ASSOCIATION OF
AMERICAN RAILROADS

How Freight Rail Employees Have Evolved
with Technology

Key Facts

e Technology has transformed one of America's most dangerous industries into one of its
safest.

¢ Thanks to evolving technologies, 2025 was a record-setting year for the rail industry.

o Freight rail employees have always evolved with the industry, expanding their capabilities
and taking on new opportunities.

For nearly 200 years, railroad technology has continuously reshaped the railroad workforce. Each
generation of innovation—from steam locomotives and air brakes to computerized dispatching and
predictive maintenance—has expanded employee capabilities, improved efficiency, and enhanced
safety.

The results are remarkable. Once considered one of America's most dangerous industries, freight
rail is now one of its safest. In 2025, injury rates fell to historic lows. Today, railroad employees
experience lower injury rates than workers in many other industries, including grocery stores.

Every era of railroading looks different than the last—new skills, safer work, and more efficient
operations. That's not a new phenomenon; it's the story of American railroading.

Era What Technology Did ‘ Workforce Shift

1830s-1900s: The Railroad

. Created new American Jobs Transportation labor — Railroad professions
Revolution Era

1900s-1960s: The Age of

o Reduced dangerous manual labor. | Manual labor — Equipment operation and maintenance
Modernization Era

1950s-1980s: The Electronics

& Automation Era Expanded employee capabilities. | Visual inspections — Technical diagnostics

1980s-2010s: The Digital Connected operations through real-

Railroad Era time information. Asset-level management — Network-wide operations

2010s-2020s: The Intelligent | Enhanced human expertise and

Railroad Era decision-making. Reactive maintenance — Predictive decision-making




1830s-1900s: The Railroad Revolution Era

Technology creates new American jobs.

Before: Goods were moved by horse and wagon. (Photo After: Brand new jobs emerged thanks to the start of
Source) North American freight railroading. (Photo Source)

As a new technology itself, railroading created an entirely new transportation workforce. Many of
the workers who once moved goods by wagon, canal boat, and other animal-powered methods
found opportunities as engineers, conductors, brakemen, firemen, track workers, signal operators,
and dispatchers.

Railroads expanded freight movement from short local routes to long-distance, interconnected
networks linking farms, factories, ports, and cities. This transformation fueled industrial growth and
established the foundation of today’s railroad workforce. While roles like engineers, conductors,
and dispatchers still exist, each generation of innovation has expanded their capabilities, improved
safety, and created new opportunities.


https://www.loc.gov/item/2004661954/
https://www.loc.gov/item/2004661954/
https://commons.wikimedia.org/wiki/File:A_crew_of_railroad_workers_poses_for_the_camera_in_1911..jpg

1900s-1960s: The Age of Modernization Era

Technology reduces dangerous manual labor.

Before: Firemen did the difficult work of continually After: A modernized fireman monitored gauges and
stoking the locomotive firebox. (Photo Source) signals from inside the cab. (Photo Source).

In the early 20th century, railroads rapidly adopted technologies that improved safety and
efficiency. Employees began shifting from hazardous manual labor—such as hand braking and
shoveling coal—to higher-value operational, mechanical, and technical work.

Brakemen

Brakemen performed some of the most dangerous work in early railroading. They ran across the
tops of moving freight cars in all weather conditions to manually apply and release hand brakes.
They also stepped between cars to couple equipment using hazardous link-and-pin systems. By the
early 1900s, automatic air brakes and knuckle couplers became standard. These advances
eliminated much of that risk and allowed brakemen to focus on switching operations, train
assembly, equipment inspections, protecting movements, and supporting conductors.

Locomotive Firemen

In the steam era, firemen performed one of the most physically demanding railroad jobs. They
shoveled coal continuously—six to ten shovels per minute—moving up to 14 tons during a 100-mile
run, often in extreme heat exceeding 100°F at the firebox. Mechanical stokers changed that. As coal
handling became automated, firemen shifted their focus to monitoring gauges, observing signals,
maintaining situational awareness, and supporting train operations. The role became more
technical—requiring a deeper understanding of locomotive performance and making firemen a
critical operational partner.

Tower Operators

Tower operators worked from elevated interlocking towers overlooking busy junctions and
terminals. Using large mechanical levers, they controlled switches and signals while coordinating
movements via telegraph, telephone, and later radio. With the introduction of Centralized Traffic
Control (CTC), that role scaled dramatically. Instead of controlling a single location, operators
began managing traffic across entire corridors from centralized control centers. This shift improved
situational awareness, reduced conflicting movements, and enabled employees to oversee more
complex operations.


https://americanhistory.si.edu/explore/exhibitions/america-on-the-move/online/lives-railroad
https://www.loc.gov/item/2017848513/

1950s-1980s: The Electronics & Automation Era

Technology expands employee capabilities.

1

Before: Yard operators manually routed railcars and After: Automated hump yards allowed employees to
worked alongside moving equipment throughout the work from centralized towers. (Railway Signaling &
classification yard. (LOC) Communications, 1965 article)

By the mid-20th century, sensors, electronics, and automated inspection systems began identifying
problems that previously required manual detection. These technologies improved safety while
creating new technical roles in diagnostics and system operations.

Inspectors

Track and car inspectors could once only rely on visual observation, manual tools, and experience.
Track inspectors walked miles of active railroad in all conditions, while car inspectors worked
around moving equipment in busy yards, looking for defects that were often only visible once
problems had already developed.

Technological advancements—ultrasonic testing, track geometry cars, hot-bearing detectors, and
Wheel Impact Load Detectors—changed that. Inspectors could now identify problems earlier, often
before they were even visible. Their role evolved from asset-by-asset inspection to analyzing data,
assessing risk, prioritizing maintenance, and preventing failures.

Yard Operators

Railroad yards sort and assemble freight into new trains. Historically, workers operated directly
alongside moving railcars, lining switches and directing traffic using radios, hand signals, and
experience. It was fast-paced, high-risk work. As automated classification yards expanded,
systems began controlling car speed, routing, and placement. Sensors measured weight and
speed, automated retarders controlled movement, and early computer systems directed cars to
the correct tracks.

Employees transitioned from hands-on coordination to system oversight—monitoring flows,
managing operations, and supervising the movement of freight across the entire yard rather than
individual cars.


https://www.loc.gov/resource/fsac.1a34657/

1980s-2010s: The Digital Railroad Era

Technology connects operations through real-time information.

Before: Dispatchers managed rail traffic through physical  After: Dispatchers oversaw interconnected rail networks
control panels, telephone communications, and manual using real-time digital displays, automated decision-
train tracking. (Photographer: Ralph W. Brafford) support tools, and integrated communications systems.
(Source: Union Pacific)

Beginning in the 1980s, computers, telecommunications, and digital systems connected trains,
infrastructure, and operations. Real-time information gave employees greater visibility into train
movements, equipment, and network performance, transforming traditional roles and creating new
digital and technical careers.

Train Dispatchers

Dispatchers once tracked trains using paper sheets, handwritten notes, radio communication, and
wall charts. Maintaining an accurate picture of operations required constant updates and
coordination. Computer-Assisted Dispatching (CAD) systems brought everything together. Real-
time displays showed train locations, track conditions, and network activity, while automated tools
flagged potential conflicts. Instead of spending time gathering information, dispatchers could focus
onh managing traffic, adjusting to changing conditions, and keeping trains moving safely and
efficiently.

Locomotive Engineers

Engineers use to rely heavily on experience—reading analog gauges, listening for abnormal sounds,
and sensing changes in performance. Diaghosing problems meant piecing together limited signals
while managing the train. Modern locomotives changed that. Onboard computers, diagnostics, and
real-time monitoring provide continuous insight into performance. Automated alerts highlighted
issues and digital displays gave detailed system-level information. Engineers could now combine
experience with data—which helped them identify problems earlier and improved decision-making.

Mechanical Employees

Mechanical employees traditionally relied on inspections, crew reports, and experience to find and
fix issues—often after they had already developed. With wayside detectors, End-of-Train devices,
distributed power, and onboard diagnostics, equipment could be monitored continuously in
service. Sensors automatically detected overheating bearings, wheel defects, and braking issues—
allowing teams to act earlier. The role shifted from reactive repair to proactive maintenance, using
real-time data to diagnose issues, prioritize work, and prevent disruptions.



2010s-2020s: The Intelligent Railroad Era

Technology enhances human expertise and decision-making.

Before: Bridge inspectors physically accessed structures After: Modern bridge inspectors use drones and digital
using bucket trucks and other specialized equipment, imaging tools to capture detailed inspection data from a
often working at height and over water to examine bridge safe distance, expanding their technical skills while
conditions. reducing exposure to workplace hazards.

Recent advances in drones, artificial intelligence, machine vision, and predictive analytics have
expanded employees’ ability to monitor infrastructure, identify risks, and manage operations. These
tools have also introduced new roles in data analysis, remote sensing, and digital systems.

Intermodal Operators

Before the 2010s, intermodal operations relied on radios, paper plans, and direct observation.
Operators worked in elevated crane cabs or alongside trucks and equipment in busy terminals.

Today, GPS tracking, automation, and digital systems provide real-time visibility into container
locations and terminal activity. Many operators now work from ground-based control centers, using
software and automation to oversee operations and control container lifts. The role has moved
from manual coordination to system management—supporting safer operations while enabling
employees to oversee larger, more complex terminals.

Bridge Inspectors

Bridge inspections once required physical access using bucket trucks, scaffolding, boats, or
climbing equipment—often at soaring heights over water. Today, many inspectors use drones
equipped with high-resolution cameras and sensors. They capture detailed imagery from a safe
distance, review data digitally, and identify areas needing attention without direct exposure to risk.

Train Conductors

Historically, conductors rode alongside engineers on long-haul freight trains, managing paperwork,
tracking operating authorities, communicating restrictions, and serving as an additional set of eyes
in the cab. The job often involved irregular schedules, long trips away from home, and hours spent
manually handling documentation and monitoring train operations.



Today, many of those responsibilities have been transformed by digital operating systems and
Positive Train Control (PTC). PTC continuously monitors train speed, location, and operating
authorities and can automatically override human error to prevent certain types of collisions and
derailments, providing an additional layer of protection for both the engineer and conductor.

As technology has changed the role, the industry is exploring a shift to a ground-based conductor
model that places conductors where they can provide the greatest operational value. Instead of
assigning a conductor to every through freight train, conductors would be strategically positioned
and dispatched to support planned service work and respond to relatively rare unplanned events,
such as mechanicalissues or wayside detector alerts.

This approach allows conductors to focus on the tasks that most benefit from their expertise, while
improving response times, increasing efficiency, and creating more predictable schedules. The
result is a safer, more modern railroad operation and a conductor role that offers a better quality of
life and greater appeal to future employees.

The Bottom Line

Across every era, railroad innovation has followed the same pattern: technology reduced hazardous
manual work, expanded employee capabilities, created new technical career opportunities, and
enabled railroad professionals to operate a safer, more reliable, and more productive freight
transportation network.



