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Executive Summary 

The Federal Railroad Administration (FRA) sponsored the John A. Volpe National 
Transportation Systems Center (Volpe) to identify the factors that contribute to run-through 
switch (RTS) events in yard operations at one passenger railroad and offer recommendations to 
reduce their occurrence. This project began in October 2016 and was completed October 2017. 
The research team used a systems framework to understand the multiple factors that can combine 
to collectively increase the probability of human errors that result in RTS events in the yard at 
one passenger railroad. The team analyzed railroad RTS data which spanned an 11-year period 
and read through RTS investigation files. Researchers conducted two site visits, during which the 
team interviewed railroad employees at all levels of the organization to understand contributing 
factors to RTS events. The team also observed the yardmaster and train crews in the tower and 
crews switching in a major rail yard at a maintenance facility. Using these sources of 
information, researchers performed a systems-theoretic process analysis (STPA) hazard analysis 
to identify under what situations RTS events might occur. 
The interviews and observations indicated that RTS events were rarely attributable to a single 
factor. Instead, they resulted from multiple interacting factors. These factors may have been at 
the organizational level or stemmed from cognitive factors involving individual and team 
behavior. Some of the factors identified that caused RTS events included: 

• Crew knowledge, experience, and erroneous expectations 

• Breakdowns in teamwork and communication  

• Memory lapses 

• Perceptual factors 

• Task demands 

• Switch location and yard design 

• Training practices 

• Crew assignment and scheduling processes 

• Production pressure 

• Technology 
Because RTS events most often occur as a result of these interacting factors, railroads must 
address multiple factors to reduce RTS events.  
Volpe identified a need for more effective investigations, data collection methods, and analysis 
of RTS events. The quantitative data provided by the railroad was insufficient to understand 
contributing factors to RTS events. Improving these processes will contribute to a much better 
understanding of why these unwanted events occur and the relative frequency with which 
contributing factors occur individually or in combination with other factors. By collecting better 
information, railroads can more effectively target interventions to mitigate the problems.   
Because this study was performed at only one passenger railroad, more evidence is needed to 
assess the degree to which these findings apply to passenger railroads more generally. 
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Additionally, this study was performed at a passenger railroad with an above-average number of 
RTS events over an 11-year period when compared to 4 similar passenger railroads. Future work 
should include an analysis of RTS events at other passenger railroads, including those with fewer 
RTS events, to understand how their systems differ and to identify factors that may reduce RTS 
frequency.   
Finally, Volpe also proposes additional work examining RTS events at freight railroads. Such 
work could examine whether the same factors play a role in RTS events in freight operations, 
and identify what RTS mitigations freight railroads have put in place.
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1. Introduction 

This report is the first study sponsored by the Federal Railroad Administration (FRA) to identify 
the factors that contribute to run-through switches (RTS) in yard operations. Run-through switch 
events occur when rolling stock (e.g., passenger car, locomotive) makes a “trailing-point” 
move—a movement from one of two converging tracks—through a switch not aligned for their 
current track. When this occurs, the equipment can damage the switch, leaving the switch points 
“gapped."  When rolling stock then makes a “facing-point” move—a movement onto one of two 
diverging tracks—through a gapped switch, it could derail because when a switch is gapped, the 
wheels are no longer able to make contact with the both of the rails over which the rolling stock 
needs to operate. 
FRA initiated this research when a passenger railroad requested assistance in understanding why 
it was experiencing a series of RTS events in yards over several years. FRA agreed to help the 
railroad identify why trains were running through yard switches and offer recommendations to 
mitigate them. This study documents the outcome of that research. 

 Background 

1.1.1 The Role of Switches in Railroad Operations 
In yards, train crews and yard crews move rail equipment through switches for a variety of 
reasons. Railroad switches serve a vital function, providing for the movement of trains from one 
track to another. On mainline tracks, switches provide operational flexibility and efficiency by 
enabling railroads to direct trains to various routes.  
In passenger service, yards facilitate the storing of equipment when service demand is low, 
conducting inspections and maintenance activities, and making up and breaking up trains. In 
freight service, in addition to functions described for passenger operations, switches facilitate the 
movement of rail cars to separate tracks to make up and break up trains to move freight cars from 
origin to destination. 
Yard operations occur at low speeds, typically not exceeding 15 mph, and may have signals only 
at the entrance to the yard. Switches may be operated manually or by some form of power. 
Where switches are operated manually, the conductor or assistant conductor operates the 
switches. In yards with powered switches, they may be operated remotely by the yardmaster. In 
either case, the safe movement of rolling stock depends in part on the ability of the yard crew to 
detect the switch position. 
Switches represent a safety critical component of the railroad system. There are several types of 
switches, only one of which is examined in this study. This study examined the use of hand-
thrown, or manual, switches.  

1.1 
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1.1.2 Understanding How a Switch Operates and How to Read a Switch 

 
Figure 1. Railroad switch components for a right-hand turn out 

Figure 1 shows a right-hand turn out with the components that make up a switch on the left side 
of the figure. The key elements of the switch are summarized below:  

• Points: The switch points guide the train or equipment from one track to another. 
• Switch rod: The switch rod moves the switch points from one position to another. 
• Switch lever: For manual switches, a railroad employee moves a lever 180 degrees to 

shift the switch from one track to the other track. For powered switches, a motor replaces 
the lever to move the switch.  

• Switch target: The switch may have a colored target to aid in identifying which track 
the switch is lined.1  

• Closure rails and frog: The closure rails guide the wheels toward the frog where the 
two rails cross.  

• Guard rail: The guard rail guides the wheels over the appropriate track on the side 
opposite the frog wheels and prevents the wheels from derailing.  

• Stock rail: Running rails immediately alongside of the switch rails against which the 
switch rails lay when in the closed position. 

                                                 
1 The term “lined” refers to aligning the switch with the appropriate track for a particular direction of movement.   
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Figure 2. Facing point vs. trailing point movement 

When moving through a switch, the switch points indicate whether the movement is a facing 
point movement or a trailing point movement. Figure 2 shows both facing point and trailing 
point movements.  
In a facing point movement, the train will operate onto the track directed by the switch points. 
Facing point switches cannot be “run through.” 
In a trailing point movement, the train makes a convergent movement: multiple tracks converge 
into a single track. The type of manual switches examined in this study are designed so that a 
train can only safely make a trailing-point move from the aligned track. Making a trailing point 
movement through this type of switch from the unaligned track is called “running through” the 
switch. This damages the switch2 and can cause derailments if the switch is not repaired.  
To avoid running through a switch, the locomotive engineer or conductor must learn to read the 
switch points. The engineer or conductor may also use the switch target to read the switch 
position. However, the use of the switch target as an indicator of the direction of movement can 
be misleading when the switch target becomes misaligned. Misalignment can occur when the 
target is hit by moving equipment.  

                                                 
2 Certain kinds of switches are designed to allow trailing-point operation from the unaligned track without damage 
to the switch. With these switches, wheels on rolling stock operating from the unaligned track will push the switch 
points into alignment. The points may either remain in position after being aligned by the wheels, or spring back into 
place in the case of “spring switches.” When using these switches, it is imperative that the entire train consist 
traverses through the switch before a reverse move is initiated; otherwise, a derailment could occur. This study will 
not discuss these kinds of switches in the body of this report because they were not used at the railroad studied. 

Facing Point Movement Trailing Point Movement

points
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Figure 3. Reading the switch points for a facing point movement 

Figure 3 shows how an observer can use the switch points to tell which direction the switch will 
direct the equipment for a facing movement. To identify the direction in which the switch will 
direct the train, the observer looks for the gap between the switch points and the stock rail. The 
stock rails are the rails immediately outside the closure rails against which the switch points 
touch, when in the closed position. In the left-hand illustration of Figure 3, the gap on the left 
side between the switch points and the stock rail indicates that the movement will continue on 
the left. In the right-hand illustration of Figure 3, the gap on the right side between the switch 
points and the stock rail indicates that the movement will diverge to the right. 
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Figure 4. Reading the switch points for a trailing point movement 

Figure 4 shows how an observer can tell from which track the switch is aligned for a trailing 
movement. To identify the track, the observer looks for the gap between the switch points and 
the stock rail. In the left-hand illustration of Figure 4, the gap on the left side between the switch 
points and the stock rail indicates that the movement is aligned for movements coming from the 
left. In the right-hand illustration of Figure 4, the gap on the right side between the switch points 
and the stock rail indicates that the movement is aligned for the movement coming from the 
right. 

Gap must be 
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Train comes 
from the right
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Figure 5. Permissible Crossover Switch Alignments 

In addition to enabling trains to take diverging or converging routes, switches also enable trains 
to cross from one parallel track to another. Called a crossover switch, this function is important 
when moving trains around each other to facilitate flexibility in train movements. Figure 5 shows 
permissible ways for crossover switches to operate.  A crossover switch consists of a switch on 
each track that operate in synch with each other. One switch acts as a diverging route and the 
other switch acts as a converging route. Both switches need to be aligned (in correspondence) for 
the same movement so that the train can safely cross from one track to the other without 
damaging the switch or derailing.  
Changing the switch position of only one switch in a crossover, without changing the other 
switch will put the switches out of alignment (or correspondence), and can result in the train 
running through a switch or derailing. Figure 6 shows a crossover switch that is out of 
correspondence. 

A. Both switches in this crossover are in the straight position. This is permitted. 
Trains may pass in either directions along both parallel tracks. 

B. Both switches in this crossover are in the crossover position. This is permitted. 
Trains facing the crossover may pass through onto the other track. 
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Figure 6. Non-permissible crossover switch alignments 

 

 
Figure 7. How a train runs through a switch and derails 

To run through a switch requires the train or equipment to make a trailing movement through the 
switch that is aligned for the other track. The left-hand side of Figure 7 illustrates how a train 
runs through the switch and damages it. As the train moves through the switch, it pushes the 

One switch is in the straight position and the other is in the crossover position. This 
is not permitted. 

Trains may pass safely along the upper track in this illustration, but a train passing 
through the crossover from the lower track would run through the switch on the 
upper track. 

Run Through Switch Derailment 
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switch points to the right, away from the stock rail on the left side, creating a gap toward the 
stock rail on the right. Running through the switch may also break the switch rod that moves the 
switch. In yard operations where trains and equipment move at speeds under 15 mph, the train 
will continue through the switch without derailing. However, the gaps in both switch points 
caused by the equipment running through the switch could create an unsafe condition for the 
next train or equipment making a facing point movement, causing it to derail. The right side of 
Figure 7 shows how the gap on both sides is too large for the train to navigate, causing the 
equipment to derail. 

1.1.3 Managing Safe Switching Operations 
All switches, regardless of type, are designed for specific maximum train speeds. Trains can 
operate safely as long as they do not exceed that speed. Exceeding that speed can damage the 
switch and derail the train.   
Railroads manage safe switching operations through a variety of operating rules and control 
systems. On the mainline, switches may be operated remotely through control systems that 
dispatchers use to identify train location and direction. In many situations, the signal system 
provides the authority to operate on tracks and through switches. Remotely controlled switches 
respond to the commands from the control system and are aligned accordingly. A trailing-point 
move from an aligned track may receive a signal to proceed; a trailing-point move from an 
unaligned track would receive a stop signal prohibiting movement through the switch. 
In mainline territory where there are no signals, the train crew receives verbal or written 
authority from the dispatcher to operate over particular track sections. In this situation, safe 
operation depends on the train crew understanding and complying with this authority. The train 
crew may operate the switch remotely from the train or operate them manually. For remotely 
powered switches, the train crew would control the switch position from the locomotive cab as 
the train approaches the switch. For manual switches, the locomotive engineer would stop the 
train and conductor would exit the train to manually operate the switch to the correct position for 
their train movement. In both cases, the train crew must examine the switch position to 
determine whether it is aligned for their movement.  
In yard operations where there is a yardmaster, the yardmaster directs the yard crews, but may 
not be responsible for movement authorities. The yard crews must watch out for each other and 
read switch positions carefully to minimize the risk of accidents.  

1.1.4 Why Examine Run-Through Switch Events? 
While the reasons for how run-through switch events occur are clear, there is a gap in 
understanding why these events take place. The safe operation of manual switches depends in 
part on human performance, which is a function of system design and operation (Leveson, 2012). 
Making a trailing-point move through an unaligned switch damages the switch (run-through 
switch). Making a facing-point move through a switch that has been run through can derail a 
train, causing harm to people, property, and the environment. Run through switches contribute to 
inefficient railroad operations; railroads must repair the track infrastructure and equipment 
before resuming work. Railroads may also remove employees involved in RTS events from 
service, which increases staffing needs and the cost of railroad operations. Identifying the factors 
that cause run through switches helps to mitigate their frequency.  
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To date there has been a paucity of studies examining human factors issues that contribute to 
run-through switches. Volpe found one study that examined contributors to run-through switches 
in U.S. rail operations (Durso et al., 2015). This study examined run-through switches that 
occurred at one freight railroad. The study combined quantitative analyses of reported RTS 
events with qualitative analyses based on interviews of railroad workers at three yards. The study 
found that experience level affected the likelihood of a RTS.  Individuals with less than 2 years’ 
experience had the most run-through switches (43 percent). Frequency of run-through switches 
decreased with level of experience, with individuals with 6 to 10 years of experience having 18 
percent of RTS events and individuals with 10 or more years’ experience contributing 12 percent 
of the total number of run-through switches.   
The study also found that run-through switches were more likely to occur in the first half of the 
shift, suggesting that fatigue was not necessarily a large contributor to RTS events. However, 
run-through switches were more likely to occur after a day off from work. The authors 
interpreted these two findings to suggest that it may take time on the job to become mentally 
situated in the work context, and thus avoid making run-through switches (a “head in the game” 
hypothesis). Weather, visibility and shift start time were not found to have an effect on run 
through switches.  The results of interviews provided further insight into contributors to RTS 
events. Contributing factors suggested by the interviews included communication and 
coordination failures; cognitive factors such as distractions, interruptions, and memory lapses; 
unusual conditions; fatigue; downtime; and production (time) pressure.  
These results suggest a number of potential factors that contribute to run through switches; 
however, the findings are limited in that they represent only a single freight railroad. One of the 
motivations of our study is to expand the current knowledge base regarding both individual and 
organizational factors that contribute to run through switches. Because the particular railroad in 
this study used manual switches in its yard, the primary focus of the report is on factors that 
contribute to running through manual switches. 

 Objectives 
This study asked a single question: How does the railroad system contribute to trains and other 
railroad equipment running through switches in the yard? The research team defined the railroad 
system as the organizational practices, individual behavior, and the interactions between the 
structures and processes. 
The team offers recommendations, based on its findings, that stakeholders can take to prevent or 
reduce the likelihood of these events occurring in the future. 

 Overall Approach 
To understand contributing factors at all levels of the system, researchers conducted a case study 
at a single passenger railroad. They conducted interviews with railroad employees, observed 
yardmasters in the tower and yard crews planning and making yard moves in a complex yard, 
and walked through the yard to see the locations where trains previously ran through switches. 
They also reviewed railroad incident data involving trains that ran through switches.  
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 Scope  
This study focused on passenger yard operations. Since this railroad used manual switches 
throughout their yard operations, the study was limited to manual switches, in particular those 
which only allow trailing-point moves from the aligned track.  

 Organization of the Report 
Section 2 describes the study methodology. Section 3 presents a descriptive analysis of the 
railroad’s incident data. Section 4 includes a brief overview of manual switching work in rail 
yards. Section 5 presents the outcome of a systems-theoretic process analysis (STPA) hazard 
analysis. Section 6 presents: 

• An analysis of the interviews and observations 

• Individual and team contributing factors to RTS events 

• Organizational contributing factors to RTS events 

• Recommendations to mitigate or reduce the potential for these events to occur3. 
Finally, Section 7 provides a discussion and conclusion of the work, including improving data 
collection and analysis of incident data and opportunities for future research.   

                                                 
3 A consolidated list of recommendations can be found in Appendix C. 
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2. Method 

Researchers used a systems framework to understand the multiple factors that can combine to 
collectively increase the probability of human errors that result in RTS events in the yard at one 
passenger railroad.  They analyzed railroad run-through switch data over an 11-year period and 
read through RTS investigation files. The research team conducted two site visits during which 
they interviewed railroad employees at all levels of the organization to understand contributing 
factors to run through switches. They also observed the yardmaster and train crews in the tower 
and crews switching in a major rail yard at a maintenance facility. Using these sources, the team 
performed a systems-theoretic process analysis (STPA) hazard analysis to identify under what 
situations RTS events might occur. 

 Quantitative Analysis of Run Through Switch Incident Data 
Researchers used the FRA accident and incident database to compare the frequency of RTS 
events in this case study railroad to the frequency of RTS events at similar railroads. Next, they 
reviewed historical data on run-through switch events compiled by the railroad, which included 
data on the frequency and location of all RTS events from 2006 through 2016. Finally, they 
reviewed a sample of the railroad’s RTS investigation reports for incidents that occurred between 
2014 and 2016. Data from these investigation reports served to identify potential factors to be 
explored during interviews. This analysis also served to identify opportunities for better data 
collection and analysis practices at the railroad. 

 Qualitative Analysis  

2.2.1 Interviews and Observations 
Researchers conducted two site visits to interview employees and observe switching operations 
at the passenger railroad. The first site visit consisted of group interviews with locomotive 
engineers and conductors as well as observations of train crews switching in the yard during the 
first shift (mid-morning). Observations lasted approximately 5 hours and included informal 
discussions with railroad employees with experience in the yard. Group interviews lasted 
approximately 2 hours and were held with the following groups of employees: 

• Three low4-experience conductors, one low-experience locomotive engineer 

• Five high5-experience conductors 

• Five-mixed-experience engineers 
The second site visit consisted of interviews with employees at multiple levels of the 
organization and observations in the yard tower of the yardmaster and train crews. Observations 
in the tower were held during the second shift (mid-afternoon) for approximately 4 hours and 
also consisted of informal discussions with a yardmaster and trainmaster. Additional interviews, 
which lasted approximately 1 hour each, were held with the following employees:  

                                                 
4 For the purpose of this study, researchers defined low experience as less than 5 years in the craft. 
5 For the purpose of this study, researchers defined high experience as more than 10 years in the craft. 
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• Head of Crew Calling 

• Director of Training – Rail Operations 

• Assistant Executive Director – Human Resources 

• Head of Labor Relations 

• Lead of Mechanical 

• Director – Rail Safety Division 
Due to schedule and travel constraints researchers also conducted the following 1-hour 
interviews by phone: 

• Deputy General Manager – Engineering   

• FRA Office of Railroad Safety Specialist (with background as conductor and yardmaster 
in freight and passenger) 

At least two of the study authors participated in all interviews and observations. Notes were 
taken in real time during the interviews and observations.  In addition, audiotapes were made of 
the group interviews that could be referred to during the later data analysis phases. 
Data from the group interviews was coded by a single coder and used to create a distribution of 
the contributing factors to run through switches that were discussed within the group interviews.  

2.2.2 Hazard Analysis – Systems-Theoretic Process Analysis 
In addition to performing quantitative analyses of RTS data, researchers performed a hazard 
analysis to examine systemic factors that contribute to RTS events, using STPA. STPA is a 
systems-based hazard analysis method that can be used to examine a particular work context and 
identify causal influences that may lead to accidents (Leveson, 2012). Researchers used the term 
“systemic factors” to refer to the combination of social, technical, and organizational factors 
within a system. Safety and efficiency are two examples of emergent properties that result from 
the interaction of multiple systemic factors. 
Researchers used data from focus groups, interviews, and observations to inform this analysis, 
which included the following activities:   

• Identify the major accidents, or losses, that may occur during rail switching operations as 
well as associated hazards, or sets of conditions necessary for such accidents to occur.  

• Create a safety control structure (SCS) diagram that depicts the hierarchical relationships 
between human and physical system components, the necessary actions performed by 
each controller, and the feedback required for the system to function safely. 

• Identify ways in which each action in the SCS could lead to a hazardous condition, and 
document them in an unsafe control action (UCA) table. 

• Seek explanations for why unsafe actions were performed, and identify causal scenarios 
to summarize the possible combinations of system factors that could lead to an unsafe 
act. 

For additional details on these steps and the terms underlined, see Section 4 and Leveson (2012).  
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3. Findings from Quantitative Analysis of Accident Incident Data  

 Comparison to Similar Passenger Railroads 
To compare the RTS frequency at this railroad to similar passenger railroads, this study used data 
from FRA’s accident and incident database to compare rates for two types of FRA-reportable 
switching accidents: (1) accidents involving improperly lined switches and (2) accidents 
involving previously run-through switches.  
Figure 8 compares accident rates between the railroad studied for this report (Railroad 1) and 
four similar passenger railroads. This figure reveals that Railroad 1 experienced significantly 
more problems with switching operations than the other passenger railroads. For accidents 
involving improperly lined switches, Railroad 1 experienced four times as many accidents as its 
counterparts. For previously run-through switches, Railroad 1 experienced almost 20 times as 
many accidents as the other railroads over the 11-year period.   
The magnitude of the switching problems at this railroad made it a good candidate to learn why 
problems with switching movements arise. 

 

Figure 8. Comparison of FRA reportable switching accidents for five passenger railroads 

 Railroad Accident/Incident Data 
This case study railroad provided event data, including date, division, equipment, and location. 
Table 1 shows field labels for the data received. Many fields had missing data, misspellings, and 
ambiguously worded data. Furthermore, the data lacked information that would be helpful in 
better understanding the nature of each event. The narrative data consisted of only a single 
sentence indicating that a RTS event occurred and its location; researchers did not receive any 
information about the work that was taking place at the time of the event, nor did they receive 
any information that would shed light on the context in which the event took place.  
 

RR1

RR1

RR2 RR2RR3 RR3RR4 RR4RR5 RR5
0
5

10
15
20
25
30
35
40
45

Improperly lined switch Previously run through switch

Sw
itc

hi
ng

 a
cc

id
en

ts

FRA reportable yard switching accidents

Railroad 1 in study has 
more switching 
accidents than 4 
comparable railroads: 
2006-2016 

3.1 

•-- -
3.2 



 

 14 

Table 1. Data fields provided by passenger railroad 

Field 

Date 
Accident/Incident type 
Division 
Line 
Location 
Equipment 
Narrative 
Status: FRA reportable/non-reportable 
Incident # 
FRA accident code 

 
Using the available data, the frequency with which these events take place and their location can 
be described. The following sections describe the research team’s findings. 

 Frequency of RTS Events over Time  
We examined the frequency of RTS events at this case study railroad for an 11-year period from 
2006 – 2016, using both FRA accident and incident data and the historical run-through switch 
data provided by the railroad. Figure 9 shows the number of FRA-reportable switch accidents at 
the case study railroad during this period. Again, this included two categories of FRA-reportable 
switching accidents: accidents in which the switch was previously run through and accidents 
involving improperly lined switches. The black line in Figure 9 represents the annual totals for 
the two types of yard switching accidents. 

 
Figure 9. FRA reportable accidents involving run through switches 
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Next, researchers reviewed historical run-through switch data compiled by the railroad itself, 
which included data on the frequency and location of all RTS events from 2006 through 2016.  
Figure 10 shows the annual frequency of RTS events from 2006 – 2016. Over this period, the 
number of RTS events averaged 40 events and varied between 36 and 42 events per year. The 
relatively small variation around the average of 40 events per years suggested consistent 
performance in switching operations over this time period.  

 
Figure 10. Yearly frequency of RTS events: 2006 – 2016 

Note that FRA-reportable switching accidents, which average six per year at this railroad, made 
up only a small proportion of RTS events that occurred annually. In order to be FRA-reportable, 
an event must meet the FRA’s reporting threshold, which varied between $7,700 and $10,500 
during this 11-year period. Events where the damage was below this threshold were not reported.  

 Location of RTS Events  
Finally, researchers used data provided by the railroad to examine the location of RTS events at 
the case study railroad. They began by examining which yards at this railroad experienced RTS 
events, and discovered that the majority took place in a small number of yards.  
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Figure 11. Location of run through switch events by yard 

Figure 11 shows the number of RTS events by location for the 11-year period. Four yards 
accounted for 78 percent of the events. The yard with the most RTS events accounted for 39 
percent of the events; this yard is a maintenance yard where the greatest amount of switching 
activity occurs. Because this maintenance facility received the largest number of RTS events, 
researchers chose to focus on this yard to investigate how and why RTS events occur. This 
maintenance yard is referred to as Yard 1.  
 

 
Figure 12. Yard 1 yearly frequency of RTS events compared to all yards: 2006-2016 

The consistent performance across all yards was mirrored at Yard 1. The year-to-year variation 
for Yard 1 followed the same pattern as data from all of the yards combined; Figure 12 shows the 
number of RTS events per year in Yard 1 compared to the total number of RTS events. The 
number of run-through switch events in Yard 1 averaged 15.5 events per year over the 11-year 
period, with a low of 11 to a high of 20. 
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At Yard 1, researchers also examined the frequency of RTS events by switch number. The 
switch number represents the location of a switch in the yard, enabling the team to identify how 
many times yard crews ran through a specific switch. Figure 13 shows the number of time 
individual switches were run through over the 11-year period of this study.  

 
Figure 13. Number of times individual switches were run through 

This chart shows that the vast majority of switches (71 percent) were run through only once or 
twice. A small percentage of switches (7 percent) experienced 6 or more RTS events over 11 
years. Based on the differences in the number of RTS events at individual switches, researchers 
suggest two strategies railroads can use to identify why these events are occurring.  
One strategy, labeled Strategy A in Figure 13, would apply in a situation where individual 
switches experience numerous RTS events. In Strategy A, the investigation would focus on the 
switch itself and the context in which the switch is used that makes it vulnerable to RTS events. 
A second strategy, labeled Strategy B in Figure 13, would apply to switches that are rarely run 
through. In Strategy B, the investigation would focus more attention on the system as a whole to 
understand why yard crews run through these switches. The decision of which strategy to use, as 
shown by the horizontal reference line in Figure 13, is not always clearly defined. In some cases, 
investigators may want to adopt both strategies to learn why these events occur.  
In the case of this analysis, researchers applied both strategies; while the primary goal was to 
understand systemic influences on RTS events, a secondary goal was to note the reasons why 
certain switches may be experiencing high RTS rates. Figure 13 shows how the examination of 
locations within Yard 1 where RTS events occur particularly often can provide insight into why 
they occur.   
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Figure 14. Location of switches with more than 6 RTS over an 11-year period 

Figure 14 highlights five switches that each had more than 6 RTS over the 11-year period. All of 
these switches were in high-traffic areas of the yard that experienced an increased level of 
exposure to rail traffic entering and exiting the yard. These switches were also located close 
together and yard crews could have confused which switch they were looking at. While this 
information failed to reveal the underlying causes for RTS events, mitigating the factors that 
contribute to RTS events for these switches will significantly reduce the frequency of RTS 
events for this railroad.  
To understand what makes manual switches vulnerable to operating through them in the wrong 
direction requires an understanding of the railroad switching operations and how organizational 
practices, technology, and human behavior interact to produce these events. The next section 
provides an overview of the context in which manual switching operations occur, and in the 
following sections this study discusses how the design and operation of the railroad system 
contributes to the production of RTS events. 
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4. Overview of Manual Switching Operations   

To understand what makes manual switches vulnerable to operating through them in the wrong 
direction requires an understanding of railroad switching operations and how organizational 
practices, technology, and human behavior interact to produce these events. In this section, this 
study provides a brief overview of manual switching work in rail yards. In Sections 4 and 6 that 
follow, this study presents findings related to how the design and operation of the railroad system 
contributed to the production of RTS events and provides recommendations to mitigate their 
occurrence. 
Researchers observed a maintenance yard where employees worked around the clock to move 
passenger equipment in and out of the shop for inspection, scheduled maintenance, and repairs. 
The majority of equipment movements within the yard were performed overnight, when the 
equipment was not needed for passenger service. Trains must be taken apart and put back 
together in time for the next day’s work, replacing cars and locomotives that need work with 
those that are ready for operation. The equipment department keeps track of the location and 
status of equipment in the yard in lists, called “drill sheets,” that the yardmaster and yard crews 
use to plan the work.6 
Many yards were smaller than the one observed and did not perform maintenance work. In these 
yards, trains must still be taken apart so that any equipment that needs work can be taken to the 
maintenance yard, and then put back together with equipment that is ready for service. At the 
railroad studied, all yards used manual switches. 

 Role of the Yardmaster 
The yardmaster is responsible for monitoring the locations of crews in the yard and the status of 
work. Not all yards have a yardmaster; in some, particularly smaller yards, these responsibilities 
are instead assigned to a terminal dispatcher. The site examined in this study had a designated 
yardmaster on duty at all times, located in a tower with windows overlooking the yard.  
The yardmaster may be able to see crews out the window or on one of several stationary 
cameras; however, he or she more often relies on verbal communication with crews, either by 
phone or radio. Yardmasters also use a computer to exchange email, view passenger train 
schedules, and track the status of equipment moves based on updates from the yard crews on a 
“yard check” form.  
The yardmaster communicates with dispatchers to make sure that trains can pass through the 
yard safely. If a switch breaks, the yardmaster contacts the engineering department so that an 
engineering crew can repair it. The yardmaster also communicates with the yard crews about 
activities and conditions that could affect their work, like broken switches, other yard crews 
operating near them, or passenger crews needing a clear route through the yard. 

                                                 
6 The term drill is synonymous with the word “switch.” This is a term of art used by some railroads.  
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 Scheduling and Composition of Yard Crews 
In a typical evening at the maintenance yard observed, between six and eight yard crews were 
working at a time. Their start times were staggered between 3:00 p.m. and 11:00 p.m.; however, 
the busiest times were after 10:00 p.m.  
Yard crews were made up of two or three members, depending on the type of equipment being 
moved. Two-person teams were used to move locomotives only. These teams include a hostler 
(an engineer who is restricted to moving locomotives) and a conductor.  
Three-person teams were used to move both cars and locomotives. These teams included an 
engineer, a conductor, and a rear brakeman. The rear brakeman is also known as an assistant 
conductor. The brakeman role may be performed by a second fully qualified conductor or by a 
less-experienced employee.  
Employees at the railroad bid for jobs according to their seniority. Typically, yard employees on 
a regular schedule have upwards of 15 years of experience in the yard and work with the same 
crew each shift. However, there are changes that can disrupt an established crew: a more senior 
employee might displace someone from a regular crew through the bid system, or, if a member 
of a regular yard crew takes the day off (e.g., because of vacation or personal leave day). In that 
situation, the crew caller will call a replacement from the “extra list.” 
Workers on the extra list do not work on a regular schedule but instead are on call. They receive 
calls when jobs are available, resulting in an unpredictable schedule. At this railroad, there were 
two types of extra lists: the “utility list” and the “passenger list.” The passenger list is longer, and 
primarily used to fill jobs for passenger service. The utility list is shorter, and includes more 
senior employees who are qualified to act as flagmen or in the yard. Because the utility list is 
shorter, utility list conductors are often called for flag jobs7 during the day, leaving a shortage of 
conductors with yard experience to call in to work at night. When the crew caller runs out of 
employees from the utility list, passenger list employees are called to work yard jobs.  
Members of the extra list must accept the jobs they are called for or use one of their sick days. 
They may be required to begin a shift as soon as 8 hours after the end of the previous shift, 
according to hours of service regulations. These regulations are summarized in Table 2. 

                                                 
7 A flag job involves an employee who works with a maintenance crew to protect the crew while they perform their 
work by warning them when a train approaches or alerting the train to the presence of the maintenance crew. 
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Table 2. Crewmember schedules and hours of service regulations 

 
* This is a summary of the FRA hours of service regulations for illustrative purposes only; the 
full regulations can be found in Hours of Service Railroad Employees (2011), and covers 
additional job types and operational nuances. 

 Coordination Within a Single Yard Crew 
Each member of a yard crew performs a specific role, and their coordination is necessary for 
successful work. At the start of a shift, the crew will be given a drill sheet indicating the 

Craft / 
Job Type 

Engineer 
Regular 
Yard Job 

Role(s) 

\Vorks a regularly 
scheduled yard job 
with a consistent 
crew 

Typical Schedule 

Regularly scheduled 
8-12 hour shifts with 
predictable rest days 

~--------------------+-------------------------------------~-----------------·---------------------Engineer \Vorks yard jobs Unpredicto1.ble 
Extra List when needed (e.g., schedule; work as 

filling in for absence needed up to the hours 
of a regular of service limitations 
crewmember) 

--------------------+-------------------------------------~-----------------·---------------------Conductor \Vorks a regularly Regularly scheduled 

Regular 
Yard Job 

scheduled yard job 8-12 hour shifts with 
with a consistent predictable rest days 
crew 

Hours of Service Limitations* 

Employees are entitled to: 

• Shifts lasting no more than 
12 hours except in 
emergencies 

• 8 hours off before reporting 
for duty, or, 10 hours off 
before reporting for duty 
after working 12 or more 
continuous hours 

• 2 consecutive days without 
initiating an on-duty period 
after 14 consecutive days of 
initiating on-duty periods 

--------------------~------------------------------------- -----------------·----------------------; . Conductor \Vorks passenger Unpredicto1.ble 24 hours off-duty after 6 
days of initiating on-duty 
periods, including at least I 
"Type 2" assignment (work 
between midnight and 4 am 
or othernrise deemed 
fatiguing per an FRA-
approved fatigue model) 

Passenger 
Extra List 

Jobs as needed; schedule; work as 
works yard jobs only needed up to the hours 
if the utility list is of service limitations. 
short. 

Conductor , \Vorks yard and flag Unpredicto1.ble 

Utility 
Extra List 

4.3 

jobs as needed schedule; work as 
needed up to the hours 
of service limitations. 

Same as above for yard j obs. 
Flag jobs are not covered by 
hours of service restrictions. 
Therefore, flag jobs do not 
count as initiating on-duty 
periods. Conductors may work 
flagjobs- butnotyardjobs-
without meeting hours of 
service requirements for rest. 
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equipment to be moved (e.g., into or out of a maintenance shop). The conductor plans the crew’s 
movements so that they can accomplish the work set out in the drill sheet. The engineer is 
responsible for operating the locomotive, controlling its speed and direction (forward or reverse). 
The rear brakeman (also called the assistant conductor) coordinates with the conductor to help 
plan and execute movements, including throwing switches. 
The conductor and brakeman typically ride at the rear of the train to provide directions to the 
engineer while reversing (shoving moves). These two employees are primarily responsible for 
throwing switches. The employee at the front of the train (typically the engineer, but sometimes 
one of the conductors when reversing) is responsible for verifying that switches are correctly 
aligned before the train passes over them. If a switch is not correctly aligned, the engineer must 
stop the train so the switch can be thrown. 
During yard operations, the crew members must stay in contact with each other at all times. 
Typically, communication occurs by radio, but if the radio frequency is crowded or unclear, 
crews will also use hand signals or communicate orally face-to-face. There was only one radio 
channel for all the crews in the yard, and there is no standardized language for communicating 
by radio. Crewmembers identify themselves using their crew’s call sign, but regular employees 
typically recognize each other by voice. 
Communication within crews is particularly important during reverse or shoving operations, 
when the engineer cannot see the track and needs to know when to stop. In this situation, the 
locomotive engineer is located at the rear of the movement and cannot see the track ahead and 
the switch position. The conductor or brakeman will estimate the distance the engineer has 
remaining before it is necessary to stop, and then give the distance in car lengths, known as the 
“car count.” As a safety measure, the engineer is required to stop if he or she does not receive an 
updated car count after half the stated distance, e.g., if he is told “10 cars to a stop,” they must 
stop after 5 car lengths unless there is an audible update from the conductor. Since several crews 
may be giving car counts over the shared frequency, it is important that an engineer recognizes 
their own conductor’s message and does not follow instructions intended for a different engineer.  
Over the course of a shift, employees estimated that a crew might throw over 100 switches, not 
including those already aligned for the desired track. Some of the switches a crew may encounter 
in the yard are more difficult to read than others, including switches placed on a curved section 
of track or very close to other switches. Some switches must be thrown frequently, while others 
are rarely changed. Sometimes the alignment of a switch can be predicted based on switches 
around it, though crews are always responsible for verifying this. A special category of switches, 
known as crossover switches, are found in pairs between parallel stretches of track to allow trains 
to move from one track to the other. These switches must always be aligned in corresponding 
directions: both to go straight or both to cross over.  
Finally, the challenge of aligning switches is complicated by another factor: the presence of other 
yard crews. 

 Coordination among Multiple Crews 
With six to eight crews working at a time, there are often multiple crews in the same area of the 
yard that need to pass through some of the same switches. Yard crews are required to 
communicate with the yardmaster before moving between areas of the yard, either by phone or 
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radio. If this communication occurs by radio, it can be heard by all crews in the yard. If it occurs 
by phone, the yardmaster must separately notify the other crew(s) affected.  
Crews must be aware of others’ locations so that they do not interfere with their movements. If a 
conductor aligns a series of switches for a crew’s movement, but a second conductor throws one 
of those switches, the second conductor has “taken away the line-up.” This could cause the first 
conductor’s crew to run through the switch if they do not realize the second conductor had 
thrown it out of the desired alignment.  
Experienced crews may coordinate with each other to avoid such conflicts. For example, one 
crew might offer to let another pass through a switch first, or to throw a switch for the other 
when they are done passing through it. Crews are not trained in this type of coordination, nor is it 
part of any formal procedure. It is simply a courtesy that makes work easier. 
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5. Systems-Theoretic Process Analysis   

STPA is based on a systems-theoretic accident model (STAMP), which asserts that accidents 
result from combinations of systemic factors, rather than a single root cause. Unlike traditional 
hazard analyses, which tend to focus on quantifying the risk of various accidents related to 
component failures, STPA also identifies causal factors which are social or organizational in 
nature, as well as system design flaws and potentially hazardous interactions between 
sociotechnical system components.  
STPA relies on the assumption that human operators are doing their jobs to the best of their 
ability with the information and resources available; therefore, unsafe behavior is a product of its 
environment, not of human “failure.” Rather than pinning accidents on the operator, STPA seeks 
to reveal underlying systemic issues that explain how accidents can occur.  
The benefit of STPA is that it identifies causal factors and hazardous interactions that have the 
potential to cause accident, regardless of whether such accidents have occurred in the past. Thus, 
it can be used to anticipate potential accidents before they occur, and to make proactive changes 
to the system to prevent future instances of unsafe behavior that could lead to accidents.  

 Foundations of a Systems-Theoretic Analysis 

5.1.1 System-Level Accidents 
To use STPA to examine manual switching operations, researchers first set the scope of the 
analysis by identifying the set of accidents (undesired or unplanned events that result in a loss) 
that they wished to better understand.  
For manual switching operations, the team identified three accidents: 

• Accident 1 (A1): A derailment occurs, causing property damage, delays, and/or injuries. 

• Accident 2 (A2): A run-through switch occurs, causing property damage and work 
delays. 

• Accident 3 (A3): Yard work is not completed on time, affecting maintenance or 
operations. 

The most severe accident associated with switching operations is a derailment (A1). Derailments 
result primarily in economic losses due to the associated property damage, but they can also 
delay other yard work. In a worst-case scenario, a derailment could injure or kill workers in the 
path of the derailed equipment.  
The second most severe accident of concern is a run-through switch (A2). Run-through switches 
result in an economic loss due to property damage, though they are less costly than derailments. 
However, RTS events are of particular concern because they can cause a more serious 
accident—a derailment—if not addressed properly.  
Finally, the team considered a third accident, yard work not completed (A3). Though this is not 
what many would consider a traditional accident, it can result in economic losses by delaying 
maintenance activities or passenger operations, and thus is something railroads hope to prevent.  

5.1 
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5.1.2 System-Level Hazards  
Once researchers identified the three accidents to study, the team identified the associated 
hazards, or sets of conditions, which could lead to those accidents under some set of 
environmental conditions. 
Researchers identified three hazards which correspond to the accidents listed above: 

• Hazard 1 (H1): A train passes through a facing point switch that is broken.  
This hazard may lead to derailment (A1). 

• Hazard 2 (H2): A train passes through a trailing point switch that is not properly lined.  
This hazard may lead to a run-through switch (A2). 

• Hazard 3 (H3): A yard movement is performed in an inefficient manner.  
This may result in yard work not being completed on time (A3). 

The hazard associated with derailment (A1) occurs when a train passes through a facing point 
switch that is broken (H1). Often when a switch breaks, it occurs because of a RTS incident 
(A2). This relationship between these accidents means that preventing run-through switches is 
particularly important because it can prevent future derailments. Switches may also break due to 
ordinary wear and tear or excessive speed. 
The hazard associated with a run through switch (A2) occurs when a train passes through a 
trailing point switch that is not properly lined (H2). The wheels force the switch points away 
from the rail and break, or “gap” the switch. If the switch is not repaired before the next facing 
point move, a derailment (A1) could occur. 
The hazard associated with yard work not being completed on time (A3) is that a yard movement 
is performed in an inefficient manner (H3). This could be something as simple as passing 
through an improperly lined facing point switch, which will simply put the equipment on a 
different track than the one desired.  
As noted above, the consequences of these three accidents are not equal; it is of greater concern 
to prevent costly and dangerous derailments than to prevent simple delays. Therefore, it is 
important to consider which hazard, and which potential accident, could result from an unsafe 
action. Throughout this analysis, the associated hazards (H1, H2, and H3) will be cited so that 
the potential consequences of an unsafe action may be considered. This can be used to identify 
and prioritize the implementation of solutions that will have the greatest impact. 
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5.1.3 Safety Control Structure Diagram 
The next step required to perform a systems-theoretic analysis is to draw the safety control 
structure. STPA uses the term “control structure” because it depicts hierarchical control 
relationships within the system. “Controllers” in this structure may be human operators or 
computers. The physical system being controlled is also depicted. The actions performed and 
commands given by a controller are referred to as “control actions” because they constrain the 
behavior of lower-level controllers. Each controller also provides feedback to higher-level 
controllers which allows those controllers to monitor the system state and provide adequate 
control actions. 
The safety control structure for a manual switching operation is shown in Figure 15 below. In 
this diagram, dark blue boxes represent human controllers within the system, while light blue 
boxes represent the physical system being controlled. Solid arrows represent control actions, and 
dashed arrows represent feedback channels. 
 

 
Figure 15. Safety control structure for operating manual railroad switches in the yard 

Because the members of the train crew—the engineer, conductor, and assistant conductor or rear 
brakeman—are the ones most closely involved in manual switching operations, this analysis will 
focus on them as well as their interactions with the yardmaster who directly oversees these 
operations. However, it is important to note that this analysis is not intended to place blame on 
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these employees; rather, it is meant to understand why systemic factors may lead them to 
perform unsafe actions. 

 Analyzing the System 

5.2.1 Unsafe Control Actions 
This study began the analysis of this system by examining each control action in the safety 
control structure to identify ways in which it could lead to a hazard. This is documented in a 
table of “unsafe control actions,” or UCAs.  
Each control action is listed in the leftmost column, along with the controller(s) who perform this 
action. In Table 3, only one control action is shown, but UCAs for each of the remaining control 
actions are included in Appendix A. Each UCA is numbered, with the first numeral identifying 
the control action.  
UCA statements are listed in the four columns to the right of the control action column. These 
four columns correspond to the types of unsafe control action defined by Leveson (2012). They 
are labeled as follows: 

• Not Providing Causes Hazard: A control action required for safety is not provided, 
leading to a hazard. 

• Providing Causes Hazard: An unsafe control action is provided that leads to a hazard. 
• Wrong Timing or Order: A potentially safe control action is provided too late, too early, 

or out of sequence, leading to a hazard. 
• Stopped Too Soon or Too Late: A safe control action stopped too soon or applied too long 

leads to a hazard. 
Additionally, each UCA statement is followed by one or more hazard numbers in brackets, e.g. 
“[H1].” These refer back to the hazards identified in Section 5.1.2. 

Table 3. Excerpt of UCA table in Appendix A, showing UCAs for throwing a switch 

Controller(s), 
Control Action 

Not Providing 
Causes Hazard Providing Causes Hazard Wrong Timing or 

Order 
Stopped Too 
Soon or Too Late  

Conductor  
(or Brakeman) 
 
1: Throws switch 

UCA 1-1: The 
conductor does not 
throw a switch 
when the train is 
approaching a 
switch lined for the 
wrong track. [H2, 
H3] 

UCA 1-2: The conductor 
throws a switch when the 
train is approaching a 
switch which was already 
lined for the correct track. 
[H2, H3] 
 
UCA 1-3: The conductor 
throws a switch when it is 
part of a crossover without 
also ensuring that the 
other switch in the 
crossover is in a 
corresponding position. 
[H2, H3] 
 

UCA 1-4: The 
conductor 
throws a switch 
too soon, when 
the switch is part 
of another 
crew's line up. 
[H2, H3] 

UCA 1-5: The 
conductor stops 
too soon while 
throwing a 
switch, when 
switch is not fully 
thrown and 
secured. [H1, H2] 

5.2 
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Within each cell, UCA statements are written with the four pieces of information shown in 
Figure 16: (1) the controller responsible, (2) the control action involved, (3) the type of unsafe 
action, as defined below, and (4) the context which makes the action unsafe (Thomas, 2013).  
 

 
Figure 16. Four parts of an unsafe control action 

The most important piece of each UCA statement is the context. The context identifies what 
must be happening in order for the controller’s action, or lack thereof, to cause a hazard.  
An unsafe control action does not have to be likely to be included in the table. In fact, many 
UCAs can be successfully prevented through system design constraints and will rarely, if ever, 
occur. However, the inclusion of such UCAs in the table denotes that it would be unsafe if such 
an action did occur, and thus it is important to consider how to prevent this action in the design 
and operation of the system.  
In the following stage of this analysis, researchers considered how combinations of system 
factors could lead controllers to perform each of the unsafe actions listed in the UCA table.   

5.2.2 Causal Scenarios 
Causal scenarios describe the combinations of system factors that may cause an unsafe control 
action to occur. They provide explanations as to why a human operator may perform an unsafe 
action, given what the controller is trying to do, what he or she knows or expects about the 
system, and what information is accessible.  
Each scenario represents only one of many potential ways that an accident could occur, and 
typically, several causal scenarios can be identified for each UCA.  
In theory, one could write a near-infinite number of scenarios by including more and more causal 
factors and separately counting every possible combination of such factors. However, that is not 
the point of this exercise. The purpose of causal scenarios is to identify the factors that contribute 
to unsafe actions in such a way that the actions can be understood, and eventually, addressed 
through system changes. Thus, they must be complete enough to explain why an action might 
occur (which no single factor can explain) while remaining concise enough to be easily 
understood and addressed. To accomplish this difficult goal, scenarios are written from a top-
down perspective.  
Consider the following UCA as an example:  

 UCA 1-1: “Crewmember did not throw switch when the train is approaching a 
switch lined for the wrong track.” 

The crewmember does not throw switch 

MM,¥1.iifil·I 
when the train is approaching a 
switch lined for the wrong track. 
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At a very high level, two possibilities emerge: The crewmember was either near the switch or the 
crewmember was not.  
If they were near the switch, what reasons might they have had for not throwing it? One of the 
first possibilities that comes to mind is that they may have misread the switch. Now, consider 
why that could have occurred.  
Perhaps it was a matter of an inexperienced employee who did not often work in the yard: 

Scenario 1-1-1: The conductor could see the switch but did not realize it 
needed to be thrown. He misread the switch due to lack of experience reading 
switches from the cab. He lacked experience reading switches because he was 
a passenger list worker who was called to work in the yard, and had not 
worked a yard job since training. 

Or, perhaps instead the crewmember was experienced but temporarily complacent and 
influenced by perceptual factors:  

Scenario 1-1-2: The engineer could see the switch but did not realize it needed 
to be thrown. He misread the switch because he was tired and feeling time 
pressure near the end of his run, and glanced at it too quickly to make out the 
points in the lighting of the yard. The switch was part of a ladder (a grouping 
of switches), nearly always lined for the main line, so the engineer expected 
that to have been the case and did not look closely. 

Yet another possibility was that the crewmember may have been relying on an incorrect source 
of information when reading the switch: 

Scenario 1-1-3: The brakeman could see the switch but does not realize it 
needs to be thrown. He misread the switch because he was relying on the 
switch target, but it had been hit by equipment and was no longer reliable. He 
trusted the switch target because he was not confident reading switches, 
because he normally worked passenger jobs and was trained in the yard a long 
time ago. 

These scenarios explain how a crewmember could misread a switch; but what if they were not 
looking at the switch at all? What reasons might they have had to skip over a switch they could 
examine closely?  
It could be because they put their faith in someone else’s work and did not double-check it, or 
they made an incorrect assumption: 

Scenario 1-1-4: The conductor did not realize the switch needs to be thrown 
because the brakeman told him it was lined. He did not verify that the 
brakeman's claim was accurate because he was under time pressure and 
believed the brakeman was adequately trained. However, the brakeman was 
new to working the yard and his read of the switch was inaccurate. 

Scenario 1-1-5: The conductor did not realize the switch needed to be thrown 
because it was part of a crossover, and the corresponding switch was lined 
correctly. She did not verify that both switches are lined because she was under 
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time pressure. She thought it is safe to make the assumption that both switches 
were lined correctly because of the rules regarding crossover switches; 
however a list worker on a different crew had forgotten the rule since his 
training and did not put both switches in corresponding positions. 

What if instead of misreading a switch, or making an incorrect assumption, the crewmember 
mixed up two switches and either read or threw the wrong one?  

Scenario 1-1-6: The conductor incorrectly believed the switch the train was 
approaching was lined because he accidentally read a different switch. He 
mixed up reading the switches because they were close together and not 
differentiated in a way that could be quickly identified in the yard lighting 
conditions. 

Scenario 1-1-7: The conductor knew the switch the train was about to pass 
was not lined and intended to throw it, but accidentally threw a different 
switch. He mixed up throwing the switches because the switch handles were 
close together and not differentiated in a way that could be quickly identified 
in the yard lighting conditions. 

At this point, if the possible explanations for this behavior under the first condition have been 
sufficiently exhausted, go back to the second high-level condition.  
What if the crewmember was not near the switch? Why might they have been unaware that a 
switch needed to be thrown?  
Perhaps he did not know that someone took away the lineup:  

Scenario 1-1-8: The conductor did not realize a switch needed to be thrown 
because he had already aligned it for his crew, but someone from another crew 
took away his lineup. He thought that the engineer would double-check the 
switches and let him know if any of them needed to be fixed. 

It could also be that he intended to throw the switch, but left the area and forgot:  

Scenario 1-1-9: The conductor did not realize a switch needed to be thrown 
because he forgot that he had thrown it against himself to assist another crew. 
He intended to throw it back after the other crew had passed, but became 
caught up in planning his future moves. 

Or perhaps he believed someone else would take care of it: 

Scenario 1-1-10: The brakeman did not realize the switch needed to be thrown 
because he incorrectly believed the conductor was lining the crew's route and 
has already thrown the switch. The brakeman was not a regular member of the 
crew and did not understand the expectations the conductor communicated in 
the job briefing.   

This covers all of the possible explanations the researchers could think of for this UCA. 
In some cases, there may be a different unsafe control action that is closely related to the one 
being examined.  Therefore, to avoid redundancy certain factors may only be expounded upon in 
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one of the UCAs, not both. For example, a separate UCA examines reasons why the conductor 
may tell an engineer that a switch is lined when it actually is not. Scenarios for that UCA go into 
greater detail about why a conductor may not realize that another conductor has taken away the 
lineup.  
The scenarios described above are just a fraction of the full set of scenarios covered in Appendix 
B; however, they illustrate a fairly wide range of contributing factors that could influence 
crewmembers. In just these examples, certain influences emerge: training; experience; 
scheduling; fatigue; time pressure; yard and switch design; time of day and lighting; 
communication within crews; and coordination between crews—and the scenarios in Appendix 
B cover even more factors.  
Rather than trying to simplify the explanation to a single root cause, the scenarios explore how 
interactions among multiple systemic factors can lead to accidents. The following sections 
discuss these factors in greater detail. Though they are discussed individually in order to give 
each issue due attention, remember that these factors do not occur in isolation, and accidents do 
not result from single factors alone. 
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6.  Factors Associated with Run Through Switch Events 

Table 4 shows the frequency with which contributing factors were raised during group 
interviews along with the breakdown of issues within each contributing factor. The frequency 
with which issues were discussed guided us in understanding how the factors play a role in 
contributing to these events. Organizational factors accounted for almost 50 percent of the 
contributing factors.  The majority of organizational factors that were discussed in group 
interviews included issues such as the job assignment process and scheduling, training, and 
production pressure. The contributing factors team behavior and individual behavior accounted 
for approximately 13.1 percent each followed by and individual characteristics, technology, and 
physical environment at approximately 9 percent.  

Table 4. Contributing factors associated with running through switches 

 

C,ontributing Factor Per cent C,ou nt 

!_ Or_ganizatim1all Factors __________________________________ j 48% _____ _l_ 105 
! Crew Assiignment and Schedule ! 31% ! 33 ! • ! :------------------------------------------------------------------------~--------------1--------+- ----------------1 
! Employee Training ! 20% ! 21 ! ! r------------------------------------------------------------------------+--------------+--------r- ------------------l 

l_ ____ E.'.~~~~~!~?_r:i_~~-~~~~~-~~----------------------------------j__----~~~_j __ _!~_l_l ________________ ___j 
! Supervis,ory Practices ! 8% ! 8 ! J ! :-----------------------------------------------------------------------+--------------r--------1- --------------------1 
! Resource C,onstra ints and Management ! 8%, ! 8 ! 1 ! 
[ ____ D i.scipli ne _________________________________________________ _j ____ 7% ___ _i ____ 7 t L __________________ _J 
! Workforce Management ! 4% ! 4 ! L ! --------------------. 
! Incident Investigat ion i 3% ! 3 ! JI ! 1-----------------------------------------------------------------------+--------------+--------.J- ---------------------~ 
! Rules - poliicie:s and practi ces ! 3% ! 3 ! 1 ! :-----------------' ------------------------------------------------------~--------------1--------+ --------------------1 
! Safoty Blitz ! 2% ! 2 ! l ! ~-----------------------------------------------------------------------!--------------+--------~- ---------------------: ! Data C,o lection and Analysis ! 1% ! 1 ! ! 
! Team Behaviior i 13% ! 29 ! - ! :------------------------------------------------------------------------~--------------1--------+ ----------------1 
! Communication ! 48% ! 14 ! I ! ~-----------------------------------------------------------------------+--------------+--------~- -------------------: 

[_ ____ !~~-~~~~~~--------------------------------------------------j__---~~~_j __ _!!_l_l _________________ ___j 
! Inter-Team i 14% ! 4 ! I ! 
I I I I I 

! Individual! Behavior and Characteristics ! 13% ! 2.9 ! • ! ~-----------------------------------------------------------------------+--------------+--------~- -----------------: 
l_ ____ ~'.'.'E~~J~~~~--~~:'~! _________________________________________ j__ ___ __ _!~_l_l ________________ ___j 
! Fatigue i 21 % ! 6 ! I ! :-----------------------------------------------------------------------:---------------r--------1- --------------------1 
! Expectat ions ! 17% ! 5 ! J ! :------------------------------------------------------------------------~--------------1--------+ --------------------1 ' I I I I I ! Yard Know ,edge ! 10% : 3 ! : 
[_ Tedhnollo_gy ___________________________________________________ _j_ 9% ______ j ___ 20 _l_a _______________ ___j 
! Radio Issues ! 40% ! 8 ! J ! :-------------------~----------------------------------------------------t--------------:--------1- --------------------: 
: Locomot ive Type : 30% : 6 : I : :------------------------------------------------------------------------~--------------1--------+- --------------------1 
! Switch Design ! 10% ! 2 ! l ! 
~----------------------- t -----------------------------------------------!--------------+--------~- ---------------------: 
! Equipment Ma llfun ction ! 10% ! 2 ! ] ! 
_ f _____ Sw itch Targets ___________________________________________ _j_ ____ 5% ___ __! _____ 1 _ ! ______________________ _! _ 



 

 33 

 
The frequency data from Table 4 was the basis for the contributing factors we examined in 
understanding how RTS events unfold.  Figure 17 shows the major contributing factors we 
focused on.  Sections 6.1 and 6.2, below, discuss these factors in detail. In each case, we provide 
recommendations for mitigations that can be implemented to reduce RTS events. These 
recommendations are summarized in Appendix C.   

-~---------------------------------------------------------------------------------------.---------~-----------------------.-
! Job Aids i 5% i 1 i i 
l_Physical. Environment .................................... .L 9% ...... ..j ... 19 l• ················..j 
: Light ing : 26% : 5 : I : 

l !~;i.~:,:,:::. I 1l~JW i 
! Yard Layout ! 5% ! 1 ! ! ·-----------------------------------------------------------------------~---------------~--------·-----------------------, ! Gapped Switch i 5% ! 1 ! ! 
l Task ............................................................... [.s% ...... ..j ... 1s l• ················..j 
: Drilling : 28% : 5 : I : 

[·:::: ::~:~~~gmoves ::::::::::::::::::::::::::::::::::::::::::1:::: :: l-::::: :]}:::::::::::::::::: 1 
: Pre-job checks : 6% : 1 : : 
l------------------------------------------------------------------------~--------------1--------+----------------------1 
: Communicat ion Requ irements ! 6% : 1 : : 
~-----------------------------------------------------------------------·--------------+--------~-----------------------c 
! Sit uat ional Awareness ! 6% ! 1 ! ! ·-----------------------------------------------------------------------~---------------~--------·-----------------------, i Catching a RTS i 6% i 1 i i ,-----------------------------------------------------------------------+--------------,--------1-----------------------, 
: Passenger Train ! 6% : 1 : : 

Regulatory Activities ! 1% : 1 : 
Data Collection Requirements and Analysis 1 100% [ 1 ! 
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Figure 17. Contributing factors to RTS events 

 Individual and Team Factors 
In this section, this study examines factors associated with individuals and teams that contribute 
to RTS events. In examining the contributors to run through switches there are two questions that 
need to be considered: 

1) Why was the switch not correctly lined for the move? 
2) Why did the person on the head end not recognize that the switch was in the wrong 

position and stop the train before going through the misaligned switch? 
Qualitative analysis indicated that many of the same factors apply in both cases.  
Researchers began by presenting a simplified model of the cognitive performance of an 
individual and discuss how factors drawn from this model combine with other organizational 
factors associated with railroad operations to create conditions for RTS events to occur. This is 
followed by a discussion of team factors that contribute to RTS. This includes factors associated 
with intra-crew communication and coordination (i.e., communication and coordination between 
individuals as part of a single yard crew) as well as inter-crew communication and coordination 
(i.e., communication and coordination between individuals that are part of different crews 
working in the same yard). In each case, this study recommends possible mitigations to reduce 
RTS.   

6.1.1 Cognitive Factors Influencing Individual Performance 
Figure 18 presents a simplified model of human cognitive processes adapted from a classic 
human engineering textbook (Wickens, Hollands, Banbury & Parasuraman, 2013). The model 
illustrates how information from the environment is processed to come up with assessments, 
make decisions, and take actions. A recent technical report on stop signal overruns provides a 
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more detailed description of this model and of how cognitive factors influence performance in 
the context of railroad operations (Multer, Safar and Roth, 2019).  This Volpe study provides a 
more abbreviated description of the model tailored to cognitive performance contributors to 
RTS.  
While the elements of the model are iterative and mutually interacting, in the simplest case one 
can start with cues in the environment (e.g., an upcoming switch seen from the head end of a 
train). Perception entails detecting and recognizing information in the environment; for example, 
detecting how the switch is lined. Perception is influenced by physical characteristics in the 
environment such as lighting, track curvature, and obstructions. 
Long-term memory contains facts, memories of past events, and skills and strategies for 
performing tasks. In railroad operations, this includes knowledge based on training, such as how 
to read switch points, yard layout, and operating rules. It also includes knowledge gained from 
experience, such as previous drill moves made that allows for planning and executing moves 
more efficiently, and the voice and communication style of coworkers that allows one to 
recognize and understand them more quickly over the radio. 
Information in long-term memory is subject to memory loss. Facts and events are gradually 
forgotten if they are not constantly re-experienced. The greatest amount of forgetting occurs just 
after learning and declines gradually over time (Hoffman et al., 2014). 
Knowledge from long term memory is used to generate expectations that can guide perception 
and action. People’s expectations guide where they look, how quickly they perceive information, 
how they interpret the information, and what errors they make. For example, if crewmembers 
know a switch is coming up around a curve, they can start to slow down and look to where they 
expect the switch to be.  Expectations can also lead to delays and errors. For example, if 
someone is expecting a switch to be lined for them because it has generally been correctly lined 
in the past, and this time it turns out to be lined against them, it will likely to take longer to 
recognize that the switch is misaligned and stop the train, possibly resulting in a RTS. 
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Note: Adapted from Wickens, Hollands, Banbury & Parasuraman (2013). 

Figure 18. A simplified model of human cognitive processes 

In addition to long-term memory, there is also working memory—information temporarily stored 
about a current situation, goals, and actions that need to be taken. For example, a conductor may 
have in working memory what the next equipment move must be, what switches are lined, and 
what switches still must be lined to accomplish the next move.  
Human working memory is subject to memory lapses, where information held in short-term 
working memory is forgotten. Memory lapses are particularly likely under high workload 
conditions where other events intervene to “knock out” the information from working memory. 
One type of “memory lapse” is called a post-completion error, which occurs in tasks that include 
a final “clean up” step that must be taken after completing the main goal. A classic example is 
forgetting to remove the original document from a photocopier after making copies. Because the 
“clean up” step (e.g., removing the original from the copier) is peripheral to the main goal (e.g., 
getting the copies), it is vulnerable to be omitted (Reason, 2002; Byrne & Bovair, 1997). Post-
completion errors can be contributors to RTS (McDonald & Durso, 2015).  For example, an 
individual may change the position of a switch to complete some specific work (the main goal) 
and forget to return a switch to its prior position after making a move. Post-completion errors are 
especially likely to happen in situations that are mentally demanding and/or involve unexpected 
interruptions (Reason, 2002, Simon, Li, Cox, Blandford, Cairns, Young & Abeles, 2006). 
A related point is that cognitive processing requires attention. Attention is a limited resource that 
can be diverted from a primary task, either as a result of external distractions or as a result of 
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mind-wandering. For example, if a crew member is listening to relevant information over the 
radio, looking out the window at equipment, or thinking about the next move it may delay them 
in seeing and reading a switch coming up.  
Note that distraction and mind-wandering are natural consequences of how the attentional system 
works. Attention is automatically directed to salient cues in the environment and mind-
wandering is a common phenomenon that will naturally occur in low external stimulation 
conditions. These are automatic processes that are difficult to control through willpower alone. 
Consequently, attempts to reduce RTS events by reprimanding train crews to avoid distraction 
and pay closer attention are not likely to have a substantial impact on RTS.  
To summarize, the model described in Figure 18 reflects some fundamental characteristics of 
human cognition that can contribute to RTS.  Most particularly: 

• Perception is influenced by characteristics of the physical environment. 

• Information in long term memory is subject to forgetting over time. 

• Perception and understanding are driven by expectations resulting in potential error if 
expectations are violated. 

• Information in working memory is subject to short-term memory lapses, particularly in 
situations that are mentally demanding and/or involve interruptions or distractions. 

In the following sections, this study discusses the impact of these cognitive factors on RTS. In 
each case, researchers recommend mitigations to reduce the impact of cognitive factors on RTS. 

6.1.2 Perceptual Factors 
To avoid a RTS the person on the ground (either a conductor or brakeman) must determine if a 
switch is correctly aligned, and if it is not aligned, he or she must throw the switch to line it up 
for the desired move. This involves identifying the correct switch and accurately reading the 
switch points. If switch targets are present, the individual may also look at the position of the 
switch targets to determine switch position. 
Analysis indicated that under some circumstances these perceptual tasks could be challenging, 
leading to error. For example, a conductor might incorrectly identify which switch must be 
thrown for the desired move and thus throw the wrong switch (e.g., because the location of the 
switches and switch handles make them confusable). Alternatively, the individual might identify 
the right switch but misread the switch points. If there are switch targets, they might rely on the 
switch targets to determine switch position. This might lead to an error if the switch targets have 
become misaligned and are thus providing erroneous information. 
If the switch is not correctly aligned, the person on the head end of the train (typically a 
locomotive engineer or conductor) can prevent the RTS by detecting the misaligned switch and 
stopping the train before going through the switch. This requires the person on the head end to 
identify the correct switch and accurately read the switch points. If there are switch targets, the 
person may also look at the position of the switch targets to determine switch lineup. Analysis 
indicated that these perceptual tasks could be challenging, leading to delays or errors in detection 
a misaligned switch. 
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6.1.2.1 Contributors to RTS 
Qualitative analysis identified a number of factors that made it challenging to identify the correct 
switch and its position. Factors included: 

• Track design: In many cases, the track location and configuration of switches made them 
difficult to detect, confusable, and/or challenging to read. Examples included switches 
around curves where crewmembers needed to get very close to the switch before they 
could easily read it. This could make it difficult to stop in time if the switch was 
misaligned. There were also “back to back” switches that made it difficult to tell which 
switch needed to be thrown for a given move. Researchers were told of a case where 
there had been two switches close together with handles on the same side. As a result, an 
employee would throw the wrong switch. In response, yard managers modified the 
switches so the handles were on different sides. Employees described locations with 
complex switch layouts resulting in trailing points and facing points close together, 
making it confusing to identify which points related to a particular move. Employees also 
described closely located switches where individuals inadvertently looked past the first 
switch to another one nearby that resulted in reading the wrong switch. In another case, 
the switch handle controlled a switch some distance away, making it difficult to tell 
which switch it controlled. 

• Track maintenance: Track maintenance contributed to perceptual challenges. Switch 
targets were often misaligned, resulting in misleading indications. Because switch targets 
were so unreliable, the railroad ordered train crews not to rely on switch targets to 
determine switch position. 

• Weather and lighting conditions: Environmental conditions reduced the ability to see 
and read switch positions. This included weather conditions, such as rain and snow that 
impaired visibility, as well as poor lighting conditions. At the yards visited, new lighting 
was put in to make it easier to see switches and switch positions at night; however, 
researchers were told of cases in the past where poor lighting contributed to RTS. 

• Physical design of equipment: Visibility depended on the physical design of the train 
equipment from which the train crew was looking out of. For example, researchers were 
told that with some locomotives with long hood forward it was not possible to read the 
switch position from the locomotive. The person on the head end had to either stop and 
get off to read the points or rely on information provided by someone else (e.g., a 
conductor on the ground). Switches can look very different from the equipment (e.g., the 
head end) than when one is on the ground. Switch position can be easier to see and read 
when positioned on equipment because the person is higher off the ground. The larger 
visual angle between the switch and the viewer’s position makes switch position easier to 
discern. At ground level, the visual angle is smaller making reading the switch points 
more difficult. 

Researchers examined the perceptual factors that make it a challenge for a crew to detect that 
they have run through a switch. In most cases, crews recognize immediately that they have run 
through a switch. Researchers were told that in approximately 75 percent of the cases, crews 
immediately stopped the train and reported that they ran through a switch. Often the person on 
the head end identifies that they are about to run through a switch ahead of time but are not able 
to stop the train in time to avoid the RTS. In addition, when a RTS occurs it produces a loud 
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metallic sound that can be heard under relatively quiet conditions and/or when the window is 
open.  However, the sound can be masked by the train engine or radio chatter. If someone does 
not hear or feel the vibration, the train crew might continue through and not realize that they 
experienced a RTS.  
Similarly, it can be perceptually challenging to detect that the upcoming switch is gapped 
because it has been previously run through. In many case the points may only be slightly off 
making it almost impossible to detect.  

6.1.2.2 Recommended Mitigations 
Many of the perceptual challenges identified involved the layout of switches that made them 
difficult to detect and read. Understanding that redesigning switch layout may not be practical, 
there are a number of suggestions for preventing or mitigating the consequences of run-through 
switches. 

• Consider installing indicators that provide clearer and more salient indication of 
switch positions. For example, the railroad visited explored the use of colored reflective 
materials that signal whether the track is lined for a particular direction. For the device 
shown in Figure 19, green means the switch is lined for the operator and red means it is 
lined against. If the device displays both green and red (not shown in the figure), the 
switch is misaligned. 

 

 

Figure 19. Colored reflective materials make it easier to identify switch position 
 

• Consider use of switches designed to accommodate trailing-point operation from 
unaligned track without breaking. Examples include spring switches, which “spring” 
back to the original position after the rolling stock wheels have passed through. There are 
also other types of switches where the wheels from rolling stock operating from the 
unaligned track align the switch points which then remain in that position.  

• Revisit the process for reporting and repairing misaligned switch targets or remove 
them. This includes examining why misaligned switch targets are not fixed in a timely 
manner and fixing the process so that switch target positions can be relied on to indicate 
actual switch position. Alternatively, remove the switch targets so employees cannot 
erroneously rely on them. Keeping unreliable switch targets in place and requiring yard 
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workers to ignore them by policy is an ineffective strategy, particularly when the visual 
salience of the targets makes them hard to ignore. 

6.1.3 Knowledge & Experience 
Knowledge and experience play important roles in reducing the possibility of RTS. Researchers 
were not able to obtain from the railroad studied quantitative data on the relationship between 
experience level and RTS. However, the qualitative data collected, as well as quantitative data 
collected in other contexts, strongly suggested that training and experience affect the likelihood 
of RTS. For example, Durso et al. (2015) examined RTS at a freight railroad and reported that 
individuals with less than 2 years of experience were more likely to have a RTS than individuals 
with more experience. Further, Multer et al. (2015) reported evidence that level of experience 
affected other types of railroad performance problems, such as passing stop signals in passenger 
railroads. 
Note that in considering the impact of knowledge and experience on performance, what is most 
relevant is the level of experience working in the particular job assignment(s) that afford the 
opportunity to gain the specific knowledge and skills needed to work effectively in that specific 
job. Thus, the kind of data normally collected by railroads, such as the amount of time working 
in the railroad industry, working for the particular railroad, or even working in a particular craft 
(e.g., conductor or locomotive engineer), is not likely to be as informative in understanding the 
impact of experience on RTS as the amount of time working in yards or even working in a 
particular yard.   
Relevant knowledge and skills for yard work include: 

• The ability to rapidly locate the correct switch and accurately read switch points both 
from the ground and from the train 

• Knowledge of the yard layout and the location of the most problematic switches (e.g., 
switches at bottlenecks likely to be thrown against the operator; switches that are 
confusable; switches around curves; switches where the switch handle and points are 
unusually far apart)  

• The ability to estimate distances in car lengths; for example, when communicating 
distances to the next switch during shoving moves 

• Knowledge and skill in efficiently planning and executing yard moves 

• Knowledge of how to efficiently and accurately communicate and coordinate within a 
crew (intra-crew), across crews (inter-crew) and with other railroad employees (e.g., yard 
master) 

These types of knowledge and skills are gained through training and on-the-job experiences.  
As discussed in Section 6.1.1, knowledge and skills that are learned through training and 
experience are gradually forgotten if they are not constantly practiced. This fact becomes 
particularly relevant in the case of individuals called from the extra lists to replace a regular yard 
employee who may be out for the day. If the individuals from the extra list have primarily 
worked passenger train assignments, and have not worked in that yard in an extended period of 
time, they may not have the needed knowledge and skill to perform yard duties even if they are 
technically qualified to work in that yard.  
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Interviews with yard workers and yardmasters indicated that regular crews have developed yard- 
and crew-specific knowledge that gives them an advantage over individuals brought in from 
extra lists. This includes: 

• Greater familiarity with the yard layout, where different work is conducted, and where 
the bottlenecks and trouble spots are likely. 

• Greater familiarity with the yard moves, since they are often similar from shift to shift. 

• Greater familiarity with the voices of regular crew members, so that they are less prone to 
confuse who is speaking and to whom over the radio. 

• Greater familiarity with the communication style of regular crew members, reducing the 
possibility of communication errors. 

Below are some of the contributors to RTS related to lack of knowledge and experience, 
followed by a listing of recommended mitigations. The contributors to RTS and recommended 
mitigations are further discussed in the sections on selection and training and crew scheduling 
processes. 

6.1.3.1 Contributors to RTS 
Interviews and focus groups suggested a number of cases where lack of knowledge or experience 
contributed to RTS.  Specific instances that were mentioned included: 

• Difficulty in rapidly reading switch positions: Researchers were told that some 
individuals were not able to rapidly determine whether a switch was lined against them. 

• Difficulty in estimating distances in car lengths: Researchers were told that some crew 
members may not be good at estimating distances (e.g., they may say that a switch is 10 
car lengths away but actually it is 8). One individual in a focus group said: 

“Some people maybe they don’t count cars as well as they might… If they don’t 
estimate car lengths well, they may shove too short or too long. I could say we are 
good for 12 cars… and I may not be able to count that distance… in reality, we’re 
only good for 8.  A lot has to do with experience.” 

• Lack of knowledge of location of switches in the yard: As one individual in a focus 
group said:  

“I think if more people spent more time out there, knowing the yard like the back of their 
hand, it would help to prevent RTS.” 

• Lack of skill in communicating and coordinating within a crew and with others: The 
role of communication and coordination in RTS is discussed more fully in section 6.1.6.   

• Lack of skill in maintaining awareness of “the big picture” relative to what and where 
other yard work is being done—particularly as it relates to potential interaction with 
one’s own work. As one individual in a focus group mentioned, inexperienced 
individuals are less likely than more experienced crews to try and understand who else is 
working in the yard, where they are, and what they are doing. He indicated that: 
“Now [that I am more experienced] I would be more on the radio finding out 
what crews are doing.”   
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This is discussed more fully in section 6.1.6. 

• Lack of ability to plan or implement efficient yard moves: Researchers were told that 
planning moves for drill sheets can be particularly challenging if more than one team 
member is inexperienced or from the extra list. This can lead to inefficiency or error. 
Knowledge and skills associated with planning and implementing yard moves is 
discussed more fully in section 6.1.7.  

6.1.3.2 Recommended Mitigations 
Recommendations relating to knowledge and experience largely involved improving training and 
improving job assignments to ensure individuals assigned to particular work have the necessary 
knowledge and skills to do the job well. High-level recommendations are below and are 
discussed in more detail in Sections 6.2.1 and 6.2.2. 
Recommended mitigations: 

• More extensive initial training: Training should focus on developing the specific 
knowledge and skills required to perform yard work, including rapidly reading switch 
position, effective communication and coordination during yard moves, and efficient 
planning and execution of yard moves. Recommendations for training in more detail are 
in Section 6.2.1, below. 

• Refresher training for individuals who have not worked in that yard in a long period of 
time: Topics include review of the location of bottlenecks and problematic switches.  

• Avoiding assigning individuals off of extra list who have primarily worked on 
passenger train service: Recommendations for crew assignment and scheduling in more 
detail are in Section 6.2.2, below.  

6.1.4 Expectations: Crew Lineup Does Not Match Crew Expectations 
As previously discussed, a fundamental aspect of cognition is that people develop and operate on 
expectations. In most cases the expectations are justified and enable people to detect and respond 
to information quickly. However, when expectations turn out to be incorrect, people will be 
slower in recognizing the violated expectation and more likely to make an error. One of the 
qualitative findings from this study is that in many RTS cases, the individual had expected the 
switch would be lined for their move but it was not. In some of the cases, because the crew 
expected the switch to be lined correctly they failed to double-check the lineup (e.g., by having 
the conductor walk the line prior to sending the train through). Similarly, if the person on the 
head end expected the switch to be correctly lined, they were more likely to miss or be delayed 
in detecting that the switch was misaligned.  This was particularly true when operating a 
locomotive with long hood forward where the person was physically unable to read the switch 
points from their location in the locomotive.  

6.1.4.1 Contributors to RTS 
Next are the types of situations that led to erroneous expectations regarding switch position: 

• A crew member lines the wrong switch or lines it incorrectly, resulting in the person on 
the head end believing the switch was lined for them when it is not. Researchers were 
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given a case where a conductor inadvertently looked past the switch they were supposed 
to line and thus threw the wrong switch.  

• Miscommunication between members within a crew (intra-crew miscommunication): 
Researchers were told of one case where the locomotive engineer misunderstood the 
planned route and so did not go far enough forward (relative to the conductor’s intent). 
As a consequence, the train went through a different switch from the one the conductor 
had intended and lined. This other switch was not lined for them, resulting in a RTS. In 
another case, the locomotive engineer went through a switch before the conductor had a 
chance to throw it for the lineup. 

• The crew lines up the route, but then some other individual outside the crew changes 
the switch position as part of their own move, without the first crew being aware of it 
(inter-crew miscommunication). There were many examples where a crewmember 
expected the switch would be lined for them because they had thrown the switch earlier, 
but unbeknownst to them someone else changed the switch position. One individual in a 
focus group indicated: 
“That’s one of the things that cause run through switches. We’re normally 
making a move, right, and we’re normally saying that this switch should be in this 
direction, so it should be with us. Then now you got a crew coming in that wants 
to go by that switch, you know? And they go by the switch and they leave it open. 
They don’t turn it back to you.”   
Another individual described a RTS involving a similar case of violated expectations 
because unbeknownst to them another crewmember changed the switch position.  
“It was just me and the conductor. We were a relatively new crew. We were 
bringing in trains through the wash. There were a lot of crews out. It was a seven- 
car set. We brought it in through the wash. There are three switches you have to 
watch out for.  As far as I knew there were no other trains before me, and one 
after me.  The conductor was in the back because he was supposed to push me 
back. The first two switches were good. The third switch is right by a signal. It 
was a trailing switch and it was against me. I didn’t know but there was a crew 
drilling there while we were in the wash. They must have done their work and left, 
and I was focused on my first two switches. I had a clear signal and went. I 
missed the third switch because I was looking at signal. [Note that the misaligned 
switch was prior to signal. The signal wasn’t protecting that switch]. I was not 
aware of the other yard work going on. We had a lot of work that AM so rushing 
was maybe an issue.” 

6.1.4.2 Recommended Mitigations 
During interviews and focus groups with train crews, yardmasters, and train masters related 
strategies that experienced crews used to avoid operating on incorrect expectations. These 
included: 

• Assume that a switch is lined against them and stop the train before getting to it. This 
was typically done for switches known to be a problem or were located at bottlenecks 
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where many crews were likely to come through, increasing the chance the switch would 
be lined against them. 

• The conductor walks the planned route to make sure it is correctly aligned. In many 
cases this is required by operating rules, but researchers were told that not all crews 
consistently did that. 

• The conductor checks the points after he/she throws a switch to verify that they throw 
the proper switch and throw it correctly. This is something that is required by operating 
rules, but researchers were told that not all crews consistently did that—particularly if the 
location of the switch points relative to the location of the switch handle makes it difficult 
to accurately read the switch points from where the switch handle is located. 

• Keep track of other crews working in the area and communicate with them when 
throwing a switch that may be part of their lineup. 

These strategies should be taught during initial training and reinforced during on-the-job training 
(OJT). 

6.1.5 Memory Lapses 
As discussed in Section 6.1.1, individuals are subject to memory lapses, particularly under high 
workload conditions and/or in situations where there are distractions or interruptions. In those 
situations, intervening events can contribute to forgetting to complete intended actions. Several 
types of situations where memory lapses can contribute to RTS are identified below: 

6.1.5.1 Contributors to RTS 

• Forgetting to return a switch to its previous position after changing it or failing to 
communicate that the switch position has been changed, causing another crew to run 
through the switch: A memory lapse contributing to a RTS can occur when a 
crewmember throws a switch and then forgets to throw the switch back or to 
communicate to the yardmaster or other crews working in the same area that the switch 
position has been changed. This is an example of a post-completion error, where a final 
step that is not on the critical path to achieving a goal is omitted due to a memory lapse 
(McDonald & Durso, 2015). As discussed in Section 6.1.4, leaving a switch in an 
unexpected position and failing to let others know can create conditions for a RTS by 
violating the expectations of other crews.  

• Forgetting that a switch was thrown as part of an intervening move, resulting in the 
same crew running through the switch: Interactions between multiple moves performed 
by a single crew can also lead to a RTS due to memory lapses. In several instances, 
conductors threw switches against themselves as part of multiple planned moves and 
forgot or failed to recognize that the route they originally lined was no longer correctly 
lined, as a result of an intervening move. One conductor in a focus group told 
researchers:  

“We threw the switch against ourselves because we were doing a different 
move. I didn’t put the two moves together. I forgot that we threw the switch for 
the other move.”   
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McDonald & Durso (2015) reported a similar case of a mental lapse leading to a RTS in a 
freight environment. They wrote, “A conductor told of an instance in which he aligned a 
switch against himself to aid a conductor on a neighboring track, forgot he had realigned 
the switch, and then ran through the switch that he personally had altered 30 minutes 
earlier.” 

6.1.5.2 Recommended Mitigations 

• Encourage job briefings that cover planned moves and how they may interact. This is 
especially important when there are multiple, potentially interacting moves, unusual 
conditions, or changes in the plan. 

• Provide job aids. Job aids should include graphic visualizations of planned moves 
through the yard that highlight switches that will need to be thrown and interactions 
across multiple moves. A more detailed discussion on job aids is in the Task Demands 
section, below.  

• Reinforce policies and procedures that require the conductor or rear brakeman to walk 
the route. Walking the route can help the crewmember to identify misaligned switches. 

• Create or enhance team training. In particular, create or enhance training on maintaining 
awareness of other teams working in the same area and inter-team communication and 
coordination. 

6.1.6 Teamwork and Communication 
As previously discussed, yard work requires effective teamwork. This includes intra-crew team 
processes that facilitate the work of a single crew as well as inter-crew team processes that 
support coordination of work across multiple crews working in the same area. 
Planning and executing yard moves depends on the ability of yard crews to plan, communicate, 
and coordinate work as a team (intra-crew teamwork). Researchers were repeatedly told of the 
importance of working with crewmembers familiar with one another, who were experienced, and 
who could be relied on.  At the same time, the team was told that effective crews did not rigidly 
limit themselves to formal job roles. They worked cooperatively and readily stepped in to help 
each other. For example, while the conductor is normally responsible for planning the moves, if 
the conductor was less experienced, then the rear brakeman and/or the locomotive engineer may 
take on a bigger role in the planning process. As one interviewee put it:  

“Who is in charge … it should be the conductor… but it depends on who has the 
most experience… we would have a drill sheet and between the three of us we 
would have 80 or 90 % the same way but maybe one has a better way and then all 
agree [to do it that way].” 

Good inter-crew teamwork is also important. Experienced crews actively work to maintain 
awareness of other crews working in the same general area. As one conductor put it: 

“At 10 pm at night you can have 6 or more crews, all on the radio, all talking and 
drilling and you have to know where everyone is, who was just there, and what 
did they do.” 
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When asked how they keep track of other crews they mentioned monitoring radio 
communications. Good crews also contact other crews working in the same area to ask 
permission to throw a switch, and find out whether the other crew would like them to return the 
switch to its previous position after completing their work. 
Good crews also take on tasks intended to facilitate the work of other crews and generally 
increase overall work efficiency. These are referred to as “professional courtesies.” During one 
visit to the yard, a conductor coordinated three crews to expedite moves and get his move 
completed more quickly. He stood at the switch and threw it for the other crews. Researchers 
were given a second example during a focus group: 

“I stood at a switch.  There was a crew who had a crossover. Those switches were 
locked out. I told them I’ll take care of it for them since I was there any way.  So, I 
unlocked the switch and lined them out. It was lucky for them since they had long 
hood forward facing east and they couldn’t get down off their long hood 
forward.... It helps make my move quicker too when I do that, they clear out 
quicker for me.” 

As with other cognitive skills, maintaining awareness of others working in the area and 
communicating effectively with them is a skill that comes with experience. Researchers were 
told that experienced crews are more likely to know what other crews in the area are doing and 
what they needed. They communicate with other crews better. As one interviewee put it: 

 “A well-oiled crew would know that there are three other crews working there. 
We were brand new, both me and my conductor were new.  If we were more 
experienced we would know about what the other crews were doing. We knew 
what we were doing.” 

Regular crews whose members regularly work together as a team communicate and coordinate 
more effectively than crews that include individuals from the extra list. Regular crews were able 
to communicate more efficiently because they were more likely to recognize each other’s voices 
over the radio and were familiar with each other’s capabilities and communication styles. 
Consequently, they got on and off the radio more quickly and were less prone to misidentify the 
crew. Teams that included individuals from the extra list may not work together as well. They 
don’t recognize each other’s voices on the radio. The individuals from the extra list were not as 
familiar with yard, the yard moves, and drilling. This can slow down the work, require more 
explicit communication over the radio, and create potential for communication errors. 

6.1.6.1 Contributors to RTS 

• Congested radio channel: At this yard, all crews communicated on a single radio 
channel.  There can be six or more crews on the radio at the same time, all trying to 
coordinate work with their own crew members. These conditions created the following 
consequences: First, radio time becomes a precious resource. Crew members know that 
they must get on and off the radio as quickly as possible. Second, crews often step on 
each other’s communication, creating the potential for communications errors and 
misunderstandings. The crew call signs can be confusing, and they don’t have a 
specialized vocabulary to facilitate clear communications. Consequently, 
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communications often rely on voice recognition and employees indicated that they can 
confuse communications intended for another crewmember as directed at them. 

• Errors in intra-team communication: Section 6.1.4 provides several examples of how 
crewmembers misunderstand each other due to failures in communication. In one case, 
the locomotive engineer misunderstood which switch they were supposed to go through; 
in a second, the locomotive engineer ran a switch because he erroneously thought the 
conductor had already lined it for him. Research conducted into switching operation 
fatalities reported similar findings, concluding that inadequate or incomplete 
communication among crewmembers contributed to employee fatalities (SOFA Working 
Group, 1999). 

• Errors in inter-team communication: In multiple instances, one employee threw a 
switch against another without informing them or throwing the switch back after 
completing their work. This problem is exacerbated by the fact that crews are not always 
aware of what other crews are working in the same area.  One example involved two 
passenger trains. The conductor of the first train scheduled to go out of the yard that 
morning lined the switches to leave the yard. Unbeknownst to him the conductor for the 
train that was scheduled to go out of the yard next lined his move and in the process 
threw the switches against the first conductor. Neither conductor contacted the other nor 
was aware of the other’s actions.  

• Lack of formal requirement for inter-crew communication: Researchers were told that 
at this railroad there was no formal requirement for informing another crewmember that a 
switch had been thrown against them. One interviewee said:  

“It is a courtesy to inform the other crew or ask them if they need the switch 
lined back, but there is no protocol that you have to do it.”  

This is partly because it is not always possible for a crewmember to know who else is 
working in the same area. The yardmaster has formal responsibility to manage 
coordination across crews but as is discussed in the next section, lack of effective job aids 
and high workloads can make this a challenge.  

6.1.6.2 Recommended Mitigations 

• Provide focused training and practice on effective teamwork practices, including 
communication during yard moves. This includes training on efficient and unambiguous 
radio communication during intra-crew coordination of work; training on developing and 
maintaining situation awareness of other crews working in the same area and what they 
are doing; and training on inter-crew communication. 

• Provide more training on conducting effective job briefs. Job briefs should enable 
everyone on the crew to have a shared understanding of the sequence of yard moves that 
will be performed, who else will be working in the area, what they will be doing, and 
potential for interaction. This training should include understanding when a new job 
briefing is needed. In addition, it is important to provide training on conducting “mini” 
job briefs during work execution to get everyone back on the same page. This is 
particularly important when there are unexpected events, there are changes in the plan, or 
there is any evidence of confusion. As one focus group participant put it:  
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“If there is any confusion it stops.  If I can’t hear you on the radio, it stops.”  

•  Assign the more challenging yard jobs to regular crews. As one focus group participant 
pointed out:  
“When new crews are stitched together, even with a job brief, even if they have 
experience, switches can get run through because the team doesn’t mesh. They 
may not operate well together. Each person has a slightly different method of 
operation. Maybe neither person is wrong, even when two people have different 
ways of doing or counting.” 

• Conduct more extensive job briefs in cases where the crew includes individuals who 
are not part of the regular crew, are less familiar with the yard, and/or are less familiar 
with planning and executing yard moves. The expanded job brief should include 
walking the route and pointing out challenging switches prior to beginning the work as 
well as writing out and carefully reviewing the drill plan. 

• Conduct crew resource management (CRM) training. CRM training emphasizes the 
need for all crewmembers to work cooperatively, speak up, and provide mutual support, 
irrespective of their formal job roles. CRM has been used effectively in the aviation 
industry and was recommended by the SOFA Working Group (1999) as a training tool 
for yard employees to reduce fatalities. FRA offers guidance on the development of CRM 
programs for railroads (Morgan et al. 2007). 

6.1.7 Task Demands 
The work of yard crews and yardmasters is mentally challenging. In the case of yard crews the 
work can also be physically challenging. 
Yard crews plan and execute yard moves. At the start of a shift the crew receives a drill sheet 
indicating the equipment to move (e.g., into or out of a maintenance shop). They also receive a 
yard check document that indicates where in the yard equipment is currently located. At the 
maintenance yard visited, the yard check and drill sheets were static printouts. The conductor 
uses the information from the drill sheet and yard check to create a plan detailing the order in 
which the crew will move the equipment and the routes for each movement (i.e., the sequence of 
moves and routes to be taken). Depending on the crew’s preferences, this task might be 
conducted in a collaborative fashion with all team members contributing ideas, or it can be done 
by the conductor, alone, who then briefs the rest of the team on the movement plan for 
accomplishing the drill sheet tasks. This activity can take 30 minutes or more depending on job 
complexity and crew experience. 
The ability to efficiently plan and execute drill moves occurs through some combination of trial-
and-error and mentoring by experienced conductors. One conductor said that he has been doing 
this job for over 4 years. He said it took him four months before he felt comfortable generating a 
drill plan. For the first 6 months, he needed to write out drill plans, after which he was able to do 
it entirely “in his head.” Planning moves for a drill sheet can be particularly challenging if both 
conductor and rear brakeman are inexperienced. 
As the yard crew starts to execute the drill plan they will call the yardmaster to let them know 
what equipment has been moved and to where so that the yardmaster can update the yard check 
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form. At this yard, communication between the yardmaster and yard crews was typically 
conducted either via phone or radio. 
It is not uncommon for the mechanical shop to update drill sheets after the yard crew has started 
to execute the movement plan. In that case, the yardmaster will call the crew with updates to the 
drill sheet and/or the yard check. 
Yardmasters manage activities in the yard. This includes monitoring and directing the activities 
of yard crews conducting equipment moves, road crews bringing trains in and out of the yard, 
and others working in the yard. The yardmaster is responsible for maintaining awareness of 
where the different crews are and giving permission to crews to enter each other’s territory or 
directing crews to seek permission directly from the crews whose territory they are entering. 

At any given time, yardmasters can be communicating with yard crews, passenger crews, 
dispatchers, the mechanical shop, and/or the engineering department by phone and radio. They 
are also manually updating the yard check, a tabular form displayed on a computer screen, to 
keep track of the location of equipment in the yard. This can create high workloads during high-
tempo periods, such as at night when many yard crews may be working at the same time. 

6.1.7.1 Contributors to RTS 

• The physical demands of walking the route can sometimes contribute to a decision that 
walking the route is unnecessary. As one conductor explained:  

“We walk the route. Sometimes it’s a long distance. Its good exercise. But you 
got to do it. Conductors are the ones that do that -- the ones that care, that don’t 
want to get into trouble.”   

Sometimes locomotive engineers were reluctant to require the conductor to walk the 
route if it was a long distance and they felt confident that the route was already lined for 
them. This opens up the possibility of missing an incorrectly lined switch (e.g., if 
unbeknownst to them another crew had come through and thrown the switch against 
them).   

• Planning and executing moves in the yard takes significant mental resources. 
Developing, communicating, and revising an effective drill plan can be cognitively 
challenging. As discussed earlier, the plan can be faulty or there can be 
miscommunication of the plan leading to potential for RTS.  

• During yard moves, the conductor and/or locomotive engineer may be thinking about 
the upcoming move while working on the current move. This can serve as a source of 
distraction relative to monitoring for misaligned switches. Mind-wandering, particularly 
thinking ahead to the next task, is a common characteristic of cognition (Smallwood & 
Schooler, 2015).  Multer et al. (2015) provide a more detailed discussion of mind-
wandering as it applies to railroad operations.  

• Moves can interact, making it difficult to keep track of the state of switches. As 
discussed earlier, there have been cases of conductors throwing switches against 
themselves as part of a different move and forgetting or failing to recognize that their 
route was no longer correctly lined because of the intervening move. 
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• Changes in the plan and unusual conditions increase vulnerability for error. Dynamic 
changes to yard checks and drill sheets are a common occurrence. These are 
communicated over the radio or by phone and updated manually. This creates 
opportunities for multiple types of errors. First, audio communication is a source of 
interruption. It contributes to workload and adds to radio congestion. It opens up the 
possibility for miscommunication as well as memory lapses (e.g., forgetting to throw a 
switch back as was intended). Further, the new information is likely to require dynamic 
re-planning of the yard moves under less-than-ideal conditions. This opens up the 
opportunity for a planning error. It also increases the possibility of one or more 
crewmembers misunderstanding the new plan. 

• Generating the drill plan and communicating it to the rest of the crew is done without 
external aids. For the most part crewmembers have to generate and dynamically revise 
the drill plan “in their head” and communicate the plan verbally without any visual aids. 
This creates the possibility of suboptimal routes, incorrect routes, failures to recognize 
interactions across moves, and miscommunication of the plan. 

• Yardmasters also operate in a high-workload environment with minimal external aids.  
Yardmasters have to keep track of where everyone is and what they are doing largely “in 
their head” based on audio communication. During high-workload periods, they may be 
trying to keep track of eight or more crews while responding to phone calls and 
monitoring the radio. Under those conditions, they may experience attention overload, 
leading to memory lapses and loss of situation awareness, such as losing track of where a 
crew is working or forgetting to communicate to crews the whereabouts of each other. 
Reinach and Viale (2007) reported similar findings in their study of yardmasters and yard 
safety, noting that yardmasters can become overloaded because the need to monitor 
multiple radio channels may cause loss of focus, and lose track of details concerning 
what is happening in the yard. 

6.1.7.2 Recommended Mitigations 

• The training recommendations provided under teamwork and communication equally 
apply to addressing task demands. Training on how to conduct a good job brief that 
makes sure that everyone has a chance to contribute to and understand the planned yard 
moves is very important. Similarly, it is important to train when and how to conduct 
“mini” job briefs during work execution to get everyone back on the same page after an 
unexpected event, a change in plan, or evidence of confusion. 

• If possible, stagger yard crew shifts and/or reorganize the work to minimize multiple 
crews working in the same area. Doing so will reduce the possibility of crews throwing 
switches against each other. 

• Consider adding a switch tender position at bottleneck switch locations where multiple 
trains are constantly coming through, requiring switches to be repeatedly thrown. A 
switch tender is dedicated to lining switches for all the trains that come through. 

• Consider adding a second yardmaster to distribute the workload during high workload 
periods whose sole responsibility is to manage the yard crews. 

• Provide better job aids for yardmasters and yard crews. Candidate job aids include: 
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o Graphic displays of crew locations and movement within the yard: The location of 
crews could be obtained through GPS and dynamically shown on a display. The 
display could be presented to the yardmaster in the tower to allow him or her to more 
easily keep track of where crews are and the potential for getting in each other’s way. 
A similar display could be presented on a portable device to allow yard crews to 
maintain awareness of where other crews are and what they are doing. The portable 
unit could be worn (e.g., head-mounted, at hip, around chest) so as not to interfere 
with the physical work demands of the conductor’s job. 

o Enable yard crews to view and dynamically update yard checks and drill sheets from 
the field. As in the prior recommendation, yard checks and drill sheets could be 
presented on a portable display device. This would have the benefit of eliminating the 
need to communicate this information by phone or radio, reducing radio congestion, 
avoiding untimely interruptions, eliminating potential for communication error, and 
allowing for more real-time updates to the yard checks and drill sheets. 

o Provide work planning aids to support yard movement planning and communication. 
This could take the form of a graphic display of the yard layout with the location of 
equipment (equivalent to a graphical yard check). It could be used to graphically 
enter, visualize, and communicate the movement plan. It could help crews come up 
with better plans, more effectively communicate the plans, refresh their memory of 
the plan as moves are executed in the yard, revise the plan as changes arise, and 
recognize interactions between moves (e.g., when one move results in switches being 
thrown against the next planned move). These aids would be particularly useful for 
less-experienced crewmembers and/or crews that include individuals from the extra 
list. 

• Develop “web enabled” switch position indicators. In Section 6.1.2, this study described 
electrical switch point indicators that displayed colored lights indicating switch position. One 
can imagine developing technology that leverages electrical switch position indicators so as 
to not only display switch position locally at the switch but also transmit the switch position 
information to displays for the yardmaster and the yard crews. 

 Organizational Factors 
In this section, this study discusses findings related to how railroad organizational processes can 
contribute to train crews running through switches and provide recommendations to mitigate 
these unwanted behaviors. Many of the findings in this section are reinforced by previous 
research on contributing factors to stop signal overruns (Multer et al, 2015). This is because the 
way in which the railroad organizational system functions has far-reaching consequences and 
affects different aspects of railroad operations. Therefore, the findings related to the types of 
organizational issues that contribute to run-through switches align with findings from previous 
research looking at contributors to stop signal overruns and, the researchers believe, can 
generally improve system safety throughout the entire organization as well. Many of these 
concepts were developed in previous work (Multer et al, 2015) and this study discusses their 
manifestations with regard to RTS events below. 
Though this study discusses these organizational issues as individual findings, the research 
suggests that an event is rarely attributable to a single factor but rather that individual factors 
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often combine and interact to increase the probability of a RTS. As a result, many of the 
organizational issues discussed below may have been previously introduced in Section 6.1 
regarding Individual and Team Factors. 

6.2.1 Training 
With an entire generation of the railroad workforce retiring, the railroad industry is experiencing 
a shift in workforce from hiring “generational railroaders,” who are individuals who come from 
railroad families and were therefore familiar with railroad jobs and jargon, to individuals being 
hired off the street, often with little or no railroad experience. Training programs, therefore, are 
in many cases the first encounter new employees have with railroad operations. This study’s 
findings suggest that conductor selection and training had limited focus on skills required for 
yard work. This was because, with the exception of yard conductors who only work in the yard, 
the majority of conductors who work in passenger service focused on ticket collecting and 
interacting with passengers. As a result, employees told the research team the current selection 
process emphasized skills required for passenger service and de-emphasized perceptual and 
cognitive skills required for yard work. Conductors said training focused more on passenger 
conductor work and was not adequate for the types of tasks they were expected to complete 
while working in the yard. While these decisions may have been appropriate based on the fact 
that most conductors will work passenger service, railroads should acknowledge the impact these 
decisions have on yard service and, where possible, provide additional support to the conductors 
who primarily work in yard service. 
Limitations of the current training program as it relates to yard operations and suggestions for 
mitigations are discussed below. 

6.2.1.1 Contributors to RTS 

• Conductor training has limited focus on skills required for yard work. Interviews and 
focus groups revealed that many employees believe the conductor training program 
neglected to teach important yard skills necessary for yard service. Section 6.1.3 contains 
examples of the types of knowledge and experience cited by crew members as lacking. 
Further, many conductors said training was too focused on book knowledge and theory, 
at the expense of practical knowledge, especially regarding yard work. Several 
conductors said they were tested on book knowledge they deemed useless in practice, 
whereas they were not sufficiently tested on more practical, important yard skills such as 
reading switches and estimating distances by the number of car lengths, which is best 
taught through OJT as opposed to classroom learning. 

• Conductor training lacks adequate OJT for yard skills. In addition to limited focus on 
yard skills during training, conductor training also lacked sufficient OJT time. 
Conductors and conductor trainers all agreed that there was room for improvement 
regarding teaching conductors using hands-on methods about important yard work skills, 
in particular reading and lining switches. Employees felt OJT should provide particular 
focus on switches known to be frequently run through. 

• The gap between training and working in the yard results in loss of skills. Because 
most conductors graduate from the training program and immediately begin working in 
passenger service, they were unable to reinforce the yard work knowledge they gained 



 

 53 

from training. By the time they were assigned work in the yard, for example because of 
being called in off the extra list, much of the knowledge and skills they learned in 
training has deteriorated from lack of use. 

6.2.1.2 Recommended Mitigations 
Section 6.1.3 contains examples of the types of knowledge and experience yard crews lack that 
can contribute to RTS events and unsafe behavior in the yard. These skills should be emphasized 
in both classroom and OJT, as well as re-emphasized during refresher training. This study argues 
training can be enhanced by providing more OJT, simulator training, and refresher training. 
Recommendations include: 

• Improve training practicing scenarios encountered in RTS events. All conductors 
agreed that conductor training lacked on-the-job experience to adequately teach crews 
basic yard skills and improve crew confidence in the yard. Simulator training for yard 
tasks will accelerate conductor knowledge of the types of challenges that can occur in 
the yard and provide more realistic training in how to respond effectively. In particular, 
simulated scenarios can give conductors experience rapidly reading switches in real 
time, which is one of the most important skills for a yard conductor, but one which many 
conductors felt was not sufficiently emphasized in training. Simulated scenarios can also 
include realistic physical conditions that make the job hard but are not always possible 
during OJT, such as nighttime/dark conditions, rain, snow, etc. Some conductors also 
suggested the training department should have a small-scale model of the yard to help 
conductors learn the yard layout and develop efficient route plans. One trainer suggested 
he would like the railroad to have a full-size mock-up of a switch, to allow trainees the 
time and space to practice throwing switches without having to be in the field. If 
practical, this could be a way to provide conductor trainees practice physically throwing 
the switch; adequate time in the yard (actual OJT) is also important to provide 
conductors with the hands-on experience for additional yard knowledge and confidence 
in the yard. 

• Focus more on effective communication and teamwork. Section 6.1.6 discusses the 
importance of effective communication and teamwork. These skills can be taught and 
reinforced in training. In particular, CRM training is an established method to educate 
crews to the roles and responsibilities of each team member, including how team 
members communicate with each other (Morgan et al, 2007). This type of training can 
guide crews as to how and when to best communicate with team members in their crew, 
crews working near them, and the yardmaster. 

• Add training requirements for regular yard jobs. Given that most conductor jobs are in 
passenger service, it may not be practical to devote sufficient time to the level of training 
required to produce competent yard employees for all conductors. Railroads should 
consider adding training requirements for conductors who take on regular yard jobs, 
which would entail a demonstrated competency with respect to yard work. Providing this 
additional training to conductors assigned to the yard will accelerate their learning and 
add to their experience. In addition, establishing competency standards for measurable 
tasks will ensure they have knowledge necessary for safe operation in the yard. These 
tasks include: 
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• Rapidly locating and reading a switch under the range of conditions in which they are 
likely to be encountered 

• Accurately estimating car distances 

• Planning and making yard moves 

• Switching (at bottleneck locations or corresponding switches in particular) 
Railroads should consider separating the selection, training, and job assignment processes 
for yard and passenger conductors in the same way that locomotive engineers and 
conductors are treated separately. In that way, rather than adding additional training 
requirements for conductors who work in the yard, each job type would receive just the 
right training for the tasks for which they will be responsible. (This recommendation is 
covered in more depth below, in Crew Assignment and Scheduling.) 

• Provide “just in time” refresher training to employees who have not recently worked in 
the yard. As discussed in detail in Section 6.1.3, knowledge and skills can diminish over 
time when not in use. Conductors and rear brakemen who typically work passenger jobs 
and are called off the extra list for a yard job, for example, may not be practically 
prepared to work in the yard, though they may be officially qualified for yard work. This 
is because in order to keep qualifications, employees must only work in the territory (not 
necessarily in the yard) once per year. Researchers heard from many employees that 
extra list conductors and rear brakemen did not feel confident working in the yard, 
though they were technically qualified. Assigning an experienced yard conductor as a 
mentor to the inexperienced one to provide a “just in time” refresher prior to starting the 
work will help them re-familiarize with the knowledge and skills they were taught in 
training (but hadn’t put to use over time) as well as the location of switches and layout of 
the yard. Candidate topics to cover in the refresher training include: 
o Location of challenging switches in the yard 
o Effective communication methods 
o Refresher on reading switches 
Providing conductors and rear brakemen who are called off the extra list with this type of 
refresher training, if requested, will help them confidently and safely work in the yard. 

6.2.2 Crew Assignment and Scheduling 
One organizational factor that can contribute to the likelihood of RTS events is the crew 
assignment and scheduling process. At the railroad visited the bidding process for job selection, 
which is based on seniority, occurs twice per year (spring and fall). Qualified employees are 
given the opportunity to select which job they want in order of seniority. A result of this system 
is that senior employees get the more desirable assignments, typically jobs that conform to a 
regular work schedule. Regular passenger jobs are desirable, as are yard jobs, according to 
conductors, because of the pay and the regular schedules they provide. Less desirable jobs are 
often more variability in schedule, including the extra list jobs. Extra list jobs require employees 
to be on-call to fill in for other personnel and are therefore highly variable in terms of when the 
employee can be called to work and where the employee will work. Some employees do prefer 
the extra list because of the pay. 
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In addition to the passenger service extra list, the railroad we visited also has a “utility list,” 
meant to act as the extra list for yard operations and flagging operations. The utility list is similar 
to the extra list in that it allows on-call employees to fill in jobs where necessary; however, it 
differs from the extra list because to be eligible for the utility list conductors must have at least 
15 years’ experience at this railroad. The utility list was created so crew callers could distinguish 
employees by experience in the yard and opt to call them first when jobs need to be filled. 
In speaking with crews, including employees on the utility list and passenger service extra list, as 
well as crew callers at the railroad, researchers identified several shortcomings to the crew 
assignment and scheduling process that resulted in inexperienced employees being assigned to 
yard jobs. Some of these issues were due in part to staffing shortages at the railroad. Other issues 
stemmed from the way the two types of extra lists (passenger and utility) were used as well as 
the policies put in place which do not allow employees to turn down certain extra list jobs. 
Recommended mitigations for crew assignment and scheduling issues contributing to RTS 
events are below. 

6.2.2.1 Contributors to RTS 

• Less experienced employees often work the more difficult jobs. At the railroad visited, 
the most senior (experienced) employees often chose first- and second-shift yard jobs, 
which occurred mostly during daylight hours and had less yard activity. More junior 
(and less experienced) employees more often worked the third shift, which included 
more complex work, high workload, and work that was more susceptible to fatigue due 
to the late night/early morning hours. Less experienced employees were less familiar 
with planning and making yard moves, rapidly reading switches, and communicating 
effectively with their crew and may have been more susceptible to running through 
switches. 

• Utility list was too short to cover all extra yard jobs and was not reserved for only yard 
jobs. The utility list was set up so that crew callers could pick from experienced yard 
workers when filling jobs. The utility list was used to fill flag jobs, yard jobs, and, if 
necessary, passenger jobs. Due to staff shortages, the utility list was too short to cover all 
the available yard jobs and was often exhausted before all yard jobs were filled. Flag and 
passenger jobs were frequently assigned before yard jobs. Employees on the utility list 
were sometimes also called in to work in passenger service. As a consequence, 
inexperienced extra list employees were called in to work in the yard. Utility list 
employees often preferred flag jobs, which paid better than yard jobs. The incentive for 
employees to prefer flag jobs over yard jobs reduced the number of skilled yard 
employees available for yard operations. 

• Employees on the passenger extra list were unprepared for working in the yard, 
though they were qualified and were often unable to turn down jobs. Because the 
utility list was often depleted, employees on the passenger extra list were called in to 
work in the yard. One employee said: 

“If you are on the extra list, it doesn’t mean that you are knowledgeable, it just 
means you can fill the job.”  

Individuals called from the passenger extra list may not have worked in the yard for an 
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extended period of time and may not have had the necessary knowledge and skills to 
complete yard tasks. Further, many employees said it could be difficult to decline a job 
on the extra list, unless it did not conform to the hours of service (HOS) law. As a result, 
conductors and rear brakemen who had little confidence in their ability to perform yard 
tasks ended up working in the yard. 

• Extra list crews were not as efficient at communication and coordination as regular 
crews. In Section 6.1.6 this study discusses the benefits of regular crews over extra list 
crews, including familiarity with yard layout and yard moves as well as communication 
style and voices of crew members. When crews were comprised of extra list members, 
even if they have experience in the yard, they were not able to work as well as regular 
crew members. Jobs could take longer to complete, and mistakes were more likely 
because they were not as comfortable working together. One engineer said: 

“When new crews are stitched together, even with a job brief, even if they have 
experience, switches can get run through because the team doesn’t mesh.” 

• Crew scheduling can contribute to fatigue. Multer et al. (2015) discussed the role of 
fatigue to stop signal overruns and the role of crew scheduling on fatigue. Many of the 
same findings apply here as well. Crewmembers noted fatigue as a contributor to past 
RTS events or near-misses they experienced. Fatigue was mentioned as a problem for 
employees working the extra-list or utility list. These jobs included schedules with non-
routine start and stop times and jobs that included both daytime and nighttime shifts and 
are therefore more susceptible to fatigue (Raslear, 2014). Due to the shortage of 
employees at the railroad, extra list employees were called frequently. Despite 
technically meeting HOS regulation requirements, many employees said they could be 
called to work within minutes of meeting HOS, making them barely rested. Fatigue can 
contribute to distraction and/or judgment and decision-making errors (Anderson & 
Horne, 2006; Harrison & Horne, 2000), which can contribute to RTS events. 

6.2.2.2 Recommended Mitigations 
One way to mitigate many of the crew assignment issues discussed above is to make conductor 
yard jobs and passenger jobs distinct—such that each job type has distinct selection criteria for 
hiring, training program, and extra list. In turn, this will result in employees who are specifically 
selected and trained for the work, and will make it easier for crew callers to fill jobs using the 
extra list with only qualified employees. 
Short of making yard and passenger jobs separate jobs, this study recommends the following 
mitigations to ensure employees working in the yard are prepared: 

• Increase the pool of employees such that the utility list is long enough to cover necessary 
yard positions. 

• Reserve utility list employees for yard jobs; do not call utility list conductors for 
passenger jobs. 

• Allow employees who do not feel comfortable in the yard to decline a yard job or 
provide them with refresher training. Alternatively, employees should demonstrate they 
have the skills and knowledge to do the work, as practiced. 
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• When extra list crews work in the yard the yardmaster should assign them less complex 
tasks and understand that these may take longer to complete. 

• Provide monetary incentives for conductors to want to work yard jobs so a pool of 
individuals with experience in yard work can be maintained to fill both regular yard work 
positions as well as extra-lists that are dedicated to yard work. 

• Examine scheduling practices—particularly extra and utility list job assignments—to 
evaluate the impact on fatigue and the role fatigue may play in RTS events. Consider 
allowing extra and utility list employees who do not feel rested to decline a job.  

6.2.3 Yard Design 
An important consideration in understanding why run-through switches may occur has to do with 
the layout and configuration of switches and tracks in the yard. In Section 6.1.2, this study 
discusses factors that make identifying a switch difficult; for example, switches located around 
curves and switches located close together. The design of the yard exacerbates these issues and 
creates situations where crews may need to take sub-optimal routes, e.g., traverse through 
sections of the yard where other crews are working or take longer, less efficient routes that may 
require more switching than might be otherwise necessary as well as more communication 
within and across crews. 
At the railroad visited, researchers were told that there can be up to eight crews working in the 
yard at once. Typically, crews control their own section of the yard and the yardmaster can give 
permission for them to enter other sections. However, the ability for crews to move equipment 
efficiently throughout the yard was hindered by the yard layout as well as use of yard tracks for 
long term storage of cars. As a result, crews might need to operate through sections of the yard 
another crew may already be working in and/or move less efficiently through the yard, causing 
them to take longer routes (e.g., make more moves) and going through more switches than might 
otherwise be necessary. These scenarios create potential for miscommunications and/or 
erroneous expectations about switch position, causing RTS events. Recommended yard design 
mitigations are below. 

6.2.3.1 Contributors to RTS 

• Switches located at bottleneck locations have a higher probability of RTS events. This 
is because these switches are traversed more frequently, and often consist of multiple 
switches located close together which can be difficult to see (discussed in in Section 
6.1.2). Switches at bottlenecks may be operated multiple times by the same crew and/or 
operated over by multiple crews. Poor inter- and intra-team communication may lead to 
erroneous expectations about the position of the switch. For example, a crew working in 
that location may not realize that a second crew came through and did not return the 
switch to its previous position. As a result, the first crew—thinking the switch was in the 
same position they had left it—may run through the switch. 
Another bottleneck was the entrance and exit to the yard. Crews talked about one yard at 
the case study railroad that had only one entrance. As such, cars entered and departed the 
yard one at a time. During times of high traffic, switches near the single entrance were 
traversed and thrown often and by multiple crews moving cars in multiple directions. 
Erroneous expectations about the state of the switch (as discussed in Section 6.1.4) and 
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miscommunications between and among crews can create situations where these switches 
are run through. 

• Some switches are located too close together. Yard crews also mentioned switches 
located close together as a contributor to RTS. Some conductors said that when switches 
are located close together it can be easy to miss one of the switches (e.g., by looking 
beyond it to the next switch), causing crews to run through it because they were not 
expecting it. At other locations, switches located very close together could be ambiguous 
in terms of which switch handle controlled the switch. 

• Long-term storage of broken-down cars in the yard limits usable tracks. At the railroad 
visited, an additional complicating factor was the use of many yard tracks for long-term 
storage of broken-down cars. Of the seven sections within the yard, three of them were 
used for storage of broken down cars. The long-term storage of so many unusable cars 
within the yard minimizes the amount of usable track for train movement and results in 
crews taking less efficient routes. The condition also contributes to crews operating 
through territory within the yard already occupied by another crew and creates the 
potential for RTS resulting from communication errors or erroneous expectations across 
crews regarding crew location and/or switch position. 

• Yard organization may not be ideal for effective work. Another contributor to run-
through switches is the overall organization of the yard. During focus groups, yard crews 
discussed the placement of fueling stations and car washes, for example, saying they 
were not ideally located for efficient work. One yard crew said the location of refueling 
stations caused crews to take off every engine, couple them up, bring them for fueling, 
and then bring them back and put them back on the trains. These types of inefficiencies 
create more work for yard crews and create additional opportunity for mistakes. 

6.2.3.2 Recommended Mitigations 
Researchers understood that redesigning the yard may not be practical due to time and budget 
constraints. They recommend re-organizing the yard to make the best use of current available 
space in the short term. In the long term, when new yards are being designed, stakeholders 
should be invited to identify contributors to unsafe behavior and design the yard to avoid these 
pitfalls. 

• Reorganization of the yard will facilitate efficient movement within the yard. At the 
railroad visited, relocating broken-down cars in the yard would reduce the risk of RTS 
because crews could take more efficient routes and reduce the need for multiple crews to 
operate in the same location because more tracks would be available. This would reduce 
communication errors and erroneous expectations, as well as potentially reduce the 
number of switches yard crews must throw. In general, invite stakeholders (including 
yard crews, yardmasters, trainmasters, and the mechanical and engineering departments) 
to weigh in periodically to identify contributors to inefficient movement within the yard. 

• When designing yards, eliminate as many hazards as possible. Researchers understood 
that large scale improvements to pre-existing yards is not always possible due to cost and 
time constraints. It is therefore critical that when designing new yards, stakeholders are 
invited in to identify contributors to RTS and other unsafe behaviors as well as to provide 
insight into what an efficient layout for the yard might be. In designing new yards or 
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improving pre-existing yards, reduce the number of switches and bottlenecks in the yard, 
and avoid placing switches close together where possible. Design yards that can 
accommodate the work such that the need for multiple crews to operate in the same areas 
is reduced or eliminated. Finally, plan for expansion and change to the extent possible, 
enabling the railroad to modify the yard as the work changes or the pace of operations 
increase. 

6.2.4 Technology 
This project sought to understand the role of technology in contributing to run-through switch 
events. Discussions with employees and observations in the yard, including observations of 
locomotive and switch technology, indicate potential for new technology to improve efficiency 
and safety in the yard. Technological shortcomings and suggestions for technology 
implementation are below. 

6.2.4.1 Contributors to RTS 

• Locomotive type can contribute to run-through switch events. As discussed in Section 
6.1.2, the physical design of the equipment affects the ability of crews to see switches. 
Crews said that while operating locomotives with long hood forward it was not possible 
to read the position of the switch points from the locomotive—the crewmember on the 
head end would need to stop and get off to read the points or rely on information 
provided by someone else (e.g., a conductor on the ground). 

• Poor-quality radios contribute to communication inefficiencies and errors. Section 
6.1.6 discusses the importance of teamwork and communication in yard operations. 
Another often-discussed factor that contributed to communication breakdowns was poor-
quality radios. At the railroad visited, many employees said radios do not always work 
properly, causing employees to use hand signals, flashlights, and/or face-to-face 
communication to communicate with crewmembers. These types of communications 
were less effective than using radios and contributed to miscommunications among 
crews. Employees also said a lack of radios or defective radios contributes to time 
pressure, because completing tasks often take longer when using hand signals instead of 
radios. 

6.2.4.2 Recommended Mitigations 
This study identified several opportunities for technology to reduce RTS events. Some of these 
technologies were already in-use at other railroads, while others were still in conceptual stages. 
Railroads should consider opportunities for current and new technologies to increase safety and 
productivity in their operations. 

• Consider switching technologies that can help reduce run-through switch events. These 
switching technologies are discussed earlier in the report, in Section 6.1.2. Switch 
technology exists that helps to make it easier to identify switch position, showing whether 
the track is lined (or not) or if the switch is gapped. A 2001 study (Wilson, Ambo & 
Garcia) presented earlier attempts to make switch position clear. One recent example of 
this type of switch is displayed in Figure 19. Other switch technology exists to 
accommodate trailing-point operation from unaligned track without damage to the track. 
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These are sometimes called “spring-loaded” switches. These switches do not reduce RTS 
events but do reduce derailments due to gapped switches. 
In section 6.1.7 this study also recommends developing “web enabled” switch position 
indicators. This technology could leverage electrical switch position indicators to display 
switch position locally at the switch but also transmit the switch position information to 
displays for the yardmaster and the yard crews. This is another aid that could help to 
reduce RTS events by helping crews (particularly inexperienced crews) better identify 
switch position. 

• Provide better job aids for yardmasters and yard crews. This recommendation was 
discussed in detail in Section 6.1.7. Job aids that improve safety in the yard include: 
o Graphic displays of crew locations and movement within the yard 
o Technology that will enable yard crews to view and dynamically update yard checks 

and drill sheets from the field. 
o Work planning aids to support yard movement planning and communication.  
These technologies would all need to be prototyped and piloted prior to full 
implementation, but if properly designed, could increase yard crew and yardmaster 
situation awareness, decrease communication errors, and help crews plan for efficient 
yard moves.  

6.2.5 Production Pressure 
Interviews suggested that RTS events were partly a consequence of production pressures. 
Production pressures in the yard result, in part, from the production pressures felt in passenger 
service that spills over into yard operations. Production pressures in the yard were also a result of 
yard workflow, which consisted of low-workload periods during the day followed by periods of 
high workload at night. Yardmasters said the main source of time pressure resulted from the need 
to get trains ready for the morning rush hour. This study discusses these production pressures 
below and suggests mitigations to reduce the likelihood of RTS events that can result. 

6.2.5.1 Contributors to RTS 

• Production pressures from the mainline spill over to the yard. Production pressures in 
passenger service occur for a variety of reasons (Multer et al, 2015; Naweed, 2013).  
Because yards receive equipment for service from passenger operations, the pressures felt 
on the mainline (and effects thereof) are also felt in the yard. Employees provided several 
examples of how the pressures felt on the mainline transferred into yard operations. One 
employee said: 

“There are instances that the yard crew has to go drill a passenger train that 
has to get out in a half hour. This can create time pressure to rush drill a 
passenger train that has to be back out….That’s definitely time pressure.” 

Another employee likened these scenarios to a domino effect, saying: 

“Passenger yards don’t give us enough time, so we end up getting rushed in 
the yard.” 
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These pressures endanger operations because crews feel rushed. Acting on these feelings 
may contribute to taking shortcuts that compromise safety. Several employees noted that 
less experienced employees (who typically work more complex jobs, as explained in 
Section 6.2.2) were more likely to feel this time pressure compared to experienced 
employees. 

• Misalignment of mechanical and yard operations causes periods of low and high 
workload. Another source of production pressures is a result of the uneven distribution of 
workload in the yard. Yardmasters and yard crews said the third shift in the yard, which 
occurs overnight, consists of high workload while first and second shift consists of low 
workload. This is because the car shop, which does its work during the day, provides the 
yardmaster with drill sheets detailing its needs for equipment to be taken in and out of the 
shop at the end of their day (often around 9:00 p.m.). After providing the yardmaster with 
the drill sheet, yard crews begin planning their moves based on the drill sheet and the car 
shop “opens” for yard crews to start moving equipment in and out. As one employee 
explained: 

“The car shop opens at 10 pm and everyone goes out at 10 pm... there can be 
up to 6 or 7 crews at the time with everyone needing to go to the same place.  
Crews are in each other’s way. Everyone is constantly on the radio.” 

As this employee alluded to, the third shift comprised more interactions between 
crews because of the need for multiple crews to work in the same area of the yard 
at the same time. Yardmasters also said the third shift often consisted of more 
junior, less experienced crewmembers as well as extra-list employees. These 
factors combined to increase the risk exposure for RTS events. 

6.2.5.2 Recommended Mitigations 
Moving equipment on time is an important part of yard operations, and production 
pressures may be unavoidable. Railroads should acknowledge that incentives to complete 
work on time is important, but that production pressures can also create conditions for 
unsafe work and errors. The following recommendations can help: 

• Modify work flows in the yard to create a more even distribution of work within 
and across shifts. To the extent possible, railroads should align start and stop 
times between mechanical and yard operations to meet revenue service demands 
and reduce production pressures, such that workload is more evenly distributed 
across shifts. At a minimum, railroads should seek to distribute work more evenly 
within the third shift, for example, by aligning the workload of the mechanical 
and yard operations to decrease the time pressure created due to the narrow time 
window to complete the work.   

• Where an even distribution of work is not possible, ensure experienced crews 
work high pressure, complex jobs. As discussed in Section 6.1.6, railroads should 
assign the more challenging yard jobs to regular crews who are better equipped to 
deal with them.  
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7. Discussion and Conclusions 

 Organizational Design and Practices Shape the Factors that Contribute to 
RTS Events 

The ability of railroad employees to successfully switch trains and equipment from one track to 
another depends on the design of the railroad system and how the railroad operates that system. 
The design of the railroad system depends upon the integration of humans, technology, and 
organizational policies and practices. What seems like a simple task, detecting the position of a 
switch and deciding whether to move past that switch, is mediated by a multitude of factors that 
shape the detection and decision making behavior of railroad employees. 
Figure 20 shows an example of a RTS event that captures their complexity. The inset text 
presents the first-person account of a RTS event annotated with the contributing factors. 

 

 
Figure 20. Example of RTS event complexity 

7.1 

Example of an RTS event outside a car shop 
-----7 
I I 

.. ·······•···· ........................................ j Tracks I 
/ ~A I I r---, 

I Yardmaster I 
L ___ I 

t,.-.-.-.-.-2 :::.<! ....... .y B -~•~ ·-··· ........... · • i T<ack • i 
· • •• A .. ••························•···· I Track7 I 

A Switches E L__ _J 
Planned Route CarShop ... Actual Route • RTS Location 

I was a rear bra kemen, drilling in the car shop, doing long pulls... -----1 Congestion 
pulling lots of cars out of the building and trying to get around other ~::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.::.:::::'., 
people, other crews. The conductor was from the extra list . ~I _i;_e_a_m_ fa_c_t_o_r _____ 

We were coming out of track 7, we had to go to track 5 and then we 
were going back to track 6 . What happened is that my conductor lined ,.-J Misunderstood planned route 
up one track but I misunderstood what was going on, I thought we . 
were going down the opposite route when we were supposed to be 
going back in the way we came. 

It was a shoving movement - I was su pposed to go further back than I 
actually did . The conductor was already in the car shop. When the 
engineer cleared up, I got on the leading end to go east but I j ust r----------~ 
wasn' t ready. I was told I was lined so I wasn't prepared for it to be --I Inaccurate expectations 
lined against me. We assumed we were on the same a e as to 
where we were clearing up and coming in. ~ .><..C--'-'-----~ I Lack of team shared understanding 

This w as at night. The lighting was pitch black (lighting condit ions 
have since improved) . I wasn ' t ready for it and I went through t he 
switch . 

-1 Poor visibility 

I was new, inexperienced. It was my regular job. I had been at the 
yard maybe a month and qualified for only 6 months. ---------

The training I had was a week in the yard, of which 5 of those days ~ 
were being told what to do in the yard . To have 5 days to plug the 
entire yard into your head and you ' re supposed to remember it, and 
then you don't see it for 6 months. 

Experience level ~---------~ 
Lack of yard familiarity & 
training 

Knowledge gap between training 
& skill mai ntenance 
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This narrative describes a RTS event from the rear brakeman’s perspective. The yard crew 
consisted of a locomotive engineer, rear brakeman, and a conductor. The yard crew was bringing 
cars from the yard into the car shop. During this event, the conductor was in the car shop and 
directing the locomotive engineer in cab, located in the rear, and the rear brakeman was located 
on the leading end of the movement. The conductor directed the engineer and rear brakeman to 
take the train from track 5 following the dotted red line (following points A, B, C, D, E, and F). 
Instead, the rear brakeman stopped the train short of the switch they were instructed to go 
through on track 6 that would take them onto track 7. Instead, the rear brakeman followed the 
path shown by the solid black line (following points A, B, and F), going through the switch lined 
for the other track at point F. 
Based on the narrative, this study identified nine factors that, together, may have contributed to 
this event. What appeared to be a simple movement resulted in an unwanted outcome due to 
factors that were a function of the immediate context (e.g., poor visibility, misunderstanding of 
the route, inaccurate expectations, congestion) as well as factors that occurred over a longer time 
horizon (e.g., training, team factors, lack of experience, a gap between training and skill 
maintenance). Employees’ ability to detect the correct switch position and act accordingly 
depends not only on their perceptual and cognitive skills. The yard crew’s skills and abilities 
interact with the way the railroad designed its operations. These design elements include the 
track layout, the design of the equipment, the way it selects and trains its employees and the 
policies and practices for performing their jobs. 
Through interviews with railroad employees, observations of switching operations, and a hazard 
analysis, this study identified many factors related to the design and operation of technology, 
work design, organizational factors and environmental factors that influenced the detection and 
operation of manually operated yard switches. These factors combined to produce different ways 
by which employees operated through an unaligned switch, resulting in damage. 
Across many of the interviews, resource limitations played an important role by influencing how 
the railroad managed its operations. Managers and labor craft employees indicated that, over the 
course of several years, the budget remained stagnant while service demand grew. Increased 
service demands resulted in increased operations across the railroad, including in the yard as the 
need for maintenance increased and more trains were moving in and out of the yards. The top 
half of Figure 21 shows the increase in yard miles from 2006-2016. Yard miles represent a 
measure of yard operations. While the increase over the 11-year period was relatively modest, it 
was accompanied by a decrease in the number of employee hours worked for much of this 11-
year period, as shown in the bottom half of Figure 21. The increased service demand 
accompanied by a decreasing trend in the total number of employee hours worked meant fewer 
employees were asked to perform the same level or increased level of work. The employees we 
spoke with indicated that reductions in staff at all levels of the organization made it more 
difficult to manage their operations. Fewer supervisors were available to manage employees, so 
complying with the regulatory requirements was more challenging. Training new employees was 
limited by the number and experience level of available trainers. With fewer experienced 
employees, extra lists had fewer employees available with experience working in the yard 
operations. While the railroad replaced some of the staff that left, the new employees were less 
experienced than employees who left the organization. 
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Figure 21. Number of yard miles and employee hours: 2006-2016 

While there was no metric for identifying how close to the safety boundary that put railroad 
operations at risk of hazards like RTS events and their related derailments, many employees at 
this railroad were open about their feelings that the organization was increasing the risk of unsafe 
events like run-through switches. While all organizations are resource-constrained, an 
unanswered question is how to identify when resource constraints jeopardize the safety boundary 
in a way that calls for action. Since resource constraints exert systemic influences on an 
organization, it is important to identify when to take action to address these constraints. Since 
systemic factors influence the organization in multiple ways, it makes sense to examine how 
these systemic factors affect multiple safety measures. Observing changes in multiple safety-
related performance measures over time can indicate how the system functions. The railroad can 
also identify acceptable levels of safety performance for different indicators like the target shown 
in Figure 22. 
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Figure 22. Setting a target level for safety performance indicators 

 What Does It Mean To Be Qualified? 
A cross-cutting theme that emerged from discussions about how yard work is designed involved 
training, job design, job assignment process, incentives, and teamwork: What does it mean to be 
qualified to perform the duties of a conductor in yard operations? Before being eligible to work 
as conductors, employees must pass a test to demonstrate that they can conduct all the duties 
required, including yard switching operations. Passing this test indicates that they are qualified to 
work as conductors. Yet, there was a consensus among employees across the crafts investigated 
(e.g., yardmaster, trainmaster, conductors, locomotive engineers) that employees assigned to 
conductor and assistant conductor jobs in the yards sometimes lacked the skills and knowledge to 
work there safely.  
The fact that the railroad offered refresher training for yard employees, that trainmasters would 
assign employees who were uncomfortable with working in the maintenance yard on work that 
would reduce their risk of running through a switch, and that yard crews would adapt by taking 
on greater responsibilities than usual when an inexperienced employee joined their team, speaks 
to the adaptability of the railroad employees to work within a system. These activities serve as 
compensatory mechanisms that partly mitigated the risk of run through switch events.   
This compensatory behavior also suggested that there was a discrepancy between passing the 
qualification test and performing work safely. Interviews suggested that this discrepancy 
emerged from multiple factors in how the work was designed and staffed. Training practices 
enabled employees to learn how to read and throw switches, but the level of practice (too little to 
overlearn these skills), and the extended interval between when they received training and when 
they were called upon to work in the yard (e.g., due to how work is assigned to employees from 
the extra list) resulted in skill and knowledge loss. By designing the job assignment process so 
that newly trained conductors are more likely to work in passenger service than in yard 
operations, many conductors’ yard performance skills will degrade over time without reinforcing 
what they learned through practice. Skills and knowledge tend to degrade rapidly after they are 
learned if they are not reinforced through practice (Hoffman et al, 2014). 
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Further, the lack of explicit team training for yard operations, including training planning and 
communicating the plan for safe and efficient equipment moves, as well as the training of non-
technical skills such as CRM associated with effective communications, may result in 
inexperienced employees engaging in activities that put the system at risk of a RTS event. Each 
of these challenges resulted from the decisions that the railroad management made in organizing 
how railroad yard work is accomplished. Section 6 offers suggestions on how these processes 
(training, job design, the job bidding process, crew assignment for extra list employees) could be 
modified to mitigate the negative consequences for yard operations. These recommendations are 
also provided in list form in Appendix C.   

 Improvements in Investigation, Data Collection, and Analysis Needed 
This study explored the factors that contribute to RTS events based primarily on interviews with 
a diverse set of employees discussing how yard operations take place and observations of yard 
operations. This study is one of the first to investigate why railroad employees in passenger 
operations run through switches. Additional studies are needed to confirm, expand upon, or 
invalidate whether the factors identified play a role in RTS events. The ability to take this 
information and use it effectively for decision making regarding which aspects of the operation 
to address and the mitigations to try depend on the quality of the information to inform decision 
making. Collecting data systematically on railroad operations through rigorous investigations 
and documentation procedures can add insight into the factors that contribute to these events and 
inform railroads how these factors affect the unwanted outcomes of RTS events. A rigorous 
investigation and document process can also inform whether mitigations implemented to reduce 
these unwanted outcomes are effective. 
The incident data the railroad shared and was summarized in Section 3 provided little in the way 
of information about what factors contributed to RTS events. The railroad’s investigation 
process, data collection procedures, and analysis left significant room for improvement. 
Improving these processes could contribute to a much better understanding of why these events 
occur and the magnitude with which individual factors operate individually and in combination 
to produce these events. Better information could enable the railroad to better target effective 
interventions to address this problem. 
The challenges with the investigation process, data collection processes, IT infrastructure, and 
analytical capabilities are not unique to this railroad or to run-through switch events. A study of 
stop signal overruns (Multer et al, 2015) observed similar challenges. That study offered 
recommendations for addressing the weaknesses in these processes that included developing 
more rigorous investigation methods and documenting in greater detail their findings, using 
contemporary software and hardware. This would improve the quality of data collected, 
streamline the level of effort needed, and make the information available to decision-makers. 
Improvements in the investigation and data collection process can inform the railroad’s hazard 
analysis to identify where the risks are and where existing barriers are not operating properly or 
are missing. Appendix D provides an investigation template tailored to investigating RTS events. 
While further effort to refine and pilot this investigation template is needed, it provides a model 
of the kind of detailed contextual information that it is important to collect when an RTS event 
occurs in order to understand the factors that are contributing to RTS events. 

7.3 
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An unanswered question from this research is, what are the barriers that create the current 
challenges to improving the investigation, data collection, and analysis practices for passenger 
railroads? The answers to this question can contribute to overcoming these barriers for passenger 
railroads.  

 Directions for the Future 
This study investigated the factors that contributed to run-through switches at one passenger 
railroad. This railroad offered the opportunity to explore and learn how RTS events unfold and 
the factors that contribute to them. Further research is required to assess the generality of the 
findings. 
An examination of similar passenger railroads shown in Figure 8 suggested the railroad in this 
study experienced more RTS events than other railroads. An examination of the switch 
technology used by other passenger railroads and how they organize their operations, design 
their yards, select and train their workers, and conduct switching operations can help clarify 
which factors have the greatest impact on running through switches. By comparing operations 
between passenger railroads, we can also learn which mitigations are likely to be most successful 
in reducing RTS events. 
We also propose examining the run-through switch events at freight railroads. The work of 
Durso et al. (2015) suggested that run-through switches are a concern for freight railroads. More 
research is needed to understand the similarities and differences in how RTS events occur in 
passenger and freight operations. Due to the greater level of operations, the freight industry 
conducts more switches. What is the risk associated with running through switches in freight 
operations? Freight operations include a wider variety of types of switches, including remotely 
operated switches. Do the same factors identified in passenger operations play a role? What 
measures have freight railroads taken to mitigate the risk from these events? Could these equally 
apply to passenger operation? 
Finally, we caution the reader to consider our conclusions as tentative. More evidence is needed 
to assess the degree to which our findings apply to passenger railroads, broadly. Further, the 
recommendations we offer to reduce run through switching should be pilot tested before 
implementing them widely to determine their efficacy and identify unintended consequences. 
 
 

7.4 



 

 68 

8.  References 

Anderson, C. & Horne, J.A. (2005). Sleepiness enhances distraction during a monotonous task. 
SLEEP, 29, 4, 573-576.  

Byrne, M. D. & Bovair, S. (1997). A working memory model of a common procedural error.  
Cognitive Science, 21, 31-61. 

Durso, F. T., Gregg, S., Ferguson, A., Kazi, S. McDonald, J. M., & Glover, K. (2015). Human 
factors of run through switches in US rail operations.  19th Triennial Congress of the 
International Ergonomics Association, Melbourne, Australia. 

Harrison, Y. & Horne, J.A. (2000). The impact of sleep deprivation on decision making: a 
review. Journal of Experimental Psychology, 6(3), 236-249. 

Hoffman, R.R., Ward, P., Feltovich, P.J., DiBello, L., and Fiore, S.M. (2014). Accelerated 
expertise: Training for high proficiency in a complex world. New York: Psychology 
Press. 

Hours of Service of Railroad Employees, 49 C.F.R. § 228 (2011). 
Leveson, N. (2012). Engineering a Safer World. Cambridge, MA: MIT Press. 
McDonald, J. D. and Durso, F. T. (2015). A behavioral intervention for reducing post completion 

errors in a safety-critical system. Human Factors, 57, 917-929.  
Morgan, C.A., Olson, L.E., Kyte, T.B. and Roop, S.S. (2007). Railroad Crew Resource 

Management (CRM): Pilot Rail CRM Training Development and Implementation. Report 
No. 474450-00003. Washington, DC: Federal Railroad Administration. 

Multer, J., Safar, H., and Roth, E. (2015). An Investigation of Passing Stop Signals at a 
Passenger Railroad. Technical Report DOT/FRA/ORD-15/25. Washington, DC: Federal 
Railroad Administration. 

Multer, J., Safar, H., and Roth, E. (2019). Why Do Passenger Trains Pass Stop Signals? A 
Systems View. Technical Report DOT/FRA/ORD-19/19. Washington, DC: Federal 
Railroad Administration.  

Naweed, A. (2013). Psychological factors for driver distraction and inattention in the Australian 
and New Zealand rail industry. Accident Analysis and Prevention, 60, 193-294. 

Raslear, T.G. (2014). Start Time Variability and Predictability in Railroad Train and Engine 
Freight and Passenger Service Employees. DOT/FRA/ORD-14/05. Washington, DC: 
Federal Railroad Administration. 

Reason, J. (2002).  Combating omission errors through task analysis and good reminders.  
Quality of Safety and Health Care, 11, 40-44. 

Reinach, S. and Viale, A. (2007). Yardmasters and Yard Safety in the U.S. Railroad Industry: An 
Exploratory Study. DOT/FRA/ORD-07/01. Washington, DC: Federal Railroad 
Administration.  

Simon, Y. W., Li, A., Xox, A., Blandford, A, Cairns, P, Young, R. M and Abeles, A. (2006). 
Further investigations into post-completion error: the effects of interruption position and 



 

 69 

duration.  Proceedings of the Twenty-eighth annual conference of the cognitive science 
society. (pp. 471-476). 

Smallwood, J. and Schooler, J. W. (2015). The science of mind wandering: empirically 
navigating the stream of consciousness. Annual Review of Psychology, 66, 487-518. 

Switching Operations Fatality Analysis (SOFA) Working Group. (1999). Findings and 
Recommendations of the SOFA Working Group. Washington, D.C: Federal Railroad 
Administration. 

Thomas, J. (2013) “Extending and Automating a Systems-Theoretic Hazard Analysis for 
Requirements Generation and Analysis,” Ph.D. Thesis, Massachusetts Institute of 
Technology. 

Wickens, C.D., Hollands, J.G., Banbury, S., and Parasuraman, R. (2013). Engineering 
psychology and human performance. (Fourth edition). Boston, MA: Pearson Education.  

Wilson, F. Ambo, A. and Garcia, L. (2001). Systems to Indicate the Position of a Hand-Operated 
Switch on Non-Signaled Rail Lines. Montreal, QC: Transportation Development Centre. 



 

 70 

Appendix A.  
STPA Table of Unsafe Control Actions 

 Controller(s) 
Control 
Action 

Not Providing 
Causes Hazard Providing Causes Hazard Wrong Timing or 

Order 
Stopped Too 
Soon or Late 

Conductor  
(or Brakeman) 
 
1: Throws 
switch 

UCA 1-1: The 
conductor does 
not throw a 
switch when the 
train is 
approaching a 
switch lined for 
the wrong track. 
[H2, H3] 

UCA 1-2: The conductor throws 
a switch when the train is 
approaching a switch which was 
already lined for the correct 
track. [H2, H3] 
 
UCA 1-3: The conductor throws 
a switch when it is part of a 
crossover without also ensuring 
that the other switch in the 
crossover is in a corresponding 
position. [H2, H3] 
 

UCA 1-4: The 
conductor throws 
a switch too 
soon, when the 
switch is part of 
another crew's 
line up. [H2, H3] 

UCA 1-5: The 
conductor stops 
too soon while 
throwing a 
switch, when 
switch is not 
fully thrown 
and secured. 
[H1, H2] 

Conductor  
(or Brakeman) 
 
2: Notifies 
engineer 
switch is lined 

UCA 2-1: The 
conductor does 
not notify the 
engineer that a 
switch is lined 
when the 
switch is 
correctly lined, 
causing delays. 
[H3] 

UCA 2-2: The conductor notifies 
the engineer that a switch is 
lined when it is broken. [H1] 
 
UCA 2-3: The conductor notifies 
the engineer that a switch is 
lined when a switch is not lined 
in the desired direction. [H2, H3] 

UCA 2-4: The 
conductor 
notifies the 
engineer that a 
switch is lined too 
soon when the 
switch has not 
been lined for the 
desired track yet. 
[H2, H3] 
 
 

- 
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 Controller(s) 
Control 
Action 

Not Providing 
Causes Hazard Providing Causes Hazard Wrong Timing or 

Order 
Stopped Too 
Soon or Late 

Conductor   
(or Brakeman) 
 
3: Gives car 
counts 

UCA 3-1: The 
conductor does 
not give car 
counts while 
the engineer 
reverses, 
causing the 
engineer to 
stop. [H3] 

UCA 3-2: The conductor gives an 
inaccurate car, causing the 
engineer to misjudge the 
distance to a switch. [H2] 
 
 

- - 

Engineer  
 
4: Moves 
through a 
switch 

UCA 4-1: The 
engineer does 
not move 
through a 
switch when 
the switch is 
lined for the 
desired track 
and the train is 
currently 
obstructing 
other crews' 
work. [H3] 

UCA 4-2: The engineer moves 
through a switch when the 
switch is not lined for the 
desired track. [H2, H3] 
 
UCA 4-3: The engineer moves 
through a switch when the 
switch has been "split" or 
broken. [H1] 

- - 

Yardmaster  
 
5: Assigns  
tasks/provides 
drill sheets 

UCA 5-1: The 
yardmaster 
does not assign 
a complete task 
list to the yard 
crew. [H3] 

UCA 5-2: The yardmaster assigns 
tasks requiring many crews to 
work in the same area. [H2] 
 
UCA 5-3: The yardmaster assigns 
work that is too long or difficult 
to a particular yard crew. [H2] 

- - 
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 Controller(s) 
Control 
Action 

Not Providing 
Causes Hazard Providing Causes Hazard Wrong Timing or 

Order 
Stopped Too 
Soon or Late 

Yardmaster  
 
6: Grants 
permission for 
a crew to 
enter an area 
of the yard 
 

UCA 6-1: The 
yardmaster 
does not grant 
permission for a 
crew to enter 
an area of the 
yard that is safe 
to enter. [H3] 

UCA 6-2: The yardmaster grants 
permission for a crew to enter 
an area of the yard without 
notifying them of other crews or 
broken switches in the area. 
[H1, H2] 
 

- - 

Yardmaster 
 
7: Informs 
crew of switch 
repair status 

UCA 7-1: The 
yardmaster 
does not inform 
a crews that a 
switch in their 
area has been 
broken. [H1] 
 
UCA 7-2: The 
yardmaster 
does not inform 
crews that a 
switch in their 
area has been 
repaired. [H3] 
 

UCA 7-3: The yardmaster 
informs a crew that a switch in 
their area has been repaired 
when it has not. [H1] 

- - 
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Appendix B.  
STPA Table of Causal Scenarios 

 

i Unsafe Control Acr.i.an 
' 

110 ! Scena1rios: Qlmbinat'ions of interacting ca:usilll factors that could lead to the UCA 
I 

IJCA 1-1: The conductor does rmt tllmw a swi'tcti when the train i's ,approadling a switch lined 
foT ffi e wrnu9 track. [HZ. H3J 

l-l-1 Ile conductor can s,e,e tlle switdl but does not reallize it needs to be thrown_ He 
misread t he sw it,ch clue o la ck of experience reading switc es from he cab in foggy 
wea her_ He lacks experience reading switches beca use he is a passenger liiSt worker 
who w aIs rall ed to work in the yard, and has not worked a yard jo1b sinc:etraining. 

l -l-2 Ile ronductror can s,e,e the s~vitdl but does not reallize it needs to be tlhrown_ He 
misread the sw it,ch because Ile was t ired a1nd feeling time pressure near he end of 
his run, a d glanced at it oo quickly to m ake out the points in he ligllti g of the 
yard_ The sv,iltch i1s part of a la cider (groupiing of swiltches) and is ne,ar ly al\vays lined 
fo r tlhe m ain line, so he expects t at to be the case and doe-snot look closely_ 

l -l-3 he brakem an can see the switch but does not r ealize - needs to be thrown. He 
misread the sw it,ch beca1use he was relying on e s~vitdh target, but - had been hit 
by equipment and w ars no lo11tger reliable. He trusted the switch arget be.cause he 
was not confident reading swiitches, beca use he ormally \Vorks pass:enger j obs and 
was ained int e yard a long t ime ago . 

l -l-4 he ronductror does. not realize th:att e switch needs. to be th rown beca1use tJtte 

1-1-5 

1-1-6 

brakem an tol'cl him it was lined_ He did not verify that the brake a 's claim was 
accurate b eca l.15e he is undertime pressure and b elieves the brakeman w-as 
adequate,y t rained_ However, t he bra1kem an waIs new t o workling the yard and h is 
read of the switc w arS inaccurate_ 
he conductor does not realize tJhattlle switch neif<l!s. to beth ro\vn beca1use i t il5 part 

o - a crossover and tJtte corresponding switc is Ii ed ,correc:tJly. She dues not verify 
that both switc es are lined be,cauiSe s e is under tim e pressure_ Slh e inks it iiS safe 
to mate tile assu mpnio n t at b o h sw- ches a re lined oorrecttv because of tJhe rul es. 
regarding crossover swi1t ches; however a list worker on a different crew had 
fo rgotten the rule since his t rain ing and did not put both switches in co rresponding 
posiit ions. 
he conductor inc:orrectl'y beli eves tJtte switch t e train is approaching is lin ed 

beca1use e accide111tall',r reads a dif -erent sw itch_ Ihle m ixed 1.1p rea,cli1ng tJtte s~vitches 
because ey are olo:se oge her and not d ifferenti i311ted in a \Vay t ait could be 
,quic~y ident ified in t e yard l ighting co cli1t ions_ 

1-1-7 he ronductror no\V5 that he switch the train is not lined and i rn tended t o hrow ilt, 
but acci dentallly thre~v a different s~vitdh_ e mixed up throwing tlle s~vitches 
beca1use e switch Iha dies are dose togentter a cl ot differentiated in a wa\1 that 
,could be qu icldry i dentffiedl in tile yard lightiing conditions_ 
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10 

1-1-8 

Scenarios: Combinations of interacting causal fact ors that could lead to the UCA 

The conductor does not does not realize that a switch needs to be thrown because 
he had already aligned it for his crew, but someone from another crew took away 
his lineup. He thought that the engineer would double Check the switches and let 
him know if any of them needed to be fixed. 

1-1-9 The conductor does not realize t hat a switch needs to be thrown because he forgot 
that he had t hrown it against himself to assist another crew. He intended to throw it 
back after the other crew had passed, but became caught up in planning his future 
moves. 

1-1-10 The brakeman does not realize the switch needs to be thrown because he 
incorrealy believes the conductor is lining the crew's route and has already thrown 
the switch. The brakeman is not a regular member of the crew and did not 
understand t he expectations that the conductor communicated in t he job briefing. 

UCA 1-2: The conductor throws a switch when the train is approaching a switch which was 
already lined for the correct track. {H2, H3] 
1-2-1 The conductor can see the switeh but incorrectly believes that it needs to be 

thrown. He misread the switch due to lack of experience reading switches from t he 
cab, rather than from the ground. He lacks experience reading switches because he 
is a passenger list worker who w as called to work in the yard, and hasn't worked a 
yard job since training. 

1-2-2 The brakeman incorrectly believes that the switch needs to be thrown. He misread 
the switch because he was relying on the switch target, but it had been hit by 
equipment and was no longer reliable. He trusted t he switch target because he was 
not confident reading sw itches, because he normally works passenger jobs and was 
trained in the yard a long time ago. 

1-2-3 The brakeman t hrows t he switeh without verifying t hat it needs t o be t hrown 
because the conductor told him it needed t o be t hrown. He does not verify that t he 
conductor's claim was accurate because he is under t ime pressure and believes the 
conductor is reliable; however, the conductor was fatigued from working overtime 
and had misread the switch from the cab. 

1-2-4 The conductor incorrectly believes the switch the train is approaching is not lined 
because he acd dentalty reads a different switch. He mixed up reading t he switches 
because they are close together and not differentiated in a way that could be 
quickly identified in the yard lighting condit ions. 

1-2-5 The conductor knows that the switch the train is lined and did not intend to throw 
it, but accidentally threw it when trying to line a different switch. He mixed up 
throwing t he switches because the sw itch handles are close together and not 
different iated in a way that could be quicikly identified in the yard lighting 
conditions. 



 

 75 

 
  

Unsafe Conrrol Action 
10 j Scenarios: Combinations of interacting causal factors that co1Jld lead to the UCA 

UCA 1-3: The conductor throws a switch when it is pan of a crossover without also ensuring 
that the other switch in the crossover is in a corresponding position. {HL H3] 
1-3-1 The conductor does not t hrow both switehes at a crossover because he does not 

recognize thct they are pan of a cr ossover . He aligns the switch he is using to go 
str a1gnt, out 1eaves tne corresponalng swltcn 1n tne crossover position. He c11a not 
recognize the crossover because he is a passenger list employee and t he crossover 
was not dist inctly marked. 

1-3-2 The conductor does not t hrow both switehes at a crossover because he does not 
know the rules pertaining to crossover switches. He believes he does not need to 
align t he corresponding switch since he is onty going through one of the switches, 
and he assumes other crews will check the position of both switches before passing 
throucrh t hem. 

1-3-3 The conductor does not t hrow both switehes at a crossover because he th inks it is 
not important to throw the corresponding switch if he will rewrn the switch he is 
using to its original position shortly. He is under t ime pressure and does not w ant to 
throw the corresponding switch twice in a short time if he is not passing through it. 
He does not ex:pect any other crews in the area to pass through t he crossover from 
the other track. 

1-3-4 The conductor does not t hrow both switehes at a crossover because he th inks the 
brakeman will do it . However, the brakeman did not realize that the conductor 
w ~nted h er t -> t hrow the corre spond ing sw itch . 

1-3-5 The conductor does not t hrow both switehes at a crossover because he is 
interrupted by a radio call before throwing the second switch. The yardmast er 

, called to notify the conductor of an addition t o the drill sheet . 
UCA 1-4: The conductor throws a switch too soonj when the switch is pan of another crew's 
line up. [HZ, H3] 
1-4-1 The conductor did not know the switches w er e in use because he didn't know the 

first crew was in t he area. The second cr ew had contacted t he yardmaster by phone 
rather than radio regarding moving through that area of the yard, and the 

1-4-2 

1-4-3 

yardmaster did not notify the first crew. 
The conductor was inexperienced and did not realize he was u king away t he first 
conductor's lineup when he t hrew the switch for his own crew. 
The conductor throws a switch t hat is part o f anot her crew's lile up because he 
thinks the other crew will not run through the switch. He notified the other crew's 
conductor, btrt the message did not make it to the engineer in t ime. 

1-4-4 The conductor took away anot her crew's line up because he thought his cr ew could 
make It tnrol!gn tne swltcn nrst, ano ne expected tne otner crew's engineer to 
double check switch positions before passing over t hem. 
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10 j Scenarios: Combinations of int eracti ng causal tac.tors that could lead to the UCA 

UCA 1-5: The conductor scops too soon while t hrow ing a switch,. when switch is not fully 
thrown and secured. [ H1, H2] 
1-5-1 The conductor does not finish throwi ng and securing a switch because he was 

unable to do so. There was a mechanical problem with the switch or chain that he 
did not notice because he was a list w orker and lacked experience recognizing such 
issues. 

1-5-2 The conductor does not finish throwi ng and securing a switch because he was 
distracted before finishing t he task. He r eceived a radio call from t he yardmaster 
updating his drill sheet and forgot to ret urn to secure the switch. 

1-5-3 The conductor does not finish securing a switch because he thinks the train will be 
able to safety pass t hrough anyway. He is under t ime pressure and th inks that he 

: will be able to save time by not fully securing the switch. 

UCA 2-1: The conductor does not notify the engineer t hat a switch is lined when the switch 
is correctly lined, c-ausing delays. (H3] 
2-1-1 The conductor doesn't notify the engineer once t he swit ch is lined because he 

expects the engineer to read the switch and know when it is safe to proceed. 
However, the engineer is not confident in his ability to read switches because he 
does not usually w ork yard jobs, and he does not intend to proceed until notified by 
the conductor. 

2-1-2 The conductor doesn't notify the engineer once t he swit ch is lined because he 
expects the engineer to read the switch and know when it is safe to proceed. 
However, the conductor•s expectations were not communicated clearly during the 
j ob briefing and the engineer intends to wait for the conductor t o notify him before 
moving. 

2-1-3 The conductor doesn't notify the engineer once t he swit ch is lined because he 
expects the brakeman to do so. However, the brakeman did not realize that he was 
responsible for t his because the conductor did not communicate his expectations 
clearly during t he job briefing. 

2-1-4 The conductor intends to notify t he engineer that the switch is lined, but does not 
do so in a timely manner because he is unable to contact the engineer . There is too 
much radio chatter to get h is message through due to the number of crews working 

1 the yard using t he same frequency. 
2-1-5 The conductor intends to notify t he engineer that the switch is lined, but onty after 

lining a larger portion of the route. He does not realize that another crew are being 
held up waiting for his crew to move t hrough the switch because of a breakdown in 
communication. He has moved t oo far from his crew for t hem to talk to him face-to-
face and they do not want to crowd t he radio. 
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UCA 2-2· The conductor notifies the engineer that a switch is lined when it is broken. {H11 
2-2-1 The conductor does not recognize that the switch is broken because he has never 

encountered a broken switch before. He is a list worker and d-oes not work in the 
yard often. He learned about broken switches during training, but was not exposed 
to them on the job. Due to his inexperience recognizing broken switches, he 
incorrectly believes the switch is lined. 

2-2-2 The conductor does not recognize that the switch is broken because he has never 
encountered a broken switch before. He is a new employee and has seen broken 
switches during the daytime from the ground, but not at night while riding in the 
cab. Due to his visual angle and the lighting conditions he incorrectly believes the 
switch is lined. 

2-2-3 The conductor does not realize t hat a switch is broken because he is t ired feeling 
time pressure near the end of his shrrt. He glanced at the switch too quickly to 
detect the minimal gaps and realize that it had been run through, and the switch has 

1 not been marked as broken in any way. 
2-2-4 The conductor thinks that the switch could be broken, but tell s engineer it is lined. 

He is worried about getting in trouble for causing delays if he daims the switch is 
broken and is incorrect. He is new to yard work and learned about broken switches 
during training, but is not confident recognizing them on the job. 

2-2-5 The conductor thinks that the switch could be broken, but does not tell the 
engineer. He has forgotten his training on broken switches because he is a list 
worker and does not work in t he yard often. He incorrectly believes that it is 
possible to pass through a broken switch without derailing. 

UCA 2-3: The conductor notifies the engineer that a switch is lined when a switch is not 
lined in the desired direcrion. [Hl; H3] 
2--3-1 The conductor incorrectly believes that the switch is lined for ·the desired direction 

because he misread the switch, t hrew the wrong switch, or made an incorrect 
assumption about t he position of the switch. See scenarios for UCA 1-1 and UCA 1-2 
for causal factors that would contribute to these actions. 

2--3-2 The conductor notifies t he engineer that the trailing switch is lined for the desired 
direction when he knows that it is not. He does not know that t his will break the 
switch due to insufficient training or experience. He may incor rectly believe that 
these switches will not break based on past experience at another railroad that used 
a different type of switch. 
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ID j Scenarios: Combinations of int eracting causal tac.tors that could lead to t he UCA 
UCA 2-4: The conductor notifies the engineer that a switch is lined too soon when the 
switch has not been lined for the desired track yet, [H2, H3} 
2--4---1 The conductor notifies t he engineer that a switch is lined when he hasn't lined it yet, 

but intends to. He incorrectly believes t 1at he will have time to line the switch 
before the engineer gets to it. He told t he engineer in advance because they are 
under time pressure and he was trying 10 be efficient, but he became caught up 
coordinating with a second crew and did not have time t o line the switch. 

2 '1 2 The co nductor n ot i fie$ t he engineer th at a $Witch i$ lined when he believe$ it ha$ 
been lined by the brakeman. The brakeman said it would be lined in time for the 
train to pass t hrough it, but was unable to line the switch in time. He wanted to tell 
the engineer that it w as not actually lined, but could not reach him due to radio 

, chatter. 
UCA 3--1: The conductor does not give car counr5 while the engineer causing the 
engineer to stop. [H3} 
3-1-1 The conductor forgets to give a car count because he is trying to perform other 

tasks at the same time. He was reviewing the drill sheets to plan out t he next move 
and did not realize it was time to give another count . He felt the need to review the 
drill sheet again because he was new to worki ng as a yard conductor, but he did not 
want to slow down the crew by stoppini to do so because of time pressures. 

3-1-2 The conductor forgets to give a car count because he is not usually the one 
performing this task; in his usual crew, the brakeman gives the car counts, but since 
his brakeman is out and his substitute i!- less experienced in the yard, the conductor 
is doing the counts. He was tired from working on his off day, so he defaulted to his 

, typical activity--thinking about his next moves--and forgot to give the count. 
UCA 3--2: The conductor gives an inaccurate wr, causing the engineer to misjudge the 
distance to a switch. [H2} 
3-2-1 The conductor gives an incorrect car count because he knows the distance, but does 

not communicate it successfully to the engineer. He was tired and misspoke, or was 
thinking about other responsibilities and a different number intruded into his 
soeech than the one he meant to sav. 

3-2-2 The conductor gives an incorrect car count because he is having drfficulty jud.ging 
the distance. He is not experienced at gving car counts because he does not usually 
work in the yard and did not receive extensive on the job training in shoving 

3-2-3 
o erations. 
The conductor gives an incorrect car count because his distance estimate is off. His 
usual engineer knows that his car counts tend to be short and adjusts accordingly, 
but he just changed crews because he was displaced by a more senior employee 
during the bidding system. 
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UCA 4-1: The engineer does not move through a switch when the switch is lined for the 
desired track and the train is wrrently obstructing other crew·s' work. [H3} 
4-1-1 The engineer does not move through a property aligned switch because he is 

wait ing for verbal confirmation from the conductor that the switch is lined. He can 
see the switch from the cab but isn't sure whether or not it is lined because he is 
new to working in the yard and lacks experience r eading switches. 

4-1-2 The engineer does not move through a property aligned switch because he is 
wait ing for verbal instruction from the conductor. He can see that the switch is 
lined, but thinks the conductor will tell him when t o proceed. The conductor does 
not plan to give this go-ahead because he does not want to clutter the radio, but he 
did not make t his clear during the job briefing, causing an unnecessary delay. 

4-1-3 The engineer does not move through a property aligned switch because he is 
wait ing for verbal instruction from the conductor. He can see that the switch is 
lined, but is not sure about the status of swit ches that the conductor is lining funher 
along the planned route because he has not heard from the conductor yet. The 
conductor is too far away to reach face·to·face and the engineer does not want to 
crowd the radio unnecessarily by asking for updates. 

4-1-4 The engineer does not move through a property aligned switch because he cannot 
see the switch position over the front of the locomotive. He is waiting for the go-
ahead from the conductor. who incorrectly believed the engineer could see the 
switch and would know to move through it once it was aligned due to expectations 
that weren't clarified during the job briefing. 

4-1-5 The engineer does not move through a property aligned switch because he is 
wait ing the conductor to align several ot her switches further along the route. He 
does not realize that he is holding up ot her crews who want to use the switch 
because he is inexperienced and was not trained in coordination with other yard 

, crews. 
UCA 4-2: The engineer moves through a switch when the switch is not lined for the desired 
track. {H2, H3/ 
4-2-1 The engineer moves through a switch that is not lined for the desired track because 

he expected it to be properly aligned and did not look closely. He expected this 
because the conductor told him it was, but the conductor had lined it incorrectly. 

4-2-2 The engineer moves through a switch that is not lined for the desired track because 
he expected it to be properly aligned and did not look closely. He expected this 
because the conductor told him it was, but another crew had taken away the line up 
without the crew realizing. 

4-2-3 The engineer moves through a switch that is not lined for the desired track because 
he misread it or r ead the wrong switch. The conductor had told him it was correctly 
aligned, but someone had taken away t he lineup. 
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ID 
4-2-4 

4-2-5 

Scenarios: Combinations of int eracting causal tac.tors that could lead to t he UCA 

The engineer moves through a switch that is not lined for the desired track because 
he realized too late that someone had taken away the lineup. The switch was 
d lOUIIU O '-IJIVt: d lllJ lJiflk u l l lU I t:olJ Ufll il il Wd::. lUU lolt: lO ::.LUI). 

The engineer moves through a switch that is not lined for the desired track because 
he cannot see t he switch from the cab due to the locomotive type. The conductor 
had told him the route was lined, but someone had taken away the lineup. 

4-2-6 The engineer moves through a switch that is not lined for the desired track because 
he does net th ink it will break the switch. He is inexperienced and had previously 
worked at another railroad which uses a different wpe of switch. 

4-2-7 The engineer moves through a switch that is not lined for the desired track because 
he misunderstood the instructions the conductor had given him. The conductor had 
wanted him to take a different path which would lead him through the sw itch from 
the other direction. 

4-2-8 The engineer m oves th rough a switch th at is not lined for th e desired track because 
he is relyirg on car counts from t he conductor. The conductor realized that the 
switch w as not lined and assumed the engineer wwld stop if he did not give an 
updated car count, but the engineer thought it was safe to proceed the full distance 
given in the previous car count and ended up running through t he switch. 

4-2-9 The engineer moves through a switch that is not lined for the desired track because 
he is relyirg on car counts from t he conductor, who had overstated t he distance 
remaining. The engineer was not used to working with this conductor, who w as 
from the e<tr a list, so he did not realize how far ofi his estimations would be. The 
conductor had trouble estimating the distance bec:1use he was not experienced in 
doin so. 

4-2-10 The engineer moves through a switch that is not lined for the desired track because 
ne 1s re1y1rg on car counts rrom t ne conductor, anc 010 not recognize wn1cn car 
count was meant for him. He was working with an extra list conductor whose voice 
and tone he did not recognize over the radio. The extra list conductor was not 
practiced in giving car counts and did not use the t•tpical intonation. 

4-2-11 The engineer moves through a switch that is not lined for the desired track because 
he is relyirg on car counts from t he conductor, but there was too much radio 
chatter for him to hear the conductor's instructions to stop. 

4-2-12 The engineer moves through a switch that is not lined for the desired track because 
he notices t oo late that it is not correctly lined. The switch is around a curve so he 
cannot see it unt il he is very close and there is not :nough time to stop. He was 
moving at Ihe maximum speed allowed in the yard because the conductor had told 
him the ro•Jte w a.£ fully lined for tome d i£tance ah ead. 
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UCA 4--3: The engineer moves through a switch when the switch has been "split" or broken. 
[H1] 
4-3-1 The engineer moves through a broken switch because he did not know that it was 

broken. He did not recognize that it was broken because he was a new employee 
and did not have much prior yard experience. Because of the r elatively small 
gapping and his visual angle, the cues that the switch was broken did not look like 
what he had seen in training. 

4-3-2 The engineer moves through a broken switch because he did not know that it was 
broken. The conductor did not not ice the gaps and told him that t he swit ch was 
properly aligned. The engineer could not see the gaps either, and was not looking 
closely for them since he trusted t he conductor. Neither expected to encounter a 
broken switch because the yardmaster had not mentioned one in the area. 

4-3-3 The engineer moves through a broken switch because he did not realize he had 
broken it. He was supposed to go throllgh t he trailing point switch to pick up a car, 
then reverse back through the switch. However, the switch was not proper ly lined 
when he went through in the trailing point direction, causing a run through switch. 
He did not notice that it had broken over the sound of the engine, so he does not 
know that he should not reverse through it in the facing point direction. 

4-3-4 The engineer moves through a broken switch because he did not know that it was 
broken. The yardmaster had warned the crew that t here was a broken switch but 
the engineer had forgotten whieh one it was. The switch was not marked as broken 
in any way and neither he nor the conductor noticed the gaps because the switch 
was in a poorly-lit area of the yard. 

UCA 5-1: The yardmaster does not assign a complete task list to the yard crew. [H3} 
5-1-1 The yardmaster meant to inform a crew of an update to their drill list, but forgot to 

do so. He received notification from t he mechanical department that a new move 
was required, but then received a phon.e call from a different crew informing him of 
a broken switch and forgot to contact the first crew about the required move. 

5-1-2 The yardmaster does not realize that there is an update t o a crew's drill sheet 
because he does not notice the call or email from the mechanical department. He is 
trying to coordinate six crews at once, s.everal of which are in the same area, and is 
concentrating to form a mental map of the locations they are verbally describing to 
him over the radio. 
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UCA 5---2· The yardmaster assigns tasks requiring many crews to work in the some area. [H2} 
5-2-1 The yardmaster assigns work t hat requires many crews to pass through t he same 

area of the yard because each crew has a typical job and that is how the work 
happen s to be structured when it is r eceived fro m th e mechanical departmen t . He 
does not have the authority or the time to r eassign the work so that it creates less 
interaction between crews' routes through t he yard. He is busy responding to 
queries frc,m the mechanical department, updating the yard check, and t rying to 
prevent cr-:ws from having confl icts. 

5-2-2 The yardmaster assigns multiple crew s to w ork in the !ame area in order to avoid 
routing them t hrough a run-through switch elsewhere in the yard. Due to the yard 
design, ther e are not many alternatives to using the currently broken switch which 
leads to multip le crews sharing the remaining routes. He has informed the 
engineering department about the broken switch but they have not had time t o 

1 send someone t o repair it yet. 
5-2-3 The yardmaster requires multiple crews t o work in the same area because he t hinks 

they will coordinate amongst themselves t o avoid conflicts. He does not notice that 
the latest crew he has given permission to enter that area called him on the phone, 
not the radio, so he forgets to notify the other crews in the area about t he new 
crew entering. 

UCA 5-3: The yardmaster assigns work that is too tong or diffirolt to a particular yard crew. 
[H2] 
5-3-1 The yardmaster assigns work t hat is not evenly distributed, and requires some cr ews 

to do too much work for one shift. He assigns the drill >heets th is w ay because each 
crew has a typical job and that is how the work happens to be structured when it is 
received from the mechanical department. He does nc,t have the authority or the 
time to reassign the work so that it is more evenly balcnced. He is busy responding 
to quer ies from the mechanical department, updating the yard check, and trying to 
prevent cr-:ws from having confl icts. 

5-3-2 The yardmaster assigns extra work (new moves from meehanical department, 
moves usually performed by a crew that is out, etc.} t o a crew that is overtoaded. He 
feels like he does not have a choice because the yard is short-staffed. He thinks the 
employee~ that he is giving extra work to can handle it because they are experience. 
He docs not rc .71l izc th.Jt the crcw mcmbcrs ~re fotigucd from working overtime, but 
are working because they did not want to use a sick day to call out. 

UCA 6-1: The yardmaster does not grant permission for a crew to enter an area of the yard 
that is safe to enter. [H3} 
6-1-1 j The yardmaster knows that a crew is waiting on his pe·mission to enter an area of 

: the yard, t ut forgets to gr ant th is permission because 1e received a phone call from 
j another crew that interrupt ed' his train of thought. He keeps track of crew 
: interactions onty in his head so once his train of t hought was interrupted there was 
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noth in;g t o remind him that t he crew w aIs. sti 11 'tvait ing. The orew did not w ant to ca II 
too f requent ly to check in because t hey do not 1avish t o crowd th e radio or p hone 
line. 

6-1-2 Tihe yardm ast er believes t hat tih e orew will coord inate ... ~, inh ot her cre-ws. in the area 
for permission to move t hrough the yard, a1nd do not need his perm ission. He t ol d 
t hem to do so, but t he conductor he wa:s co mmunicat ing \•t ith did not understand 
t he instructions and rather than co ntacting the otih er c:rew, \Vas s.nill w aiting on tihe 
go-ahead from nhe yardm aster. The conducto r w as inexperienced and had n ot been 
trained on how t o request such permissio ru .. 

UCA 6-2: The: yardmaster grants pemtissfrm for a crew to eater an area of the yard without 
notifying them ,of other crews ,c,r tlrok.en switches .in the area. {ff 1, H2} 

f>-2-1 ! The yardm ast er intendiS. t o w arn a crew ab out a l:>rolken s.witch in t he area they are 
! about t o enter but forgets t o do, so. He is. keeping nrao'k o f everyth ing he needs t o do 
! in 1h is head and did not realize that he had forgotten t o oontact t he c:rew because 
i anot her p hone call came in at nhe same t ime. 

6-2-2 The yardm ast er does not w arn a crew about a bro ken switch in t he area tihey are 
about t o enter b ecau:se he iiS. under a h igh \Vorkload and t hinks so meone else will 
tell them . He ha:s ·tol d them to contact anonher crew in t he area t o ooord in ate, and 
assumes t he second orew will tell t hem about t he bro ken sv, itch. However, t he 
seoond yard orew t hinks. the yardlmaster will have already w a med the first crew 
about the broken sw itoh. 

if>-2-3 The yardm ast er does not w arn a orew about a bro ken switch in t he area they are 
about t o enter because he t hinks. th ey wi l l avoid i t on tiheir own. He believes t hat 
t hey \Viii be ab le t o recognize that t he sw itch is broken . However, the gap, between 
t he points and the ra i Is is not sufficient for t he crew to detect unless they are 
experienced and !know what they are looking for. 

if>-2-4- The yardm ast er does not w arn a orev, about a bro ken switch in t he area tihey are 
about t o enter because he i.s. u 11aware of th e b ro en .s.witch. The crew that ran 
t hrough titte s1i,vitoh did not realize t hat t hey had done so, and t he ref ore did not 
report it . They did not recognize the sound and vibration cues that: a sv.titch had 
been broken because t hey w ere not: t rained t o recogn ize t his and th e sound 1i,vas 
masked by t he engine. 

if>-2-5 The yardm ast er doe:s not w arn a crew about a bro ken switch in t he area tihey are 
about t o enter because he i(S- u 11aware of tihe b roken .sw itch. The crew that ran 
t hrough the s1i,vitdh rea liz:ed that tihey had done so, but did not report it b e,ca 1JS-e 
t hey 'iivere afraid of b eing penal ized. They were inexperienced and did not r ealize 
t hat it could cause other orew s to derail. 
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Unsafe Conrrol Action 

ID 
6-2-6 

6-2-7 

Scenarios: Combinations of interacting causal tac.tors that could lead to the UCA 
The ycrdmaster does not warn a crew about a broken switch in the area they are 
about to enter because he is unaware of t he broken switch. The crew that ran 
tnrougn t ne swltcn was In tne process or reporting It, out naa not yet ca11ea tne 
yardmaster. They believed t hey had to fi1st report it t o t he anonymous system that 
would protect them from discipline and did not realize calling the yardmastfr so he 
could .varn other crews was more time-sensit ive. 
The ycrdmaster does not warn a crew about a broken switch in the area they are 
aboutto enter because he incorrectly be!ieves the switch has been repaired. He 
receiv:d a repon from the engineering department that it would likely be repaired 
by a certain t ime, and since that time ha!. passed, he assumes the repair is 

, complete. 
UCA 7-1: The yardmaster does not inform a crews that a switch in their area hos been 
broken. [H1] 
7-1-1 ; The y;:rdm.ister p l.ins to tell crew-s entc r ilg the .irc.i .ib out the broken switch, but 

j forgets that there is more than one crew already in t he area. The crew that broke 
: the switch knows to avoid it, but the yardmaster forgot t o notify the second crew. 
j He forgot their location because he is keeping track of the locations of all tt-e crews 
: in his head and he is focused on making !-Ure the switch gets repaired. 

UCA 7-2: The yardmaster does not inform crews that a switch in their area hos been 
repaired. [H3] 
7-2-1 The ycrdmaster does not realize he needs to inform a crew about a repaired swit ch 

because he incorrectly believes they have already completed work in the area of the 
switch and will not benefit from knowing about its repair. He thought t hey had 
finished work in the area due to an unclear communication from the crew's 
condu:tor, who was from the passenger list, and their radio exchange was 
interrupted by another crew calling the ~~rdmaster before he had a chance to ask 
for clarification. 

7-2-2 The ycrdmaster does not realize he needs to inform a crew about a repaired swit ch 
because he incorrectly believes they will have seen t he engineering crew sent to 
repair it and understood t hat it w as repa red. He does not realize that they :1re too 
preoccupied with their own tasks and not within sight range of the switch to 
monit,:,r its repair status, because he does not know their precise location in the 

1 yard rnoment-t o·moment. 
7-2-3 The ycrdmaster does not inform a crew that a switch in their work area has been 

repaired because he himself does not realize that it has been repaired. The 
engineering crew who did the repair notl ied their supervisor, but not t he 
varamaster. Tne supervisor ala not notify tne yaramaster oecause ne celle\·ea tne 
crew olreacfy had done so. 
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Unsafe Conrrol Action 

ID j Scenarios: Combinations of int eracting causal tac.tors that could lead to t he UCA 

UCA 7-3: The yardmaster informs a crew rhat a switch in their area has been repaired when 
it has not. [H1] 
7--3-1 The yardmaster reports t hat a switch has been repaired when it has not been 

repaired yet because he received a report from t he engineering department that it 
would likely be repaired by a certain t ime, and since that time has passed, he 
assumes the repair is complete. He does not wait for official confirmation because 
he is under time pressure to make sure crews complete their moves. 
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Appendix C. List of Recommended Mitigations 

The following is a summary list of recommended mitigations to reduce RTS events. For more 
information on each recommendation, see Section 6. 

Individual and Team 
Perceptual Factors (Section 6.1.2) 

• Consider installing indicators that provide clearer and more salient indication of switch 
positions. 

• Consider use of switches designed to accommodate trailing-point operation from unaligned 
track without breaking. 

• Revisit the process for reporting and repairing misaligned switch targets or remove them. 
Knowledge & Experience (Section 6.1.3) 

• Provide more extensive initial training. 

• Provide refresher training for individuals who have not worked in that yard in a long period 
of time. 

• Avoid assigning individuals off of extra list who have primarily worked on passenger train 
service. 

Expectations (Section 6.1.4) 

• Crews should assume that a switch is lined against them and stop the train before getting to 
it. 

• Conductors should walk the planned route to make sure it is correctly aligned. 

• The conductor should check the points after he/she throws a switch to verify that they throw 
the proper switch and throw it correctly. 

• Crews should keep track of other crews working in the area and communicate with them 
when throwing a switch that may be part of their lineup. 

Memory Lapses (Section 6.1.5) 

• Encourage job briefings that cover planned moves and how they may interact. 

• Provide job aids to crews and yardmasters. 

• Reinforce policies and procedures that require the conductor or rear brakeman to walk the 
route. 

• Create or enhance team training. 
Teamwork & Communication (Section 6.1.6) 

• Provide focused training and practice on effective teamwork practices, including 
communication during yard moves. 

• Provide more training on conducting effective job briefs. 
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• Assign the more challenging yard jobs to regular crews. 

• Conduct more extensive job briefs in cases where the crew includes individuals that are not 
part of the regular crew, are less familiar with the yard and/or are less familiar with planning 
and executing yard moves. 

• Conduct CRM training. 
Task Demands (Section 6.1.7) 

• If possible, stagger yard crew shifts and/or reorganize the work to minimize multiple crews 
working in the same area. 

• Consider adding a switch tender position at bottleneck switch locations where multiple trains 
are constantly coming through requiring switches to be repeatedly thrown. 

• Consider adding a second yardmaster to distribute the workload during high workload 
periods whose sole responsibility is to manage the yard crews. 

• Develop “web enabled” switch position indicators. 
Organizational 
Training (Section 6.2.1) 

• Improve training by practicing scenarios encountered in RTS events. 

• Provide more focus on effective communication and teamwork. 

• Add training requirements for regular yard jobs. 

• Provide “just in time” refresher training to employees who have not recently worked in 
the yard. 

Crew Assignment & Scheduling (Section 6.2.2) 

• Increase the pool of employees such that the utility list is long enough to cover necessary 
yard positions. 

• Reserve utility list employees for yard jobs; do not call utility list conductors for 
passenger jobs. 

• Allow employees who do not feel comfortable in the yard to decline a yard job or provide 
them with refresher training. 

• When extra list crews work in the yard, the yardmaster should assign them less complex 
tasks and understand that these may take longer to complete. 

• Provide monetary incentives for conductors to want to work yard jobs so that a pool of 
individuals with experience in yard work can be maintained to fill both regular yard work 
positions as well as extra lists that are dedicated to yard work. 

• Examine scheduling practices – particularly extra and utility list job assignments – to 
evaluate the impact on fatigue and the role fatigue may play in RTS events. 

Yard Design (Section 6.2.3) 

• Reorganize the yard to facilitate efficient movement within the yard. 
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• When designing yards, eliminate as many hazards as possible. 
Technology (Section 6.2.4) 

• Consider switching technologies that can help reduce RTS events.  

• Provide better job aids for yardmasters and yard crews. 
Production Pressure (Section 6.2.5) 

• Modify work flows in the yard to create a more even distribution of work within 
and across shifts. 

• Where an even distribution of work is not possible, ensure experienced crews 
work high-pressure, complex jobs. 
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Appendix D. Example RTS Investigation Template 

 
  

y va5 e s ~•itc 
pos" io 

he o g 

y d id e person o he leading 
e d ot detect ha the i ch was 

e wr-0ng posi ion? 

How freq en ly mig t perceptual 
issues or yard design c.o ·ribute to 

, RS? 

How freq en ly do R S occur wit 
ere vmembers v o are 
i experienced or ork extra board? 

. . -- a"i""""e"ot)ob"assig me t did the employees ave (reg lar l 
• I 
: assign e , e ra board)? : ' -- - - . -- ---~ 
: at st el hoffm i curre sig : 

: : as anyo eon crew from e extra board? : . ' : lfy s, v at extra board iist? ·-----------------·; 
I >-- •••• • • ••• •• • •• •••• • •••• ••••••• ••• •• ••• •• • • ••• •• ••••• •• ••• •• ••••• • • ••• •• .: 

: at ere e otal years of experie ce for eac : 
o I 

: ere vmember? : ·-.. ----------.. --..... ---.. --------.... -..... ------....... -----------. ---~ 
: umber of days vorked i oca ·on in e las 30 days? : 

Howfreq e lydo R occur wit 
ere vmemb rs oar 
i expe ·enced or ork extra board? :------n did you"iast"rece"iv"e -- Y"iiig"ior yarcis i ils"i """"" - ---------1 

: . en was · e last ·me yo or1<ed i is yard? : 
~---- --- --- ------------------ --- -- ----------·----------- ---- ----: : en v, s the I st t ime yo ere qualified (certified) o is : 
' I : ya~? : . ------------- - ---------- --------~ 

How fr q en ly m,g or : : 
schedu e con ribute to TS? : Ho rs off duty prior to co i g on duty? l .. ------------------------- ------ _________ _._ _ -------------- ---· --------------------------- ------------ ---------------
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------------------------------------------' -------------------------------------------------------------------------. ' ' ' ' ' ' ' ' ' 
General Questions ! Detailed Questions ! ------------------------------------------r lfime reporting to duty? ---------------------------------------------1 

i Length of time on duty before RTS occurred? l 
f Work schedule for previous 10 days prior to RTS? : 

-------- .. ---------------------------------+ ... ·------ .. -- .. ---- .. ----...... ---- .. -- .... -----------.......... -.... -------- ........... ----.. -- .... : : How many employees in the crew? : 
, __ -----------------------------------------------------------------------,{ : Did someone outside the crew (e.g., a different crew) line the : 
: route against you after you had lined it, v.nthout letting you : 
' ' : know? : How frequently might teamwork or •--------------------------------------------------------------------------< :, Were all crewmembers aware of the moves planned? : communication errors contribute to , , 

RTS? r location of crewmembers at the time of RTS? l 
}-........................................ -- .......... -----............. --........ -- ........................ ---- ................ --: 
: Was there a miscommunication between the crew members? : , ___ -----------------------------------------------------------------------< : Was there a miscommunication with individuals outside the : 
: crew (Another crew, yardmaster)? : 
' ' i l What operation was the crew performing (e.g., moving l 

: : equipment in or out of shop; bringing equipment from/ to ! 
! i revenue service)? ! ! What i.s the impact of operations? r Wliatt"vi,;;oicre,~sf~;e~ein~oived(yarcTcie";,;~-,...oadc_r_e~.-------1 
: ! both)? ! 
: rwas-iii-eie_.i_de-1av1n-;:ec-ef•ifri,-,tie,fr1ffsiieei°?----------------------1 
: }-................................................................................................... : 
: : Was there a last minute change in the plan? : :-------------------------------------------1----------------·---------------------------------------------------------i . . ' 
I ,..,.., "',..,. "'"'"'"'"'"' "'"',."' "'"' "'"'"'"'"' "'"'"' "'"' "'"' "'"' "'"'"' "'"'"'.,.,..,..,..,.I "'"'"' "'"'"'"' ,..,..,..,. "'"'"'"' "'"'"'"' "'"'"'"'"' "'"'"' "'"'"'"' "'"'"'"' ,..,..,..,. ,..,..,..,. ,..,. "'"' "'"'"'"' "'"'"'"' ,..,. "'"'"'"' "'"' "'"'"' "'"'"' "'"' "'"' \-



 

 91 

Abbreviations and Acronyms  

Abbreviation or 
Acronym 

Name 

CRM 
FRA 
HOS 
OJT 

Crew Resource Management 
Federal Railroad Administration 
Hours of Service 
On-the-Job Training 

RTS 
SCS 

Run through switch 
Safety Control Structure 

STAMP 
STPA 
UCA 

Systems-Theoretic Accident Model and Processes 
Systems-Theoretic Process Analysis 
Unsafe Control Action 
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Glossary 

Term Definition 
Closure rails Two fixed rails located between a switch point and a frog. 
Crossover A crossover is a turnout with a pair of switches that connects two 

parallel rail tracks, allowing a train on one track to cross over to the 
other. 

Drill The term drill is synonymous with the word “switch.” This is a term of 
art used by some railroads. 

Guard 
(check) rails 

Short piece of rail placed alongside the main (stock) rail opposite the 
frog so that the wheels follow the appropriate track through the frog 
and the train does not derail. 

Facing-point 
movement 

Movement in which the switch points point toward the approaching 
equipment. 

Frog Metal casting that enables wheels to roll smoothly over the point where 
two rails cross. 

Run-through 
switch event 

Operating through a switch from the unaligned track. 

Stock rails Running rails immediately alongside of the switch rails against which 
the switch rails lay when in the closed position. 

Switch A mechanical device that guides trains and moving equipment on fixed 
guideways from one track to another. The terms points, switch, and 
turnout are often used synonymously even though they refer to 
different track elements. 

Switch points Movable rails which guide the wheels towards either the straight or the 
diverging track. 

Switch rod Metal part connected to the points that opens and closes the switch 
Switch stand Manual lever that opens and closes the switch by moving the position 

of the switch rod. 
Switch target A visual indicator usually constructed of 2 perpendicular metal pieces 

of different color, on the switch stand, that indicates the track for 
which the switch is lined.  

Systemic 
factors 

The combination of social, technical, and organizational factors within 
a system. Safety and efficiency are two examples of emergent 
properties that results from the interaction of multiple systemic factors. 

Systems-
theoretic 
process 
analysis 

Systems-theoretic process analysis (STPA) is a hazard analysis 
technique based on systems theory.  
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Term Definition 
Trailing-
point 
movement 

Movement in which the switch points point away from the approaching 
equipment. 

Turnout A section of track that includes switches, frogs, guard rails, stock rails, 
and closure rails that enable trains and moving equipment to move 
from one track to another.  
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