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Executive Summary

STEPHEN POPKIN
JANE SAKS

his report summarizes the proceedings of the Midyear Meeting of the Transportation
Research Board’s (TRB) Railroad Operational Safety Subcommittee, AND10(1), held
September 10-12, 2002, at the Beckman Center in Irvine, California.

BACKGROUND

The primary purpose of this 2002 Midyear Meeting was for key stakeholders to have an
opportunity to discuss the most significant human factors-related research areas facing the
railroad enterprise. At the first formal subcommittee meeting held during the TRB Annual
Meeting in January 2000, attendees were asked to select and rank the top human factors-related
research areas in which they and their organizations were most interested. This 2002 meeting
was designed, in part, to address in detail the three highest ranking topics.

The two goals of this meeting were

1. To develop and rank research problem statements (RPSs) and
2. To bring together national and international members of the rail transportation
enterprise to discuss three major topics believed critical to railroad operational safety:
e Fatigue and vigilance,
e Safety culture, and
e The impact of advanced technology on railroad operational safety.

Internationally recognized speakers with non-railroad backgrounds were selected to provide a
fresh perspective and an international flavor.

DAY 1: RESEARCH PROBLEM STATEMENTS

The initial activity (the agenda is found in Section 1.6 and a detailed agenda is in Appendix A)
was the development of RPSs. Professor Thomas Rockwell led the process. He had
subcommittee members first identify and discuss a comprehensive list of human factors research
topics to be addressed in the rail enterprise, and then develop a “top 10 list through a
consolidation and prioritization exercise. The originators of these top 10 research problem
statements were then instructed to develop the statement in greater detail.

Following are the 10 most highly rated RPSs generated at the meeting:

1. Measurements of effectiveness of safety interventions of all kinds: relationship
between fatigue and operator performance; non-accident performance measures that can help
predict incidence of safety problems; human performance measures to be validated with
simulators and revenue service;

il
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2. Impacts of safety culture on safety performance: extent to which labor management
perceptions of safety culture affect safety practices and decision making;

3. Ways to deliver information more effectively (technologies, information structure,
etc.) e.g., how to tailor information about fatigue management for different audiences;

4. Use of wrist actigraphs and feedback to improve sleep hygiene and planning for
countermeasures; comparisons with low-tech methods of improving sleep hygiene;

5. Simulator studies examining effects of positive train control on crew performance;

6. What technology is available to enhance alertness;

7. Evaluation of the sensitivity of fatigue models to performance-related measures;
relationship between fatigue and operator performance;

8. Incidence of fatigue in train crews based on work schedule data;

9. Criteria for deciding the allocation of control functions between humans and
computer; and

10. Way to predict human error resulting from new equipment, policies, and procedures.

DAY 2
Invited Speakers

Four internationally known speakers made presentations on the second day. Three of the
speakers were human factors experts with backgrounds independent of the railroad enterprise.
They were Dr. Goran Kecklund, Dr. Victor Riley, and Professor Neville Moray. They were
selected to provide an expanded viewpoint and an international flavor. Their talks were the basis
for in-depth discussions of three topics critical to railroad operational safety—fatigue and
vigilance, safety culture, and the impact of advanced technology on railroad operational safety.

The fourth speaker was Dr. Ann Mills, who leads the human factors team at the Rail
Safety and Standards Board in the United Kingdom. Her luncheon address described the Human
Factors Research Programme currently under way in the United Kingdom.

Dr. Kecklund, of the Karolinska Institute in Stockholm, Sweden, discussed the problems
inherent in measuring and controlling fatigue while maintaining vigilance in train crews. He
discussed the outcomes of their recent TRAIN study, which examined the work schedules of
Swedish Locomotive Engineers.

Dr. Riley, president of User Interaction Research and Design, Inc., discussed the
implications of adapting new technology in a railroad environment. He focused on the risks and
opportunities inherent in the adoption of new technologies.

Professor Moray, emeritus professor of psychology at the University of Surrey, talked
about the implications of organizational style and safety culture on human errors, incidents, and
crashes in the United Kingdom.

Breakout Discussion Groups

On the afternoon of the second day the attendees broke into three discussion groups, each
covering one of the three mentioned presentation topics. Each group was led by a discussion
facilitator and supported by a panel of experts drawn equally from railroad labor and
management, Department of Transportation staff, and the invited speakers.
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This meeting brought together national and international experts from the railroad
enterprise, labor unions, academia, private research organizations, and the government. The
intended outcomes of this activity were to

e Gain a better understanding of three human factors areas—employee fatigue,
organizational safety culture, and the impact of new and rapidly developing technologies;

e Capture the safety concerns for each stakeholder group and the underlying rationale
for each concern;

e Understand what each stakeholder group is focusing on with regard to safety;

e Discuss what each group should be focusing on; and,

e Discuss areas of potential collaboration on each topic.

DAY 3
Observations

The safety concerns of each stakeholder group were discussed thoroughly and openly.
Discussions led to an understanding of what each stakeholder group is focusing on with regard to
safety. The topic of what each group could be focusing on was also discussed. In addition, the
groups identified areas of potential collaboration on the topic. The meeting ended with a plenary
session where each discussion group reported their observations. The comments were
surprisingly similar across stakeholder groups.

Although several collaborative efforts are already under way in the railroad enterprise,
participants identified a variety of possible new opportunities to work together collaboratively.
These include

e Running various pilot projects;

e Determining ways to collect and analyze data;

¢ Planning how to change the reporting atmosphere and railroad enterprise culture to
allow more open and accurate reporting and sharing of information at all levels: legislative,
regulatory, management, and labor;

e Reducing other barriers to collaboration (i.e., reestablish trust between employees and
front-line supervisors);

e Developing rules for the application of new technologies; and

e Sharing information through web sites and paper publications.

ONE-YEAR FOLLOW-UP

The goals and outcomes of this meeting were revisited one year later at the 2003 Midyear
Meeting in Washington, D. C. The greatest accomplishment was reported to be the synergy
created by the broad range of interests on the subcommittee, and the quality and openness of the
dialogue that took place. Further, the international speakers provided an appreciated worldwide
perspective.
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This meeting was seen as a good first step at creating a dialogue among stakeholders—
government, labor, railroad management, and researchers—with regard to human factors issues.
In terms of next steps, the participants suggested that the subcommittee continue to provide a
forum for the discussion of research needs and their funding and implementation. A need was
also expressed for a continuing discussion among all railroad enterprise segments to improve
human performance-related safety in railroads. As research areas often have common
characteristics and goals, there is a need to share human factors information with all
stakeholders, nationally and internationally, to “leverage our knowledge.”

The complexity of most issues will require many different overlapping approaches, as
well as good communications and information sharing to achieve the synergies between problem
areas.

NEXT STEPS

The purpose of the Railroad Operational Safety Subcommittee is to discuss, identify, stimulate,
and monitor key human-centered research areas. It attempts to move the railroad enterprise
forward but is not a research or funding body. It provides “food for thought” and stimulates
government and private-sector research. The subcommittee tracks and collects research, and
distributes research reports to members and other stakeholders.

There appears to be considerable support for continuing a forum for open dialogue across
safety areas with all stakeholders at an international level.
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1. Introduction

his report summarizes the proceedings of the Midyear Meeting of the Transportation

Research Board’s (TRB’s) Railroad Operational Safety Subcommittee (AND10-1), held
September 10-12, 2002, at the Beckman Center in Irvine, California, and its follow-up activities.
The primary purposes of this meeting were to bring together national and international members
of the rail transportation enterprise and engage them in two important discussions:

1. To develop research problem statements (RPSs) and

2. To discuss three major topics believed to be critical to railroad operational safety:
e Fatigue and vigilance,
e Safety culture, and
e The impact of advanced technology on railroad operational safety.

1.1 RAILROAD OPERATIONAL SAFETY SUBCOMMITTEE (Z)
Origins of Subcommittee

The idea for a public venue to share and stimulate human-centered railroad operational safety
research began in 1999. Multiple organizations were conducting railroad operational safety and
human factors research. However, there did not appear to be a public venue or forum for
disseminating this research outside these organizations. TRB appeared to be a natural fit for such
an effort.

However, upon closer examination, there were no readily available committees to address
railroad operational safety research. There was a grade-crossing safety committee, but this
addressed a different aspect of rail safety. Further, there were several railroad and rail transit
committees, but nothing that explicitly addressed human factors in railroad operations.

To address this need the subcommittee was formed under TRB Vehicle User
Characteristics Committee (AND10, formerly A3B02). This parent committee was chosen
because it is concerned with the needs, capabilities, and limitations of vehicle users as these
considerations affect the design, operation, and maintenance of personal, commercial, and public
transportation systems embracing highway and rail operations. The objectives of this committee
are to maximize the performance, safety, comfort, and efficiency of such systems.

The first formal business meeting as a subcommittee was held during the 79th Annual
Meeting of the Transportation Research Board in Washington, D.C., in January 2000. Twenty-
two people attended the meeting, with representatives from railroad companies, labor unions,
American and Canadian governments, academics, and consultants.

Objective of the Subcommittee

The objective of the Railroad Operational Safety Subcommittee is to define, support, and
disseminate the results of research that will enhance the performance, safety, efficiency, and
comfort of those who are involved in railroad and other fixed guideway operations or users of
fixed guideway transportation.
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Emphasis is placed on the human role in the operation and control of locomotive rolling
stock and other vehicles; the comfort and safety of fixed guideway transportation users; and the
impact of these systems on the community. This includes, but is not limited to, train and engine
crews (also known as train operators), railroad and transit dispatchers, railroad tower operators,
those working in switching yards, those who maintain the track and signal systems along
guideways, passengers and commuters, and, in some cases, abutters.

The subcommittee members come from both the United States and abroad and are drawn
from local, state, and federal government agencies; major universities; consulting companies;
railroads, light rail and other transit systems; maglev developers; labor; and suppliers and
manufacturers of fixed guideway equipment.

A focus on operational safety is in large part a focus on human performance. Human
error is often cited as the cause of the great majority of railroad incidents, derailments, crashes,
employee injuries, and other losses. However, human errors often do not originate in the
locomotive cab or at the dispatcher’s workstation. They may originate from or be potentiated by
organizational factors, system design, workspace layout, or other decisions occurring well before
the actual accident.

1.2 THE MEETING

At the first formal subcommittee meeting held during the 79th TRB Annual Meeting, attendees
were given (and also later the entire subcommittee received via e-mail) a list of nine human
factor—related research areas. They were asked to select the top three in which they and their
organizations were most interested and rank them. Three key topic areas (by rank) were
identified for further exploration and later renamed as

e Fatigue (33 total votes),
e Safety culture (30 total votes), and
e Technology (24 total votes).

On the basis of that information, the organizers of this 2002 Midyear Meeting focused on two
goals:

e Identify, prioritize, and document RPSs that can provide the objective data required to
reduce or eliminate safety critical human errors in railroad and other fixed guideway transport
and

e Gain a better understanding of three areas believed to be basic to safety—critical
human error, employee fatigue and vigilance, organizational safety culture, and the impact of
new and rapidly developing technologies.

The outcomes of this meeting were to
1. Identify research opportunities for the railroad enterprise (2),

2. Document the role of human factors-based rail operational safety within TRB, and
3. Emphasize the role of human factors in railroad safety.
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1.3 THE AGENDA

The meeting covered 3 days, beginning the afternoon of September 10, 2003, and ending at
noon, September 12, 2003. It was divided into two sections. The first half-day was spent defining
and writing RPSs. The members spent the next day and a half in one of three discussion groups,
each covering an area believed to be critical to railroad operational safety.

Agenda

September 10, 2002 Introduction to Meeting
RPSs
September 11, 2002 Fatigue and Railroad Operations: A European Perspective
Safety Culture in Modern Railroads
Technical Advancements
Audience Discussion
Lunch Speaker: Railway Safety in the United Kingdom
Concurrent Panels on Fatigue, Safety Culture, and
Technology
Reception
September 12, 2002 Fatigue Report
Technology Report
Safety Culture Report
Discussion of Next Steps and Concluding Remarks

A detailed agenda can be found in Appendix A.

1.4 THE SPEAKERS

The organizers of this meeting selected speakers (some from outside the railroad enterprise) to
help participants think “outside the box.” The three discussion leader speakers were experts in
their specific human factors disciplines but were not necessarily familiar with U.S. railroad
operations. Their presentations provided a different perspective on similar problems encountered
in the U.S. railroad enterprise. In addition, the planners invited international colleagues who,
while performing the same kind of work as being conducted in the United States, may be
encountering different problems and perhaps also coming up with new solutions.

It was hoped that listening to international speakers enabled subcommittee members to
gain a broader view of railroad operational safety. Perhaps that prompted some members to
develop new research areas and methods, as well as think of new solutions to existing problems.

Goran Kecklund of the Karolinska Institute in Stockholm, Sweden; Victor Riley of User
Interaction Research and Design, Inc.; and Professor Neville Moray, Emeritus Professor of
Psychology at the University of Surrey, England, were invited to provide the basis for in-depth
discussions of the three topics listed above, critical to railroad operational safety.

Ann Mills, who leads the human factors team at the Rail Safety and Standards Board in
the United Kingdom, provided a luncheon address describing the Human Factors Research
Programme currently under way in the United Kingdom.
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1.5 OVERVIEW OF THE MEETING
Research Problem Statements
TRB describes its role in preparing RPSs as follows:

An important function of the Transportation Research Board is the stimulation of
research toward the solution of problems facing the transportation community.
One of the techniques employed by technical committees in support of this
function is the identification of problems, and the development and dissemination
of research problem statements. The aim of this activity is to provide information
to governmental agencies, research institutes, industry, the academic community
and others in allocating scarce resources to the solution of transportation
problems.

The first day of the meeting, led by Thomas Rockwell, was spent discussing RPSs.
Subcommittee members first identified and discussed a comprehensive list of human factors
research topics to be addressed, and then developed a top 10 list through a consolidation and
prioritization exercise. The originators of these top 10 RPSs were then instructed to develop the
statement in more detail. The process is described more fully in Section 3.1.

Invited Speakers

During the morning of the second day the attendees listened to the presentations of three invited
speakers. Goran Kecklund, Victor Riley, and Neville Moray provided the basis for in-depth
discussions of the three topics listed above, all critical to railroad operational safety. Ann Mills
of the Rail Safety and Standards Board, Human Factors Research Programme, provided a
luncheon address describing the Human Factors Research Programme currently under way in the
United Kingdom.

Breakout Discussion Groups

On the afternoon of the second day the attendees broke into three discussion groups each
covering one of the three major issues believed critical to railroad operational safety:

e Fatigue and vigilance,
e Safety culture, and
e The impact of advanced technology on railroad operational safety.

Each group was led by a facilitator and was supported by a panel representing each stakeholder
group. Panel members were drawn from railroad labor and management, department of
transportation (DOT) staff, and the three invited speakers. The groups were facilitated and
supported by the Volpe National Transportation Systems Center and Foster—Miller technical
staff.
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Panel Discussion
The panel members each presented their constituency’s point of view on the topics:

The most critical safety issues,

What their organization is doing about them,

What safety issues they need to address, and

How stakeholders might collaboratively address these issues.

Audience Discussion

Breakout discussion group participants were asked to discuss what they had heard that day and
respond to the following questions.

e Why is this an important issue for you?
e What safety concerns are going to be most important to you in the next 10 years?
e Do you have additional safety concerns?

Breakout discussion group participants discussed how concerns arise in their organization. They
were asked:

How do you find out about problems?
How do you document problems?
How do you convince the organization that the problem is important?
To what extent do you have ongoing research?
What kind of data do you need to document the problems? Why?
e How do you make the case to your senior management, members, or the governing
board to get support?

They were asked how learnings are shared in their organizations.

e What has worked and what has not worked when addressing concerns in your
organization?

e What advancements have been made in this area?

e How were they achieved? What approaches have you tried?

Documentation of Concerns

Breakout discussion group participants were asked what concerns they had about the issue. They
were then asked to make sure that all of the following views were represented:

e Labor,
¢ Industry management,
e FRA,

e Vendors and suppliers, and
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e Researchers and academics.
Identify Areas of Potential Collaboration

Breakout group participants discussed areas where stakeholders could collaborate in the future.
They ware asked to discuss the following questions:

Which areas are you or your organization interested in working on?
What are areas of potential collaboration?

What are potential barriers to collaboration?

How could those barriers be addressed?

1.6 FORMAT OF THIS REPORT

This report includes two background pieces:

e U.S. Railroad History Relating to Fatigue, Safety Culture, and Technology, Frederick
C. Gamst; and

e Overview of British Human Factors Research Program, Ann Mills’s luncheon address

Each of the three invited speakers provided reports on their presentations, which are also
included. Each topic is followed by a report on the breakout group discussion for that area.

e Fatigue and Safety in the Railroad Industry, Géran Kecklund;
e Culturing Safety for Railroads, Neville Moray; and
e Technology, Victor Riley.

Each of the papers submitted as part of these proceedings reflects the opinions and voice of its
author.

Notes

1. The subcommittee was formally elevated to task force status within TRB in 2005.
2. For the purposes of this report the term “railroad enterprise” includes railroad labor, management,
manufacturers, suppliers, and government agencies such as the FRA.



2. Letter from Alan Rutter

he Honorable Alan Rutter, Administrator of the FRA, expressing his support for the
meeting, provided the following letter.

e

u.S. Department Administrator 1120 Vermont Ave., NW.
of Transportation Washington, DC 20590
Federal Railroad
Administration

Dr. E. Donald Sussman, Ph.D. SEP 9 2002

Chair, Subcommittee on Railroad Operational Safety
Transportation Research Board

National Academy of Sciences

500 Fifth Street, NW

Washington, DC 20001

Dear Dr. Sussman:

I’d like to thank the Transportation Research Board (TRB) for inviting me to attend the TRB
Workshop on Fatigue, Safety Culture and Technology in Irvine, California on September 11.
Although my schedule did not allow me to be away from Washington at this time, I would like to
have you share the following comments with the attendees at this important workshop.

The Transportation Research Board’s Subcommittee on Railroad Operational Safety and the
Federal Railroad Administration’s (FRA’s) Human Factors R&D Program are very important in
shaping safety and policy at the FRA and in the railroad industry. The FRA is fully committed
to working with our industry stakeholders on non-regulatory R&D activities such as these. We
are happy to co-sponsor this meeting in which representatives from management, labor,
consultants, government, and universities will generate broad research ideas that will guide
future R&D in the railroad industry and FRA.

Safety trends in the railroad industry indicate last year set all-time records in several areas,
including the lowest accident/incident rate on record, the lowest number of railroad fatalities (22)
and injuries (7,575), and the lowest overall employee casualty rate (3.19 per 200,000 employee
hours). These improvements were most rapid in the 1980°s and then tapered off in the 1990’s,
suggesting further improvements may be challenging. Furthermore, despite a 12 percent
decrease in human factors caused accidents in 2001, human factors caused injuries and incidents
still constitute merely one-third of all railroad accidents and one-half of all yard accidents.

For these reasons, human factors research remains one of the top safety issues at the FRA. Only
by understanding the role of human factors in railroad accidents and incidents can human factors
injuries and fatalities be eliminated. Your input in this process is critical.

FRA’s Office of Research and Development

FRA has a strong commitment to Research and Development. R&D is the starting point for
innovation, and innovation plays an important role in shaping the future of railroad safety. Our
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R&D Program’s primary mission is to support FRA’s safety program and the Office of Safety. It
does this largely by conducting innovative research and demonstration projects with partners in
the railroad indusiry to help improve the safety, efficiency, produciivity and mobility of the
nation’s railroads.

FRA’s Human Factors R&D Program
The Human Factors R&D program has three separate activities:

1) First, it conducts research and demonstration projects in a wide variety of human factors
areas, such as fatigue modeling, behavior-based safety, grade crossing safety, and digital
communications;

2) Second, it provides technical support to FRA’s Office of Safety, especially to our
partnership efforts in areas such as the Safety Assurance and Compliance Program (SACP), the
Railroad Safety Advisory Committee (RSAC) working groups, the SOFA Working Group, and
the North American Rail Alertness Partnership (NARAP); and

3) Third, it collaborates with inter-agency, inter-department, and other non-governmental
research institutions on applied research, evaluation, and the development and application of
human factors standards, leveraging knowledge and resources in the process. Its program
managers actively serve on a variety of outside panels and committees, such as DOT’s Human
Factors Coordinating Committee (HFCC), the National Institute of Health Sleep Disorders
Research Advisory Board, TRB Human Factors Workshop Planning Committee, and the
National Human Research Protections Advisory Committee.

This TRB Subcommittee will play an integral role in helping FRA achieve its Human Factors
R&D Program goals. Collaborative efforts like these are essential to further improve the
industry’s outstanding safety record. I believe all the industry stakeholders — especially the FRA,
railway labor and railway management — are committed to these safety ideals. Your hard work
at this conference will go far in shaping how we achieve these ideals. Already, you have
identified three of the most important safety areas facing the railroad industry today: human
fatigue, safety culture, and the challenges associated with the introduction of emerging
technologies.

Human Fatigue

Human fatigue remains a challenge in our dynamic operational environment. Working together,
rail management and labor, the Association of American Railroads, the American Short Line
Regional Railroad Association, the National Transportation Safety Board, and the FRA have
helped forge the North American Rail Alertness Partnership (NARAP), which is now a national
model for dealing with fatigue. Through NARAP, you have helped advance the science of, and
practical countermeasures for, fatigue.
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Individual countermeasures alone, however, cannot address all of the fatigue problems faced by
the industry today. A comprehensive, quantitative approach that is cost effective and non-
prescriptive in nature is needed to eventually eliminate fatigue as a major causal component in
railroad accidents.

The FRA, for its part, will continue to evaluate methodologies, tools, and programs for effective
fatigue management. We encourage railroads to propose pilot waivers to the hours-of-service
legislation for systems that can demonstrate scientifically valid and safer ways to manage fatigue
than just simply following the hours-of-service law. I hope that all railroads and labor leaders
consider this opportunity to develop robust fatigue management and mitigation programs that
incorporate innovative approaches, knowing that the FRA will stand behind you.

Safety Culture

The concept of safety culture was first coined after some of the major industrial accidents of our
time: Three Mile Island, Chenobyl, Bhopal, and the Clapham Junction collision in England.
Public inquiry in these situations pointed to organizational culture as a factor in the disasters.

What is “safety culture”? It is the collection of values and attitudes about safety that permeate an
organization. It directly influences how employees react to potential hazards. Safety culture
determines the vigilance of everyone in an organization about their safety and the safety of
others. Vigilance varies from one organization to another depending on the safety culture. The
willingness of workers to speak up to their supervisors when they spot something hazardous, and
for their supervisors to cooperate with them on getting it fixed, depends largely on safety culture.
Having the right rules and procedures, having those rules and procedures respected and followed,
involves a strong safety culture.

Because it permeates safety in untold ways, safety culture is one of the most important areas of
research in our Human Factors R&D Program. As such, a better understanding and clarification
of those safety culture factors that influence human error is needed. Our program managers are
actively developing research partnerships with industry and labor to help identify some of the
cultural and contextual barriers to safety improvement, and to help implement new mettrods for
continuous sustainable improvements in organizational safety performance. We encourage your
active participation in these endeavors.

Human Factors and Emerging Technologies

A theme running through virtually all of the R&D program elements is the use and introduction
of new technologies. The FRA and the railroad industry are working on systems that would
integrate the sensor, computer, and digital communications technologies into train control,
braking systems, grade crossing protection, track and equipment defect detection, and scheduling
systems. Perhaps railroad human factors’ greatest role for ensuring safety lies in the design,
usability testing and risk assessment of these new systems.
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Positive Train Control systems hold great promise that trains can be operated with greater
efficiency and greater safety. New technology, however, often shifts individual workload from
manual tasks to more cognitive tasks. To safely monitor and operate modern locomotives, which
look more and more like the cockpit of an airplane, different skills and cognitive abilities are
required. As system reliability and component failure becomes increasingly important, so 