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Abstract 

This study aimed to assess the psychological work characteristics and psychological 

workload of train drivers and to define the psychological and cognitive requirements of 

their work. A systematic literature search was performed, and expert interviews were 

conducted. The following work demands were specific to train drivers: high emotional and 

mental demands, small amount of autonomy and skill discretion. No evidence of a high 

emotional workload, a high mental workload or short-term stress reactivity was found. In 

general, the drivers’ fatigue complaints and recovery needs after work were comparable 

to that of other workers. However, severe sleepiness and high need for recovery did affect 

a substantial proportion of train drivers. The ability to stay aware, to anticipate, to remain 

attentive and to cope with fatigue are psychological and cognitive skills required to 

adequately and safely perform the train drivers’ job. It is recommended to include these 

requirements in periodic assessments of train drivers. 
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Introduction 

Driving a train appears to be a primarily psychological job. The train driver’s job includes 

long periods of driving and requires the ability to remain attentive and to recognize signals 

and specific stimuli for long periods.1;2 It is known to be more difficult to maintain 

attention in monotonous situations than in more cognitively demanding situations.3;4 

Furthermore, train drivers have the task to drive safely and on time to their destination 

and take responsibility for many passengers during irregular shifts.5;6 Thus, the train 

driver’s job seems to have specific psychological and cognitive requirements.  

When the train driver does not meet the psychological and cognitive requirements 

of his work, impaired functioning may lead to errors or mistakes, eventually leading to 

accidents (e.g., passing signals, derailing or causing a collision).7;8 Low-quality performance 

by train drivers may have significant consequences for the safety of the driver himself and 

his passengers, and high economic costs could be involved.  

Therefore, train drivers undergo a pre-employment medical screening and periodic 

screenings thereafter to assess their capability to perform the job and to prevent them 

from endangering themselves, their colleagues or the public .9 This screening also helps to 

identify individuals who are susceptible to workplace hazards.10 For highly demanding or 

safety-sensitive jobs, periodic screening is justified and required11 on the premise that the 

screening will only focus on the requirements that are relevant to fulfil the job and that 

employees will not be excluded from the job for irrelevant reasons.12 Until now, the 

literature has primarily focused on the highly demanding physical aspects of different 

occupations. However, if the psychological and cognitive requirements are proven to be 

highly demanding and safety-sensitive, these factors should also be included in the 

(medical) screening of train drivers. A large Dutch railway company and the unions 

requested this study with the aim to identify evidence based cognitive requirements of 

Dutch passenger train drivers, in order to improve screening of them. 

In recent decades, several changes have occurred in the railway sector, including 

faster trains, new technologies and organisational changes. Research is done and will be 

continued to get more insight and to optimise human driver performance in the railway 

industry.13;14 These changes may have influenced the psychological and cognitive 

requirements of train drivers. To gain insight into the work of train drivers, we first 

developed a conceptual model based on other important work theories and models.15-20 

This conceptual model, shown in Figure 1, illustrates the relationship between the 

psychological work characteristics, the workload and the psychological and cognitive 



Chapter 3.  

 42 
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requirements of train drivers. This model focuses on the aspects of the work itself that are 

important for determining its psychological and cognitive requirements. The left side of 

the model describes the characteristics of the work: the mental tasks, the decision latitude 

of the employee in his work and the psychological work demands, which arise from the 

tasks that have to be performed and refer to the aspect in work that require effort, in 

terms of work pressure, mental demands and emotional demands.16;18 These 

psychological demands (stressors) create a short-term load or effect on the worker; 

temporary human reactions as a result of the work.16;17;21 A short-term load can be 

described in terms of emotional load, mental load, short-term stress, short-term 

fatigue/sleepiness and decreased vigilance/attention. The degree of recovery determines 

whether the employee has the same work potential the next day compared to the day 

before or whether the short-term load leads to long-term (health) effects.18;21 The 

combination of psychological work characteristics and psychological load determines its 

psychological and cognitive requirements.  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 1 Model of psychological work characteristics, psychological workload and cognitive 

requirements based on models of Karasek & Theorell15, van Dijk et al.16, van Dormolen et 

al.17, Meijman & Mulder18, Sluiter et al.19 and Geurts & Sonnentag20 

 

 

 

Psychological Work Demands 
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In the Netherlands, research of the work characteristics and workload of passenger 

train drivers is scarce.22 Yet, in order to get some insight in the job of Dutch passenger 

train drivers, it may be useful to expand the literature research to studies on the 

psychological work characteristics and workload of (both passengers and freight) train 

drivers worldwide.22;23 Until now, no reviews have combined all of the available knowledge 

on this issue. The objective of this study was to define the evidence-based psychological 

and cognitive requirements of train drivers that should be included in screening. 

Therefore, up-to-date knowledge about the psychological work characteristics and the 

psychological workload of train drivers is needed.  

The following research questions were addressed in this study: (1) What are the 

psychological characteristics and the psychological workload of the work of train drivers? 

(2) What are the psychological and cognitive requirements of train drivers? 

 

Methods 

To answer the first research question, a systematic literature search was performed to 

gather information about the psychological characteristics of train drivers’ work (e.g., 

mental tasks, psychological demands and decision latitude) and the psychological 

workload (e.g., the short-term load and the need for recovery) of train drivers. To answer 

the second research question, the psychological work characteristics and workload were 

translated into psychological and cognitive requirements of train drivers with the help of 

interviews with experts.  

   

Systematic Literature Search on Psychological Characteristics and Psychological 

Workload 

 

Search Strategy 

To gather information about the psychological characteristics of train drivers’ work and 

the psychological workload of train drivers, two search strategies were used for the 

systematic literature search in PubMed and PsycINFO (Box 1). Literature published 

between January 1993 and September 2012 was included in the search, and the search 

was limited to articles and reports published in English, German and Dutch. 

Furthermore, reports were collected from a Dutch railway company to obtain 

information about the work performed by train drivers. Non-systematic searches were 

also performed on the Internet (Google) for grey literature and websites containing 
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information about the psychological workload and the mental tasks required of train 

drivers. The first twenty “related articles” associated with the articles we included were 

reviewed for relevant studies, and all of the references of the included articles and reports 

were also checked (‘snowballing’). 

 

Box 1. Search Strategies. 

#1 Search terms related to train drivers and trains (including tram/underground) 

#2 Search terms related to psychological / mental 

#3 Search terms related to work characteristics and workload 

#4 Search terms related to early signs / symptoms during or directly after work 

Strategy 1: #1 AND (#2 OR 3#) 

Strategy 2: #1 AND #4 

The total search strategy performed, including all specific search terms, can be requested from the first author.   

 

Inclusion and Exclusion Criteria and Data Collection 

The main inclusion criterion for studies was that they assessed the psychological work 

characteristics or the psychological workload of train drivers or tram/subway drivers, 

according to our model in Figure 1. Articles about train accidents and incidents were only 

included if the issue of psychological workload was discussed (in the context of human 

errors and their causes, e.g., reduced attention). Articles focussing on the implementation 

of new train systems, ergonomic or engineering train factors and modelling train driver 

behaviour, not informing about work characteristics or workload, were excluded.  

In the first round of selecting articles, one reviewer (IZ) initially selected relevant 

studies based on the titles and abstracts. In the second round, two reviewers (IZ and JS) 

independently reviewed all of the full-text articles. When disagreements occurred, the 

articles where discussed until consensus was reached.  

 

Data Extraction 

The data from the included studies were extracted and entered into tables showing the 

author, methodology and results of the studies (shown in appendix A). These tables were 

then compressed into more concise tables by differentiating between two types of results: 

(1) Psychological work characteristics, categorised by task, demands and decision latitude; 

(2) Psychological workload, categorised by short-term load and recovery. 

For all studies the fit to these categories was based on our conceptual model: if the 

outcome of the measure was in the work itself it was categorised as a work characteristics 
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and if the outcome of the measure was a direct short-term effect on the worker it was 

categorised as workload. 

 

Psychological and Cognitive Requirements 

Based on the psychological work characteristics and the workload, the researchers (IZ, JS, 

MFD) reached consensus about the psychological cognitive requirements needed for train 

drivers to be healthy and safe at work. The separate work characteristic and workload 

variables were directly linked to requirements, which are explained more extensive in our 

research report.24 Where possible, information of the duration of requirements was 

added. The proposed psychological and cognitive requirements were discussed one for 

one during semi-structured interviews with three experts who are knowledgeable about 

the demands on train drivers and/or psychological testing methods. The three experts 

were (1) a neuropsychologist involved in neuropsychological testing of train drivers after 

medical problems, (2) a psychological advisor of the Dutch railway company who is 

involved in suitability assessments of train drivers, and (3) a process manager of train 

drivers. Based on these interviews, the proposed psychological requirements of train 

drivers were reformulated and completed.  

 

Results 

 

Systematic Literature Search on Psychological Characteristics and Psychological 

Workload 

 

Search Results 

The search strategy identified 3,316 titles. The majority of the articles that were excluded 

were studies on the physical workload of train drivers or the workload of automobile 

drivers, truck drivers or rail personnel other than train drivers (rail signallers, rail workers, 

etc.).  

After screening the titles and abstracts, 170 articles appeared to be relevant, and 

after further screening, 22 full-text articles were included. An additional 21 articles and/or 

reports were obtained by checking the reference lists and related articles, searching the 

Internet and asking the Dutch railway company for additional information. A total of 43 

articles were included in this study. Six primary studies/models were published in two 

publications.25&26; 5&27; 28&29; 30&31; 32&33; 34&35 Of the included studies, 23 studies were 
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performed in European countries, 19 studies were performed in non-European countries, 

and one study was performed in an unknown location. From 24 studies it was unknown 

what type of train drivers were studied, 10 studies focussed on both passenger and freight 

train drivers,  eight studies on passenger train drivers, four studies on freight train drivers, 

and two studies on metro train drivers.  

 

Psychological Work Characteristics  

Table 1 and Appendices A1 and A2 show the psychological characteristics of (both 

passenger and freight) train drivers’ work that were identified in the literature review, 

categorised as tasks, demands and decision latitude. References are included in the table 

and the appendices.  

 

Mental Tasks 

The main task of train drivers is driving the train, which occupies 50-63% of a shift.22;36 The 

longest consecutive amount of time in the cab was 2.5 hours.22 The driver has to drive the 

train on the track, operate the doors, give signals and drive safely, efficiently and on 

time.22;23;34;35;37;38;39 In each shift, 44 minutes were spent controlling parts of the panel.22   

During the drive, train drivers work alone and only communicate with other 

personnel or passengers for brief moments (using technical devices).22;36 However, this 

communication with other rail personnel is important23;34-36;40 because miscommunication 

can cause train accidents.41-43 In addition to driving the train, the train driver spends time 

during his shift preparing the train (7%), depart with the train (4%) and guiding the train to 

arrive at stations (7%).22 Furthermore, the train driver may perform special tasks such as 

switching railcars, (de)-coupling trains, changing the direction of the train, and responding 

when procedures fail or emergencies occur.28;34;35;39;43;44 Throughout their shift, the train 

drivers are responsible for overseeing passenger safety, making necessary announcements 

and following protocols in emergency situations.34;35 On average, the drivers work 

between 3 and 4.5 hours without taking a break .22;36 

According to Dorrian et al.30;31, the complexity of train drivers’ tasks is affected by 

the environment (e.g., weather, visibility and noise), the characteristics of the track (e.g., 

length, station density, signals and grade crossing speed restrictions), the characteristics of 

the train (e.g., type and length) and the individual train driver (e.g., capacities and 

experience).  
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Table 1. Results of the psychological work characteristics of train drivers  

(see for more information Appendix 1 & 2). 

Tasks 

Preparing the shift  

 

Preparing the shift is observed for 4% of work time. 

Preparing the shift consists of turning devices on, reading information and 

communicating with the process leader. 

Preparing for departure  

 

Preparing the train for departure is observed for 7% of work time. 

Preparing the train consists of checking the train, turning on and testing material and 

devices, operating doors and controlling the panel. 

Preparing the train consists of preparing for the drive. 

Driving 

 

Departing with the train consists of preparation, operating doors, giving a signal and 

leaving. 

Departing was observed for 4% of work time. 

Driving consists of driving on the track, controlling / operating the train and 

equipment, controlling the panel (17% of driving time), driving safely, efficiently and 

on time. 

Driving occurs for 51% of work time: 5 hours during a mean 8-hour shift and a 

maximum of 2.5 hours consecutively. 

Arriving at stations consists of stopping the train and opening the doors. 

Couple / decouple trains  After coupling / decoupling, the train driver has to evaluate, test devices and prepare 

the train for driving. 

Changing the driving 

direction of train 

Changing the driving direction of the train consists of switching off and closing one 

end of the train and opening and switching on the other end of the train to change 

the direction of the train.  

After changing the direction of the train, the train driver has to prepare the train for 

departure again. 

Changing the direction of the train is done at each terminal station. 

Handling during 

calamities & irregularities  

Handling during calamities & irregularities consists of taking measures, using devices 

and following rules & procedures. 

Taking care of passengers  Taking care of passengers consists of answering emergency calls, driving on schedule 

and making announcements and helping the passengers off the train if needed. 

Leaving shift Leaving the shift consists of reading important information and turning devices off. 

Co-operating Co-operation with other personnel such as guards & conductors. 

Working in a solitary 

environment 

Train drivers work in a solitary environment. 

Train drivers drive the train alone for 5 hours during their shift, during which they 

have no communication / interaction with other people for 4 hours and 52 minutes. 

Communication Communicating to signaller, dispatcher, conductor, train controller or maintenance, 

by answering calls, making announcements and using communication equipment. 

Train drivers communicate for 8 minutes during their driving tasks of 5 hours. 

Miscommunication and communication systems cause train accidents. 

Demands 

Work Pressure Train drivers do not experience a high work pressure; their work pressure is 

comparable to that of other employees. 

Work pressure of train drivers rises during the shift. 

Emotional Demands Train drivers experience that they have high emotional work demands relative to 

other employees. 
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Table 1. Continued 

Mental Demands Train drivers experience that they have high mental work demands relative to other 

employees. 

Mental demands of train drivers differ between tasks: driving a route with double 

tasks is mentally more demanding than driving a monotonous route. 

Concentration Train drivers experience that concentration is demanded in their work. 

Accuracy Train drivers experience that accuracy is demanded in their work. 

Awareness of current 

situation  

Train drivers have to be aware of the current situation, including situational 

awareness of current location, the track, current speed, speed restrictions, train 

schedule and characteristics of the train. 

Perceive (Monitor/ 

Notice/ Identify)  

The work of train drivers consist of monitoring both inside and outside the cab, 

primarily visual and auditory; monitoring of location, signals, boards, level crossings, 

stations, events or persons on the track, track condition, other trains, speed / 

speedometer, AWS system, vigilance system, communication systems and the results 

of their own actions and alarms. 

Interpret (Understand/  

Judge) 

The work of train drivers consists of interpreting events in the environment (such as 

weather, passenger behaviour, objects on track). 

Recognition The work of train drivers consists of recognizing relevant aspects like route, signals, 

auditory and visual input, and alarms. 

Anticipation of 

oncoming situation 

(Decide/ Plan) 

The work of train drivers consists of generating expectations and thinking ahead, 

building a mental picture of what to expect; anticipating upcoming aspects like 

signals, route, speed, and track. 

The work of train drivers consists of establishing priorities and deciding and planning 

what actions to take. 

Act on Situation 

(Reacting/ Responding) 

The work of train drivers consists of operating the train: stopping, braking / slowing 

down, opening / closing doors, and changing the direction of the train. 

Being Vigilant 

(Alert/ Sustained 

attention) 

The work of train drivers consists of being vigilant in detecting / watching out and 

responding / reporting. 

Train drivers experience that their work demands that they are vigilant. 

Selective Attention The work of train drivers consists of having selective attention. 

Divided Attention During each shift, train drivers perform an externally initiated task that distracts 

them from driving 27 times. 

Train drivers experience that divided attention is demanded in their work. 

Remember (Memorize)  The work of train drivers consist of storing knowledge / information in long-term 

memory and current changing conditions like speed restrictions and workers on the 

track, in short-term memory. 

Train drivers experience that memory is demanded often / always in their work. 

Decision latitude 

Autonomy Train drivers experience that they have a low amount of autonomy, relative to other 

employees. 

Skill Discretion There is no specific information about the skill discretion of train drivers, but a large 

part of the work of train drivers consist of driving (>50%), which does not offer much 

variety in skills. 
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Psychological Demands 

 

Work pressure 

Work pressure was judged to be high for 1/8 of train drivers’ working time45, and overall 

work pressure received a score of 40 on a 0-100 scale from low to high work pressure.32;33 

Train drivers experienced the same time constraints as other (railway) employees.22;50 

During the shift, self-reported work pressure almost doubled during an 8-hour shift, 

ending with an average score of 27 on a 0-100 scale.22  

We conclude that train drivers do not seem to experience high work pressure. 

 

Emotional Demands 

The responses to several questions about emotional demands indicated that these 

demands are not frequently experienced by train drivers. However, compared with the 

general working population, the emotional demands on train drivers are higher.22 

We conclude that train drivers have higher emotional demands than other workers.  

 

Mental Demands 

In general, train drivers experience high mental work demands compared with other 

(railway) employees.22;32;33;50 Driving a route that requires multitasking is more mentally 

demanding than driving a monotonous route.32 A high proportion of train drivers reported 

that concentration (84%), precision (74%) and carefulness (86%) are always required in 

their work.22   

Train drivers’ responsibilities include monitoring inside and outside the cab. They 

have to perceive, interpret, anticipate and act on the current situation and upcoming 

situations, taking account environmental conditions such as speed, signals and obstacles 

on the track.23;28;39;34;35;40;46-48 Train drivers have to recognize relevant information and take 

action to perform their tasks.46 

Train drivers report that their mental demands require different types of attention. 

First, train drivers report that their work demands vigilance (sustained 

attention)22;23;32;33;40;48; 94% of train drivers report that they always pay continuous 

attention to their work, and 51% report that their work requires continuous thought.22 In 

addition, train drivers pay selective attention during the ride and divide their attention 

between the task of driving and secondary tasks, such as monitoring all incoming 

information relevant to the primary task of driving.22;48 Train drivers performed distracting 
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tasks while driving 27 times during each shift, and 76% of the train drivers perceive that 

they always have to be attentive to many tasks at the same time.22  

Finally, the work of train drivers requires storing information in both short- and 

long-term memory.22;29   

We conclude that train drivers seem to experience high mental demands, including 

the need to demonstrate selective, divided and sustained attention. 

 

Decision Latitude 

 

Autonomy 

Train drivers experienced that they can decide how to perform their work for half of their 

working time; however, they cannot control the pace of their work for three quarters of 

their working time.45 Train drivers perceive that they have less autonomy compared with 

the general working population.22 More than 80% of the train drivers reported that they 

are ‘never’ able to determine the content, time and order of their work tasks, including 

breaks. 

We conclude that train drivers do not have a substantial amount of autonomy while 

performing their work. 

 

Skill Discretion 

No specific questionnaires about skill variety were found for train drivers. However, >50% 

of the work performed by train drivers consists of driving the train, which does not include 

a wide variety of activities.22;36 

We conclude that train drivers do not seem to have a large amount of skill 

discretion.  

 

Psychological Workload 

Table 2 and Appendices A3 and A4 show the psychological workload, categorised by short-

term load and recovery, based on the results of the literature review. References are 

included in the table and the appendices. 
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Table 2. Results of the psychological workload of train drivers (see for more information 

Appendix 3 & 4). 

Short-term load 

Emotional Load No specific information on the degree of emotional load on train drivers is known. 

Emotional load on train drivers differs across tasks: standing still, starting and 

braking cause more emotional load than driving. 

Mental Load Train drivers do not experience that their work results in a high mental load; their 

mental load is comparable to or lower than the mental load of other employees. 

Mental load on train drivers differs across tasks: 

-Driving causes more mental load than starting, changing speed, braking and 

standing still 

-Arriving at a station when a double yellow signal occurs causes more mental load 

than arriving at a station without a double yellow signal 

-The moment just before arriving and leaving the station causes more mental load 

than driving 

High-speed train drivers do not experience much effort due to driving at high speed. 

Mental load does not change during the shift. 

Perception Decreased perception causes driver errors / train accidents. 

Anticipating oncoming 

situations (Decide / 

Plan) 

Decreased anticipation causes driver errors / train accidents. 

Decreased ability to decide causes driver errors / train accidents.  

Acting on the situation 

(Reacting / 

Responding) 

Incorrect actions / reactions cause driver errors. 

Vigilance (Attention / 

Reaction) 

Train drivers have moderate vigilance scores (from ±37 to ±57 on a 0-100 scale). 

Vigilance of train drivers decreases during the shift. 

Vigilance of train drivers decreases after working cumulative shifts. 

Vigilance of train drivers differs across tasks: driving a monotonous route decreases 

Vigilance compared to driving a highly demanding route. 

Vigilance of train drivers differs across various types of shifts: 

-After a late shift, vigilance is worse compared to that of an earlier shift 

-Before an evening shift, vigilance is worse compared to other shift types 

Decreased vigilance causes driver errors / train accidents. 

Selective Attention Distraction causes driver errors / train accidents. 

Short-term Stress No specific information on the degree of short-term stress of train drivers is known. 

Short-term stress of train drivers differs across tasks: 

-Driving (at low speeds) causes more short-term stress compared to standing still 

-Braking causes more short-term stress compared to driving 

Short-term Fatigue / 

Sleepiness 

Train drivers experience some degree of fatigue / sleepiness during their work; the 

average degree of fatigue does not seem alarming. 

Fatigue experienced by train drivers is comparable to other railway employees, but 

higher compared to other employees. 

Severe (alarming) sleepiness is present in a substantial proportion of train drivers. 

Fatigue of train drivers increases during the shift. 

Fatigue of train drivers increases after working cumulative shifts. 
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Table 2. Continued 
 Fatigue of train drivers is the same when driving a monotonous route or a highly 

demanding route, but more sleepiness does occur during periods of low activity 

(stops, waiting, driving without communication). 

Fatigue of train drivers differs across various shifts; night (late) and morning (early) 

shifts seem to cause most fatigue compared to other types of shifts. 

Increased fatigue is related to the time of day, longer shift length, longer driving 

time, higher number of trips, and a longer maximum time in the cab. 

Vigilance decreases with increased fatigue. 

Driving behaviour changes with increased fatigue, which can increase the risk of 

driver errors.  

Recovery 

Need for Recovery Need for recovery of train drivers is the same as in other employees, on average. 

27% of train drivers have a high need for recovery. 

 

Short-term Load 

 

Emotional Workload 

The emotional load for train drivers differs across tasks. Based on increases in the drivers’ 

heart rate, the emotional load was significantly higher when standing still, starting and 

braking compared with driving.49   

We conclude that the train drivers’ emotional workload differs across tasks; 

however, the absolute emotional workload is unknown.  

 

Mental Workload 

On a scale of 0 (low) to 100 (high), the effort exerted by train drivers averages 41-44.32;33 

Train drivers report that their work requires less effort than the jobs of other railway 

employees50, and Gillis51 did not found a mental overload. The mental workload differs 

across tasks; it is higher while driving compared to starting, changing speeds, braking and 

standing still.49 Task analyses revealed that drivers experienced the highest mental load 

just before arriving and leaving the station.51A double yellow signal, which instructs drivers 

to slow down because the following signal could be red, also increased the mental load.51 

The mental load, which was measured by tracking heart rate variability, did not 

significantly change with time on tasks.22   

While the operators drove, decreased perception, decreased anticipation, incorrect 

reactions and decreased selective attention occurred, causing driver errors and train 

accidents.25;26;41;43;52;53  
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Measured on a 0-100 visual analogue scale, train drivers demonstrated an average 

20 points worse vigilance score at the end of the shift compared with the beginning of the 

shift.54;55 In addition, reaction time and the number of errors committed during a vigilance 

task increased during the shift.55-58 Vigilance also decreased after working multiple 

shifts.55;59 The vigilance of train drivers also differed across tasks; driving a monotonous 

route was associated with more boredom/demotivation than driving a highly demanding 

route requiring multiple tasks, although the arousal level was the same.32;33 In addition, 

the type of shift seemed to have a detrimental effect on the vigilance being worst during 

evening shifts.54;56 Decreased vigilance has been shown to cause driver errors and train 

accidents.7;25;26;41;52;53  

We conclude that train drivers do not seem to have high a mental workload. 

However, the mental workload differs across tasks and becomes worse over the course of 

a shift, which can increase the risk for driver errors and train accidents. 

 

Short-term Stress 

The short-term stress reactivity of train drivers differs across sub-driving tasks. Driving at 

slow speeds was scored as being more stressful than standing still and braking as being 

more stressful than driving at one speed.49   

We concluded that the train drivers’ short-term stress differs across tasks; however, 

the degree of short-term stress remains unknown. 

 

Short-term Fatigue/Sleepiness 

Many studies have addressed fatigue and sleepiness among train drivers during and 

directly after their shift, and the degree of fatigue observed differs between those studies. 

On a sleepiness scale from 0 (not at all sleepy) to 6 (very high degree of sleepiness), train 

drivers scored 3.3 on average; on an 11-point scale of general fatigue, train drivers scored 

6.45 In another study, the mean maximum fatigue score was ‘a little tired, less than 

fresh’.50 In another study, scores ranged from 27 to 70 on a scale from 0-100.32;33 The 

prevalence of severe sleepiness (defined as a score ≥ 7 on the Karolinska Sleepiness Scale) 

varied between 12% and 49%.5;27 Electrooculography measures showed that train drivers 

closed their eyes for 5-10 sec at different times57 and experienced heavy eyelids for 0.3-

0.6 hours during the shift.36 During an 8.5-hour shift, an average of 19 anti-fatigue 

strategies, such as yawning, opening a window or making useless movements, were 

observed .22 Relative to other workers, general fatigue among train drivers was 
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comparable to that among other railway employees50 but higher than fatigue among the 

general working population.22 

Fatigue and sleepiness measured by self-report22;27;32;33;36;55;57-60 and Electro-

encephalography/ Electrooculography measures61 increased significantly during the shift. 

Driving multiple shifts sequentially with rest periods of only 8 hours also resulted in higher 

fatigue.55.59 

As measured by self-report, monotonous routes did not result in more sleepiness 

than highly demanding routes.32;33 However, according to Electroencephalography/ 

Electrooculography measurements, more sleepiness occurred during periods of low 

activity (e.g., while stopped, waiting or driving without communicating).1  

The results of studies on sleepiness/fatigue after working various types of shifts are 

not consistent. Some studies found that sleepiness and fatigue were highest during night 

shifts.5;36;55;61 Other studies found that sleepiness and fatigue were highest during (early) 

morning shifts.36;60 

In addition to the duration and type of shift, the time of the day, driving time, the 

number of trips and the maximum time in the cab were also significantly related to 

fatigue.36  

Increasing fatigue was significantly related to decreased attention and decreased 

cognitive motor skills.30;31;55 Driving behaviour also changed in response to fatigue30;31;37, 

which seems to be a risk factor for making errors and causing accidents.8;38 

We conclude that the degree of fatigue differs across train drivers during their tasks. 

On average, fatigue complaints do not seem alarming; however, severe sleepiness does 

affect a substantial proportion of drivers. Fatigue seems to increase during (cumulative) 

shifts and seems to be related to several shift- and driving-related factors. Fatigue seems 

to change driving behaviour and can cause driver errors.   

 

Recovery 

On average, train drivers’ need for recovery after work was the same as that of the 

general Dutch working population.22 However, 27% of the train drivers had a high need for 

recovery. The degree of recovery, as measured by cortisol levels, did not differ 

significantly across different types of shifts.22 

We conclude that the need for recovery is alarming for one-quarter of train drivers.  
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Table 3. Proposal to define the psychological and cognitive requirements of train drivers 

Requirement Description 

Ability to stay aware, perceive, interpret, 

recognize, anticipate and act 

Having the ability to be aware, perceive, interpret, recognize, 

anticipate and act on incoming signals, safety systems and 

unforeseen events so quickly that the occurrence of incidents is 

prevented or their effects are minimised.  

Ability to concentrate and work 

accurately 

Having the ability to work in a concentrated and accurate manner 

most of the time.  

Vigilance / Sustained attention Being vigilant during the whole trip, that is 50-60% of the shift and 

maximum 2.5 hours consecutively, while performing all activities 

needed during the drive in different situations. 

Selective attention Having selective attention while driving, that is 50-60% of the shift 

and maximum 2.5 hours consecutively, to observe the control panel, 

signals, traffic, and obstacles on and next to the track. 

Divided attention Divide attention between the primary tasks of driving the train and 

the secondary tasks such as incoming information, safety systems 

and communication.  

Memory Being able to retrieve and store relevant information, like speed 

restrictions. 

Capable of coping with emotional 

demands  

Have normal levels of emotional capacity and not being restricted in 

performing work due to too many stress complaints. Emotional 

situation and personal confrontations are handled safely in terms of 

emotions, and incidents are prevented. Being able to judge his/her 

own emotional capacity and note if healthy and safe performance of 

work is restricted.  

Capable of coping with low decision 

latitude 

Being capable of dealing with a low amount of autonomy and skill 

discretion, like staying in one place for several hours and at fixed 

times.  

Capable of working in a solitary 

environment 

Being capable of working in a solitary environment and driving the 

train alone for at least 50-60% of the shift.  

Capable of coping with feelings of 

fatigue / sleepiness 

Not being hindered by strong feelings of fatigue / sleepiness, which 

can be dangerous for the safety and health of the train driver and 

others.  

Ability to recover from fatigue between 

shifts 

Having enough ability to recover to a sufficient mental status in an 

adequate time path after the shift. 

 

Psychological and Cognitive Requirements 

Based on the psychological work characteristics of the work, the psychological workload of 

train drivers and interviews with experts, we have defined the psychological and cognitive 

requirements needed to perform the train drivers' job adequately and safely. Table 3 

shows the proposed requirements, including short descriptions.  

First, train drivers are required to stay aware, perceive, interpret, recognize, 

anticipate and act on environmental signals in specific situations. Train drivers should have 

the ability to concentrate and perform their work accurately. Selective, divided and 
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sustained attention (e.g., vigilance) are required. Train drivers also should have the ability 

to memorise relevant information. They must be capable of coping with emotional 

demands, low decision latitude and a solitary work environment. Finally, they must have 

the ability to cope with fatigue or sleepiness and the ability to recover from fatigue 

between shifts.  

 

Discussion 

Several psychological characteristics of train drivers’ work and the psychological workload 

of the job were identified from the literature on train driving and train drivers. The train 

driver’s most important tasks are to drive the train and control the panel. With regard to 

the characteristics of the work, the emotional and mental demands seem high, and train 

drivers do have a low amount of autonomy and skill discretion. With regard to the 

workload, there was no evidence that the mental workload is high. Literature about the 

emotional workload and short-term stress reactivity is scarce. In general, the complaints 

of fatigue and the need for recovery after work are comparable to that of other workers. 

However, severe sleepiness and a high need for recovery do affect a substantial 

proportion of train drivers, and these issues can cause changes in driving behaviour and 

driver errors. Based on these findings and interviews with experts, we defined the 

psychological and cognitive requirements needed for train drivers to perform their job 

adequately and safely, like the ability to stay aware, to perceive, to interpret, to recognize, 

to anticipate and act on environmental signals; the ability to concentrate on work and 

remain attentive; and the ability to cope with fatigue.  

Two other studies have defined selection criteria for train drivers.48;62 In 2006, the 

Rail Safety & Standards Board (RSSB) in the UK proposed selection criteria for train drivers, 

and in 2009, the Community of European Railway and Infrastructure Companies (CER) 

proposed testing criteria for psychological assessments of European train drivers. Apart 

from their recommended physical criteria (e.g., coordination), behavioural criteria (e.g., 

reliability) and personal criteria (e.g., trainability and self-control), the recommended 

psychological and cognitive criteria generally match the requirements defined in our 

study. The following criteria matched: the ability to demonstrate selective, divided and 

sustained attention; the ability to concentrate and memorise; the capability to cope with 

emotional demands (i.e., emotional stability); and the capability to work in a solitary 

environment (i.e., tolerance for working alone). However, in the RSSB48 and CER62 criteria, 

communication was mentioned separately; we concluded that this skill rarely occurs on 
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the job and takes part of the requirement of the ability to perceive, anticipate and act. 

Furthermore, we assume that train drivers who completed their education to become a 

train driver do have some communication skills, a general intellectual level and the 

necessary technical skill. Therefore we did not mention this as specific requirements. 

Nevertheless, we defined some requirements that the RSSB and CER did not mention, 

such as the capability to cope with fatigue and recover from work-related fatigue. 

Compared with other studies that have formulated requirements or selection 

criteria, an advantage of our study is that we used a model-based approach and 

performed a systematic literature search. First, a model was constructed to explain the 

relationships among the psychological aspects of work. The job characteristics and the 

workload of train drivers were systematically explored and directly linked to work 

requirements. In the Netherlands, medical screenings and periodic screenings of the 

characteristics needed to perform specific work demands that cannot be avoided, which 

may reveal safety risks in the workplace, may only be performed after the employee is 

selected and hired. Thus, a medical screening may only be used to determine if the 

employee can safely perform the job and is focussed on guidance of the employee, in 

stead of selecting the healthiest employees. Therefore, our model focused on the aspects 

of the work itself that may be associated with specific medical/psychological requirements 

of the employee. Our model excluded characteristics of employees (e.g., personality, 

motivation and knowledge) and organisations (e.g., relationships and work circumstances) 

that are involved in the process used by human resource managers to select train drivers 

but not involved in the medical screening.  

A possible limitation of our study might be that we overlooked some important 

information; the body of research on human resources in the train industry is large, 

including a substantial amount of grey literature. The number of studies found was 

somewhat small and their outcomes were very diverse. This made it difficult to compare 

results, and information of some work aspects was derived from a small sample of studies 

which is a limitation for generalising conclusions. Although the proposal of the content of 

the requirements was based on several studies, the information of the duration of 

requirements could only be derived from two European studies22;36 Furthermore, since 

work characteristics and workload may depend on different variables like work conditions, 

environment, work schedules and train types, the cognitive requirements may change in 

different situations. However, the literature was not sufficient to determine cognitive 

requirements for al these different situations and train types, and even more important, 

screening of train drivers will also focus on their requirements in general, and is not 
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feasible to perform for all these different situations. Finally, we emphasise the fact that 

the requirements we defined are suggestions and not a definitive list to use in periodic 

psychological screenings of train drivers, when already hired.  

In conclusion, driving a train involves some highly demanding psychological factors, 

and train drivers have to meet specific requirements. We recommend studying the 

possibilities of taking preventive measures in the work situation in order to eliminate 

these high demanding factors and increase the safety of job performance. However, 

changes in work organisation and train equipment are complex and hard to accomplish. 

Therefore, our focus is on the recommendation to include psychological aspects in the 

(pre- and on-employment) medical screening of all train drivers to ensure that they are 

capable of performing their current job adequately and safely. The railway industry is 

subject to technological changes, and in addition, the psychological and cognitive 

capacities of train drivers may change as they age. Train drivers who do not function well 

in their job may cause major safety issues. Therefore, changes in the psychological 

requirements of the work must be monitored periodically, and the medical and 

psychological capacities of train drivers must be screened throughout their career, in 

order to intervene timely at requirements needed to perform the job as safely as possible. 

The next step in developing a psychological screening is to search for valid and 

reliable assessment methods. These screening methods must identify train drivers whose 

health or capacities interfere with their ability to perform their job. An integrated 

approach that includes comprehensive testing of all requirements at the beginning and 

throughout a career may be the optimal way to judge a train driver’s suitability for the job. 

Driving simulators seem to be a very standardised and task-specific screening method. 

Such simulators offer the opportunity to screen a train driver in different situations, 

including emergency situations and extreme circumstances. Using fixed protocols with 

expected actions and possible errors, the train driver’s performance can be judged.63 In 

addition to a driving simulator test, valid questionnaires to screen for common mental 

disorders may be added to the screening.  
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Appendix A. Tables of Results  

Appendix A1: Results of the psychological work characteristics of train drivers  

  Ref Methods Results 

Work pressure Ahsberg 

200045 

Questionnaire work demands; 

too much to do (5 point scale ; 

not at all – all or almost all work 

time), n= 143 train drivers 
 

Train drivers experience that they have too much to do for 1/8 of 

work time 

 

Dorrian et al. 

201150 

Questionnaire NASA-Task Load 

Index, subscale time constraints 

(1=low-6=high), n= 27 train 

drivers 
 

Mean score of 3.3: train drivers experience the same time 

constraints compared to other railway employees  

 

Dunn & 

Williamson 

200932, 

201233 

Questionnaire NASA-Task Load 

Index, subscale time constraints 

(0=low-100=high), n= 28 train 

drivers 
 

Mean score of 40 

Ruitenburg et 

al. 200822 

Questionnaire Pace and Amount 

of Work (QEAW) (0=low- 

100=high), n= 284 train drivers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Questionnaire VAS for work 

pressure during the shift 

(0=low-100=high). Measured 

after 2, 4, 6 and 6 hours in shift, 

n=15 train drivers 
 

Mean score of 37: the pace and amount of work of the train driver is 

the same as the general working population 

Do you have to work very fast? 5% answered always, 12% often 

Do you have too much work to do? 1% answered always, 8% 

often 

Do you have to work extra hard in order to complete something? 

1% answered always, 3%often 

Do you work under time pressure? 44% answered always, 27% 

often 

Do you have to hurry? 5% answered always, 17% often 

Can you do your work with ease? 10% answered never, 33% 

sometimes 

Do you find that you are behind in your activities? <1% answered 

always, 2% often 

Do you find that you do not have enough work? 86% answered 

never. 12% sometimes 

Do you have problems with the pace of work? 1% answered 

always, 3% often 

Do you have problems with the pressure of work? 1% answered 

always, 10% often 

Would you prefer a calmer work pace? 4% answered always, 

11% often 
 

Work pressure significantly raised during the shift from mean 15 to 

mean 27 

 

Emotional Demands Ruitenburg et 

al. 200822 

Questionnaire Emotional 

Demands (QEAW) (0=low- 

100=high), n= 284 train drivers 

 

Mean score of 34; work of the train driver is significantly emotionally 

more demanding compared to the work of a general working 

reference population 

Does your work demand a lot from you emotionally? 3% 

answered always, 3% often 

Are you confronted in your work with things that affect you 

personally? 1% answered always, 17% often 

Do others call on you personally in your work? 1% answered 

always, 20% often 

Do you feel personally attacked or threatened in your work? 0% 

answered always, 3% often 

Do you have contact with difficult clients or patients in your 

work? <1% answered always, 13% often 

In your work, do you have to be able to convince or persuade 

people? 1% answered always, 12% often 

Does your work put you in emotionally upsetting situations? 1% 

answered always, 13% often 
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Appendix A1 continued 

  Ref Methods Results 

Mental Demands 

 

Dorrian et al. 

201150 

Questionnaire NASA-Task Load 

Index, subscale mental demand 

(1=low-6=high), n= 27 train 

drivers  

 

Mean score of 3.8: train drivers experience their work as more 

mentally demanding than guards and terminal operators, but the 

same as other railway employees. 

 

Dunn & 

Williamson 

200932, 

201233 

Questionnaire NASA-Task Load 

Index, subscale mental demand 

(0=low-100=high), n= 28 train 

drivers and n=28 controls (non 

train drivers), judging driving in 

a simulator during both a low 

and high demanding situation 

(driving with the speed limit 

presented as a mathematical 

problem) 

 

Mean score of 46: train drivers judge their work as being significantly 

mentally more demanding, compared to the judgement of a control 

group that are not train drivers 

 

Train drivers experience that driving a route with double tasks is 

mentally more demanding than driving a monotonous route 

 

Ruitenburg et 

al. 200822 

Questionnaire Mental Demands 

(QEAW) (0=low- 100=high), n= 

284 train drivers 

 

Mean score of 87; work of the train driver is significantly mentally 

more demanding compared to the work of a general working 

reference population 

Concentration Ruitenburg et 

al. 200822 

Item of the questionnaire 

Mental Demands (QEAW) 

(0=low-100=high), n= 284 train 

drivers 

 

Does your work demand a lot of concentration? 84% answered 

always, 13% often 

 

Accuracy Ruitenburg et 

al. 200822 

Items of the questionnaire 

Mental Demands (QEAW) 

(0=low-100=high), n= 284 train 

drivers 

 

Do you have to work with a lot of precision? 74% answered always, 

22% often 

 

Does your work require a great deal of carefulness? 86% answered 

always, 13% often 

 

Awareness of 

current 

situation 

 

FRA 200929 Semi-structured interviews and 

observations 

 

 

Situational awareness of current location, the track, current speed, 

speed restrictions, train schedule, characteristics of the train  

 

Perceive 

(Monitor / 

Notice / 

Identify) 
 

 

Elliott et al. 

200746 

Development of a model of 

situational awareness based on 

task analysis, discussions and 

brainstorm sessions. 

Monitor both inside and outside the cab, primarily visual and 

auditory. 

Monitor location, signals, boards, level crossings, stations, events or 

persons on the track, track condition, other trains, speed / 

speedometer, AWS system, vigilance system, communication 

systems and result of own actions and alarms 

FRA 200929 Semi-structured interviews and 

task analysis by observations 

 

McLeod et al. 

200528 

Development of a framework 

based on psychological 

literature, discussions with 

drivers and consideration of 

incident records  

NTC 201140 ? 

Porter 199247 Task description based on 

observations 

Rose & 

Bearman 

201223 

Task analysis based on focus 

groups, observations and 

experts 

Rssb 200648 Questionnaires, interviews 

Interpret 

(Understand / 

Judge) 

 

Karvoonen et 

al. 201034, 

201135 

Task categorizing based on 

semi-structured interviews, 

observations and mirror data 

workshops 

 

Understand / interpret / judge events in the environment (like 

weather, passenger behaviour, objects on track)  
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Recognition 

 

Elliott et al. 

200746 

Development of a model of 

situational awareness based on 

task analysis, discussions and 

brainstorm sessions 

Recognize relevant aspects like route, signals, auditory and visual 

input, alarms 

Anticipation on 

oncoming 

situation 

(Decide / Plan) 

Elliott et al. 

200746 

Development of a model of 

situational awareness based on 

task analysis, discussions and 

brainstorm sessions. 

Generate expectations and think ahead, building a mental picture of 

what to expect; anticipate on upcoming aspects like signals, route, 

speed, track  

Establish priorities and decide and plan what action to take 

 FRA 200929 Semi-structured interviews and 

observations 

McLeod et al. 

200528 

Development of a framework 

based on psychological 

literature, discussions with 

drivers and consideration of 

incident records  

Rose & 

Bearman 

201223 

Task analysis based on focus 

groups, observations and 

experts 

Rssb 200648 Questionnaires, interviews 

Act (React / 

Respond) 

 

FRA 200929 Semi-structured interviews and 

observations 

Operate the train: stop, brake / slow down, open / close doors, 

change direction of train 

Karvoonen et 

al. 201034, 

201135 

 

Task categorizing based on 

semi-structured interviews, 

observations and mirror data 

workshops 

McLeod et al. 

200528 

 

Development of a framework 

based on psychological 

literature, discussions with 

drivers and consideration of 

incident records 

Porter 199247 Task description based on 

observations 

Rose & 

Bearman 

201223 

Task analysis based on focus 

groups, observations and 

experts 

Rssb 200648 Questionnaires, interviews 

 

Being vigilance 

(Alert / 

Sustained 

attention) 

Dunn & 

Williamson 

200932, 

201233 

Questionnaire (0=low-

100=high), subscales 

monotonous, stimulating, 

boring, engaging, n=28 train 

drivers 

Work tasks scores: 82 for monotonous, 27 for stimulating, 76 for 

boring, 37 for engaging 

 

  

NTC 201140 ? To detect / watch out and respond / report  

 Rose & 

Bearman 

201223 

Task analysis based on focus 

groups, observations and 

experts  

Rssb 200648 Questionnaires, interviews 

Ruitenburg et 

al. 200822 

Item of the questionnaire 

Mental Demands (QEAW) 

(0=low-100=high), n= 284 train 

drivers 

Do you have to give continuous attention to your work? 94% 

answered always, 4% often 

Does your work require continual thought? 51% answered always, 

28% often 

 

Selective 

Attention 

Rssb 200648 Questionnaires, interviews Have selective attention (including perceptual differentiation) 

Dividing 

Attention 

Ruitenburg et 

al. 200822 

Item of the questionnaire 

Mental Demands (QEAW) 

(0=low-100=high), n= 284 train 

drivers 

 

Task analysis by observations 

with Palm Trac, n= 15 train 

drivers 

Do you have to be attentive to many things at the same time? 76% 

answered always, 22% often 

 

 

 

Train drivers do each shift mean 27 times a task that distracts from 

driving and is initiated externally from the driver. 
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Remember 

(Memorize - 

long & short 

term) 

FRA 200929 Semi-structured interviews and 

task analysis by observations. 

 

Store the knowledge in long-term memory  

Store the current changing conditions in short-term memory / 

working memory, like speed restriction, workers on the track  

 

Ruitenburg et 

al. 200822 

Item of the questionnaire 

Mental Demands (QEAW) 

(0=low-100=high), n= 284 train 

drivers 

 

Do you have to remember many things in your work? 31% answered 

always, 42% often 

 

 

 

Appendix A2: Results of the decision latitude of train drivers 

  Ref Methods Results 

Autonomy Ahsberg 

200045 

Questionnaire work control (5-

point scale ; not at all – all or 

almost all work time), n= 143 

train drivers 

 

Train drivers experience that they cannot control work pace for 3/4 

of work time 

Train drivers experience that they cannot decide how to perform 

their work for almost ½ of work time 

 

Ruitenburg et 

al. 200822 

Questionnaire Autonomy 

(QEAW) (0=low-100=high), n= 

284 train drivers  

 

Mean score of 82; the autonomy of the work of the train driver is 

significantly worse compared to the work of a general working 

reference population 

Do you have freedom in carrying out your work activities? 43% 

answered never, 27% sometimes 

Do you have an influence in the planning of your work activities? 

61% answered never, 33% sometimes 

Do you have an influence on the pace of work? 50% answered 

never, 34% sometimes 

Can you decide how your work is executed on you own? 42% 

answered never, 29% sometimes 

Can you interrupt your work for a short time if you find it 

necessary to do so? 82% answered never, 14% sometimes 

Can you decide on your own about the order in which you carry 

out your work? 86% answered never, 11% sometimes 

Can you participate in the decision about when a piece of work 

must be completed? …  83% answered never, 13% sometimes 

Can you personally decide how much time you need for a 

specific activity? 81% answered never, 15% sometimes 

Do you resolve problems arising in your work yourself? 1% 

answered never, 29% sometimes 

Can you organize your work yourself? 80% answered never, 15% 

sometimes 

Can you decide on the content of your work activities yourself? 

90% answered never, 7% sometimes 

 

Skill Discretion Ruitenburg et 

al. 200822 

Task analysis by observations 

with Palm Trac, n= 15 train 

drivers 

The majority part of the work of train drivers consist of driving 

(>50%), which does not offers not much variety in skills 

Rssb, 200436 Task description by diaries, n= 

105 train drivers, n=2516 shifts 
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  Ref Methods Results 

Emotional Load Myrtek 

199449 

Additional Heart Rate during 

different speeds and activities, 

n=23 train drivers 

Emotional load is significantly higher when standing still than when 

driving at different speeds between 0-100km/h (possibly due to 

communication) 

Emotional load is significant higher when starting, standing still and 

braking compared to driving  

 

Mental Load Dorrian et al. 

201150 

Questionnaire NASA-Task Load 

Index, subscale Effort Required 

(1=low-6=high), n= 27 train 

drivers  

 

Mean score of 2.5: train drivers experience their work as less 

effortful than the resurface crew, but comparable with other railway 

employees 

 

Dunn & 

Williamson 

200932, 

201233 

Questionnaire NASA-Task Load 

Index, subscale Effort Required 

(0=low-100=high), n= 28 train 

drivers 

 

Questionnaire (0=low-

100=high), subscale effortful 

 

Mean score 44 

 

 

 

 

Mean score 41  

 

Gillis 200751 Task analyses and graphical 

modelling of mental workload, 

n= 3 train drivers 

Higher mental load at double yellow signal when arriving at a station 

Mental workload highest just before arriving and leaving the station 

No mental overload  

 

Myrtek 

199449 

Heart Rate Variability (HRV) 

during different speeds and 

activities, n=23 train drivers 

Mental load increases significantly when driving at higher speeds 

compared to being standing still. 

Mental load significantly higher when driving compared to starting, 

changing speeds, breaking and standing still. 

 

Ruitenburg et 

al. 200822 

Heart Rate Variability (HRV), n= 

13 train drivers 

 

Questionnaire, n= 18 high-

speed train drivers 

HRV variables are higher at the start and the end of the shift 

compared to the middle part, although not significantly; mental load 

does not change with time on task.  

 

Of the high-speed train drivers, 11/18 experience it as not much 

effort and 3/18 as a little effort to switch between the control panel 

and signs / signals while driving.  

 

Perception Baysari et al. 

200953 

Analysis of driver errors 

 

Of 29 unsafe acts, 2 were perception errors  

 

TWMIN 

200843 

Analysis of 1254 signals passed 

at danger 

Decreased perception was the primary cause for passing warning 

signals at danger in 14% 

 

Van der Flier 

& Schoonman 

198625, 

198826 

Analysis of 224 reports on 

signals passed at danger 

Most often, the direct cause of passing warning signals at danger 

were not seeing the signal (32%) or seeing it too late (25%) or not 

seeing the previous signal (7%).  

 

Anticipation 

(Decide / Plan) 

 

Baysari et al. 

200852 

Analysis of driver errors 

 

Nearly all incidents were associated with an adverse mental state; 

the most common problem was having an incorrect expectation / 

assumption  

Of 23 unsafe acts, 6 were decision errors  

 

Baysari et al. 

200953 

Analysis of driver errors Of 29 unsafe acts, 5 were decision errors  

 

FRA 200741 Analysis of 60 train accidents Wrong expectation was the cause of train accidents in 28% 

 

TWMIN 

200843 

Analysis of 1254 signals passed 

at danger 

Decreased expectation was the primary cause of passing warning 

signals at danger in 21% 

 

Van der Flier 

& Schoonman 

198625, 

198826 

Analysis of 224 reports on 

signals passed at danger  

Wrong expectation was an indirect cause of passing warning signals 

at danger in 16% 
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Act (React / 

Respond) 

 

Van der Flier 

& Schoonman 

198625, 

198826 

Analysis of 224 reports on 

signals passed at danger 

 

11% of the warning signals passed at danger were caused by an 

incorrect reaction by the driver 

Vigilance 

(Attention / 

Reaction) 

Baysari et al. 

200852 

Analysis of driver errors Of 23 unsafe acts, 15 were skill-based errors, of which 75% were 

attention failures 

Baysari et al. 

200953 

Analysis of driver errors 

 

Of 29 unsafe acts, 15 were skill-based errors, of which 12/15 were 

attention failures, usually slips in attention. 

 

Darwent et 

al. 200856 

Psychomotor vigilance tasks 

(PVT): reaction time, 1/reaction 

time and faults, n= 10 train 

drivers 

 

Outcomes on vigilance task decreased during the shift (reaction time 

and faults) 

Significantly worse vigilance after a late shift compared to an earlier 

shift 

 

Dorrian et al. 

200630, 

200731 

Psychomotor vigilance tasks 

(PVT): reaction time, 1/reaction 

time and faults, n= 20 train 

drivers 

 

Vigilance decreased with higher fatigue levels 

 

 

Dunn & 

Williamson 

200932, 

201233 

Driving Fatigue Questionnaire, 

subscales boredom / 

demotivation, self arousal, 

exhausted / sleepiness, n= 28 

train drivers  

Driving a very monotonous route causes more boredom / 

demotivation than driving a highly demanding route with double 

tasks 

Driving a very monotonous route does not result in significantly 

different self arousal than driving a highly demanding route with 

double tasks 

 

Edkins & 

Pollock 19977 

Analysis of 112 incident reports 

 

59% of the unsafe acts were skill-based, which are mainly attention 

errors. 

70% of all incidents represented factors associated with attention 

 

Endo & Kogi 

197557 

Vigilance task; reaction time of 

reacting to a signal, n= 6 train 

drivers. 

 

Longer reaction times were more frequent after driving for 1 and 2 

hours than before the start 

Fletcher & 

Dawson 

200155 

VAS questionnaire self-rated 

alertness (0=not at all alert-

100=extremely alert), n= 193 

train drivers 

 

OSPAT test for cognitive motor 

skills: hand-eye coordination, 

reaction time and vigilance. 

 

Alertness decreased at the end of the shift compared to the start of 

the shift, from ±37 to ±56 

 

 

 

Cognitive motor skills score become significantly worse at the end of 

every shift compared with at the start of a long trip when driving 

more 8-hour shifts after each other with an 8-hour rest period in 

between 

FRA 200741 Analysis of 60 train accidents Inattention was the cause of train accidents in 23% 

 

Jay et al. 

200858 

Psychomotor vigilance tasks 

(PVT): reaction time, 1/reaction 

time and faults, n= 9 train 

drivers 

 

Reaction time of the vigilance task decreased during the shift 

Faults on the vigilance task did not significantly differ during the 

shift. 
 

Kandelaars et 

al. 200554 

Self-rated alertness, n=269 

combination of 2 

questionnaires:  

-Samn Perelli Fatigue Scale 

(1=fully alert-7=completely 

exhausted), measured before 

and after the shift, n=54 train 

drivers (20%) 

-VAS questionnaire self-rated 

alertness (0=low-100=high), 

n=215 train drivers (80%) 

Shift length has a significant effect on self-rated alertness 

Compared to shifts shorter than 10 hours, alertness is significantly 

lower at the end of shifts longer than 10 hours 

Alertness is significantly worse at the start of evening shifts, followed 

by morning shifts 
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 Lamond et al. 

200559 

Psychomotor vigilance tasks 

(PVT): faults, n= 15 train drivers 

 

Vigilance was significantly worse at the end of the third shift 

compared with the start of a long trip when driving more 8-hour 

shifts after each other with 8 hours rest in between 

 

Van der Flier 

& Schoonman 

198625, 

198826 

DTG reaction test Train drivers who passed a warning signal more than once or 

because they saw the signal too late scored worse on a reaction time 

test.   

 

Selective 

attention 

FRA 200741 Analysis of 60 train accidents Distraction was the cause for train accidents in 28% 

 

TWMIN 

200843 

Analysis of 1254 signals passed 

at danger  

Distraction was the primary cause for passing warning signals at 

danger in 16% 

 

Van der Flier 

& Schoonman 

198625,198826 

Analysis of 224 reports on 

signals passed at danger 

 

11% of the warning signals passed at danger were caused by 

distraction of the driver 

 

Short-term Stress Myrtek 

199449 

Stress questionnaire by 

observer (no, moderate / high 

stress), during different speeds 

and activities, n= 23 train 

drivers 

 

Stress questionnaire by train 

drivers (no, moderate / high 

stress), during different speeds 

and activities, n=23 train drivers 

 

Observers scored driving at different speeds as more stressful than 

when standing still. 

Observers scored braking to stop as being significantly more stressful 

than when standing still. 

 

 

Train drivers scored driving at slow speeds (0-40km/h) only as more 

stressful than when standing still. Stress while driving at higher 

speeds was not significantly different than that when standing still. 

Train driver scored braking to stop as being significantly more 

stressful than when standing still. 

 

Short-term Fatigue / 

Sleepiness 

Ahsberg 

200045 

A revised structure equitation 

model based on items of the 

SOFI Questionnaire’, scale 

scores for sleepiness and lack of 

energy (0=not at all – 6=to a 

very high degree) 

n= 143 train drivers 

 

CR10 scale for general fatigue, 

11 point scale 

 

Score of 3.3 for sleepiness and 2.6 for lack of energy 

 

 

 

 

 

 

 

Score of 6.3 for general fatigue 

 Cabon et al. 

19931 

Measurement of sleepiness 

with 2 methods: 

* Electroencephalography 

(EEG): increase of alpha and 

theta activity as measure for 

sleepiness, n=17 train drivers 

* Electrooculography (EOG): eye 

blink frequency, n=11 train 

drivers 

 

Sleepiness occurred during periods of low activity, like stops, waiting, 

before departure and when driving without communication / signals 

 Dorrian et al. 

201150 

Questionnaire: Samn Perelli 

Fatigue Scale (1=fully alert-

7=completely exhausted), 

measured before and after the 

shift, n= 27 train drivers 

 

Mean maximum fatigue measured was 4: ‘a little tired, less than 

fresh’: the fatigue of train drivers is comparable with that of other 

railway employees. 

 

 Dorrian et al. 

200630, 

200731 

VAS questionnaire fatigue 

(0=low-100=high) self-rated 

fatigue level (struggling to 

remain awake-extremely alert 

and wide awake), n= 20 train 

drivers 

With worse average fatigue level, self-rated fatigue level became 

significantly worse.  
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  Relation Fatigue and driver 

behaviour 

Average Fatigue score 

calculated with a fatigue model 

resulting in 3 groups (low, 

average, high fatigue) 

 

Relation Fatigue and vigilance 

by the Psychomotor vigilance 

tasks (PVT): reaction time, 

1/reaction time and faults, n= 

20 train drivers 

 

With worse average fatigue levels, driving performance in terms of 

fuel use, trip time and errors in brake and throttle manipulation did 

not typically become worse 

With worse average fatigue levels, speed, speed violations and 

penalty brake applications increased, while braking use decreased.  

 

 

With worse fatigue levels, vigilance decreased  

 

 Dorrian et al. 

200737 

Average fatigue score calculated 

with a fatigue model resulting in 

3 groups (low, average, high 

fatigue) 

 

With worse average fatigue levels, driving performance in terms of 

fuel use, time spent in dynamic brake and heavy brake violations 

became worse 

With worse average fatigue levels, driving performance in terms of 

variations in brake pipe pressure, average and maximum speed, did 

not typically become worse 

 

 Dunn & 

Williamson 

200932, 

201233 

3 Self-report fatigue scales pre- 

and post driving in a simulator 

(very alert – very drowsy, clear-

headed – muzzy-headed, fresh – 

tired), combined to a total score 

(0=low-100=high), n=28 train 

drivers 

 

Questionnaire (0=low-

100=high), subscale tiring, n=28 

train drivers 

 

Driving Fatigue Questionnaire, 

subscale exhausted / sleepiness, 

n= 28 train drivers 

Fatigue rose significantly during shift from ±27 to ±67.  

 

 

 

 

 

 

 

Mean score 70 

 

 

 

Driving a very monotonous route did not result in a significantly 

different exhaustion / sleepiness that a driving a highly demanding 

route with double tasks 

 

 Endo & Kogi 

197557 

Electrooculography (EOG): 

frequency of flicker, n= 6 train 

drivers 

Flicker frequency showed an initial rise immediately after the start of 

driving and was soon followed by gradual and consistent decline in 

value. 

Train drivers closed their eyes for 5-10 sec at different times while 

driving 

 

 Fletcher & 

Dawson 

200155 

Predicted work-related fatigue 

scores calculated based on a 

fatigue model, n=193 train 

drivers 

 

 

 

 

 

 

 

Relation of work-related fatigue 

with alertness (VAS 

Questionnaire: 0=low-100=high) 

and cognitive motor skills 

(OSPAT test) 

 

Fatigue was significantly higher at the end of the shift compared with 

at the start of the shift 

Compared to shifts shorter than 8 hours, fatigue was higher for shifts 

longer than 8 hour 

Fatigue was more often felt in the night shifts compared to morning 

shifts, evening shifts and day shifts 

Fatigue scores became significantly worse at the end of every shift 

compared with the start of a long trip when driving more 

(cumulative) 8 hour shifts after each other with 8 hours rest in 

between 

 

Significant correlation between alertness and predicted work-related 

fatigue 

Significant correlation between cognitive motor skills and predicted 

work-related fatigue. 

 

 Härma et al. 

20025 

Karolinska Sleepiness Scale on a 

9-point scale (≥7 = severe 

sleepiness), n= 126 train drivers  

Severe sleepiness occurred at least once during the night shift in 49% 

Sleepiness and fatigue occurred more often during night shifts, 

compared to morning and day shifts 
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  Questionnaire on the frequency 

of severe sleepiness at work on 

a 5point scale (very seldom / 

never – often / continuously) 

 

With longer shifts, the risk of sleepiness rose 

Risk of sleepiness increased by 15% with each additional hour of shift 

Severe sleepiness was more often reported in night shifts compared 

to morning and evening shifts.  

Severe sleepiness more often impaired work performance in night 

shifts compared to morning and evening shifts.  

 

 Ingre et al. 

200038 

Questionnaire of fatigue in 

terms of mental exhaustion and 

sleepiness, n=290 train drivers 

 

Train drivers who had at least one incident during the previous year 

scored worse on mental exhaustion and sleepiness.  

 

 Ingre et al. 

200460 

Karolinska Sleepiness Scale on a 

9-point scale (≥7 = severe 

sleepiness), n= 17 train drivers  

 

Severe sleepiness most often occurred during morning shifts and 

evening shifts than during day shifts 

With longer shifts, the risk of severe sleepiness rose  

During morning shifts, the risk of severe sleepiness rose more sharply 

when driving longer trips without stops: OR 1.9 each 15 minutes 
 

 Jay et al. 

200858 

Questionnaire: Samn Perelli 

Fatigue Scale (1=fully alert-

7=completely exhausted), n=9 

train drivers 

 

Significant increase in fatigue at the end of every shift, compared to 

the start of the shift 
 

 

 Kecklund et 

al. 19998 

Analysis of 79 train accidents: 

definition of fatigue-related 

accidents 

 

17% of the accidents were possibly related to fatigue, and were more 

often caused by missing signals 

 

 Lamond et al. 

200559 

Stanford Sleepiness Scale 7-

point scale (1=alert / wide 

awake - 7=almost in reverie), n= 

15 train drivers 

Sleepiness significantly increased during the shifts and decreased 

during the sleep periods.  

Sleepiness increased during the operation of driving several 8-hour 

shifts after each other with 8 hours rest in between. 

 

 Rssb 200436 Fatigue diary, n= 105 train 

drivers, n=2516 shifts 

-Experience of heavy eyelids, 

frequency and duration 

 

 

-Mental fatigue at the start and 

end of the shift on the 7-point 

Samn-Perelli scale (1=fully alert- 

7=completely exhausted) 

 

 

 

 

 

-Mental tired during the whole 

duty on a 5-point Likert scale 

(1=not al all tiring – 

5=extremely tiring. 

  

 

Mean duration of heavy eyelids was 0.3-0.6 hour during different 

duties 

Heavy eyelids were experienced on 35% of all early starts, 31% of all 

night duties, 14% of all day duties and 10% of all late duties; heavy 

eyes most often occurred during morning and evening shifts 

 

Mental fatigue was felt once in 30% of all shifts 

Mental fatigue was more often felt in the night shifts (51%) 

compared to morning shifts (40%) evening shifts (24%) and day shifts 

(18%) 

Mean mental fatigue at the start of the shift was 2.4, and 3.6 at the 

end. 

The episode of feeling fatigued lasted 1.4 hour on nights, 0.9 on early 

shifts, and 0.8 on day and late shifts. 

 

Mean score on mental tiredness was 2.8 on night shifts and 2.7 on 

early shifts. 

The majority (64%) considered that the shift length as a whole was a 

little or moderately tiring. 

Fatigue significantly related to time of the day, shift length, time of 

driving, number of trips, maximum time in cab and type of shift  
 

 Ruitenburg et 

al. 200822 

Questionnaire Tiredness During 

Work (QEAW) (0=low-

100=high), n= 284 train drivers 

 

 

 

 

 

Mean score of 19; train drivers feel significantly more tired during 

work compared to a general working reference population. 

Answer on items: % completely applicable / % almost completely 

applicable 

Mentally tired: 14% / 47%  

Slowness in physical movements 6% / 25% 

Repeated loss of attention: 4% / 16%  

Making errors when reading meter, clicks, etc: <1% /5%  
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Task analysis by observations 

with Palm Trac, n= 15 train 

drivers 

 

 

VAS for fatigue during shift 

(0=low-100=high). Measured 

after 2, 4,and 6 hours in shift, 

n=15 

Not feeling recovered: 11% / 31%  

Difficulties with concentration: 3% / 18%  

Loss of attention to work: 2% / 9%  

Looking forward to the end of the switch: 17% / 25%  

Frequently having to correct mistakes that you have made 

yourself: 0% / 4%  

Having difficulty with own actions: 0% /2%  

‘Sleeping’ while awake: 1% / 11% 

Making errors when filling in lists: <1% / 4%  

Letting your mind wander, day-dreaming: 3% / 13%  

Being unable to do different tasks consecutively with ease: <1% / 

3%  

Taking risks which are too high: 0% / 3%  

Having the impression that you are tripping over your own feet: 

0% / 5%  

Working on auto-pilot: 2% / 7%  

Manage to proceed with a tasks on which you are working only 

with greatest difficulty: <1% / 5% 

Having to overcome your own resistance to getting started: 1% / 

10%  

 

During a shift of 8.5 hours, the train driver executed an anti-fatigue 

strategy (like yawning, opening a window and making a useless 

movement) on average 19 times, which is initiated internally by the 

train driver  

 

Fatigue rose significantly during shift from mean 16 to mean 47 

 

 Sallinen et al. 

200527 

Karolinska Sleepiness Scale on a 

9-point scale (≥7 = severe 

sleepiness), n= 126 train drivers 

During night shifts: 

Prevalence of severe sleepiness of 36-62% 

Risk of severe sleepiness increased by 9% with each additional hour 

of shift 

 

During early shifts: 

Prevalence of severe sleepiness of 12-27% 

Risk of severe sleepiness increased by 13% with each additional hour 

of shift 

 Torsvall & 

Akerstedt 

198761 

Measurement of sleepiness 

with 3 methods: 

*Electroencephalography (EEG): 

increase of alpha and theta 

activity as measure for 

sleepiness, n=11 train drivers 

 

*Electrooculography (EOG): 

slow eye movements as 

measure for sleepiness, n=11 

train drivers 

 

 

 

*Self-reported sleepiness on a 

13-point scale (very very alert – 

very very sleepy), n=11 train 

drivers 

 

EEG: alpha power, and to a lesser extent theta and delta power, 

significantly increased during night shift 

 

 

 

 

 

EOG: slow eye movements significantly increased during night shift 

Sleepiness (measured with EEG, EOG and self-reported) was 

significantly lower during day shifts compared to night shifts 

One of the observed train drivers made two faults (not reacting to a 

stop / speed signal); at the same time, decreased sleepiness was 

registered with EEG / EOG. 

 

Self-reported sleepiness: rose significantly during the night shift 
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Need for Recovery Ruitenburg et 

al. 200822 

Questionnaire Need for 

Recovery (QEAW) (0=low-

100=high), n= 284 train drivers 

 

Mean score is 33; the need for recovery after work for train drivers is 

not significantly different compared to a general working reference 

population 

27% of the train drivers score such a high need for recovery (score> 

54,5) that interventions are required. 

I find it difficult to relax at the end of a working day. 18% 

answered yes 

By the end of the working day, I feel really worn out. 34% 

answered yes 

Because of my job, at the end of the working day I feel rather 

exhausted. 35% answered yes 

After the evening meal, I generally feel in good shape. 47% 

answered no 

In general, I only start to feel relaxed on the second non-working 

day. 43% answered yes 

I find it difficult to concentrate in my free time after work. 24% 

answered yes 

I cannot really show any interest in other people when I have just 

come home myself. 35% answered yes 

Generally, I need more than an hour before I feel completely 

recuperated after work. 36% answered yes 

When I get home from work, I need to be left in peace for a 

while. 40% answered yes 

Often, after a day’s work I feel so tired that I cannot get involved 

in other activities. 41% answered yes 

A feeling of tiredness prevents me from doing my work as well as 

I normally would during the last part of the working day. 14% 

answered yes 

 

  

 


