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Abstract

Railway systems are prominent transportation of people and goods across large
distances. Track work often occurs during trains' operating hours. To ensure track
worker safety, the role of the track safety supervisor (TSS) is to continuously scan the
environment and notify the workers of approaching trains and other hazards. The
TSS’s task is to remain attuned to the track maintenance zone for prolonged durations,
identify hazards quickly, and instruct the track workers to clear the track when
necessary. Although all TSSs must complete a certification procedure, in practice,
there are TSSs for whom this is their primary work and others for whom this is their
part-time work. This study examined attentional and hazard perception differences
between Full-time TSS workers and Part-time TSS workers. Fifteen full-time TSSs,
12 part-time TSSs, and eight non-certified (control) TSSs were connected to a remote
eye tracker in front of a computer screen. Participants observed 18 short real-world
track video clips taken from a TSS perspective and had to press a response button each
time they identified a hazard that could put the maintenance workers at risk. The
results demonstrated that participants’ scanning efficiency and attention deteriorated
over time. In addition, the full-time TSSs were more likely to respond to static hazards
than the other groups, where the part-time workers demonstrated the lowest
performance. The implications are discussed.

Introduction

The growth in railway construction has increased the demand for maintenance work
to ensure operational efficiency. Despite a decline in accidents involving maintenance
workers on the tracks, there has been a worrisome rise in fatalities. Notably, when
maintenance workers are struck by trains, the outcome is almost always fatal (Shin et
al.,, 2021). Rail maintenance and engineering involves safe, efficient, and timely
access to the track, delivery of the work, departure from the track, and confirmation
that the work is completed, and the track is clear and ready to go back into active
service. Track maintenance and engineering work is carried out around the clock all
year, suggesting it may occur while trains pass. Such work is scheduled, typically as
timetabled services or as scheduled engineering trains bringing equipment and
material into the work site. Workers performing railway work must do so under
strictly controlled conditions. The type of work can range from small teams carrying
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out day-to-day maintenance of the track or routine inspections to large-scale renewal
teams. Unfortunately, this work embeds safety risks for the maintenance track workers
(Houghton et al., 2016). To minimize the risks associated with maintenance work,
each workers’ team typically includes a railway track safety supervisor (TSS). The
TSS is responsible for identifying and alerting track workers of trains traveling near
or into an area of work. The TSS relies on physical touch, flags, horns, or whistles to
communicate to the maintenance workers the need to pause their work and evacuate
as quickly as possible to a safe location to avoid injuries. The TSS, a unique term used
in the Israeli rail system, is often called "Lookout" in other national rail systems
(Naweed et al., 2019; Pickup, Lowe & Smith, 2014). The Lookout is a designated role
referring to a track worker whose sole duties are to watch for approaching trains and
warn the other track workers currently doing their job. In the UK, the safety of track
workers came into focus by the Rail Accident Investigation Branch (RAIB., 2017a).
Their report highlighted that dozens of near-miss incidents involving track
maintenance workers occur annually and that the largest proportion of these incidents
(36%) involve lookout errors (Naweed et al., 2019).

The TSS task is highly demanding and involves prolonged periods where the TSS
must be vigilant and allocate attention to all areas from where trains might approach.
Since the frequency of train arrivals may vary, it is often the case that, under the low
frequency of train arrivals, the TSS must continuously monitor the environment
despite a very low “hit rate”, implying a monotonous and passive monitoring task. As
previously shown by others, humans are poor at passive monitoring and remain alert
for long periods (Pickup, Lowe & Smith, 2014), especially where the monitoring task
is monotonous and passive (Casner & Shooler, 2015).

Naweed et al. (2019) identified vulnerabilities in the lookout task, such as human
perception and attentional limitations, and the need for effective communication and
coordination among track workers. Previous studies investigated the factors that
generally affect vigilance and sustained attention, such as tedious and stimulating
tasks (Robertson et al., 1997; Thomson et al., 2015). These studies found that the
repetitive nature of the task causes individuals to actively reduce their perception and
attentional effort due to reduced wakefulness, eventually leading to impaired
performance.

Although one of the main challenges of a TSS is to maintain attention and vigilance
for prolonged periods and to be able to identify hazardous events such as approaching
trains, there is no study, to the best of our knowledge, that explicitly evaluated TSS
performance over time from aspects of sustained attention and hazard perception.
Hazard perception is a skill defined as situation awareness of hazardous situations
(Horswill & McKenna, 2004) that was found to correlate with road crashes. This skill
was studied across various domains (e.g., construction, Perlman Sacks and Barak,
2014; driving, Borowsky & Oron-Gilad, 2013; beach lifeguards, Meir, Hartmann &
Borowsky, 2021; light rail; Borowsky et al., 2019). In the construction domain, Lee
et al. (2022), for example, found that experienced construction workers with a mean
age of 34.5 (£10.6 years) and an average of 8.5 years of experience fixated
significantly more often and for prolonged durations on dynamic rather than static
hazards. Dynamic hazards included elements such as a moving crane, while static
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hazards included physical obstacles such as bricks on the ground. These fixation
patterns indicated that experienced construction workers allocated most of their
attentional resources toward dynamic cues of upcoming hazards. The relationship
between work experience and hazard perception has been extensively studied in
realms such as transportation (Borowsky et al., 2009; Borowsky et al., 2019) and
construction (Chi et al., 2005; Choudhry & Fang, 2008; Hasanzadeh et al., 2017;
Aroke etal., 2020). One of the findings on construction workers’ attentional allocation
and hazard detection research was that more experienced workers returned their
attention to hazardous areas more often than less experienced workers (Hasanzadeh
et al., 2017). A study conducted by Borowsky et al. (2009) showed a strong
relationship between the experience of drivers and their hazard detection performance.
To summarize, although one of the main challenges of a TSS is to maintain attention
and vigilance for prolonged periods and to be able to identify hazardous events, there
is no study, to the best of our knowledge, that explicitly evaluated TSS performance
over time from aspects of sustained attention and hazard perception. Thus, this study
aimed to apply hazard perception methods to examine TSSs’ ability to identify
hazards and evaluate how this performance deteriorates over time due to impaired
sustained attention and vigilance. The findings of this study will provide a further
understanding of TSSs’ attentional and hazard perception performance deterioration
over time. Such findings will hopefully help establish better guidelines for shift
periods and future training.

Hypotheses
H1: Dynamic hazards are more likely to be identified than static.

H1.1 Participants will be more likely to fixate on dynamic hazards than static
ones.

H1.2 Participants will have more eye-fixations on dynamic hazards than static
hazards.

H2: Full-time TSS will be more efficient in scanning and identifying more hazards
(especially static) than less experienced supervisors.

H2.1. Full-time TSS will likely fixate on static hazards more than part-time TSS
and control.
H2.2. There will be no experience differences concerning dynamic hazards.

H3: The hazard perception performance of the TSS will decrease over time.

H3.1 Participants will have longer average eye-fixation duration on static and
dynamic hazards across time.

Method
Participants

Thirty-five participants from the railway sector, all males, participated as volunteers.
The participants’ age range was 25-56 (M=47.9, SD=10.4). All participants had
normal visual acuity of 6/9 or better (based on the Snellen test) and normal contrast
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sensitivity (based on the FACT contrast sensitivity test; Ginsburg, 1984). In addition,
all participants filled out a demographic questionnaire before the experiment began.
The Industrial Engineering Department’s ethical review committee at Ben-Gurion
University of the Negev (BGU) approved the study.

Eye-tracking laboratory Hardware and software

The experimental computer has two displays (one 24" LCD for the experimenter and
one 22" LCD for the participant), keyboards, a mouse for the experimenter, and a
response button (See Figure 1). The experimenter operated one set (left screen), and
the participant used only the red button and observed the stimuli on the right display.
The experimental software allowed calibrating of the participant’s point of gaze,
recording eye movements, and video capturing the participant’s screen. The
experimental software allowed the videos to be presented in a random order.
Participants' eye movements were recorded throughout the experiment using a
Gazepoint GP3 HD remote-controlled eye tracker.

e« 0

Figure 2. The experimental setup in the Eye-tracking lab

Videos of real-world railway environment.

Two GoPro cameras (Osmo Action v1.0) with dual screen action that can shoot sharp
12M photos and capture stable 1920 x 1080 pixels video at up to 4K/60fps were
synchronized and mounted (one in each track direction) at the point of view of a TSS
in several places near the track and recorded the tracks environment. The research
team extracted 10 hours of footage from different railway environments in Israel. The
research team observed the footage and generated various scenarios based on several
dimensions. Those dimensions were chosen after consulting with four experts from
the railway domain. The dimensions reflect the prominent characteristics of the
supervisor’s daily work environment, such as a railway environment with and without
a passing train. A passing train situation was divided into two categories: an electric
(quieter) and a diesel train. Other categories were a railway environment with workers
close to the camera’s position, workers far from the camera’s position, and without
workers. Overall, 20 short video clips were generated for the experiment. Each video
merges the point of view of two cameras, pointing to different areas along the track,
edited via Filmora Video Editor (See Figure 2). The length of each video ranges from
one to one and a half minutes.
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Figure 2. Shows an example of a video frame of two scenarios showing the external
environment from the railway TSS perspective: With a passing train (electric train) and workers
near the track (top) and without train or workers (bottom).

Questionnaire

A demographic questionnaire was administered before the participants were asked to
observe the movies. This questionnaire included various questions concerning the
participants’ age, work experience, etc.

Experimental design

The experimental design was a 2 x 3 mixed design and included a practice session
consisting of two videos followed by an experimental session consisting of 18 videos.
Each participant observed the movies in a random order. The between-subjects
independent variable was the participant’s type, which included three levels (Full-
time, Part-time, and Control), referring to the participant's experience level and
whether it was his main job on the track. The within-subjects independent variable
was the hazard type, which included two levels, dynamic and static hazard. Each
experimental session included two phases: training and experiment.
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The dependent variables (see Table 1) are based on data collected throughout the
experiment: eye-fixations, button responses, and verbal descriptions of the hazards
associated with the responses.

Table 1: The dependent variables used in the study.

Num  Variable Type Description
1 Hazard identification (button  Boolean ~ Whether the participant pressed the button in
presses and at least one eye- response to a hazard, reported it verbally, and had
fixation) at least one fixation on the hazard’s area of interest
(AOl)
2 Cumulative  eye-fixations Numeric  The sum of all fixations’ durations per video.

duration (msec)

Procedure

The participant arrived at the lab and received a short explanation about the purpose
of the study and its importance, after which he was asked to sign a consent form
agreeing to participate in the experiment. Then, he had a visual acuity and a contrast
sensitivity test. Afterward, the participant was asked to sit in front of the display at
about 70 cm and fill out the demographic questionnaire. Once finished, he had a short
eye calibration process followed by detailed instructions explaining that he was about
to observe a sequence of short track environment videos filmed from a TSS’s
perspective and that his task was to press a response button as quickly as possible
whenever they identify an incoming train or hazards at the working area. A specific
hazard definition was given to all participants as part of the consent form agreeing to
participate in the experiment. Afterward, two videos were presented as a practice to
familiarize the participants with the experimental task. Then, the experiment started
where 18 video clips were displayed randomly to the participant, and he was asked to
press a response button whenever he identified a hazard. A 5-sec-long fixation screen
preceded each video clip. This fixation screen ensured that all participants began
scanning each movie from the same point. At the end of each video, the participant
was asked to indicate the reasons for each button press. At the end of this phase, the
experiment ended.

Results

The experimental data consisted of two types of information: Participants’ button
presses and eye-fixations. The first sub-section describes the analyses with respect to
differences in TSS abilities to identify different types of hazards. The second sub-
section describes the key findings derived from our eye-tracking fixations study, and
their impact on the TSS sustained attention level as a function of time. All analyses
were done with an alpha criterion of 0.05.

The first analysis in this section refers to the probability that a participant will press
the response button during the hazard’s allotted time window. For this analysis, the
dependent variable is binary distributed, indicating whether the participant pressed the
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response button within the time window of the hazard’s presence (‘“1’) or not (‘0”)
and, in addition, whether the participant had at least one fixation inside an AOI.

Two independent variables were included in the analysis. The TSS Group (Full-time,
Part-time, and Control) was the first independent variable. The second independent
variable was the type of hazard (dynamic or static). A logistic regression model was
utilized within the General Linear Mixed Models (GLMM) framework. The
independent variables and their first-order interactions were included as fixed effects,
and participants were included as a random effect.

The final model revealed two significant main effects for TSS group and hazard type
and a significant interaction between the two (see Table 2).

Table 2: The “ANOVA" table of the final model.

Source %2 df Sig
TSS Group 531 2 0.07
Hazard_category 680.2 1 <0.001
TSS Group x Hazard_category 90.6 2 <0.001

Since the interaction between the TSS group and hazard type was statistically
significant and included the two significant main effects, we focused on the post hoc
interaction analysis (Figure 3). All post hoc analyses based on the Chi-squared test
were performed with the Bonferroni correction procedure.
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Figure 3. Interaction between group and hazard type.
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Post hoc pairwise comparisons analysis revealed several patterns (Figure 3). First, the
estimated mean (EM) probability that participants would respond to a dynamic hazard
was significantly higher than a static hazard for all TSS groups (Full-time: EM
probability dynamic=0.355 (SE=0.051) vs. EM probability static=0.079 (SE=0.016),
Pagj<0.01; Part-time: EM probability dynamic=0.271 (SE=0.049) vs. EM probability
static=0.005 (SE=0.002), P44<0.01; Control: EM probability dynamic=0.407
(SE=0.073) vs. EM probability static=0.009 (SE=0.003), P.j<0.01).

Second, the EM probability that participants from the Full-time group would respond
to a static hazard was significantly higher than the other TSS groups (odds ratio (OR)
Full-time/Control=8.95 (SE=4.143), P.<0.01, OR Full time/Part-time=15.02
(SE=6.571), P4j<0.01). There was no significant difference between the Control and
Part-time TSS groups (OR Control/Part-time=1.68 (SE=0.922), P4;=1.000).

The second analysis in this section refers to the analysis of fixations durations across
experimental time progression to determine the potential effects of vigilance and
sustained attention on scanning the railway environment process. We examined a
dependent variable associated with vigilance and sustained attention decrement
(Sturman et al., 2019; Joseph & Murugesh, 2020). The average fixation duration
variable was calculated per participant per movie by dividing the cumulative fixations
durations of all fixations during the movie by the total number of fixations during the
movie. This procedure yielded the average fixation duration per movie per participant.

Two independent variables were included in the analysis concerning the average
fixation duration. The TSS Group (Full-time, Part-time, and Control) was the first
independent variable. The second independent variable was the experiment's duration,
divided into three categories (Beginning, Middle, and End). A linear regression was
utilized within the Linear Mixed Models (LMM) framework. The independent
variables and their first-order interactions were included as fixed effects, and the TSS
group and video numbers were included as random effects. The log of video length
(logVL) was included as a covariate in the model. The final model included the fixed
effects shown in Table 3. All post hoc contrasts pairwise comparisons analyses based
on the t-test were carried out with the Bonferroni correction procedure.

Table 3 Summarizes the fixed effects of the final average fixations duration model.

Estimated means

Variable F dfl df2 p (SE) of the fixation t ratio
duration.
_ CIF=1.221,
TSS Group ~ 7.19 32 004  F04250.019), PIF=3.781,
C=0.466(0.027), C/P=117
P=0.537(0.022) :
Begin=0.466 . .
Experiment ) 1492 <001 (00142, Eﬂr:gfgigi'ﬂizl%s&
duration ' ’ ' Mid=0.474(0.0142), e

End=0.489(0.0142)

End/Mid=1.785
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Figure 4 shows the estimated marginal fixation duration means of the experimental
duration main effect and the F-test results.
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Figure 4. Estimated marginal means of the average fixation durations of experimental
periods

Post hoc contrasts pairwise comparisons analysis of the experiment duration main
effect (Figure 4) revealed that the estimated mean fixation duration at the end of the
experiment was small but significantly higher than at the beginning of the experiment
(Pagj = 0.0407). However, there were no significant differences between the beginning
and the middle of the experiment and between the middle and end of the experiment
(Begin vs. Mid, Pag; = 0.9818, Mid vs. End, P,gj = 0.2838).

Next, Figure 5 presents the estimated marginal means of the TSS groups’ significant
main effect. Post hoc contrasts pairwise comparisons analysis of the TSS groups’ main
effect (Figure 5) revealed that the estimated mean fixation duration of the Full-time
group was significantly shorter than the Part-time group (Pagj =0.0019) and that the
Control group had a shorter but non-significant mean fixation duration than the Part-
time group (Pagj = 0.1499). Finally, the difference between the Full-time and Control
was also non-significant (Pagj =0.6929).
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Figure 5: Estimated marginal means of the average fixation durations of the TSS groups.

Discussion

This study aimed to explore two main goals. The first goal was to examine TSS hazard
perception performance and scanning patterns of various Israeli railway environments
across time, using the latest valid tool for measuring cognitive load, such as eye
tracking. The second goal was to compare the performance of TSS with varied levels
of experience.

To reach these goals, certified TSS at different Job descriptions (Full-time and Part-
time TSS), as well as workers from the railway sector who are not certified as TSS,
were invited to the eye tracking lab and were asked to observe eighteen movies from
a TSS perspective and to press a response button each time they identify a hazard.

The results of this study revealed several patterns. First, consistent with H1,
participants of all TSS groups were significantly more likely to identify dynamic
hazards than static hazards and there was no difference between the TSS groups. This
pattern is consistent with previous studies (Borowsky et al., 2010; Borowsky & Oron-
Gilad, 2013; Lee et al., 2022), showing that dynamic and conspicuous hazards
typically induce higher response probabilities than any other type of hazard. These
results are less surprising because responding to a dynamic hazard where the hazard
is salient and moving or changing (e.g., a moving train, a worker walking close to the
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track, disturbing noise) captures attention and is independent of the job description
and does not require any special searching capabilities.

The second finding of our study supports H2, showing that the Full-time TSS is more
efficient in scanning the track environment and more likely to identify static hazards
than less experienced TSSs. Specifically, the Full-time TSS demonstrated
significantly shorter average fixation durations throughout the experiment than the
Part-time TSS, an indication of a more efficient visual information search (Joseph &
Murugesh, 2020; Sturman et al., 2019; Zagermann et al., 2016). The control group’s
performance was somewhere in the middle, between the Full-time and Part-time
groups, with the highest estimated mean fixation duration. While the control group
was not significantly different from the full-time group in terms of average fixation
duration patterns, their performance in terms of hazard identification was completely
different. That is, participants in the Full-time group identified static hazards much
better than the control group. This evidence implies that while there could be some
resemblance between the control and the Full-time group regarding average fixation
duration patterns, the nature of their scanning is different. In summary, TSSs, for
whom this is their primary task, were found to have the advantage of superior attention
allocation strategies for safety-related areas and hazards in the railway environment.

Finally, consistent with H3, the results revealed substantial differences in fixation
characteristics over time across all participants. The results showed a small effect,
though significantly shorter estimated mean fixation duration at the beginning of the
experiment than at the end of the experiment. This pattern indicates a more focused
and efficient scanning at the beginning of the experiment than at the end, consistent
with previous findings (Joseph & Murugesh, 2020; Sturman et al. 2019; Zagermann,
etal., 2016).

Conclusion

The present study aimed to explore the effect of hazard type on hazard perception, to
compare the performance of highly experienced and certified supervisors to least
experienced workers between Full-time, Part-time TSS, and Control groups, and to
examine the effects of vigilance on hazard identification and scanning patterns. The
hazards that were used in our study were generated based on TSS experts’
recommendations. Overall, this study highlights the importance of assigning a
dedicated TSS who works full time as a TSS. Assigning such experienced TSSs will
likely contribute to maintenance workers’ safety and other users in the railway
environment.

This study is an important step in establishing a valid hazard perception test for
Railway TSS in order to evaluate their sustained attention over time, their hazard
perception performance, and possibly better define the structure of the shifts and
breaks that will hopefully be used by ISR managers and trainers as well as other
stakeholders. Since the number of participants is relatively small and the study was
carried out in a simulated environment, it may limit the generalizability of the
findings; further research is needed to explore the underlying factors contributing to
these disparities.
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