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Introduction 

Transportation is an essential component of 

economic development, social connectivity, and 

everyday life. Millions of people worldwide depend 

on transportation systems daily, whether as drivers, 

operators, passengers, or support personnel. 

However, transportation environments are complex 

socio-technical systems that place substantial 

physical and cognitive demands on humans. Long 

working hours, time pressure, exposure to vibration 

and noise, constrained postures, and high 

responsibility for safety make transportation-related 

tasks particularly challenging. Transportation 

ergonomics has emerged as a specialized field within 

human factors and ergonomics that seeks to design 

transportation systems around human capabilities and 

limitations, thereby enhancing safety, efficiency, 

comfort, and well-being [1]. 

number of users and workers involved. Professional 

drivers such as truck drivers, bus drivers, taxi drivers, 

and delivery personnel often spend extended periods 

seated in static postures. Poorly designed seats, 

steering wheels, pedals, and control layouts can lead 

to musculoskeletal disorders affecting the lower back, 

neck, shoulders, and legs. Whole-body vibration 

transmitted through vehicle seats and floors further 

exacerbates physical strain and has been linked to 

chronic spinal problems [2]. Transportation 

ergonomics addresses these issues through improved 

seat design, adjustability, lumbar support, optimized 

pedal spacing, and vibration damping technologies. 

Proper cab layout and reach envelopes reduce 

awkward postures and allow drivers to maintain 

neutral body positions over long durations. 
 

 

Research Article 

Abstract 

Transportation systems form the backbone of modern societies by enabling mobility of people and goods 

across local, national, and global networks. Despite rapid technological progress in vehicles, infrastructure, 

and automation, transportation-related occupations and users continue to face significant ergonomic 

challenges that affect safety, efficiency, and health. Transportation ergonomics focuses on understanding 

and improving the interaction between humans and transportation systems, including vehicles, controls, 

work environments, and organizational conditions. This article examines the principles and applications of 

transportation ergonomics across road, rail, air, and maritime domains, with particular emphasis on 

drivers, operators, maintenance personnel, and passengers. It explores physical, cognitive, and 

organizational ergonomic factors such as posture, vibration, noise, visual demands, workload, fatigue, and 

stress, and their influence on human performance and accident risk. The article also discusses emerging 

trends including automation, intelligent transportation systems, and human–machine interaction, 

highlighting the importance of ergonomic integration for sustainable and safe mobility. By addressing 

human limitations and capabilities, transportation ergonomics contributes to injury prevention, improved 

system reliability, and enhanced user experience across diverse transportation contexts. 

Keywords: Transportation ergonomics; Human factors; Driver fatigue; Vehicle design; Occupational 

safety; Human-machine interaction; Mobility systems 

Road transportation remains the most widespread and 

ergonomically significant domain due to the sheer 
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In addition to physical demands, cognitive workload 

plays a critical role in transportation safety. Drivers 

and operators must continuously perceive, interpret, 

and respond to dynamic information from the 

environment, including traffic conditions, signals, 

weather, and the behavior of other road users. High 

traffic density, poor road design, and inadequate 

signage increase mental workload and stress, leading 

to errors and delayed reaction times. Transportation 

ergonomics emphasizes the design of intuitive 

interfaces, clear visual displays, and standardized 

symbols to support rapid and accurate decision-

making [3]. The placement, size, and legibility of 

dashboards, navigation systems, and warning 

indicators are crucial factors in reducing distraction 

and cognitive overload. 

Methodology 

Fatigue is one of the most significant ergonomic 

challenges in transportation, particularly in long-haul 

and shift-based operations. Irregular schedules, night 

driving, extended duty hours, and insufficient rest 

contribute to physical and mental fatigue, which 

impairs attention, vigilance, and motor coordination. 

Fatigue-related accidents are a major concern in road, 

rail, aviation, and maritime sectors. Ergonomic 

interventions aimed at fatigue management include 

optimized work–rest schedules, ergonomic seating, 

cabin lighting design, climate control, and the use of 

fatigue detection technologies. Education and 

organizational policies that promote adequate sleep, 

rest breaks, and realistic scheduling are equally 

important in mitigating fatigue-related risks [4]. 

Rail transportation presents a distinct set of 

ergonomic considerations due to its operational 

characteristics and work environments. Train drivers 

and controllers operate in highly structured systems 

with strict schedules and safety protocols. Prolonged 

sitting, limited movement, and high levels of 

responsibility can contribute to both physical 

discomfort and mental stress. Control room 

operators, such as signalers and dispatchers, face 

sustained visual demands, monotony, and vigilance 

requirements that increase the risk of human error. 

Transportation ergonomics in rail systems focuses on 

control panel design, seating ergonomics, display 

integration, lighting, and noise control to support 

sustained attention and reduce strain. Cab design 

improvements, including adjustable seats and 

improved visibility, enhance operator comfort and 

safety [5]. 

Aviation ergonomics has long been a prominent area 

within transportation ergonomics due to the high 

stakes associated with air travel safety. Pilots, air 

traffic controllers, and maintenance personnel 

operate   in  environments   that   demand   precision,  

 

 

 
 

 

coordination, and rapid decision-making. Cockpit 

ergonomics addresses the layout of flight controls, 

displays, and communication systems to ensure 

compatibility with human perception and cognition. 

Poor interface design can lead to mode confusion, 

misinterpretation of information, and delayed 

responses. Crew resource management, which 

emphasizes communication, teamwork, and 

decision-making, reflects the broader ergonomic 

focus on organizational and social factors [6,7]. 

Cabin crew and passengers also face ergonomic 

challenges related to seating, space constraints, and 

manual handling tasks, highlighting the need for 

inclusive ergonomic design. 

Results and Discussion 

Maritime transportation involves unique ergonomic 

risks arising from vessel motion, confined spaces, 

noise, and extended voyages. Seafarers often work 

long shifts under physically demanding conditions, 

performing tasks such as cargo handling, navigation, 

and maintenance. Whole-body vibration, repetitive 

movements, and awkward postures contribute to 

musculoskeletal problems, while isolation and 

irregular sleep patterns affect mental health. 

Transportation ergonomics in maritime settings 

emphasizes ship design, workstation layout, vibration 

control, lighting, and noise reduction [8]. Improved 

accommodation design, recreational facilities, and 

work organization can enhance crew well-being and 

performance during long deployments. 

Passengers are an often overlooked but important 

focus of transportation ergonomics. Seating comfort, 

accessibility, information clarity, and ease of 

movement influence passenger satisfaction, safety, 

and health. Poor seating design in public transport 

vehicles can lead to discomfort, circulatory problems, 

and fatigue, particularly during long journeys. 

Transportation ergonomics promotes inclusive 

design that accommodates diverse users, including 

older adults, children, and individuals with 

disabilities. Features such as adjustable seating, 

handrails, clear signage, and barrier-free access 

improve usability and safety for all passengers. 

Maintenance and support personnel play a vital role 

in transportation systems and face their own 

ergonomic challenges. Tasks such as vehicle 

inspection, repair, loading, and fueling often involve 

heavy lifting, awkward postures, and exposure to 

hazardous environments. Ergonomic risk factors in 

maintenance operations can lead to acute injuries and 

chronic disorders. Transportation ergonomics 

addresses these risks through improved tool design, 

mechanical aids, optimized work heights, and 

training in  safe  work   practices.  Designing  vehicles  

 

 

 

and infrastructure with maintenance ergonomics in 
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mind can significantly reduce injury risk and improve efficiency  (Figure  1) . 

 

Figure 1: Conceptual illustration of transportation ergonomics across diverse mobility systems 

Organizational and psychosocial factors are 

increasingly recognized as integral components of 

transportation ergonomics. Time pressure, economic 

incentives, job insecurity, and high responsibility for 

safety contribute to stress and reduced well-being 

among transportation workers [9]. Poor 

communication, inadequate training, and unrealistic 

performance expectations can undermine even well-

designed physical systems. Ergonomic approaches 

therefore extend beyond individual workstations to 

include organizational design, policy development, 

and safety culture. Participatory ergonomics, which 

involves workers in identifying problems and 

developing solutions, has proven effective in 

transportation contexts by ensuring that interventions 

are practical and accepted. 

Technological advancements are reshaping 

transportation systems and introducing new 

ergonomic challenges and opportunities. 

Automation, advanced driver-assistance systems, and 

autonomous vehicles have the potential to reduce 

workload and improve safety, but they also alter 

human roles and responsibilities. Reduced manual 

control may lead to skill degradation, over-reliance 

on automation, and challenges in maintaining 

situation awareness. Transportation ergonomics 

plays a crucial role in designing human-machine 

interfaces that support appropriate levels of trust, 

transparency, and engagement. Clear feedback, 

intuitive controls, and well-designed transition 

strategies between automated and manual modes are 

essential for safe system operation. 

Intelligent transportation systems and digital 

technologies generate vast amounts of information 
that must be effectively presented to users. 

Navigation aids, traffic alerts, and performance 

monitoring systems can enhance decision-making if 

designed ergonomically, but they can also increase 

distraction if poorly integrated. Transportation 

ergonomics emphasizes user-centered design 

principles to ensure that information is timely, 

relevant, and easy to interpret. Wearable technologies 

and in-vehicle monitoring systems offer new 

possibilities for assessing workload, posture, and 

fatigue, supporting proactive interventions. 

From a sustainability perspective, transportation 

ergonomics contributes to safer and more efficient 

mobility systems by reducing accidents, injuries, and 

health-related costs. Healthy and alert operators are 

better able to adapt to changing conditions and 

technological innovations. Ergonomic design also 

supports environmental sustainability by promoting 

efficient vehicle operation, reduced errors, and longer 

system life. Encouraging active transportation modes 

such as walking and cycling requires ergonomic 

consideration of infrastructure design, including 

pathway layout, signage, and safety features, to 

ensure comfort and accessibility [10]. 

Education and training are central to the effective 

application of transportation ergonomics. Drivers, 

operators, and support personnel benefit from 

training in proper posture, fatigue management, safe 

equipment use, and situational awareness. Integrating 

ergonomic principles into professional education and 

licensing programs strengthens safety outcomes and 

promotes a culture of human-centered design. 

Ongoing research and collaboration among 

engineers, ergonomists, policymakers, and end users 

are essential to address emerging challenges in 

transportation systems.
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Conclusion 

Transportation ergonomics plays a pivotal role in 

enhancing safety, efficiency, and well-being across 

diverse mobility systems. By focusing on the 

interaction between humans, vehicles, technology, 

and organizational contexts, ergonomic principles 

address both physical and cognitive demands placed 

on drivers, operators, maintenance personnel, and 

passengers. Issues such as musculoskeletal disorders, 

fatigue, mental workload, and stress remain 

significant challenges in transportation 

environments, contributing to accidents and reduced 

quality of life. Ergonomic interventions 

encompassing vehicle and workstation design, 

human–machine interfaces, work organization, and 

training provide effective strategies for mitigating 

these risks. As transportation systems become 

increasingly automated and complex, the importance 

of integrating ergonomics into design and policy 

decisions will continue to grow. Ultimately, 

transportation ergonomics supports sustainable 

mobility by protecting human health, improving 

system reliability, and ensuring that transportation 

systems remain safe, inclusive, and adaptable to 

future demands.  

References 

1. Ritter EW, Rigo SJ. FITDATA: A system 

for monitoring physical activity based on 

mobile devices [FITDATA: Um sistema 

para monitoramento de atividade física 

baseado em dispositivos movies; 

Proceedings of the SBSI 2016-12th Brazilian 

Symposium on Information Systems: 

Information Systems in the Cloud 

Computing Era, Proceedings; Florianópolis, 

Brazil. 2016;550-557. [Crossref][Google 

Scholar][PubMed] 

2. Kerr RR. Practicing urology takes physical 

toll. Urol Times J. 2019;47:27-29. 

[Crossref][Google Scholar][PubMed] 

3. Nguyen NT, Ho HS, Smith WD, Philipps C, 

Lewis C, et al. An ergonomic evaluation of 

surgeons’ axial skeletal and upper extremity 

movements during laparoscopic and open 

surgery. Am J Surg. 2001;182:720-724. 

[Crossref][Google Scholar][PubMed] 
4.
 Elhage O, Murphy D, Challacombe B, 

Rimington P, Khan MS, et al. Robotic 

urology in the United Kingdom: experience 

and overview of robotic-assisted 

cystectomy. J Robot Surg. 2008;1:235-242.  

[Crossref][Google Scholar][PubMed] 
5.
 Gabrielson AT, Clifton MM, Pavlovich CP, 

Biles MJ, Huang M, et al. Surgical 

ergonomics for urologists: A practical guide. 

Nat Rev Urol. 2021;18:160-169. 

[Crossref][Google Scholar][PubMed] 
6.
 Kaldany A, Patel HV, Shaw NM, Jones CP, 

Breyer BN. Ergonomics in urology: Current 

landscape and future directions. Urol. 

2024;184:235-243. [Crossref][Google 

Scholar][PubMed] 
7.
 Gillespie AM, Wang C, Movassaghi M. 

Ergonomic considerations in urologic 

surgery. Curr Urol Rep. 2023; 24:143-155. 

[Crossref][Google Scholar][PubMed] 
8.
 Hozo SP, Djulbegovic B, Hozo I. Estimating 

the mean and variance from the median, 

range, and the size of a sample. BMC Med 

Res Methodol. 2005;5:13. 

[Crossref][Google Scholar][PubMed] 
9.
 Sterne JA, Hernán MA, Reeves BC, Savović 

J, Berkman ND, et al. ROBINS-I: A tool for 

assessing risk of bias in non-randomised 

studies of interventions. BMJ. 2016:i4919. 

[Crossref][Google Scholar][PubMed] 

10. Sterne JAC, Savović J, Page MJ, Elbers RG, 

Blencowe NS. RoB 2: A revised tool for 

assessing risk of bias in randomised trials. 

BMJ. 2019:l4898. [Crossref][Google 

Scholar][PubMed]

 

 

 

 

 

 

 

 

 

Journal of Applied Ergonomics Research 
 

 

 

 
 

 


