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Executive Summary

From September 2019 to May 2022, the Federal Railroad Administration (FRA) funded KEA
Technologies Inc. (KEA) to conduct a pilot study using a rail simulator to determine whether
engineers can become habituated to auditory alerts while operating a locomotive. Habituation to

warning signals is not a new concept; however, the depth and volume of research is limited
(Wogalter & Silver, 1995; Edworthy & Adams, 1996).

Habituation is defined as a reduced attentional response to repeated exposure to a stimulus.
Warning signals may initially attract attention, but over time become perceived as less important.
Habituation to warnings is problematic for several reasons: 1) the signal loses its alerting
capability; 2) people may prematurely dismiss the warning before encoding or interpreting all the
necessary information; and 3) subsequent warning signals may elicit a lowered or lesser response
(Wogalter & Vigilante, 2006). Researchers conducted a literature review on habituation in other
industries such as aviation, automotive, and healthcare, to understand and provide context
whether this behavior was prevalent and document lessons learned. The literature review helped
inform the design of the pilot study. The team then developed an experimental protocol to
potentially observe habituation behavior using FRA’s Cab Technology Integration Laboratory
(CTIL) simulator and identified variables of interest for the study.

Nine engineers participated in the pilot study in CTIL for up to 6 hours each. Participants
completed two surveys, a demographic survey and exit questionnaire.

Researchers analyzed more than 43 hours of video of participants in CTIL and did not observe
evidence of habituation behavior. Findings suggested, however, that while habituation was not
occurring, fatigue may have influenced results for some engineers due to long sessions in CTIL.
Due to significant challenges in observing habituation in a simulated environment, future
research should evaluate habituation in the field (i.e., on an actual locomotive).



1. Introduction

From September 2019 to May 2022, the Federal Railroad Administration (FRA) funded KEA
Technologies Inc. (KEA) to investigate the potential for habituation to auditory alerts in the
locomotive cab.

1.1 Background

In 2009, FRA released a report titled “Technology Implications of a Cognitive Task Analysis for
Locomotive Engineers” that listed the cognitive demands and performance issues faced by
locomotive engineers. The list included:

e Maintain broad situational awareness and develop an accurate current situation model.

e Generate expectations to think ahead, guide attention, and prepare for anticipated actions
as well as plan for contingencies.

e Actively engage in sustained visual and auditory monitoring, including monitoring radio
communication.

e Manage multiple demands on attention.
e Prioritize and manage multiple goals.

Given that a locomotive crew monitors the locomotive through visual and auditory means, there
is a need to explore and understand the effectiveness of visual and auditory alerts and how
locomotive crew respond. Evidence suggests that individuals are likely to ignore alarms when a
high false alarm rate exists (Getty et al., 1995). This is more likely to occur when an individual
has a heavy workload (Getty, et. al., 1995). Findings of this study may affect the designs of
future alerts and warnings in locomotives.

1.2 Objectives

The objective of this study was to conduct pilot studies using a locomotive simulator to observe
whether engineers can become habituated to alerts. For example, the auditory alerts and
warnings inherent in a Positive Train Control (PTC) system present habituation challenges.
According to FRA, “Positive Train Control. . . systems are integrated command, control,
communications, and information systems for controlling train movements with safety, security,
precision, and efficiency. . . PTC systems vary widely in complexity and sophistication based on
the level of automation and functionality being implemented, the system architecture including
wayside systems (e.g., non-signaled, block signal, cab signal, etc.), and the degree of train
control.” The purpose of these systems is to prevent train-to-train collisions, overspeed
derailments, incursions into established work zone limits, and the movement of a train through a
main line switch in the wrong position. Inherent in the design of PTC systems are status alerts
and warnings to operational personnel when there is a malfunction or a system anomaly.
Researchers examined whether engineers exhibited habituation behavior to these alerts.

1.3 Overall Approach

The team drew on their backgrounds in neuroscience, psychology, and data science to investigate
whether habituation to auditory alerts could be observed in locomotive engineers.



1.4 Scope
To complete this pilot study, KEA researchers conducted the following tasks:

e Task 1: Define Study Scope and Develop Experimental Design - The research team
designed an experimental study to examine the potential for locomotive engineers to
habituate to alerts in the locomotive cab. This involved a literature search of habituation
habits observed in other transportation fields. Based on the literature search, the team
vetted an experimental design to test the phenomenon of habituation.

e Task 2: Testing and Data Collection - Researchers arranged for the review and
approval of testing human subjects through an Institutional Review Board (IRB). Once
approved, the team recruited and tested a pilot group of locomotive engineers in CTIL.
All study variables were recorded throughout the individual testing sessions.

e Task 3: Data Analysis — The team analyzed the data and produced a final report.

1.5 Organization of the Report

Section 2 details the literature review. Section 3 outlines the experimental design of the research.
Section 4 reports data analysis of the findings. Section 5 contains a summary of the research
conducted and recommendations for future work. Appendix A contains the screening questions
and the exit questionnaire.



2. Literature Review

Auditory alerts present a common and daily encounter that captures someone’s attention. Unlike
visual alerts, a person does not need to be within visual range of the alert to respond (Wickens,
Lee, Liu, & Gordon-Becker, 2004), thus making them a potentially effective warning system.
For safety alerts, the ability to reach the user is important (e.g., fire alarms, car chimes, back up
sensors, etc.). With the use of auditory alarms comes the potential for technical problems that can
render the alert non-productive. For example, the sound of the alert may not be ideal so that
detection is difficult or may be a distraction. Alerts may be ambiguous leading to confusion
about what action should be taken. Additionally, the alerting system may malfunction, which
could trigger a false alert or a failure to alert when necessary (Ulfvengren, 2000; Wickens &
Hollands, 2000). All these problems have the potential to lead to decreased confidence in the
alert.

Another potential problem with alerts is habituation, defined as a reduced attentional response to
repeated exposure to a stimulus. Mackworth (1969) states that when exposed to a constant
stimulus over long periods of time, an individual’s sensitivity or response to the stimulus is
reduced. Even though habituation to warning signals is not a new concept, research on this topic
is limited (Edworthy & Adams, 1996; Wogalter & Silver, 1995).

It is important to distinguish habituation from muscle fatigue, which is when a muscle’s ability to
generate force declines because of exhaustion. Habituation is not a result of exhaustion but
desensitization to the need to respond. Warning signals may initially attract attention, but over
time can become perceived as less important. Habituation to warnings is problematic for several
reasons: 1) the signal loses its alerting capability; 2) people may prematurely dismiss the warning
before encoding all the necessary information; and 3) subsequent warning signals may elicit a
lowered response (Wogalter & Vigilante, 2006).

2.1 Auditory Habituation of Locomotive Engineers

In reviewing the literature, the team found that habituation to alerts and warnings behavior has
been observed across multiple transportation sectors (i.e., aviation, automotive), as well as the
healthcare industry.

In the rail industry, many locomotive engineers have raised concern over excess audio warnings
and the need to respond to them being a workload issue. These concerns may result in several
outcomes, such as annoyance, disregard for the system, and distraction. For example, research on
signals passed at danger (SPAD) in Italian railways has shown that in-cab audio alerts can fail to
serve their desired function (Pasquini, Rizzo, & Save, 2004). Pasquini et al. (2004) studied a case
where a locomotive engineer missed a stop signal despite an auditory warning that required a
clear acknowledgement of the alert through pushing a button. Pasquini et al. found that the alert
system in place encouraged engineers to instinctively press the button acknowledging the alert
without processing its meaning. Researchers suggested that this was occurring because the alerts
that the system typically delivered were uninformative and inaccurate. Therefore, many
experienced locomotive engineers were observed holding their fingers on the acknowledgement
button, ready to disengage the alert as soon as they heard it to remove the distraction. Many of
them pressed the button without looking down at the in-cab display screen indicating the
meaning behind the signal.



In the United States, alerters in the locomotive cab are designed to keep the engineer alert and
attentive by periodically requiring acknowledgement of a frequently sounding alert; if the alerter
is not acknowledged, the locomotive will come to a stop. Acknowledging the alerter can become
an annoyance and a distraction. Given the technologies engineers must attend to and the demand
for attentional resources during operation of a train, the engineer may be susceptible to
habituation, distraction, annoyance, and subsequent disregard of these alerts. The literature
surrounding how locomotive engineers deal with their auditory environment when operating a
locomotive is limited.



3. Pilot Testing Program Details

This section discusses details of the current study’s pilot test in CTIL.

3.1 Background

While automation has many performance benefits, the shift to monitoring a computer-based
system introduces potential disadvantages (Sheridan et al., 1999), including the increased risk of
habituation to alerts.

As more technology is developed to improve transportation safety (e.g., PTC, driver-assist
features, and automated driving), there is the potential for error. Humans must be aware of and
react to the warnings provided by new technologies. Researchers conducted a pilot study to
examine the risk of habituation in locomotive engineers.

3.2 CTIL Track

Nine experienced engineers spent 4 to 6 hours in CTIL operating a train across the same 300-
mile freight track. The simulation used novel tones that would act to dishabituate the engineer
and included areas with high and low workload.

3.3 Participant Recruitment

Recruitment began with a referral from a railroad union member used as a recruiter. After the
first few studies, recruitment snowballed when locomotive engineers referred their colleagues or
friends who were locomotive engineers.

The nine participants were chosen according to several criteria:

e Participant can understand and comply with the protocol
e Participant is available for 6 to 8 hours on the study day
e Participant is in good physical and mental health

e Participant must be a current locomotive engineer (freight or passenger)
The participants also were chosen according to several exclusion criteria:

e Individual is not familiar with freight operations as locomotive engineer

e Individual is not a current locomotive engineer

Eligible participants could be current passenger engineers but were required to have been a
licensed freight engineer for at minimum 1-2 years and be comfortable with running freight
operations.

3.4 Data Collected

Pilot study participants answered a demographic questionnaire and an exit questionnaire related
to the study. These questions can be found in Appendix A.

Three cameras collected footage in CTIL from behind, directly in front of, and to the side of the
participant. This captured any head or body movements in response to stimuli. The track itself
was also recorded. Additionally, a microphone designed for reducing background noise collected
audio in the cab, automatically filtering out the noise of the simulator to better hear the



participant. CTIL automatically produces timestamps of participants’ button or control
modifications. Participants were asked to press the “attendant call button” when a dishabituator
sounded in the cab, a button not typically used in simulator operation.

3.5 Dishabituation Tones

The team selected two novel tones that were distributed along the track at varying intervals, in
areas of high, medium, and low workload. The novel tones were distinct from other auditory
alerts already present within the cab environment.

Each participant operated across as much CTIL territory as possible within the given timeframe.
Tones were played in random intervals along the track. Each participant experienced between 8
and 10 dishabituator tones during the study.

3.6 Testing Adjustments

A few minor adjustments were made after the first two participants completed the study. These
participants did not make it as far along the inbound route as was anticipated, so some elements
of the track were adjusted for future participants, including increasing speeds in some areas and
changing the restricted speed to 30 mph. Unlike normal operations, researchers told engineers
that they could receive Northern Operating Rules Advisory Committee (NORAC) Form D’s and
fill out Temporary Speed Restriction Bulletins (TSRBs) while moving at restricted speed instead
of stopping as required; this also increased the workload for the engineer. Also, CTIL does not
permit some of the permanent signage on the track to be updated, so engineers were asked to
ignore these signs and follow the PTC, which may have caused confusion for some participants.
Finally, two to four tones were added to the segment of track that the engineers were most likely
to complete in the allotted study time to account for the tones missed on the unused portion of
track (i.e., most of the outbound track).

Payment for participation in the study also increased slightly, from $750 to $950. This change
accounted for the additional risk of participation during the COVID-19 pandemic and helped
with recruitment.

The first participant suggested that researchers provide participants with a brief orientation run in
the simulator to familiarize themselves with the PTC system and the tones that would occur.
Additionally, the participant requested a set of background materials they could keep with them
throughout the study. This allowed the participants coming from different carriers or who did not
currently operate freight rail (i.e., currently a passenger rail engineer) to become familiar with
operating in the simulator under different sets of rules and equipment. The background materials
included details about the train’s composition, the route, rules for the route that may differ from
NORAC (i.e., the northeast standard with which most participants were familiar), and reference
charts of the permanent speed restrictions for the inbound and outbound routes.

3.7 Added Workload Events and Tone Placement
Table 1 and Table 2 detail the workload events and tone placement for each leg of the pilot test.



Table 1: Moving Towards Chicago: In-Bound Main 2

Track Section | Workload NORAC Form D Added E‘;eallllt:)(dlsl)atm Add Tone
185-180 High S&P- 181.46 [186.75] Add tone 1 at 184.0
175-165 Medium Carton track at 163.16 1\ 44 tone 2 at 169.44

[174.9]
. TSR 40 134.37-132.289
135-130 High [142.00] no
: Add tone 2 at
125-120 High Work zone 123.988-121.96 120.661
Add approach medium
B . (yellow over green) Add Tone 1 at
105-100 High 104.189%*change as the | 102.871 (Ridge Rd)
train approaches
85-80 Low Add chatter 185.81 no
70-65 Low Add tone 1 at 67.254
40-39 (end of 39.429—pull off and tgke
Low new form D**check in
Aurora track) . .
with engineer
Add tone 2 at 33.273
35-30 Medium (SL-1-bridge-
ABSL)
Approach and stop
25-20 Medium 20.411 [23.952]**do not | Add tone 2 at 20.782
include in PTC
15-10 Medium Work zone 14.796-13.08 Add tone 1 at 10.479




Table 2: Moving Away from Chicago: Outbound Main 1

Track Section | Workload NORAC Form D Added Evce;;ltss)(dlspatch Add Tone
Add approach medium
25-30 Medium (yellow over green) Add tone 1 at 26.81
29.808
: Add tone 2 at
30-35 Medium 31.001 (Bridge)
38.38 pull off and take a
38-40 (end of Low new form D - - pull off into N
Chicago track) siding, for work zone at °
170 and TSR at 25
Add tone 1 at
40-50 Low 47 189
Add tone 2 at
70-75 Low 72269
. TSR 40 116.491-117.913 Add tone 1 at
105-120 High [107.39] 116.89
120-125 Low Add chatter 122.988
TSR 45 131.139-133.15
130-135 High [127.271** do not include Add tone I at
. 131.926
in PTC
Add tone 2 at
155-160 Low 158.206
: Add tone 1 at
170-175 Medium Work zone 171.584-173.07 174.978




4. Data Analysis

This section documents analysis of the data collected in the study.

4.1 Background

Researchers removed the first participant (HALC-01) from the dataset. The first participant’s run
was treated as a trial to inform and verify study and track design. The team analyzed data from
eight participants, HALC-02 — HALC-09 using R software (for statistical computing). Data
analysis focused on determining if the participants experienced habituation to the auditory alerts
in the locomotive cab during the study. Additionally, the team analyzed more than 40 hours of
video to understand participants’ behavior and operational responsibilities while tones sounded
during the study.

4.2 Data Collected

Data from CTIL, video recordings, participant surveys, and track workload were all analyzed to
determine whether habituation was present.

4.2.1 CTIL Data
Data collected from CTIL includes:

e Time elapsed from start
¢ Distance in chainage (can be converted to milepost)
e Attendant call button press

o Grade

e Speed

e Acceleration
e Bell

e Horn

e Alerter

e Alerter penalty

4.2.2 Video Recording

Video data was collected from four different sources for each participant.

e Screen 1 showed the PTC display throughout the study

e Screen 2 showed the Main Display

e Screen 3 showed the Track Simulation

e Screen 4 showed video taken from behind the participant in CTIL

4.2.3 Surveys

Demographics: All participants completed a demographics questionnaire.
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Exit Questionnaire: All participants completed an exit questionnaire that asked them to evaluate
how similar their experience in the simulator was to their typical workday.

4.3 Results

This section documents the results from the data analysis.

4.3.1 Survey Analysis

The first questionnaire collected demographic information from participants such as age, sex,
race, years of experience, years of exposure to PTC, and typical duration of current shift. The
exit questionnaire asked participants to describe how similar they found the track simulation to a
real workday and to note differences, including limitations of the simulator. Participants were
also asked to compare the duration and signal workload of the study to a regular workday, and to
report whether they experienced any fatigue during the study.

All participants were male. The average age was 48.7 years, with the youngest participant being
41 years old and the oldest being 63 years old. Seven participants identified as White or
Caucasian, while one identified as Hispanic and another identified as Asian. The average years
of experience as a locomotive engineer was 17.5 years, with the fewest being 9 years and the
most being 28 years. The average years of PTC exposure among participants was 7.9 years, with
the fewest being 0 years and the most being 17 years. Four participants exclusively operated
freight locomotives, whereas the remaining five had experience running freight and passenger
operations. The typical duration of participants' shifts in their real workdays was approximately
10.3 hours, although many gave ranges of possible shift times. Most participants operated routes
in the Greater Boston area.

Based on responses from the exit questionnaire, most participants found the track simulation
used in the study very similar to the real workday of a freight engineer. Several participants
noted dissimilarities including unfamiliarity with the territory, the differences in rules, and the
lab environment. Examples included using General Code of Operating Rules (GCOR) instead of
NORAC rules and allowing participants to receive Form Ds at restricted speed instead of
stopping. Additionally, restricted speed and speeds experienced generally in the simulator were
higher than the speeds with which the participants were accustomed. The participants also noted
that the simulator is not as audibly loud and does not have vibration or slack/buff force effects,
particularly on hills and curves. One participants noted that it had been ten years since he
operated a freight locomotive after switching to passenger operations, a significant amount of
time. A few participants noted that they don’t experience beeping from the end-of-train device
during normal day-to-day operations and that their PTC system was different from the one used
in CTIL, which made it more challenging.

Six participants commented that they thought the study duration was shorter than the regular
workday of a freight engineer, but the remaining three participants said that the duration was
similar. One participant commented that while it was shorter, the mileage was close to what he
typically experienced in a workday due to the increased speeds traveled in the simulator. Another
participant commented that the simulation was operating more hours continuously than his
regular workday because he usually switches trains and may have some downtime between
switching; he still found the total duration was much shorter than his typical day, which is
between 10.2—12 hours. Four of the nine participants found the signal workload in the simulation
to be similar to their regular freight operations. One participant thought it was easier, while the
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remaining four believed that the simulator had a higher signal workload than what they typically
experience and thus was busier than usual.

Five participants commented that they felt no fatigue during the study. Two of those five

commented that, if anything, they felt more attentive during the study because of the

unfamiliarity of the territory and simulator environment, so they were more focused and
stimulated than usual. Two other participants said it was similar to running a train, and the
fatigue they felt was “not bad.” One participant commented that not being qualified on the
territory made it “pretty tough” and tiring, making him more fatigued than a normal workday.
The remaining participant commented that during periods of low stimulus, he experienced some
fatigue, but it subsided during high stimulus periods.

4.3.2 Simulation Data Analysis

Table 3 shows the total number of novel tones and computer tones introduced to the participant.
A successful response is indicated if the participant pressed the attendant call button within 15
seconds of the tone sounding. The rightmost column displays the number of false responses or
times the participant pressed the attendant call button in response to a non-dishabituating tone
inside the cab. The number of false responses varied substantially between participants, which
may be due to differences in the audio alerts they are accustomed to versus the audio alerts used
in the simulator.

Early in the data analysis process, researchers determined that several participants were
responding to a tone intended to remind the experimenter running CTIL to act as the dispatcher.
This tone, which appeared between 10-13 times depending on the participant, came from the
experimenter’s laptop and was audible over the radio used to correspond with the participant.
Due to the difference of this tone from typical sound in the locomotive cab, these reminders were
evaluated as if they are additional novel (i.e., dishabituating) tones. This resulted in some cases
having double the intended amount of dishabituating tones.

Table 3: Response Rate to Dishabituating Tones and False Tones by Participant

Participant

Number

HALCO02
HALCO03
HALCO04
HALCO05
HALCO06
HALCO07
HALCO08
HALC09

Number of Number of  Response = Number  Number of  Response = Number of
Computer  Responses Rate (%)  of Novel  Responses Rate (%) False
Tones Tones Responses

11 2 18.18 6 6 100 2

11 1 9.09 8 8 100 1

10 9 90 7 6 85.71 9

11 6 54.55 9 8 88.89 10

13 7 53.85 10 8 80 10*

11 9 81.82 8 5 62.50 16

11 6 54.55 10 9 90 2

11 9 81.82 10 9 90 16*

*Some of the extra false responses were due to researcher error, such as hitting a button on the computer used for
the simulation and a Windows Microsoft error tone sounding. This led to two extra false responses in HALC-06, 1
extra false response in HALC-08, 1 extra false response in HALC-09.

The total number of both computer tones and novel tones varied slightly for each participant.
Participants 05, 06, 08, and 09 were the only ones to complete a small section of outbound track
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in the given period, so they had the potential to receive up to two more novel tones and two more
computer tones compared to those who only completed the inbound route.

Any tones that the researchers could not hear while conducting the video analysis were not
counted in the analysis, as the participant would not have been able to respond to a tone that was
not audible or was not administered. For example, some of the computer tone reminders were
disabled by the team, usually due to timing constraints. For participant 02, only six novel tones
had been programmed for the study. However, two more novel tones were added for all
subsequent participants. For participant 04, both a computer tone and novel tone were not
audible to researchers. Similarly, participants 08 and 09 each had a computer tone that was not
audible to researchers, and during participant 05’s study, a tone occurred right as the simulation
was paused for lunch, so the participant did not have a chance to respond.

Table 4 shows the aggregated successful response rate (%) for all tones among all participants as
well as for each participant. The table also shows the successful response rate for each
dishabituating tone introduced (i.e., two novel tones and the computer tone). The number of
events to which each participant had a chance to respond is also presented, which varied across

participants.

Table 4: Aggregate Response Rate to Dishabituating Tones

#of | # of Successful Successful

Response Type Participant Event Type Events Responses Response

Rate (%)
All Pamc%’;‘;:‘“” Tone | Al Participants | All Tone Types | 157 108 68.8
HALC-02-All Tone Types HALC-02 All Tone Types 17 8 47.1
HALC-03-All Tone Types HALC-03 All Tone Types 19 9 47.4
HALC-04-All Tone Types HALC-04 All Tone Types 17 15 88.2
HALC-05-All Tone Types HALC-05 All Tone Types 20 14 70.0
HALC-06-All Tone Types HALC-06 All Tone Types 23 15 65.2
HALC-07-All Tone Types HALC-07 All Tone Types 19 14 73.7
HALC-08-All Tone Types HALC-08 All Tone Types 21 15 71.4
HALC-09-All Tone Types HALC-09 All Tone Types 21 18 85.7
All Participants-Computer | All Participants Computer &9 49 55.1
All Participants-Sound 2 | All Participants Sound 2 29 25 86.2
All Participants-Sound 2A | All Participants Sound 2A 39 34 87.2

4.3.3 Workload

After the study, the research team consulted with an experienced engineer and study participant
to retroactively label areas of the track as high, high-medium, medium, low-medium, or low
workloads. This was then converted into a numerical score where 1 is the lowest and 5 is the
highest workload. The engineer was given the track chart of the simulated track and all the
events added by the research team, such as work zones and restricted speed areas. The engineer
considered speed, grade, number of crossings, and number of events happening concurrently to
rate and label sections of track with their corresponding workload. Table 5 and Table 6 show the
track section with the corresponding workload score and the notes from the engineer around the
justification of the workload score.
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Table 5: Workload Scoring of Selected Inbound Track with Researcher Additions

Trac.k Workload Engineer Notes

Section

193.1-190 | HIGH Engineer is getting train up to speed and is performing routine tasks (i.e.,
releasing brakes, advancing throttle, ringing bell, etc.). A train with this consist
and Horse Power per Ton (HPT) would take about 2—3 miles to achieve
operating speed.

190 — 187 MEDIUM Engineer has a good “feel” of the train and is settling into the run.

187 - 181 MEDIUM to Engineer’s run is elevated from Med to High due to Stop and Protect awareness

HIGH at Mile Post (MP) 181.65. Engineer was notified at MP 186.74. The Engineer
has 5 miles to bring the train to a full stop. Note: track chart shows a #11
turnout at this location, not a X-ing. First time “new” tone 1 is heard at MP 184.

181 -175 MEDIUM Routine running

175 -165 MEDIUM Engineer is notified of “cart on track” at MP 165.16, dispatcher alerted.
Engineer at MP 174.9. Tone 2 at MP 169.44.

165 —-137 LOW Undulating territory begins at MP 143

137 -132 HIGH Temporary Speed Restriction (TSR) of 40 mph between MP 134.46 and 132.36,
engineer must reduce speed from 70 mph within undulating territory consistent
with proper train handling, loads on rear of train may cause some “run in” or
buff force depending on the course of braking action taken (power braking,
fully dynamic or a combination). Engineer must allow at least 2 miles for train
to meet target speed at TSR location. Engineer can use undulations in track to
aid in reducing speed.

132 -126 MEDIUM Engineer is operating over undulating territory.

126 — 120 MEDIUM to Work zone from MP 124.08 to MP 122.03. Engineer will have a heightened

HIGH sense of awareness as they approach and pass through this area still within
undulating territory. Tone 2 is also heard at MP 120.5.
120 - 105 LOW Undulating territory, 70 mph.
105 -85 LOW TO Approach Medium signal at MP 104.199 (Engineer must begin to reduce speed
MEDIUM from 70 mph to 40 mph). Tone 1 heard at MP 100.9 (note: “Ridge Rd.” does not
appear on track chart). Territory undulates and there are many X-ings.

85-82 MEDIUM Multiple speed changes within this area and many X-ings.

82-40 LOW Undulating territory. 50 MPH at “STEWARD” otherwise 70 mph. Tone 1 at
MP 67.254 (pedestrian grade X-ing).

40 —-38 MEDIUM End of one Subdivision, enter second Subdivision (MP 38.40), two speed
changes within two miles. Grade separation from X-ings.

38-25 MEDIUM High-speed running, few X-ings (mainly grade separated. Engineer copies a
Form D at MP 35.84 (TSR MP 21.12 —20.12). Fairly flat territory. Tone 2 at
MP 33.273 EOLA Interlocking (signal bridge).

25-20 HIGH Engineer anticipation of multiple actions needed to be taken within a short
distance including controlling and stopping train from 70 mph. TSR MP 21.12
to MP 20.12 (Downers Grove to Fairview Ave), tone 2 at MP 20.782 (Fairview
Ave signal bridge). Uphill grade will aid Engineer in slowing train.

20-15 MEDIUM TO | Engineer begins to start train after stopping. Anticipates remainder of run.

HIGH Downhill grade with multiple X-ings in multiple track territory with stations.

15-9 MEDIUM TO | Downhill grade with multiple X-ings in multiple track territory with stations.

HIGH Form D MP 14.51 to MP 13.79, tone MP 10.479.

9-12 MEDIUM Grade begins to flatten out, X-ings become grade separated. Multiple track
territory with stations.

1.2 END OF END

INBOUND
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Table 6: Workload Scoring of Selected Outbound Track with Researcher Additions

Trac.k Workload Notes
Section
143 -25 MEDIUM 70 mph. 19.782 is top of grade, Engineer will transition from pulling to
controlling speed going downhill, for next 5 miles, using preferred braking
method. Multiple X-ings in multiple track territory with stations.
25-30 MEDIUM TO | 70 mph. Undulating territory. Tone 1 at MP 26.810 (Naper Blvd). Approach
HIGH Medium signal at MP 29.808. Few X-ings in multiple track territory with
stations.
30-35 LOW to 70 mph. Tone 2 at 31.001 (ROUTE 59 Interlocking). Undulating territory with
MEDIUM no X-ings.

Researchers used this information to examine whether response rate was significantly affected by
workload (Figure 1). The X-axis of this graph is a workload score rating where 1 = Low, 2 =
Low-Medium, 3 = Medium, 4 = Medium-High, and 5 = High. A linear regression model showed
no statistically significant linear relationship between workload and response rate.
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Figure 1: Analysis of the Response Success Rate as a Function of Workload Score

4.3.3.1 Analysis of Response Time

Table 7 shows the mean response time in seconds to the dishabituating tones to which
participants successfully responded (within 15 seconds). The table shows the response times
aggregated across all participants and tone types and then broken down by each participant
individually and by sound type. The mean response time to the computer tones was longer
compared to the intended novel tones selected as dishabituators. However, there was not a
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meaningful difference in mean response time between “Sound 2,” “Sound 2a,” or the computer
tones. This data is also shown in Figure 2.

Table 7: Mean Response Time of Response to Tones by Participant and Sound Type

Response Type Participant Event Type n | Mean Response Time (Seconds)
All Participants-All Tone Types | All Participants | All Tone Types | 108 3.655
HALC-02-All Tone Types HALC-02 All Tone Types | 8 3.188
HALC-03-All Tone Types HALC-03 All Tone Types | 9 2.389
HALC-04-All Tone Types HALC-04 All Tone Types | 15 2.200
HALC-05-All Tone Types HALC-05 All Tone Types | 14 3.943
HALC-06-All Tone Types HALC-06 All Tone Types | 15 6.067
HALC-07-All Tone Types HALC-07 All Tone Types | 14 3.250
HALC-08-All Tone Types HALC-08 All Tone Types | 15 4.860
HALC-09-All Tone Types HALC-09 All Tone Types | 18 2.783
All Participants-Computer All Participants Computer 49 4.155
All Participants-Sound 2 All Participants Sound 2 25 3.296
All Participants-Sound 2A All Participants Sound 2A 34 3.197
HALC-02-Computer HALC-02 Computer 2 6.300
HALC-02-Sound 2 HALC-02 Sound 2 3 2.167
HALC-02-Sound 2A HALC-02 Sound 2A 3 2.133
HALC-03-Computer HALC-03 Computer 1 2.800
HALC-03-Sound 2 HALC-03 Sound 2 4 2.400
HALC-03-Sound 2A HALC-03 Sound 2A 4 2.275
HALC-04-Computer HALC-04 Computer 9 2.367
HALC-04-Sound 2 HALC-04 Sound 2 2 1.850
HALC-04-Sound 2A HALC-04 Sound 2A 4 2.000
HALC-05-Computer HALC-05 Computer 6 4.300
HALC-05-Sound 2 HALC-05 Sound 2 2 5.100
HALC-05-Sound 2A HALC-05 Sound 2A 6 3.200
HALC-06-Computer HALC-06 Computer 7 6.586
HALC-06-Sound 2 HALC-06 Sound 2 3 5.033
HALC-06-Sound 2A HALC-06 Sound 2A 5 5.960
HALC-07-Computer HALC-07 Computer 9 3.322
HALC-07-Sound 2 HALC-07 Sound 2 3 2.900
HALC-07-Sound 2A HALC-07 Sound 2A 2 3.450
HALC-08-Computer HALC-08 Computer 6 6.517
HALC-08-Sound 2 HALC-08 Sound 2 4 4.325
HALC-08-Sound 2A HALC-08 Sound 2A 5 3.300
HALC-09-Computer HALC-09 Computer 9 2.889
HALC-09-Sound 2 HALC-09 Sound 2 4 2.825
HALC-09-Sound 2A HALC-09 Sound 2A 5 2.560

Figure 2 is a box-and-whisker plot showing an analysis of the response time in seconds by each
tone that served as a dishabituator. Only successful responses, or responses within 15 seconds of
the tone, are shown in this analysis. For all box-and-whisker plots in this task report, each
colored dot corresponds to a unique participant’s responses. The box-and-whisker plots note
which colored dots are statistical outliers with black dots showing the same y-value (i.e., at the
same latitude). In Figure 2, no significant difference exists in response time between the different
dishabituating tones
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Figure 2: Analysis of the Response Time by Dishabituating Tone

Figure 3 is a box-and-whisker plot showing the response time in seconds to dishabituating tones
under various workload conditions. A score of 1 is the lowest workload while 5 is the highest.
No significant difference was found in the response time under different workloads.
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4.3.3.2 Response Recovery Analysis

As previously noted, habituation is defined as reduced attentional response to repeated exposure
to a stimulus. In the context of warning signals, over time the alert becomes coded as less salient
and thus associated with less importance. Rankin et al. (2009) identified ten characteristics that
specifically define habituation and distinguish it from fatigue or sensory adaptation. One of the
essential criteria of habituation is that the response decrement observed must be progressive and
needs to follow exponential or linear trends (Rankin et al., 2009). Additionally, habituation is
stimulus specific and dishabituation must be possible. In auditory examples of habituation, a
dishabituator would serve as a novel or deviant tone that is inserted into a set of repeated tones
and likely varies in frequency and/or amplitude of the repeated tone. When a dishabituator is
presented, response recovery is observed, meaning that the habituation process is interrupted and
the response to the previously habituated tone should return to what the response was right
before the presentation of the dishabituator (Rankin et al., 2009). In contrast, if the reduced
response observed was attributed to fatigue or sensory adaptation, that trend of reduced response
would continue even if a dishabituator was presented. Response recovery to the previously
habituated tone would not occur in cases of fatigue or sensory adaptation (Rankin et al., 2009).

To determine if response recovery was observed, an analysis was performed on the response
times to the alerter, which is a safety feature in the locomotive cab. The alerter warning appears
when an engineer has not touched the controls in a specified set of time. The alerter is a known
feature to any locomotive engineer. Typically, the alerter first appears on the main control screen
as a visual countdown without sound for a certain amount of time (for this study, 5 seconds). An
auditory alarm then starts to sound if the alerter is not acknowledged within that time. If it is
ignored for a period after the alarm sounds, the locomotive initiates penalty brake application.
No alerter penalty braking occurred in the study data set, meaning all alerters were
acknowledged. The analysis of response recovery excluded responses for events where the
participant did something other than push the alerter button to resolve the alarm. This includes
the engineer using any of the controls on the control stand.

A participant’s response time to the alerter was calculated as the time from the start of the alerter
to the time the participants pressed the alerter button. Researchers identified alerter responses
that were the “First” and responses that were the “Last” before a novel tone. All other responses
were identified as “Other.” Accordingly, if a response was both the first and last response
between any two novel tones it was reclassified as “Other.”

Only inbound data was analyzed because the length of the outbound rides (when completed)
were short. Researchers only received a few points that could be analyzed and presumably there
would have been no time to become habituated. The hypothesis is that in between tones the
participant becomes habituated to the alerter and will respond more slowly over time.
Dishabituation and response recovery would be seen if the last alerter response before the
dishabituating tone is slower than the response to the first alerter.

Table 8 shows mean response time (in seconds) for all response types (first, last, and other)
across all participants as well as for each. It also shows mean response time for the “First” and
“Last” alerter responses aggregated across participants and then separated by each. None of these
differences are statistically significant.
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Table 8: Analysis of the Response Time to the Alerter Before and After Dishabituating

Tone
Participant Response Type n Mean Response Time (Seconds)
All Participants All Response Types 288 3.66
HALC-02 All Response Types 24 4.79
HALC-03 All Response Types 16 3.56
HALC-04 All Response Types 35 4.11
HALC-05 All Response Types 46 3.10
HALC-06 All Response Types 37 3.50
HALC-07 All Response Types 36 3.70
HALC-08 All Response Types 49 3.09
HALC-09 All Response Types 45 4.04
All Participants First 66 3.75
All Participants Last 68 3.52
All Participants Other 154 3.68
HALC-02 First 5 4.80
HALC-02 Last 6 4.63
HALC-02 Other 13 4.85
HALC-03 First 4 3.00
HALC-03 Last 4 3.98
HALC-03 Other 8 3.62
HALC-04 First 9 3.16
HALC-04 Last 9 4.17
HALC-04 Other 17 4.58
HALC-05 First 11 2.82
HALC-05 Last 11 3.09
HALC-05 Other 24 3.23
HALC-06 First 9 3.77
HALC-06 Last 9 3.36
HALC-06 Other 19 3.44
HALC-07 First 7 3.70
HALC-07 Last 8 3.55
HALC-07 Other 21 3.76
HALC-08 First 11 3.81
HALC-08 Last 11 2.53
HALC-08 Other 27 3.02
HALC-09 First 10 5.05
HALC-09 Last 10 3.79
HALC-09 Other 25 3.74

Figure 4 is a box-and-whisker plot showing response time (in seconds) aggregated across
participants for the First alerter response and the Last alerter response before a novel tone. The
colored dots represent each unique participant. There was no statistically significant difference
between the response time to the First alerter after a dishabituating tone and the Last alerter
before a dishabituating tone.
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Figure 5 is a box-and-whisker plot showing response time by participant ID for the First alerter
response and the Last alerter response before a novel tone. No significant difference was found
between the two groups. Response as a function of participant ID was statistically significant
which means some participants responded faster than others. However, this is not important to
the analysis and doesn’t impact the conclusions.

FParticipant

HALC-02
*  HALC-03
® HALC-04
*  HALC-05
* HALC-08
*  HALCOT

HALC-0B
" HALC-09

i

.

Response Time (sec)

o

Tt ITETTEITITIIET

Alerter Response Type by Participant ID

Figure 5: Analysis of the Response Time to the First and Last Alerter in Reference to a
Novel Tone by Participant
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4.3.3.3 Video Analysis

The time and distance at which the attendant call button was pressed was recorded in the CTIL
data. Researchers reviewed video footage from the minute leading up to each press of the button
to verify the tones or sounds to which the engineer was responding and evaluate the engineer’s
workload in that minute, as well as the engineer’s perceived mood and confidence in pressing the
button. The attendant call button press chainage (Table 7) was compared with the known
chainages of the novel tones and reminder tones to calculate a response time to each.
Approximately 43 hours of video footage was collected during this pilot study. The results of the
video analysis are summarized in Table 9.

Participant is
Participant is actively doing Other auditory
not doing something else (e.g., tones are
anything (e.g., | sounding the horn sounding in the
hands in lap) and bell, taking a cabin

Form D, etc.)

Participant Researchers do
seems to notice not hear tone or
tone but chooses | see participant
not to respond in
acknowledge video

Participant Missed Tones

Computer Tone #1 X

Novel Tone #6 X

s LB Novel Tone #7 X

Computer Tone #11 X

Computer Tone #1 X

>

Novel Tone #2

Computer Tone #4 X

HALC-05 | Computer Tone #6

Computer Tone #7

Computer Tone #9

Novel Tone #7

XX | XX

Computer Tone #3

Computer Tone #6

Novel Tone #5

X

Computer Tone #8

HALC-06 Computer Tone #9 X

XU XXX XXX ([

Novel Tone #6

Computer Tone #12 X

Computer Tone #13 X

Novel Tone #5

Computer Tone #8

HALC-07 | Computer Tone #9

Novel Tone #7

XIX| XX

Novel Tone #8

XX XXX X [X] X

Computer Tone #3

Computer Tone #5 X

Computer Tone #6

HALC-08 | Computer Tone #7

Computer Tone #8

Computer Tone #9

Novel Tone #9

Computer Tone #1

XXX X|X[X
X

Computer Tone #3 X

LiLIHER) Computer Tone #8 X

Novel Tone #9 X X

*The tones in red in the table are not counted toward the total number of computer and novel tones because
researchers could not hear them using the video footage and assumed that the participant also missed them.

Behavioral analysis was conducted, including categorizing whether a participant was busy
actively doing something else (e.g., sounding the bell and horn, actively braking, etc.). The team
also noted whether other auditory alerts and tones (e.g., the end-of-train device, alerter, or radio
chatter) were sounding in the cabin at the time. False responses were also reviewed to
understand where confusion or differences between participants was occurring.
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Researchers examined whether the participant seemed to notice or hear the tone but elected not
to respond. The team noted head movement indicating the participant looked at the control stand
(i.e., toward the attendant call button), generally looked around the cabin toward the sounds, or
moved their hand toward the attendant call button but stopped short of pressing it. At other times,
the participant was facing forward and without other distractions but they did not seem to notice
the auditory tone. There were four instances when a computer tone simply did not sound
(researchers may have manually disabled the tone in these areas). These instances are noted in
red in Table 9.

4.4 Study Limitations

As previously stated, one of the limitations of the study was the addition of many extra
dishabituators in the form of experimenter reminders. Up to 13 additional computer tones were
used, with meant participants may not have had time to experience habituation in between tones,
so any effect on reaction time after the dishabituator may not be visible. This was not something
the team could mitigate, because the first few participants did not respond as often to the
reminders as subsequent participants.

The team experienced other study limitations that may have affected the data. Conducting the
study in a simulator with unfamiliar personnel watching may have factored into the participants’
performance. A simulator does not provide the same vibration, tilting, or momentum shift that an
engineer would experience in a real locomotive. Additionally, while all the participants were
locomotive engineers familiar with freight operations, they were all running different routes in
their normal workdays that had varying degrees of similarity and difference to the simulated
track. Typically, an engineer will be extensively trained on a route before running it alone.
Engineers in this study were asked to run a simulated track unfamiliar to them and without
extensive training. Also, the operating rules for the simulated track were different from typical
operations (such as using GCOR rules instead of NORAC). To control for this limitation,
researchers reviewed these unfamiliar rules with the engineer prior to entering CTIL and gave
them the option to bring a printout of the rules into CTIL.

Researchers believe that most of the engineers were extra attentive during the study given the
unfamiliarity of the territory, rules, and environment. Therefore, observing habituation was
challenging.

4.5 Discussion

The comparison of the last alerter response time before a dishabituating tone versus the first
alerter response after the dishabituating tone reveals that response recovery was not observed and
thus habituation could not be observed. Researchers hypothesized that if response recovery was
occurring, the first alerter response after a dishabituating tone should be faster than the alerter
response just before the dishabituating tone. However, Table 8 shows the opposite trend, with the
first alerter responses after a dishabituating tone being longer (3.75 seconds) compared to the last
alerter response before a dishabituating tone (3.52 seconds) across all participants. This could
also suggest that while habituation is not occurring, fatigue may be setting in. , given that
response time did not return to what it was as one would expect before the dishabituating tone.
Continued diminishing response time is an indicator of fatigue (Rankin et al., 2009). However,
none of these differences were statistically significant and thus point to the need for a larger
sample size.
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While habituation was not observed in this study, the analysis suggests that analyzing workload
and its effect may be an important factor in habituation. Figure 1 shows that as participants’
workload increased, their response success rate to dishabituating tones across generally
decreased. While these results were not statistically significant (as shown in Figure 3), the
study’s sample size of eight engineers was small. Future studies with an increased number of
participants may yield different results.

Figure 5 shows that participants had a statistically significant difference in response time from
each other, which also may point to needing a larger sample size for future studies. Additionally,
the recruitment requirement that engineers must have at least one year of freight experience
limited the candidate pool. Many engineers that participated in the study were previously freight
engineers but had since switched to operating passenger locomotives and thus were less familiar
with freight operations. Researchers examined differences between participants who were
operating freight locomotives at the time of the pilot study, and did not find consistent trends
regarding response times. Additionally, years of experience did not appear to play a role in
response times nor did operating under the same rail carrier. For future studies, a larger sample
size or more narrow recruitment criteria may reveal or bring clarity to these possible trends.

4.6 Suggested Future Research

Participants’ feedback on the exit survey suggested that operating on unfamiliar track or in the
presence of the researchers likely limited researchers’ ability to study habituation in CTIL’s
simulated environment. Many engineers noted that they felt more attenuated and stimulated
compared to their normal workday because of the unfamiliar track and environment. Given the
challenges of observing habituation in a simulated environment, the team recommends future
research be conducted in the field (i.e., on an actual locomotive) using video cameras and novel
tones. Data collected should evaluate response time to various alerts during normal operation of
a locomotive from experienced engineers before and after a dishabituating tone is introduced.
Additionally, it may be useful to restrict recruitment to engineers who work for the same carrier
or over similar territories and possibly with similar years of experience to limit the number of
variables when assessing habituation.
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5. Conclusion

Researchers conducted a literature review to compile techniques used in other industries to study
habituation. The literature review also helped inform the experimental plan. Researchers used
CTIL to conduct a pilot study with nine locomotive engineers; data from eight engineers was
used in the study’s final analysis.

Researchers collected 40 hours of video in CTIL and conducted data analyses on the potential
effects of habituation to safety systems in the locomotive cabin (e.g., the alerter). Habituation to
alerts was not observed. The team recommends further research that uses a larger sample size,
has fewer dishabituating tones, and is conducted in a more realistic setting.

Researchers also observed diminishing response times to some auditory alerts, which is a sign of
fatigue. While the differences in response time were not statistically significant, it is a potentially
interesting finding and may suggest that fatigue is a greater risk to engineers than habituation.
Additionally, as the workload during the study increased, the response success rate to
dishabituating tones across all participants generally decreased. While these results were also not
statistically significant (likely due to the small sample size), future studies with an increased
number of participants may yield different results.

Since observing habituation is challenging in a simulated environment, researchers recommend
that future research to evaluate habituation be conducted in the field. Based on the results from
the study and exit questionnaires conducted with the locomotive engineers, the research team
hypothesized that the more novel the situation, the less likely habituation will be observed.
Therefore, future studies should be done by monitoring (through video) an engineer completing
their regular route and their response times to certain alert systems throughout the ride to
evaluate whether engineers become habituated in a more realistic setting.
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Appendix A.
Screening Questions and Exit Questionnaire

Demographic Questionnaire
To be conducted morning of study:
1. What is your name?
What is your age?
What is your race or ethnicity?
What is your sex?

How many years of experience do you have as locomotive engineer?

AN

Do you drive passenger or freight trains?
a. How many years of each if both?
7. How many years of PTC exposure do you have?
8. How many years of TO exposure do you have?
9. What is your usual route?
10. What is the typical duration of your shifts?
11. When was the last time you operated a train?
Exit Questionnaire
1. How similar did you find this to a real workday?

a. If not similar: Why? What are the limitations of the simulator? Please note any
unrealistic aspects of the simulation

2. How does the duration compare?
How does signal workload compare?

4. How fatigued did you feel at various points in the study?
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Abbreviations and Acronyms

ACRONYM
CTIL

FRA

GCOR

KEA

MP

NORAC
PTC

TSR

TSRB

DEFINITION

Cab Technology Integration Laboratory
Federal Railroad Administration

General Code of Operating Rules

KEA Technologies Inc.

Mile Post

Northern Operating Rules Advisory Committee
Positive Train Control

Temporary Speed Restriction

Temporary Speed Restriction Bulletin
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