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Control room tasks like road traffic management require continu-
ous visual assessment paired with active interventions. This includes
monitoring a range of information sources and resolution of live
scenarios in real time using Standard Operating Procedures. We
investigated how three operators resolved a simulated ‘object in the
road’ task, requiring information gathering and integration from mul-
tiple displays. Visual sampling was quantified from eyetracking and
related to a Hierarchical Task Analysis. Operators followed hetero-
geneous strategies to accomplish the same main goal, differing in
the attended ROI sequence and task component weighting. Differ-
ing preferences for information sampling were accommodated by
prescribed data entry fields in the incident log.

Introduction

In road traffic management control rooms, operators perform monitoring, super-
visory and executive roles: after receiving an alert from an external source about
incidents such as a congestion or accident, their role encompasses monitoring a
multitude of information sources, assessing the severity of an incident, interacting
with the road network via lane closures / speed limits to manage the situation, and
recording an incident log. Little is known how different observers navigate multiple
information sources to complete these activities.

Control room operators rely on visual processing of information, which is facili-
tated through “visual sampling’, the sequence of overt visual attention to regions of
interest (ROIs) executed by head and eye movement: due to the physiological prop-
erties of the eye, humans have to perform continuous eye movements (‘saccades’)
to build up a mental representation of the world around them using information
from ‘fixations’ (gaze directed at stationary object) or ‘smooth pursuit’ (tracking a
moving object). The use of eye tracking devices to understand the underlying cog-
nitive processes has a long tradition especially under the consideration of ‘active
vision’ (Findlay and Gilchrist, 2003), the active direction of gaze towards regions
that hold task-relevant information. Visual search refers to individuals sampl.ing a
scene with the goal of finding information. Search patterns can be systematically
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changed in response to the goal (Yarbus, 1967) or training (Chapman et al., 2002)
of the searcher. ‘Bottom-up’ search is typically feature driven. i.e.. based on image
salience (prominent visual features) or distractions: ‘top-down’ search is typically
based on the user task (Doshi and Trivedi, 2012). For the task of this study, we
assume that visual sampling is not exclusively guided by image saliency but by
the goals of the observer, reflecting an ‘internal agenda’ (Yarbus, 1967, Hayhoe
and Ballard, 2005). This assumption has been argued in context of many real-life
tasks, where visual search patterns are closely linked to an observer’s ‘schema’,
or mental task representation, being controlled top-down (Land, 2009). This raises
the challenge of developing a combination of eye-tracking metrics which can be
related to the goals that the operator is seeking to achieve. This is the first aim of
the study reported in this paper.

The redirection of gaze can be accomplished by a combination of eye-, head- and
body movement depending on the desired saccade amplitude. While gaze shifts
>40° commonly require a contribution from head movements per se, literature
values on head contributions to smaller gaze shifts vary (Fuller, 1992). In general,
eye-head coupling is highly subject specific (Thumser and Stahl, 2009) and even
small gaze shifts <15° can have a head contribution (Goossens and Opstal, 1997).
While knowledge about the cognitive reasons for eye-head coupling remains sparse,
head movements have been linked to processing demands (Stein, 1992) and the
temporal lag between eye- and head movement appears linked to top-down/bottom-
up attention shifts (Doshi and Trivedi, 2012). Thus, the second aim of this study
is to consider ways in which eye and head movements are combined in visual
search.

It is proposed that the notion of an ‘internal agenda’ is beneficial to Ergonomics
studies of operator performance because there ought to be correspondence between
eye movement, head movement and the goal structure of a task. This pilot study
provides a descriptive framework of operator behaviour in a road traffic manage-
ment control centre performing a standard task. We investigated whether operators
follow comparable workflows with respect to visual information sampling when
resolving incidents, given the multitude of sources they can use, or whether there
are individual differences in strategy between operators. Specifically, we were inter-
ested in the relationship between head movements, gaze shifts and their relation to
goal structure. This work is part of a larger study into interactive human decision
making where decisions are facilitated by continuous ongoing visual attention.

Methodology

Location and scenario

Data were collected from three expert operators (one female, two male) at the road
traffic management facility at DIR Centre Est, Grenoble, France. The operators had
a minimum of three years post-training experience. The protocol for data collection
had been approved by the University of Birmingham Ethics Committee. Figure 1
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