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The present study investigated differences in visual expertise across levels of proficiency in

train traffic control during a sim
analysis study on visual expertise were

ed scena

metrics reported in a meta-

ed as a theoretical base. The aim of the study was
to investigate whether the same results found in the meta

tudy could be obtained in the less

predictable and dynamic work environment of train traffic control. Studies of this character
are rare and also notoriously difficult 1o conduct because of potential noise. Results of the

study indicate that eye behaviour seemed to correlate with

naturalistic setting

of experience also in a more

but it did not correlate with expert ranking by instructors or a post-hoc

measure of proactivity in task performance. A discussion is provided in which a delineation

of experience and expertise is postulated in light of the differes

es between eye movement

behaviour and cognitive aspects of problem-solving.
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Eye tracking studies of visual expertise have repeatedly
shown that experts exert a significantly different pattern of
eye movements than novices. Studies have been performed
with, for example, chess players (Charness, Reingold, Pom-
plun & Stampe, 2001), artists (Kristjanson & Antes, 1989),
nurses (Currie et al., 2018), map users (Ooms, Maeyer &
Fack, 2014), and a wide variety of sports professionals.
Within human factors, studies have been performed with pi-
lots (Schriver, Morrow, Wickens & Talleur, 2008), drivers
(Peter R Chapman, 1998), and control room operators of
air traffic (van Meeuwen et al., 2014), road traffic (Starke,
Baber, Cooke & Howes, 2017), and petrochemical processes
(Koffskey, Ikuma, Harvey & Aghazadeh, 2014). The aim
of this study is to investigate whether the same pattern of eye
movement behaviour of experts as observed in previous stud-
ies can be elicited in the train traffic control domain during
realistic working tasks.

Regarding train traffic control, it has been shown in explo-
rative field studies that train traffic controllers” eye behaviour
change over time as they continuously switch between the
history and the planning horizons in the digital tools and pa-
per graphs they use. They do this in order to manage both
monitoring of all trains in a dedicated geographical region,
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and the execution of a specific train at a particular meeting
point (Axelsson & Jansson, 2018). So far, the domain of
train traffic control has not been explored in studies of vi-
sual expertise and eye behaviour. Sturman, Wiggins, Auton
and Loft (2019) conducted a study on cue-utilization during
sustained attention in a rail control task using eye-tracking
data. However, they used a control task with a simplified rail
control display. Further, they explicitly demanded no pre-
vious exposure to rail control operations from their partici-
pants. Without connections to representative work tasks, and
with undergraduate students as participants, their study does
not qualify in the area of visual expertise. In fact, few stud-

ies present in the literature make use of dynamic stimuli and
they are often performed in stable environments with a lack
of of d of the par-

ticipating experts. One exception is the study by Ito, Tanaka
and Seki (2000) who conducted a study for eye-movement
analysis of track monitoring patterns of night train operators
and investigated the effects of geographical knowledge and
fatigue. However, their results do not generalise to the area of
train traffic control since it was conducted on engineers in a
night train. Therefore, the domain of train traffic control has
not been explored in studies of visual expertise using a nat-
uralistic environment and a task that is representative for the
experts. This study explores eye behaviour in a train traffic
control simulator to achieve a more naturalistic and dynamic
environment in which to study expert eye behaviour.

Visual Expertise

Gegenfurtner, Lehtinen and Siljo (2011) conducted a
meta-study using 73 data collections sourced from 65 dif-

tva nya studier

Fokusforandringar |
beslutsprocessen

Temporal decision processesin traffic control
T acomparison between air-, vessel- and train traffic control

Jonas Lundberg, Magnus Nylin, Gesa Praetorius, Anders A Jansson &
Magnus B-ng

Abstract. The three domains Air traffic control, Maritime traffic control, and Train traffic control
have superficial similarities both in th | room design, and in the
processes that they supervise. However, the actual similarity in the control work will determine
whether similar tool s and operational approaches can aso be used across domains. This article
compares temporal decision pro n the three domains. Firstly, the articl of
joint human-systems control problems, that occur in all three domains based on two practitioner
workshops, each with pam ci pa'nsfmm the |hree dorna ns. The emclethaw analyzes the respective
temporal control pre diff and between the three
domainsusing acognitive work analysis me!hod, thejoint control framework. The analysisis based
on work episodes that were jointly described and designed by practitioner groupsin the second
workshop. The article identified amissed control interaction as a common type of joint control
problem. The analy iesin the work pat g up to the missed An
intermediate level of processes isidentified through the analyss. that lies between general monitoring
and work with specific vehicle processes; processes-in-focus that requires intervention, that may
involve one or several vehicle processes. The core problem in all three domain is the shift between
general monitoring patterns, and processes-in-focus. Implications for system design are discussed.

1. Introduction
When comparing an ATC center, aVTS and aTTM, we were stricken by the similarities both in the
audio-visual control environments, and in the control tasks. There are in al domains, video-
walls/monitors depicting vehicles and their statuses on maps (of the sky, water ways or railways).
There are maps of the vehicles, with statusindicators in boxes or labels, and regarding important
aspects of the er Inal domains, there i ive to achieve efficient traffic, while avoiding
incidents or accidents. But there are also obvious differences, such asthe 3d nature of flight, versus
the 2d nature of vessel traffic, and the 1d nature of trains; as well as the differencesin authority
(control versus suggestive questions). So, a core questionsremains i are they sufficiently similar for
re-use of technical solutions to common problems (and are there actually common problems, when
considering the details behind the labels)?

The purpose of the article is to identify atype of joint human-systems control problem
that occursin three (rathc comru\ domains (air, train, and vessel traffic), and to compare temporal
decision inwork with thi ntrol problem.

Surface similarities and differences between control domains

Key question:

The visual and audio environments are similar, but vary in the temporal domain, in decisions
authority and in the number of vehicles that are monitored. So, is the control process also
sufficiently similar to warrant pursuing cross-domain solutions? In that case, regarding what,
and how?
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Bakgrund till studierna

Det manskliga bidraget | praktiken

Vad ar det manniskor bidrar med, pa vilka nivaer och pa
vilket satt? Hur kan den implicita kunskapen goras mer
explicit och tillganglig? Hur ser 6verforingen av socialt
distribuerad kunskap ut, manniskor emellan, och mellan
manniskor och digitala system?
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Implicit kunskap ar en dold informationskalla som kan
anvandas for att tekniska innovationer ska komma till nytta

AKol |l egi al wverbalisering
A Socialt distribuerade kognitiva processer

AMa2 nni skor of°rhandl ar o s
gor det friktionsfritt, supersnabbt och ofta utan
stOrre anstrangning

A Men vi vet férvanansvart lite om hur det gar till!
A Gér det att mata det manskliga bidraget?
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Blickbeteende hos experter

A Vad sager tidigare forskning?

I | en stor meta-studie (Gegenfurtner, Lehtinen & Saljo, 2010) over
65 studier och 73 dataset om 6gonrorelsedata fran experter inom
olika omraden konstaterades att experter har:

A Kortare fixeringstider
A Fler fixeringar pa relevanta objekt / farre fixeringar pa irrelevant omraden
A Kortare fixeringstider och langre sackader for uppgiftsrelevanta objekt

I Kort och gott: Experter vet var de ska titta/soka, hittar snabbare det
de letar efter och fokuserar pa det som ar viktigt

T De har effektivare visuella sokmonster och battre/snabbare
allokering av uppmarksamheten

i Experter har ett mer malinriktat blickbeteende
A Galler detta 4ven tagtrafikledare i representativa arbetsuppgifter?
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Elva tagtrafikledare
utfoérde fem olika
uppgifter som en del
av experimentet

- Vaxling

- Signalfel

- Begéaran om A-skydd 1

A Begaran om A-skydd 2 Matning av 6gonrorelser med Tobii glaségon
- Begaran om hogersparstrafik
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Oberoende variabler
(Vad vi undersdkte)

Pa forhand

Expertis (definierat som erfarenhet
matt i antal ar)

Expertis (definierat som de hdgst
rankade av tva oberoende bedomare)

T Interbeddmarreliabilitet = 0.71

i Korrelationen mellan de tva
expertismatten var mattliga 0.42

| efterhand

Expertis (definierat som formaga till
proaktivitet = poang for proaktiva
|6sningar)

To o I

Beroendevariabler
(Hur vi matte effekterna)

Antal fixeringar pa relevanta omraden
Tid spenderad pa relevanta omraden

Tid till forsta fixering pa uppgiftsrelevant
omrade efter det att en handelse
initierats

Sackader i antal pixlar
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A Nar expertis definieras som erfarenhet (antal ar)

i For tre av beroendematten stammer resultaten med tidigare studier:

A Antal fixeringar vid relevanta omraden, tid man uppehaller sig vid relevanta omraden och tid

till forsta fixering korrelerar med erfarenhet. Blickbeteende ar med andra ord starkt
kopplat till erfarenhet.

A For det fjarde beroendeméttet, sackader i antal pixlar, pekar resultaten i annan riktning.
Trafikledare med mindre erfarenhet uppvisar langre sackader!

A Nar expertis definieras som de som rankas hogst

i Har stammer resultaten fran tidigare studier med bara ett beroendematt
A Endast tid till forsta fixering korrelerar med expertis

A Nar expertis definieras som formaga till proaktivitet

T Proaktivitet korrelerar nastan inte alls med blickbeteende
A For tre beroendematt var korrelationen i stort sett noll

A For det fjarde beroendeméttet, sackader i antal pixlar, finns en tydlig korrelation med mindre
erfarenhet, alltsa precis som for expertis definierad som erfarenhet i antal ar
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Upptéackt av forandrade Anvandning av visuella
tillstand jamférdes med de guider jamfordes med de
tre olika expertismatten tre olika expertismatten

Granssnittssymbol for upptackt
av signalfel
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A Nar olika definitioner av expertis jamfors med anvandningen av
domanspecifika matt

Anvandning av visuella guider minskar ju langre erfarenhet man har, med hur hogt
man ar rankad och med vilka poang man har fatt i proaktivitet

Ju langre erfarenhet man har, ju hogre rankad man ar och ju hégre poang man har
fatt i proaktivitet, desto snabbare upptécker man signalfelet

A Sammanfattning

Oavsett hur man definierar expertis sa samvarierar den med tid till forsta fixering. En
expert hittar snabbt det som ar viktigt att fokusera pa

De langre sackaderna fér de med mindre erfarenhet beror pa att de oftare maste titta
pa pappersgrafen for att stamma av med vad de ser i granssnittet

FoOr att bli expert ar det ndédvandigt med ett blickbeteende lampligt for uppgiften,
men det &r inte tillrackligt for att na nivan som expert

Formagan att uppfatta och anvanda visuell information ar en slags baskompetens hos
tagtrafikledare som ar experter i sitt arbete, men expertis stracker sig in i kognitiva
och mer abstrakta formagor, vilka av naturliga skal ar svarare att mata
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# Blickbeteende hos tagtrafikledare

A Tidigare forskningsresultat géller bara delvis tagtrafikledare!

Kort och gott: Tagtrafikledare vet var de ska titta, hittar snabbare det de letar efter

De har effektivare visuella sokmonster och béattre/snabbare allokering av
uppmarksamheten

A Orsaker till de delvis annorlunda resultaten
;

Det som skiljer ar att tagtrafikledningsuppgiften ar vasentligen annorlunda an de
flesta andra undersokta liknande arbetsuppgifter, aven flygtrafikledning. Visuell
formaga ar bara en del av det som kravs for att vara expert i tagtrafikledning. En

vasentlig del av expertisen ligger i kognitiva formagor som har tranats upp med aren
men som inte avsldjas av visuella sékmonster.

Domanspecifika matt som visuella guider och formaga att hitta ratt symboler i
granssnittet ar battre matt pa expertis i tagtrafikledningen an de rent visuella matten

En tredje forklaring kan vara att vi undersokt representativa arbetsuppagifter i naturlig
miljo. Det ar ovanligt med sadana studier
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Om expertis i tagtrafikledning inte bara &ar en féormaga att vara visuellt
orienterad och att snabbt kunna hitta 1 vad bestar det kognitiva av?

Hur mycket skiljer sig tagtrafikledarens arbete fran 6vriga operatorer
Inom transportsektorn (flygledare och VHS-operatérer inom sjofart)?

Hur viktig ar tidsaspekten i de tre doméanerna, och hur viktig ar denien
specifik situation?

I Nar ar det latt att missa viktig och relevant information?
For att undersoka dessa fragor involverade vi trafikledare fran alla tre
domaner i tva omgangar av workshops

I For tagtrafiken deltog tva tagtrafikledare fran TLC Stockholm i workshop 1

i En av uppgifterna (vaxling) fran Studie | som genomfordes i traningssimulatorn i
Norrkoping anvandes som utgangspunkt for workshop 2

I Samma tva tagtrafikledare fran TLC Stockholm deltog aven i workshop 2
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A Workshop 1
I ldentifiera skillnader och likheter mellan domanerna
AFokus pa sakerhet och effektivitet
I ldentifiera representativa och typiska arbetsuppgifter
AUnderlag for att utveckla scenerier
A Workshop 2
I Presentation av ett scenario | en simulatorliknande milj6
AModeller av typiska vardagliga arbetsuppgifter
AEn specifik uppgift om information man latt missar

ADomanexperterna anvands som expertguider i
modelleringsarbetet
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A Gamla Kroken (Aby, Norrkoping)

i Hamtat fran traningssimulatorn i Norrképing. Pahittad realistisk
uppgift som bygger instruktdrernas erfarenhet. Fokus pa
information som latt kan missas, vilket ocksa intraffade i 6vningen

A Ojebyn (Pited i Arnemark)

i Baserat pa framst STEG, hamtat fran olycksfallsrapporterna, verklig
handelse (Haverikommissionen och Trafikverket)

i Fokus pa planeringsfunktionens effekter pa situationsmedvetenheten.
Sakerhetsrelaterat.

A Jarna-Molnbo (Stockholms TLC)
i Baserat pa Digital Graf, hamtat fran avvikelserapport i Synergi.
i Digital dokumentation ny arbetsuppgift. Fokus pa arbetsmiljé/stress
i Stor betydelse i trafiktata omraden




UPPSALA
UNIVERSITET

Scenario som anvandes i workshop 2 - vaxling

1 12.30 TKL faller tagvag forbi Aby for tdg 21530

2 12.31 TKL tar emot begaran om vaxling till Gamla Kroken

3 12.32 TKL 6vervakar och faller tagvagar till 6vrig trafik

4 12.35 21530 anlander in pa strackan, TKL dvervakar véaxling

5 12:35 TKL fixerar 21530 utan att registrera att korsignal saknas
6 12:35 Lokforaren pa 21530 ringer till TKL om stoppsignal

7 12:36 TKL forbereder tagvag for 21530

8 12:36 21530 far korsignal in mot Simonstorp

9 12:36 Samtal med lokforare avslutas
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