration of positive UX for professional workers is well-aligned with the ISO standards on 

human factors and Human-Computer Interaction (HCI) (Grundgeiger, et al. 2021). Hence, it is 

not enough to ensure pragmatic qualities, e.g., error reduction, effective performance, and reduced 

cognitive load. To maintain safe and high-quality operations over time, much more attention 

needs to be given to the hedonic and eudaimonic qualities of professional work (Hohm et al. 2022, 

Grundgeiger et al. 2021). Consequently, the concepts of “well-being, health, and eudaimonia” 

have recently been articulated as one of the seven grand challenges in HCI (Hohm et al. 2022, 

Stephanidis et al. 2019), thereby suggesting increased attention to UX and related phenomena. To 

the best of our knowledge, UX has received limited attention in rail research, both in theory and 

practice (although Burkhardt and Milius, 2018 addressed usability). 

This paper aims to describe and suggest some future perspectives on incorporating UX in rail 

research, more specifically in train traffic operation. We present some examples of UX at work, 

particularly in safety-critical domains, and then outline a roadmap for the future of UX within this 

domain. We focus on the professional roles of train drivers and the personnel in the train traffic 

control room, primarily the traffic controllers. These roles are central to keeping the train traffic 

running, which is dependent on a multitude of humans and various tools working together 

(Andreasson, et al. 2019, Cort 2021). 

 

 

2. Prior UX at work research 

Although existing research about UX at work is scarce, it indicates a complicated nature and 

might challenge existing assumptions about what positive UX is (Simsek Caglar et al. 2022). We 

do not intend to or have enough space to offer a comprehensive overview of the UX at work 

literature, which spans several disciplines beyond UX and HCI. Instead, we motivate and present 

some examples that promote (positive) UX at work, especially in safety-critical domains, being 

inspired by Grundgeiger et al. (2021). 

There are several motivations for considering UX in safety-critical domains (Grundgeiger et al. 

(2021). First, it is argued that UX at work is a key characteristic of workers’ ordinary usage of 

various tools and technical systems in the workplace. Therefore, it is of crucial importance that 

UX at work is well researched, especially considering aspects that characterise the ordinary and 

mundane of UX at work, and not only the extraordinary or critical situations (Clemmensen et al. 

2020, Grundgeiger et al. 2021). Clemmensen et al. (2020) highlighted that although workplace 

studies were so dominant back in the 1990s, there is an identified need to take a closer look at the 

digital workplace of the future by incorporating UX at work. Similar lines of argument are 

presented by Grundgeiger et al. (2021) who emphasised that interaction per se entails an ongoing 

experience, implying that interaction with technology always has an associated UX, which is 

ubiquitously present whether or not it is explicitly addressed by researchers or designers. This 

stance has several consequences. On the one hand, by acknowledging that technology usage 

always has an associated UX, it is not too surprising that UX is nowadays included in the ISO 

9241-210 (2019). On the other hand, it should also be mentioned that the UX does not only occur 

during a single interaction. There is also an additional need to consider the periods before, during, 

and after usage (Roto et al. 2011). These spans are dynamic and can vary depending on the 
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situation, being vital to consider at the workplace because several work tasks are conducted in 

different timeframes, with varying frequencies, and with different tools. 

Second, it is argued that more is known about usability and UX professionals in the literature than 

about UX in work contexts (Clemmensen et al. 2020, Simsek Caglar et al. 2022). It is highlighted 

that specific work domains are approached and discussed as mere “application domains”, rather 

than addressing the unique UX characteristics and challenges in the actual work domain for 

professional workers of various skill levels. Some positive examples exist, however, with 

various recent studies of UX in the industry context that have identified and shown several 

indicators and examples of hedonic qualities of technology usage (Clemmensen et al. 2020, 

Savioja et al. 2014). Savioja et al. (2014) studied UX aspects of the tool transformation process 

from an analogue to a digital one in the control room of a nuclear power plant. They developed 

five positive UX indicators, five psychological experience indicators, and five communicative 

experience indicators (Savioja et al. 2014). It was found that UX worked well as an indicator for 

the quality in use by its ability to reveal the professional users’ experiences. Beyond developing 

more general UX goals, it is suggested that the “do-goals” and the “be-goals” (Hassenzahl and 

Roto 2007) are central for UX at work, as exemplified in recent work on good UX for greenhouse 

workers (Clemmensen et al. 2020). They noticed greenhouse workers using a digitalised system 

may experience pragmatic product qualities when the system can assist certain “do-goals”, like 

the task of checking the temperature in a subsection of the greenhouse. They may also experience 

hedonic product qualities when the system can assist certain “be-goals”, and enhanced 

professional identity, like being viewed as “competent” by their colleagues for accurately 

mastering the climate-management system. 

Third, it has been argued that focusing on UX at work contributes to the design of better 

technology in the workplace. Designing for positive UX in work contexts has roots in prior 

research of workers’ experiences in the workplace, like user satisfaction. Already when digitalised 

tools began to be frequently introduced in the workplace, it was revealed that workers often 

experienced frustration, which sometimes correlated with loss of time and decreased task 

performance (Clemmensen et al. 2020). During the development of digital tools, workers’ domain 

competence, work experience, and tacit knowledge contribute to assessing the envisioned new 

tool's potential and efficiency to promote positive UX (Savioja et al. 2014). Zumburch et al. 

(2020) studied the development of clinical decision support systems (CDSS) for volume therapy 

in intensive care units. They investigated what kind of work activities the nurses perceived as 

being beneficial for their well-being at work (Zumburch et al. 2020). These findings provided the 

basis for designing positive UX through the envisioned CDSS, with the purpose to fulfil the needs 

for experiencing competence and popularity at work. Recently, Gramlich et al. (2022) applied a 

UX-centred approach to the design of future tangible input and output devices for air traffic 

controllers. Based on the air traffic controllers' need for haptic feedback, several tangible 

interaction concepts were created, iterated and evaluated with air traffic controllers. Based on 

their findings, three main positive dimensions emerged that promoted positive UX at work, such 

as “familiarity”, “efficiency”, and “engagement”. Klüber et al. (2020) investigated how 

psychological needs and embodied theories of UX, applied in the design of a CDSS, could reduce 

prior negative problems when using these tools for anaesthetic teams in the operation room. They 

iteratively developed a prototype of a CDSS to assist anaesthetics teams in crises, predominantly 

focusing on psychological needs and fluent interaction within the socio-technical system. A pilot 
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evaluation via a medical simulation of handling a crisis as a team revealed that the prototype 

almost supported the fulfilment of the identified needs for “autonomy”, “competence”, and 

“relatedness”. The prototype seemed to be mostly smoothly integrated into existing diagnostic 

practices (Klüber et al. 2020). Laschke et al. (2020) described how medical technologies are of 

relevance to radiologists’ well-being at work. Instead of focusing merely on technology-related 

parameters like image quality, it was revealed via a case study that the functionalities of the 

advanced image technology could be designed more holistically to cultivate their well-being. By 

identifying current work practices that were experienced as especially beneficial, several insights 

were extracted that were transformed into future ideal technology-mediated work practices. It was 

demonstrated how the radiologists worked towards improving well-being through the 

development of meaningful technology, implying that technology is not neutral in itself; its 

features affect the design of meaningful technology-mediated practices, which has a positive 

impact on well-being (Laschke et al. 2020). 

Fourth, it is argued that UX can support contemporary safety management in the workplace 

(Grundgeiger et al. 2021). Workers in safety-critical domains express that their complex work 

rarely is performed flawlessly but rather has several imperfections as a response to the dynamic 

nature of their work, entailing constant changes and unforeseen situations (Cort 2021). Hollnagel 

(2015) distinguished between Safety-I and Safety-II. In Safety-I, the focus is on achieving a state 

in which few errors occur. Professional workers can perceive and identify hazards, and manage 

the associated problems by properly eliminating causes and minimising errors (Hollnagel 2015). 

Cognitive ergonomics approaches provide necessary and valuable methods to improve Safety-I 

(Grundgeiger et al. 2021, Savioja et al. 2014). However, modern socio-technical systems are often 

too complex and varied to easily identify safe courses of action in the web of hazards, which led 

to Safety-II. In Safety-II, the aim is to ensure that as many things as possible go right and that 

workers are not considered hazards but rather resources that enable the sociotechnical system to 

adapt to varying conditions (Hollnagel 2015). Based on Safety-II, professional workers need to 

be supported to deal with varying conditions, instead of focusing on error reduction. Recent 

advances in UX can contribute to Safety-II by considering eudaimonic qualities (Grundgeiger et 

al. 2021, Hohm et al. 2022), and by cultivating workers’ potential through hedonic experiences 

of feeling competent, efficient, related, and in control (Gramlich et al. 2022, Klüber et al. 2020, 

Laschke et al. 2020, Savioja et al. 2014, Zumburch et al. 2020). Huber et al. (2020) studied the 

changes in work practices when digital strips were introduced to air traffic controllers to increase 

capacity and safety in aviation. Documentation speed was generally found to be faster with digital 

strips, but the controllers still perceived a lot of tacit information from the radio communication, 

which was combined with additional hints to make empathic decisions that occasionally were 

outside the standard procedure. Two types of operation modes, called 'standard advocates’ and 

‘tinkerers' were identified. It was revealed that tinkerers experienced work satisfaction when 

“aircraft in the final line up like pearls on a necklace”, another controller said that he felt happy 

when he left work and saw a “perfect final in the sky” (ibid. p. 28). Several studies from healthcare 

have reported that staff preferably is a resource that contributes to bridging the gap if a particular 

tool fails to assist certain work tasks (Grundgeiger et al. 2021, Hohm et al. 2022). Staff who 

experience competence in the technology-mediated work seem to be better equipped to handle 

this gap, enabling them to keep processes running, and simultaneously maintaining safety. 
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Fifth, it is argued that UX can contribute to organisational development beyond the 

individual. The tools provided for professional workers are often mandatory in the organisation 

or company (Clemmensen et al. 2020), putting greater demands on technology to promote positive 

UX. Apart from being humanistic, hedonic qualities also have instrumental value. Wright et al. 

(2007) reported a strong correlation between psychological well-being and job performance, 

showing that job satisfaction alone is not sufficient for efficient performance. Psychological well- 

being is strongly connected with the psychological needs that are commonly applied in UX, i.e., 

autonomy, competence, and relatedness (Ryan and Deci 2000). The hedonic qualities are aligned 

with issues of the workers’ acquired work-domain knowledge, computer proficiency, and their 

experiences of credibility and trust in the work tools used for supporting their decisions. 

Clemmensen et al. (2020) pointed out that workers may ask how adequate the underlying 

algorithms and models in the tools are, how transparent the suggestions made by the systems are, 

and what possible courses of action are provided by the system for colleagues with varying 

experiences and work-domain knowledge. Lundström and Lindblom (2018) studied the use of an 

agricultural decision-support system for the calculation of variable rate application files for 

nitrogen fertilisation from satellite images. The farmers and their advisors initially questioned 

whether they could trust the suggested nitrogen levels, although the images of the fields mostly 

corresponded to their understanding of the crop’s condition. Farmers used the tool’s visualisations 

to explore various scenarios and perceived them as interesting and amusing. Instead of arguing 

that they spent time “playing around”, their actions may have additional benefits like facilitating 

their decision-making and learning more about the fields, which in the long run may contribute 

to increased sustainability. This demonstrates the associations between how actions are carried 

out for pragmatic purposes, which then is embedded in the larger web of agricultural work 

practices, producing more food with less fertilisation, and hence caring for the land from a 

eudaimonic perspective. Leschke et al. (2020) revealed that medical technology provides some 

surprising, but added value to managers and other stakeholders, like improved quality of reports, 

employee retention, and increased attractiveness. Their study demonstrates the possibility for UX 

goals and business goals to be well-aligned to cultivate positive experiences, by implementing 

technology designed in a user-centred way. Similar thoughts are expressed by Clemmensen et al. 

(2020) and Savioja et al. (2014) who emphasise that work tasks encompass several experience 

dimensions simultaneously, ranging from the appropriate manner in which individual tasks are 

carried out, and the psychological experience of competence, engagement, and trust, to the shared 

related experience of being part of a community of practice. 

3. Roadmap: A future research agenda for UX in rail 

In summary, the current state of previous research on UX at work in safety-critical domains is 

dispersed and underdeveloped (Grundgeiger et al. 2021, Simsek Caglar et al. 2022). Explicit UX 

research in train traffic operation appears absent, although related work on experiential and 

psychological aspects of technology usage could offer a solid foundation to advance future 

research in this domain. Addressing this gap, we propose the following research agenda. 

Clarifying the hedonic qualities of working with train traffic operation. To our knowledge, 

there are no explicit UX studies that have investigated what train traffic controllers and train 

drivers appreciate and do not appreciate in their work roles. What makes the work feel meaningful 

and how do workers apperceive that they are contributing to something valuable? What causes 

frustration? We expect to find that much like flight controllers (Huber et al. 2020), also train 
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traffic controllers find satisfaction in achieving perfection in task fulfilment, but there are likely 

other more domain-specific activities that fill the work with meaning. Similar hedonic qualities, 

closely tied to the pragmatic values of train operation can likely be identified also among train 

drivers. These qualities constitute the target for UX design and we need to study people in their 

unique work contexts to learn what these are. This is well-aligned with recent requests for 

understanding the hedonic qualities of different professional practices (Clemmensen et al. 2020, 

Simsek Caglar et al. 2022). 

Performing workplace studies of the tasks and tools used in train traffic operation. Once we 

have gained a deeper understanding of which experiences train traffic controllers and train drivers 

find meaningful at work, we can formulate central positive dimensions that promote positive UX, 

similar to what Laschke et al. (2020) and Savioja et al. (2014) did, and what is asked for by Simsek 

Caglar et al. (2022). We should turn to analyse their current material and social work 

environments from a systems perspective, ethnographically studying the whole workscape, in 

terms of how current work tasks and activities are mediated by various analogue and digital tools, 

as well as the collaborative interdependencies that emerge between people and technology. Topics 

include what workarounds exist as well as identifying work practices that support safety 

(Hollnagel 2015) by distinguishing eudaimonic qualities (Hohm et al. 2022). Relevant findings 

would be the key mediating tools’ pragmatic and hedonic qualities, how the roles in train traffic 

operation deal with varying conditions, what possible gaps that need to be filled, and how workers 

ensure that trains are kept running safely (Grundgeiger et al. 2021, Hohm et al. 2022). 

Identifying potential value conflicts within train traffic operation. The operation of train 

traffic involves a multiplicity of interacting values. Safety, passenger comfort, punctuality, 

environmental sustainability, and economy are just a few (Cort 2021). Bringing UX into this mix 

highlights good working conditions as a value, but it can also improve the fulfilment of other 

values. UX should in this regard be understood as fulfilling the basic psychological needs of 

autonomy, competence and relatedness (Ryan and Deci 2000), which increases engagement with 

tasks; vigilance, a sense of responsibility and a feeling of ownership of possible problems. Within 

safety-critical domains, conflicts between personal and operational/organisational goals are 

potentially critical, so it is very important to acknowledge the former to avoid accidents caused 

by misprioritisation, e.g., unsafe train operations to get home in time. When it comes to balancing 

the fulfilment of different values, the agency following from being in control over what happens 

avoids negative feelings of helplessness. If a train driver would need to sacrifice punctuality to 

guarantee safe operation, understanding the reason behind it likely avoids the feeling of not being 

part of the decision-making. There is also a challenge to align UX and business goals, which 

otherwise could result in conflicting aims. 

Addressing UX aspects in the ongoing digitalisation and automation of train traffic. The 

rapid technological development in the train sector offers new possibilities and constraints to how 

train drivers and traffic controllers interact with technology, especially when it comes to 

automation and artificial intelligence (AI) (Cort 2021), This raises questions like how workers 

will adapt to, or be transformed by, these continuous changes when the technologies are 

incorporated into their everyday work practices (Huber et al. 2020, Savioja et al. 2014). One of 

the key mediating tools for train traffic controllers is the analogue time distance graph that is 

currently undergoing replacement by a digital one (Cort 2021). This is an interesting example of 

the ongoing digitalisation of Swedish train traffic, and we intend to investigate and analyse the 
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transformative development of new work practices as a result of the introduction and 

embeddedness of this key mediating tool in the workscape. We expect to find similar insights as 

with flight controllers who changed from paper strips to digital ones (Huber et al. 2020) or the 

transformation process from analogue to a digital one in the control room of a nuclear power plant 

(Savioja et al. 2014). The envisioning of AI systems, like driverless trains, is another work 

engagement challenge from a UX perspective. It is argued that AI systems with high levels of 

automation will make the human workers less involved, but their involvement becomes more 

critical (Palanque et al. 2019). There is a risk that traffic controllers and train drivers may run into 

being servants of AI systems, and how AI affects UX and work engagement in these foreseen AI 

workplaces is a surprisingly understudied research topic in general (Palanque et al. 2019). 

Clarifying what UX design means in the domain of train traffic operation. UX design in 

safety-critical domains like train traffic operation is not about making work “fun” or “simple” 

superficially. It is about preserving and augmenting the aspects of work that keep professionals 

within the domain fully engaged in their activities. Arguably, when human lives are at stake, it 

would be offensive to, e.g., prioritise a train driver’s amusement over the safety of the passengers, 

but this does not mean that the experiences of the train driver are not important to consider. If the 

work did not entail any component of satisfaction, it would likely reduce dedication which would 

further lead to skill degradation. UX design entails acknowledging what workers find satisfaction 

in, be it achieving safe, efficient operation or satisfied passengers, and ensuring that the 

introduction of technological solutions does not interfere with this. 

 

 

4. Concluding remarks 

This roadmap offers initial steps in viewing rail research from an explicit UX perspective, without 

throwing the cognitive ergonomics' baby out with the bathwater. We aim to conduct future 

investigations and analyses on the specific and interrelated dimensions of work that train drivers 

and train traffic controllers experience as meaningful and engaging at work, to generate the 

requested context-specific knowledge (Simsek Caglar et al. 2022) for this safety-critical domain. 

The intended contributions are to address the need to carefully reduce this gap by considering 

meaningful, technology-mediated work practices in train traffic, and offering initial steps on how 

it can be approached. To conclude, we want to emphasise that positive experience at work matters. 

Increasing the engagement and well-being of train drivers, train traffic controllers and other 

stakeholders, will hopefully, in the long run, improve the safety of the workers and passengers of 

the rails of the future, by promoting the successful implementation of UX in rail. 

 

 

References 

Andersson, A.W., Sandblad, B., Nilsson. A. (1998). Improving interface usability for train 

dispatchers in future traffic control systems. In: Proceedings of International Conference on 

Railway Engineering Design and Operation, 929–38. 

Andreasson, R., Jansson, A.A., Lindblom, J. (2019). The coordination between train traffic 

controllers and train drivers. Cognition, Technology & Work, 21, 417–443. 

Burkhardt, M. and Milius, B. (2018). Usability and user experience. In: Safety and Reliability– 

Safe Societies in a Changing World, 323–328. 

 

 

 



51st Nordic Ergonomics and Human Factors Society Conference 2022 

 

58 

 

Clemmensen, T., Hertzum, M., Abdelnour-Nocera, J. (2020). Ordinary User Experiences at 

Work. ACM Transactions of Computer-Human Interaction. 27, 3, Article 16. 

Cort, R. (2021). Getting Work Done. Digital Summaries of Uppsala Dissertations, Faculty of 

Science and Technology. Uppsala: Acta Universitatis Upsaliensis. 

Gramlich, J., Pauli, S., Huber, S., Baur, C., Hurtienne, J. (2022). Fin, Whale, Coin and Flatterer. 

In: 16th International Conference on Tangible, Embedded, and Embodied Interaction, 1–13. 

Grundgeiger, T., Hurtienne, J., Happel, O. (2021). Why and how to approach user experience in 

safety-critical domains. Human factors, 6(63), 821–832. 

Hassenzahl, M. and Roto, V. (2007). Being and doing. Interfaces, 72, 10–12. 

Hohm, A., Happel, O., Hurtienne, J., Grundgeiger, T. (2022). User experience in safety-critical 

domains. Cognition, Technology & Work, 24, 247–260. 

Hollnagel, E. (2014). Safety-I and Safety-II. Farnham, UK: Ashgate Publishing Limited. 

Huber, S., Gramlich, J., Grundgeiger, T. (2020). From Paper Flight Strips to Digital Strip 

Systems. Proceedings of the ACM on Human-Computer Interaction, 4(CSCW1), 1–21. 

ISO DIS 9241-210. (2019. Ergonomics of human-system interaction - part 210: Human-centred 

design for interactive systems. International Organization for Standardization, Switzerland, 

Klüber, S., Maas, F., Schraudt, D., Hermann, G., Happel, O., & Grundgeiger, T. (2020). 

Experience matters. In: Proceedings of the 2020 ACM Designing Interactive Systems 

Conference, 1523–1535. 

Laschke M, Braun C, Neuhaus R, Hassenzahl M. (2020). Meaningful Technology at Work. In: 

Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, 1–12. 

Lundström, C., and Lindblom, J. (2018). Considering farmers' situated knowledge of using 

agricultural decision support systems (AgriDSS) to Foster farming practices. Agricultural 

Systems, 159, 9-20. 

Palanque P., Campos, P.F., Nocera, J.A., Clemmensen T, Roto V. (2019). User Experience in an 

Automated World. In: IFIP Conference on Human-Computer Interaction, 706–10. 

Roto, V., Law, E., Vermeeren, A., Hoonhout, J. (2011). User experience white paper. In: Dagstuhl 

Seminar on Demarcating user Experience. 

Ryan, R. M. and Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic 

motivation, social development, and well-being. American psychologist, 55(1), 68. 

Sandblad, B., Andersson, A.W., Frej, I., Gideon, A. (1997). The role of human-computer 

interaction in design of new train traffic control systems. In: Proceedings of World Congress 

of Railway Research, Vol A., 777–783. 

Savioja P., Liinasuo, M., Koskinen H. (2014). User experience: does it matter in complex systems? 

Cognition, Technology & Work, 16, 429–449. 

Simsek Caglar, P., Roto, V., Vainio, T. (2022). User Experience Research in the Work Context. 

Proceedings of the ACM on Human-Computer Interaction, 6(CSCW1), 1–28. 

Stephanidis, C. ... & Zhou, J. (2019). Seven HCI grand challenges. International Journal of 

Human-Computer Interaction, 35(14), 1229–1269. 

Wilson, J.R. and Norris, B.J. (2006). Human factors in support of a successful railway. Cognition, 

Technology and Work, 8, 4–14. 

Wright, T. A., Cropanzano, R., Bonett, D. G. (2007). The moderating role of employee positive 

wellbeing on the relation between job satisfaction and job performance. Journal of 

occupational health psychology, 12(2), 93. 

 

 

 


