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Foreword

This volume contains the text of the papers presented at CSAPC’03, the 9" European Conference on
Cognitive Science Approaches to Process Control. This conference took place at the Vrije Universiteit,
Amsterdam, The Netherlands, September 16-19, 2003.

CSAPC is one of the two conference series organised by EACE (the European Association of
Cognitive Ergonomics). It was initiated in 1987 near Paris and held in Denmark, Finland, France, Italy,
United Kingdom and Germany. It is a European and biennial conference series aiming at bringing
together well-known experts in cognitive psychology and ergonomics, human-machine systems, and
artificial intelligence, to discuss their multidisciplinary studies dealing with design and evaluation of
complex, dynamic, and risky human-machine systems. The stakes of this kind of research are major in
a number of application domains, such as industrial process control (e.g.: nuclear power plant or
process industry), aviation (e.g.: cockpit or air traffic control), ship navigation, car driving (e.g.:
advanced computer support), medicine (e.g.: anaesthesiology in operation room), etc. Researchers and
practitioners studying dynamic situations are used to attend conferences or congress sessions specific to
each application domains and each scientific discipline separately. However, common research topics
and practical problems spring from these application domains and need to be addressed at a certain
level of generality for reaching appropriate solutions in cognitive ergonomics and engineering. This
search for similarity and differences across application domains is one of the main objectives of
CSAPC.

The theme of CSAPC’03 was related to the increasing possibility to develop "intelligence" and
"knowledge" in the systems to be designed. Human operators and other stakeholders will increasingly
find themselves in a situation where cognition is distributed, both between human stakeholders,
between humans and information technology, and between all these and relevant representations that
feature in the work situation. Emerging questions are about the risks of distributed decision making,
distributed support for decisions, and the application of multiple types of representations, especially in
time- and safety-critical situations. These questions ask for a vision on how to safeguard consistency,
mutual understanding, and knowledge management. Ontologies can be expected to increase in
importance, as will be tools for managing complexity in unexpected situations and under time
constraints.

The presentations during the conference have been structured in five groups:
Situational Awareness

Error management

Human Analytical Tools

Technical Analytical Tools and Simulations

Process Control Requirements and Collaborative Work: Theory and Method

il &

This conference could not have been implemented without the support our parent-organisation EACE.
The Organisation Committee and the International Programme Committee conducted the reviewing
process and selected the programme. ACM — SIGCHI collaborated with us in spreading the
information and accepted to include the proceedings in the ACM Digital Library. The Vrije
Universiteit Amsterdam hosted and sponsored the conference. IOP-MMI, the Dutch innovation-driven
research programme of the Ministry of Economic Affairs — section Human-Machine Interaction,
supported the social programme, as did the Municipality of Amsterdam. Last but not least, Elly
Lammers was indispensable for providing the organisation, the logistics, the financial management,
and the communication support for this project.

Gerrit C. van der Veer
Johan F. Hoorn
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ABSTRACT

In nowadays complex and dynamic changing military environ-
ments supporting situation awareness (SA) of operators is a
prerequisite for situation- and task-adequate decision making.
SA refers to information of the operator environment on three
levels which represent relevant elements, element patterns
describing complex mission situations, and projections of future
states and dynamics of elements. A means for supporting SA of
operators are adaptive knowledge-based user interfaces. For
developing such interfaces information of the three different SA
levels which operators need in performing their tasks have to be
specified and modelled. One source from which that informa-
tion can be acquired are scenarios which have to be developed
in any case for system design as well as for operator training.
For specifying relevant SA information a model of the problem
domain has been developed which comprises the True World of
scenarios, the Sensed World of detected tracks, and the De-
duced World of concluded track information. To uniformly
describe these different worlds an object oriented approach has
been applied which is based on static and dynamic scenario and
track objects which are specified mathematically. Attributes and
operations of track objects constitute elements and patterns of
relevant SA information to be identified. Additionally, the
described mathematical model of track objects constitutes the
basis for developing a software specification with the object-
oriented Unified Modelling Language UML. Using a Navy anti-
air warfare scenario as an example the application of the
developed modelling approach is demonstrated in detail.

Keywords

situation awareness, decision support, knowledge acquisition
and modelling, knowledge-based user interfaces, design
requirements, UML.

1. INTRODUCTION

Making decisions by means of complex technical systems sets
high standards to human operators involved, especially in
natural settings. Natural settings are particularly specified by
uncertainty, changing situation dynamics, time pressure, and ill
defined goals where different goals might be competing or even
contrary [10]. Complex technical systems provide a multitude
of situational data which have to be perceived and interpreted
by an operator through individual cognitive abilities like skill
and knowledge in order to perform relevant decision making
tasks. Managing complex natural situations like medical or
plant emergencies as well as complex military situations by
means of modern human-machine systems are examples for
such tasks. In these situations human operators undergo high
mental stress due to the need to respond quickly and accurately
or face potentially fatal consequences. Human decision making
in such situations is based on a large scale on situation aware-
ness (SA) which is defined as the state of operator knowledge

doerfel@fgan.de

A priori knowledge
about the external system

distelmaier@fgan.de

about the external environment resulting from situation percep-
tion and situation assessment [5].

Intelligent and adaptive knowledge-based user interfaces are
considered to be a viable approach to overcome some of those
difficulties decision makers are faced with when having to cope
with natural situations. Such interfaces consist of a knowledge-
based user assistant (KBUA) and an interactive graphical or
multimedia user interface (Figure 1). The KBUA may support
decision makers in performing information gathering and
processing in all phases of a decision making cycle, ie., in
situation perception and assessment as well as action selection,
planning, and execution.

Operator

Inputs by the user Output to the user

A priori knowledge
about
internal system states

Interactive Graphical

. User Interface
environment

Dialogue commands * f Display configuration

Knowledge-Based

Database User Assistant Database
2 o
Cc ds for system functi v Actual data about situation and system
== ‘ Technical System ==

Figure 1: Concept of a knowledge-based user interface

The basic idea of this concept is that an overall automation
must not be the objective of system development. The human
operator should be involved in the decision making process as
far as his abilities and his performance are sufficient. An aid is
provided only to exploit human abilities (e.g., in detecting,
evaluating, and reacting on complex and critical situations) and
to overcome human deficiencies (e.g., when doing mathemati-
cal calculations), i.e., to complement individual human per-
formances. For that, actual data about the external system
environment and internal system components are provided by
the technical system. The KBUA processes these data and
presents them to the operator on the interface adaptively
depending on, e.g., the mission segment, the situation, and/or
the actual user task. For processing these actual data the
assistant additionally uses a priori knowledge about possible
external situations and internal system states. The human
operator is engaged in a co-operative process in which human
and KBUA both initiate communication, monitor events, and
perform tasks. The KBUA does not act as an interface or layer
between the operator and the system. Rather, in parallel to the
human operator, the assistant monitors the external as well as
the internal situation and, additionally, operator actions. It is
called “knowledge-based” because it applies knowledge that the



operator normally acquires by learning, training, and experi-
ence. If the KBUA encounters critical situations or inappropri-
ate operator behaviour, it may automatically perform some
operator-related functions. Faulty behaviour of the operator will
be classified, announced, and possibly compensated by the
assistant. But in any case the human operator is able to bypass
the assistant, so that the responsibility and ultimate decision
resides with the operator. Examples of such support systems are
described in, e.g., [3], [7], [15], [16].

The overriding problem of designing a knowledge-based
operator support still remains eliciting, structuring, formalising,
and implementing the knowledge about the complex natural
situation as well as about the situation- and mission-relevant
decisions. Thus, for decision making in natural settings by
means of knowledge-based systems, different types of knowl-
edge have to be considered. These types are: a) actual situ-
ational knowledge about a specific problem domain, b) a priori
knowledge, i.e., already existing knowledge about comparable
problem situations. This presentation is especially focussed on
the elicitation, structuring, and formalisation of a priory knowl-
edge about situations of the external system environment. As an
example a Navy anti-air warfare situation is used.

2. DECISION MAKING IN COMPLEX
SITUATIONS

For modelling decision making in complex situations several
approaches have been developed in the past. The very basis
model of Wickens [20] discriminates between two steps in
decision making. The first step represents a diagnosis or
prediction task which an operator has to perform to gather
information, generate hypotheses about situations in his envi-
ronment and to select the most probable one; the second step is
a choice task with which the operator determines applicable
actions to affect the perceived situation as desired, selects most
appropriate actions and executes them. Due to the weaknesses
of human decision makers in information gathering, hypothesis
generation and selection, as well as in action remembering and
selection these activities have to be supported in complex task
environments.

To develop a decision support design requirements have to be
specified at first. Several modelling approaches have been
developed for specifying decision requirements of distinct
application areas. For identifying decision requirements for
military force management Wohl [22] developed the SHOR-
model which defined four elements of a decision process:
Stimulus (data), Hypothesis (perception alternatives), Option
(response alternatives) and Response (action). These elements
have been related to decision activities like gather, detect, filter,
correlate (S), create, evaluate, select (H), create, evaluate, select
(O), and plan, organise, execute (R). Similar activities are also
contained in the OODA-loop which constitutes the basis of the
doctrine publication of the US-Department of the Navy [1].
Loop activities are Observe, Orient, Decide, and Act. The loop
illustrates the continuous, cyclical process of command and
control by which a commander makes decisions and exercises
authority over subordinate commanders in accomplishing an
assigned mission. On the basis of verbal protocols of experi-
enced power plant operators Rasmussen [11] developed a
template, called “decision ladder”, for describing operator
decision making in the complex environment of process control.
The ladder contains information processing activities and
resulting states of knowledge in two legs, one upward for the
analysis of an actual situation corresponding to the diagnosis
task, another downward for planning the proper actions corre-

sponding to the choice task. Between the two legs specific
shortcuts are possible. They represent the behaviour of experi-
enced operators. Vicente [18] used this ladder in his cognitive
work analysis as a basis for identifying control task require-
ments for a particular work domain. In contrary to normative
models which prescribe how a system should behave and
descriptive models which describe how a system actually
behaves in practice he entitles this ladder as a formative ap-
proach to specify requirements that must be satisfied so that the
system could behave in a new, desired way.

Actual information
about
the external system environment and the internal system state

L

Action Accomplishment
« Task definition Result
« Action selection and
planning
« Action execution

Situation Assessment

« Situation analysis and
evaluation

» Situation identification

* Information collection

00A| 00A
A priori knowledge ’ OOA:
about Order of
the external system environment and internal system states  application

Figure 2: Structure of human decision activities

To determine decision requirements for a Navy command and
control (C2) system Rasmussen's ladder and the two steps of
decision making defined in the modelling approach of Wickens
[20] have been combined arranging information processing
activities correspondingly (Figure 2). Again, the first step
represents a diagnosis or prediction task called "situation
assessment" comprising activities like information collection,
situation identification, and situation analysis and evaluation.
These activities are processed in an upward direction. That
means, a decision maker first collects stimuli from a number of
information sources in the environment. Such sources can be
system components with their actual status as well as other
relevant systems in the surroundings and their actual status. The
collected information is frequently covered by a veil of uncer-
tainty. Sampling and integrating this information a decision
maker will usually attempt to formulate a hypothesis about the
true situation and use it as a basis for the following choice of
actions. If the hypothesis concerns the actual state of affairs
information processing represents a diagnosis task, if the
hypothesis relates to a future state of the environment a predic-
tion task. In any case, the hypothesising process involves an
interaction between long-term and short-term memory [20]. In
the long-term memory plausible hypotheses about possible
situations of the external system environment and possible
states of internal system components are stored after they have
been learned. In figure 2 these hypotheses are called a priori
knowledge because in decision making it has to be known in
advance. In the short-term memory alternative hypotheses are
considered, compared, and evaluated against the situation
provided by the actual information. The final diagnosis may not
be absolute. Instead, it may be a an expression of degree of
belief that one hypothesis rather than another is true, but is
usually followed by the second step which represents the choice
task called "action accomplishment" (Figure 2). With this task
downward directed activities are performed like task definition,
action selection and planning, and action execution. If accord-
ing to the actual situation identified a new goal state has been
determined a new task will be defined firstly. Then, for this task



applicable actions will be identified depending on the available
system resources. Finally, the most appropriate actions will be
selected. This choice requires the consideration of costs and
benefits. Therefor, choice usually involves the evaluation of risk
when there is uncertainty about the state of the world that will
affect consequences of the choice. Possible actions and the
related risk acquired during the learning and/or training phase
are stored in the long-term memory of the decision maker [20].
Finally, the execution of selected actions will be planned and
carried out.

3. SITUATION AWARENESS IN

DECISION MAKING

The diagnosis task "situation assessment" (Figure 2) plays a
crucial role in human decision making because it results in the
SA of the decision maker and therefore creates the basis for the
following selection and planning of actions. SA is the con-
stantly evolving degree of accuracy by which operator’s
perception and assessment of the external environment reflects
reality. Therefore, SA is the prerequisite for situation- and task-
adequate decision making in complex dynamic situations. As
being the result of a reliable assessment of the situation in
which, e.g., a ship operates, SA is vital for the successful
completion of its mission. Therefore, intending to support
military operators in decision making in any case and first of all
SA has to be supported. According to Endsley [5], operator’s
SA is the perception of elements in the environment within a
volume of time and space, the comprehension of their meaning,
and the projection of their state in the near future. To specify
required information Endsley distinguishes three levels of SA:
1.) Perception of the information elements in the environment,
i.e., the states, attributes, and dynamics of relevant elements in
the operator environment. 2.) Comprehension of the current
situation by information processing based on a synthesis of
disjoint level 1 elements by putting them together to perform
patterns for getting a holistic picture of the environment and an
assessment of the current state. 3.) Projection of future states on
the basis of actions of elements in the environment. This is
achieved through knowledge of the states and dynamics of the
elements and comprehension of the situation for both level 1
and level 2.

To establish SA, information about the situation in the envi-
ronment from sensors or other sources of significant data and
conditions must be gathered and processed. This information
concerns the external system environment as well as the internal
operational state(s) of own combat (sub)system(s) involved. But
as already mentioned, not only information about the actual
situation is necessary for accomplishing the SA process. For
level 2 and level 3 of SA which contain assessment steps pre-
existing relevant “a priori” information is necessary to relate
actual information elements to already known situational
information and patterns. SA occurs as a consequence of
integrating a priori information together with actual information
by cognitive processing skills that include attention allocation,
perception, data extraction, comprehension, and projection
[14]. In order to provide a reliable information basis for
carrying out missions it will be necessary to assess and reassess
the situation on a continuous basis. Therefore, to not only
establish but also to maintain SA the continuous extraction of
information about a dynamic system and/or environment, the
integration of this information with previously acquired knowl-
edge to form a coherent mental picture, and the use of that
picture in directing further perception of, anticipation of, and
attention to future events is necessary [21].

4. SCENARIO-BASED KNOWLEDGE
ACQUISITION

This depiction is focussed especially on the specification of
decision requirements for supporting SA of decision makers
about the external system environment of a Navy C2 system.
Therefore, the acquisition and modelling process of the a priori
knowledge about the external system environment stands in the
centre of this consideration. One source from which especially
information about the external system environment can be
acquired are scenarios. Scenario generation and analysis are the
first steps in modern software development processes for
building solutions for large, complex problems. According to
McGraw and Harbison [9] scenarios should comprise the
following components:

Goals and critical success factors.
Physical (i.e., topology, layout) and logical (i.e., operation
circumstances) context.
Major events or activities that comprise the scenario.
Performer or participants involved and the events in which
they are involved .

e Information and recourses used, including information,
products , etc. throughout the scenario.

e  Points at which decisions are made, constraints considered,
and rules applied.

e  Performance problems and opportunities for enhancement.

In a recent study a knowledge-based user interface has been
developed for supporting Navy operators in identifying air
targets in a surveillance mission [2]. The scenario used in this
study has been developed by Navy experts for training opera-
tors to perform that task. It includes ownship with different
safety and engagement zones, an airway, a transition corridor, a
land area with coastal line, neutral and friendly air targets with
normal behaviour, and suspect air targets with dubious behav-
iour. The scenario describes graphically not only a snapshot of
a dynamic situation but rather a combination of different static
scenes of a dynamically evolving situation with air tracks to be
identified. It includes the following situations:

An approach of two air targets with suspicious behaviour.
An approach of two friendly air targets which identify
themselves by executing a predefined flight pattern.

An approach of a friendly air target in a transition corridor.
Neutral air targets flying in an airway.

An approach of a suspicious air target from inside the
airway with a final harassment manoeuvre.

5. MODEL OF THE PROBLEM DOMAIN

To acquire the information necessary for getting SA about the
external system environment during the identification of air
targets in a surveillance mission a model of the scenario
problem domain has been developed. The model comprises
three worlds which represent three different views (Figure 3):
1.) The True World stands for the real mission environment of
ownship respectively for the developed scenario which repre-
sents a model of that environment. 2.) The Sensed World
describes the information sphere of track objects inside of
ownship acquired to a large extent by ownship sensors. 3.) The
Deduced World represents the sphere of deduced information
concluded from the Sensed World by means of inference
processes. To uniformly describe these different views an
object-oriented approach has been applied. This approach also
supports an object-oriented problem analysis and facilitates the
implementation with modern object-oriented programming



languages when later developing a decision support system. To
accomplish this approach static and dynamic objects are
identified as relevant model elements. These objects can be
specified by means of attributes which describe characteristics
and states of an object and by operations which characterise its
behaviour [12].

Deduced |
World |

True
World

« Real operational
environment of the
system.

« Scenarios described
by static and dynamic
scenario objects
representing a model
of the system environ-
ment.

« Static track objects
with invariable attributes.

+ Dynamic track objects

and related inference

+ Dynamic track objects
processes.

with sensed variable
attributes and operations.

Task Environment of the Operator

Figure 3: Model of the problem domain

5.1 The True World

Descriptive elements of the True World which is defined by the
used scenario are static and dynamic scenario objects. Static
scenario objects posses only one state and no operation.
Examples of such objects which constitute the static mission
environment of the scenario are, for instance, airways, transition
corridors, and coastal lines. Dynamic scenario objects corre-
spond to active air, surface, and land targets of the scenario.
They are specified by changing attribute values, that means,
changing object states caused by object operations. To describe
scenario objects mathematically formalisms of the general
system theory, e.g., [6], have been applied. Generally, the
analysis starts with determining the set SO of all scenario
objects so;. With the index set Igq it counts:

SO={so;:ielg}. (D

A scenario object so; can be described by the set so;_OP of its
operations so;_opy, the set so; ATT of its attributes so;_att,, the
value set so; ATV, of all values so; att(t) of an attribute
so;_atty, with the time set T, the set of the positive real numbers
R+,andte T c R+ U { 0 }, and the set so;_S of object states
s0;_sy. Details of the formal description can be found in [4].

As an example, the airway identified in the above mentioned
Navy scenario is considered. It represents the static scenario
object so; which is characterised by the its attributes so;_att,
and their related values so,_att,(t). Because o, represents a
static scenario object there exists no operation and all related
attribute values are constant:

s0;_object_identifier(t) = airway number ,
so;_reference_point(t) =
(posX(t): a [°], posY(t): b [°], posZ(t): ¢ [ft]),

so,_ width(t) = d [nm] ,
so;_ length(t) = e [nm] ,
so;_ height(t) = f [fi] , 2)
so,_ direction(t) = g [°] ,
s0;_region(t) = function (so,_reference_point(t), so; _width(t),

so0;_length(t), so,_height(t), so,_direction(t)) ,
so;_ speed(t) = h [kn] ,
so,_ flight_level(t) = (i, j) [ft] .

with deduced attributes

As another example of the scenario an aircraft inside the airway
is considered. It appears to be the dynamic scenario object so,
which can be specified by attributes, their values, and opera-
tions. Some attribute values so,_att,(t) and operations so,_opy
are:

so4_aircraft_identifier(t) = registration number ,
$04_position(t) = (posX(t): x [°], posY(t): y [°], posZ(t) : z [f]),
so4_altitude(t) = z [ft] ,

so4_altitude_change(t) = 0 [ft/min] ,

soy_course(t) =g [°],

so4_course_change(t) = 0 [*/sec] ,

s0,_speed(t) = h [kn] ,

so4_speed_change(t) = 0 [kn/min] , 3)
so4_IFF_signal(t) = Mode 3 ,

so4_emitter(t) = Radar R3 ,

so4_role(t) = commercial_airliner ,

s0,4_activity(t) = fly_in_accordance_with_airway ,
so,_identity(t) = neutral .

so4_op; = IF creation event THEN create object ,

s04_op, = IF extinction event THEN delete object,

s04_ops = IF state change event THEN change state ELSE
retain state.

The dynamic scenario object o, may be in the actual state so,_s,
= flying_inside_the_airway which is defined by the above
attributes. As soon as there occurs an event, for instance, if the
value so,_course_change(t) > x [sec] indicates a course
change then the activity takes the value so4_att,(t) = fly_not_in_
accordance_with_airway. The state remains the same.

The dynamic processes of a scenario with all state changes of
scenario objects can be simulated and in this way be accessible
to an analysis. One possible simulation tool is, e.g., the com-
mercial product STAGE (Scenario Toolkit And Generation
Environment). It is a real-time, reconfigurable, extendible
simulation framework for military applications [19].

5.2 The Sensed World

The second part of the model constitutes the Sensed World
(Figure 3) which describes the information sphere of track
objects acquired to a large extent by ownship sensors. Corre-
sponding to scenario objects of the True World there are again
static and dynamic track objects in the Sensed World with the
same meaning as the scenario objects. Static track objects in the
Sensed World correspond for the most part to static scenario
objects and, therefore, are known in advance either from the
scenario or other geographical data sources like nautical charts.
Examples of such static track objects which posses only one
state and no operation are again airways, transition corridors,
and coastal lines constituting the static mission environment.
But there may be certain static track objects which ship sensors
may detect, e.g., the wreck of a recently sunk ship which may
be detected by the ship sonar but not being registered yet in the
corresponding nautical chart. All static objects are stored
onboard ownship, for instance, in the central data store of the
ship which may contain also a geographical database with
nautical chart information. Dynamic track objects correspond
again to dynamic scenario objects. They represent active air,
surface, and land tracks detected by ownship sensors and stored
with attributes and operations in the central data store. That
means, that dynamic scenario objects of the True World are
transformed into track objects of the Sensed World by consid-
ering ship sensor characteristics. Attributes and their values are
updated if sensors provide new data. As attributes of dynamic
track objects depend on the available sensors on board, only
that information can be sensed for which sensors are available.



For instance, if there is a 3D-radar available then the altitude of
an air track can be determined as track attribute. If the ship has
only a 2D-radar then the altitude cannot be assessed. But there
are also track attributes which can be determined from sensed
attributes by calculation, e.g., the vertical speed of an air track
from the change of its altitude. These attributes are also consid-
ered as sensed attributes. With dynamic track objects operations
specify processes like creating, updating, and deleting those
objects in the data store of the ship.

With TO as the set of all track objects to; again such an object
can be described formally by a set to; _OP of its operations
to;_opy, a set to; _ATT of its attributes to;_att,, a value set
to; ATV, of all values to;_att,(t) of attribute to; att,, with the
time set T, and t € T, a set to, ATV of all value sets to; ATV,
and a set to;_S of all states to;_s, of object to;. Details of the
formal description can be found in [4].

As an example of a static track object the above mentioned
airway which represents in the True World the static scenario
object so; is considered. In the Sensed World it constitutes the
static track object to, with the same attributes and values as so,
specified in equation (2). As example of a dynamic track object
the above mentioned aircraft is regarded. In the True World this
aircraft has been represented by the dynamic scenario object
soy4. If this object is in ownship sensor range it will be detected
and a dynamic track object, e.g., to; will be created in the ship’s
central data store which represents the Sensed World. Object
attributes and values depend on the sensor observation time. It
is assumed that attributes like altitude, speed, and course and
their alteration can be determined. Assuming sufficient obser-
vation time for reaching a stable state values to,_att,(t) of some
sensed attributes to,_att, and operations to,_op, are listed
below:

to,_track_identifier(t) = track number ,

to,_position = ( posX(t): x [°] , posY(t): y [°], posZ(t): z [ft] ),
to,_altitude(t) = z [ft] ,

to,_altitude_change(t) = 0 [ft/min] ,

to;_course(t) = g [], “)
to,_course_change(t) = 0 [*/sec],

to;_speed(t) = h [kn] ,

to;_speed_change(t) = 0 [kn/min] ,

to,_IFF_signal(t) = Mode 3,

to,_emitter(t) = Radar R3 ,

to,_op, = IF detection event THEN create object ,
to,_op, = IF update event THEN update sensed attributes ,
to,_op; = IF extinction event THEN delete object.

5.3 The Deduced World

The Deduced World is the third part of the developed model
(Figure 3). It is represented by the deduced attributes of dy-
namic track objects, their values, and by the inference processes
necessary for deducing those attributes. Taking again as an
example the dynamic track object to; specified above the
following additional deduced attributes to,_d-att, and opera-
tions to,_d-opy of the object to, arise in the Deduced World:

to,_d-distance_between_objects,
to,_d-activity,
to,_d-role,

to,_d-formation,
to,_d-activity sequence,
to,_d-application,

to,_d-category, to,_d-type,
to,_d-class, to,_d-option, 5)
to,_d-identity, to,_d-threat.

to,_d-op4 = IF update event THEN update deduced attributes.

Generally, for a deduced attribute to; d-att,, of track object to;,
its values to;_d-att,(t) and the object operation to; d-op, which
specifies the update and inference process of this attribute it
counts:

to;_d-att,, € to; ATT,
to;_d-att,(t) € to,_ d-ATV € to,_ ATV, 6)
to;_d-opy € to, OP .

A deduced attribute of a dynamic track object can be derived
from sensed and other already deduced attributes of the same
object. Additionally, different attributes of other static and
dynamic track objects may be involved in the inference process
as well. For modelling that interference process mathematical
relations are applied. To deduce an attribute to;_d-att,, of a
dynamic track object to; and its value set to, d-ATV,, those
other value sets to; ATV, and to;_ d-ATV,, of to; which contrib-
ute to the inference process have to be selected. For describing
this selection a set to, ATVsel which contains all contributing
value sets to; ATV, and to;_d-ATV, will be defined. Besides to;
there may be other track objects toy, to,, ... with their attribute
value sets to, ATV, to, ATV ... contributing as well for
deducing the attribute to; d-att,,. The contributing value sets of
those objects can be again specified by means of selected value
sets to, ATVsel, to, ATVsel .... Then, to describe the inference
process in detail an inference relation to;_ir, is defined. With
to; IR as the set of all to;_ir it follows:

to;_ ATVsel = { to; ATV, to, d-ATV,4 : to; ATV,
tOi_d‘ATvn+k [ tOl_ATV A tO'l_ATVn,
to;_d-att,, are relevant to deduce to;_d-att, } ,

to, ATVsel = { to, ATV,, to, d-ATV: to, ATV,
top_d-ATV,y € to, ATV Ato, ATV,
top_d-att,, are relevant to deduce to; d-att,, } ,

tog ATVsel = { to,_ATV,, to,_d-ATV, : tog_ ATV,,
tog_ d-ATV,y € tog ATV Ato, ATV,
to,_d-att,, are relevant to deduce to;_d-att, } ,

to,_ir, < to, d-ATV,, x Xto, ATVselx X to, ATVsel x X
tog ATVselx ...,

to, IR =  {to_in:ke Lym}, %)

IR = { to, IR: i€ ITO} .

The set to;_IR containing all relations of a dynamic track object
to; specifies the total inference process of that object. This
process is part of the object operation to;_d-op, = “IF update
event THEN update deduced attributes™ and will be activated if
an update event occurs. Moreover, the total Deduced World is
represented by the set of all deduced attributes and the set of all
relations IR which comprises total inference processes of all
considered dynamic track objects.

As an example, again the dynamic track object to,; representing
an aircraft is selected. To specify the inference process for
deducing the attribute to,_d-activity the value set to,;_d-
ACTIVITY is interrelated with value sets of relevant sensed
attributes  to; (POSX, POSY, POSZ), to; ALITUDE,
to; COURSE, and to; SPEED of object to; (see equation 4). (In
the preceding and in the following all value sets of an attribute
are named with capital letters.) Additionally, value sets of the
static track object to, representing an airway have to be consid-
ered in this inference process. Airway attribute value sets are
to,_REGION, to,_DIRECTION, to,_SPEED, and
to,_FLIGHT_LEVEL (see equation 2). If the process is speci-
fied with equations (7) then the inference relation to, ir, results
as follows:



to;,_ATVsel = { to,_(POSX, POSY, POSZ), to,_ALTITUDE,
to,_COURSE, to,_SPEED },

to,_ATVsel = { to, REGION, to, DIRECTION, to, SPEED,
to, FLIGHT_LEVEL } , (8)

to,_ir; < to,_d-ACTIVITY x X to;, ATVsel x X to, ATVsel .

For graphically representing this inference process interaction
matrices introduced by Sage [13] can be applied. Figure 4
shows the example described with equations (8). In the upper
part of the picture the static track object to, with its attribute
value sets is displayed. The lower part shows attribute value
sets of the dynamic track object of interest to,. The arrows
indicate the direction of the inference process. For describing
the inference process in detail a table form can be used [4].

Static I I ‘ D
Track Airway I X REGION
Object g X DIRECTION
to, [ T 1 X SPEED
[ T T T T <=t "~ |FLIGHT_LEVEL
I | [ )
I T 1 I X [Posx,posy,posz
Dynamic rort X ALTITUDE = POSZ
Track Air Track X COURSE
Object I | SPEED
to; ‘ 1 =
d-ACTIVITY
dROLE inference
d-APPLICATION direction

Figure 4: Example of the inference process for the deduced
attribute to,_d-activity

6. THE WORLD MODEL AND
SA INFORMATION

To show the relevance of the world model relationships be-
tween the three worlds of the model (Figure 3) and the infor-
mation levels of SA described in the beginning are considered.
Because an operator in the combat information centre of a
warship does not have a direct contact to the mission environ-
ment outside the ship it becomes obviously that there does not
exist any direct relationship between the True World and the
different SA level information. The True World represents
either the real mission environment of a ship or a scenario as a
model of this environment. Nevertheless, identified static
scenario objects, like air routes, transition corridors, and coastal
lines, as well as dynamic scenario objects, like air and surface
targets, constitute the starting point of the analysis because from
them relevant track objects of the Sensed World and their
attributes can be derived.

The Sensed World represents the basis for identifying elements
of the SA level 1 which refers to the perception of information
elements in the environment of an operator. This environment is
represented by characteristics of track objects, i.e., their attrib-
utes, states, and behaviour. Therefore, relevant SA information
are attributes of static track objects which, as described in detail
above, correspond to attributes of static scenario objects of the
True World. This information represents a priori knowledge
stored on board, for instance, in a geographical data base. Other
information of SA level 1 are attributes of dynamic track
objects which can be identified by considering available sensors
and communication facilities on board the ship and present
dynamic scenario objects of the True World. Such track attrib-
utes are, e.g., position, course, and speed. This SA information
is stored as dynamic track objects with their attributes, e.g., in
the central data store of the ship and displayed in any form on
consoles of the combat information centre.

The Deduced World contains the same dynamic track objects as
the Sensed World but with additionally deduced attributes and
their inference processes. These additional attributes and
processes constitute information of SA level 2 which are
necessary for operator’s comprehension of the current situation.
By information processing based on a synthesis of disjoint SA
level 1 elements the operator puts these elements together to
perform patterns for getting a holistic picture of the environ-
ment and an assessment of the current state. As an example,
again the dynamic track object to; which represents an aircraft
can be considered. Deduced attributes of this object (equation
5) belonging to SA level 2 information are, e.g., to;_d-activity,
to;_d-type, and to,_d-identity.

But in addition, the Deduced World contains also attributes and
processes which reflect information of SA level 3. This ele-
ments represent projections of future states of a dynamic track
object on the basis of its actual actions and possible actions in
future. This is achieved through knowledge of object states and
behaviour and comprehension of the situation for both level 1
and level 2. As an example of such a deduced attribute belong-
ing to SA level 3, e.g., the attribute to,_d-option of the air track
to; is considered (equation 5). In contrary to the deduced
attribute to,_d-activity which describes the actual observable
behaviour of the air track the attribute to,_d-option portrays the
predictable possible object behaviour in the near future (with a
maximal prediction time of about five minutes ahead). Both
attributes posses the same value sets. Another deduced attribute
which belongs to the SA level 3 is the attribute to,_d-threat
with its value set to,_d-THREAT = {no threat, looming threat,
acute threat, critical threat}. This attribute describes possible
future threats which depend on the actual activity of the air
track and its possible future options. The inference process of
this attribute is described in [4].

7. THE UML-MODEL

To support SA of Navy decision makers in identifying air
targets the knowledge structures of the sensed and deduced
model has to be stored in a knowledge-based user interface. For
this implementation the described mathematical model of track
objects must be transformed into an object-oriented software
specification. To develop this specification the object-oriented
Unified Modelling Language (UML) has been applied. UML is
a general-purpose visual modelling language that is used to
specify, visualise, construct, and document the artefacts of a
software system [12]. It captures information about the static
structure and the dynamic behaviour of a system. The static
structure defines the kind of objects important to a system and
its implementation, as well as the relationships among the
objects. The dynamic behaviour defines the history of objects
over time and the communication among objects to accomplish
goals. UML is not a programming language, but tools like
TOGETHER [17] are available which provide code generators
from UML into different programming languages.

The main constituents of the static view are classes and their
relationships [12]. A class is a description of a concept of the
application domain. It will be specified by means of attributes
and operations. Classes are drawn as rectangles. Relationships
among classes are drawn as paths connecting class rectangles.
As an example, figure 5 shows upper levels of a class diagram
of the modelled track objects containing the class Track Objects
with subclasses Static Track Objects and Dynamic Track
Objects, and the class Track Processes with subclasses Infer-
ence Processes and Control Processes. In this diagram identi-
fied processes are dealt with as a separate association class



shows those individual objects which

Track Objects TO
= T participate in the collaboration. For each
. - object a lifeline drawn as a dashed line
I]X % T T in a vertical column indicates the life
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Dynamic Track Objects DTO [static Track objects sTO Inference Pr. ®] [contror P spa_n o_f the object. During the txrpe an
! activation of a procedure on the object is
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Figure 5: Upper level class diagram of
knowledge structure
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association between other classes. Each
subclass can be further decomposed into
more elementary classes with smaller //‘7 A V\ [IX [r
dimensions, for instance, the class Dynamic T .
Track Objects into classes like Air Tracks, = \_\ e e
and Surface Tracks. In figure 5, a‘m'o'ws uwurway_rdemiﬁer.imws *AC_dActMrfAinNay:chw:ry +AC_PosX:int
between classes represent generalisation +Airway_ListSegments:int 1+ | 1|+aiway_identifierint , +| *AC_Pos¥int
relationships which relates general descrip- +CheckinsideAirwayoid +Airway_FlightLevel:int “— +AC_PosZint

tions of superclasses to more specialised
subclasses. Generalisation facilitates the

+DetermineAirwayF lightLevel.void
+DeterminelAWAirway.void

description of inheritance mechanisms
which transmit attributes and operations
from super- to subclasses.

1

>

STO Segments

Besides generalisation links figure 6 shows
association and aggregation relationships
between classes. An association describes a
connection between instances of classes
[12]. For example, in figure 6 the plain line
between classes STO_Airways and
IP_ActivityAirways represents such an
association. An aggregation is a special
association which specifies a whole-part
relationship between an aggregate (a whole)

+Segm_ldentifierint

+3egm_Length:int
+Segm_width:int
+Segm_Heightint
+Segm_Direction:int
+Segm_Region:float
+Segm_Speed:int

-Segm_ListCCA:int

+Segm_FlightLevels:int

+Segm_RefPtPosXlong
+Segm_RefPtPosY:long
+Segm_RefPtPosZlong

and a constituent part. Aggregations are
shown as a diamond on the end of an
association line at which it connects to the

+CheckinsideSegmentvoid
+DetermineSegmFlightLevel:void
+DeterminelAWSegmentvoid

aggregate class. In figure 6 the link between

the classes STO_Segments and
STO_CourseChangeAreas represents an aggregation. If the
aggregate is a composite, then the diamond is filled like in the
aggregation between the classes STO_Airways and
STO_Segments.

To model the dynamic behaviour with UML communication
patterns are used [12]. These patterns display a set of connected
objects as they interact to implement behaviour. The interaction
view which provides a holistic view of the behaviour of those
objects is modelled by collaborations which describes a society
of cooperating objects to carry out some purpose. The interac-
tion between these objects is specified by messages which
represent one-way communications, i.e., flows of control with
information between objects. Graphically, the interaction is
shown by means of sequence diagrams.

A sequence diagram (Figure 7) displays an interaction as a two-
dimensional chart. The vertical dimension is the time axis
where the time proceeds downward. The horizontal dimension

+DeduceActivityAirway:void
-CheckinsideAirwayRegion:void
-DetermineFlightLevel:void
+DetermineActivityAirway.void

STO CourseC|

+CCA_ldentifierint

+CCA_RefPtPosXlong
+CCA_RefPtPosY:long
+CCA_RefPtPosZ:long

é>—1“’_ +CCA_Radius:long

+CCA_Heightint
+CCA_Region:long

+CheckinsideCCAvoid

+DeterminelAWC CAvoid

+DetermineCCAFlightLevel.void

+AC_AltitudeChange:int
+AC_Course:int
+AC_Speed:int
+AC_SpeedMaxint
+AC_AccelerationMaxint
+AC_RateOfTurnMax:int
+AC_dActivity:.char
+AC_dApplication:char
+AC_dldentity.int

+SupplyACAttrvoid
+SelectDActivity:void
+UpdateAircratData:void
+UpdateSensedDatavoid
+UpdateCalculatedData:void
+UpdateDeducedDatavoid

+UpdateLinkData:void

Figure 6: Example of association and aggregation relation-

ships between classes

Another way to model the dynamic behaviour is the life history
of one object as it interacts with the rest of the world. This

object behaviour is described by means of a state transition
diagram which shows the response of the object to events based
on its current state, the performance of actions as part of its
response, and the transition to a new state [12]. Due to the
limited space available this type of diagram is not shown here.
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ABSTRACT

The human role in complex task environments will more and
more focus on handling non-routine situations with increasing
information velocity and ubiquity. This paper presents a generic
Cognitive and Functional (COLFUN) framework for
envisioning and assessing such high-demand situations in order
to realize an adequate human resource deployment. The
framework consists of two models, a cognitive load model and a
functional model, that support a coherent scenario analysis of
the task demands and information flows. We briefly discuss two
example assessments in early development processes: a traffic-
control-center analysis and a task analysis for a naval ship’s
bridge. Both analyses supported the development and
refinement of operating procedures, support systems, manning
schemes, work organization and training requirements. In
general, COLFUN supports the integration of human factors in
the iterative development process of complex human-machine
systems.

Keywords

Cognitive task analysis, mental load, human-computer
interaction, control centers, process control, user-centered
design.

1. INTRODUCTION

Addressing Human Factors in the development processes of
complex and dynamic human-machine systems is essential to
enhance safety in a large set of application domains, such as
industrial process control, aviation, ship navigation and motor
traffic. Within each domain, research and collaboration
initiatives have been developing human-centered analyses and
“best practice” guides. In the European project PRISM (Process
Industries Safety Management, http://www.prism-network.org),
the Focus Group Human Factors in High-Demand Situations
aims at improving the joint human-system task performance by
reduction of the risks for human resource conflicts and
cognitive biases that may appear in high demand situations.
This Focus Group explicitly aims at knowledge transfer from
other domains to the process control domain. For this purpose,
we combined approaches from different domains into a generic
Cognitive and Functional (COLFUN) framework for
envisioning and assessing high-demand situations. This paper
presents the framework and will, subsequently, summarize two
example applications from different domains. The first example
consists of an analysis of the task load on a naval ship’s bridge
to assess envisioned task allocations and support functions. The
second example comprises an assessment of the tasks for the
operator in the future control room of a motor-traffic tunnel.
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2. THE COLFUN FRAMEWORK

High-demand situations can be defined from different
perspectives. On one hand, for instance, high demand can be
described in terms of the finctional setting and corresponding
information transfer processes. For example, the production of
the plant might deviate from the planned production, in which
case urgent action is required to prevent any production losses.
On the other hand, high demand situations can be defined in
terms of the workload of the human task performer. For
example, situations may occur in which the number of tasks or
time pressure is so high that the operator cannot perform his or
her tasks adequately. The work demands do not match the
cognitive capacity of the operator, resulting in mental overload.
In the COLFUN framework for the analysis of high demand
situations, the functional process and human-factors
perspectives meet. First, a model for cognitive task load is
described that can be used for the (re)design of cognitive tasks
and computer support in complex, real-time, task environments.
Second, a model is presented that describes generic process-
control functions and information transfer processes. Third, we
will argue that the integration of both these two models, in
combination with a scenario-based design and assessment
approach, will help to identify potential critical situations and
provide concrete proposals to better handle such situations.

2.1 Cognitive Load Model

Neerincx [4] developed a cognitive load model, distinguishing
three load factors that have a substantial effect on task
performance and mental effort. The first classical load factor,
percentage time occupied, has been used to assess workload in
practice for time-line assessments. Such assessments are often
based on the notion that people should not be occupied more
than 70 to 80 percent of the total time available. Secondly, the
cognitive load model incorporates the Skill-Rule-Knowledge
framework of Rasmussen [9] as an indication of the level of
information processing. At the skill-based level, information is
processed automatically resulting into actions that are hardly
cognitively demanding. At the rule-based level, input
information triggers routine solutions (i.e. procedures with rules
of the type ‘if <event/state> then <action>’) resulting into
efficient problem solving in terms of required cognitive
capacities. At the knowledge-based level, the problem is
analyzed and solution(s) are planned, in particular to deal with
new situations. This type of information processing can involve
a high load on the limited capacity of working memory. To
address the demands of attention shifts, the cognitive load
model distinguishes task-set switching as a third load factor.
Complex task situations consist of several different tasks, with
different goals. These tasks appeal to different sources of
human knowledge and capacities and refer to different objects
in the environment. We use the term task set to denote the



human resources and environmental objects with the
momentary states, which are involved in the task performance.
Table 1 summarizes a number of indicators of possible
problems for each load factor.

Table 1. Some risk indicators for each load factor.

Load factor Indicators of possible problems

Time Work overtime
occupied Work not finished
Insufficient interim, brief rests
Task set Interruptions from the environment (e.g.
switches phone calls)
Several problems or tasks to be handled
“simultaneously”
Level of Hardly time for concurrent actions like
information conversation
processing

Extensive use of manuals, help systems
etc.

Need for advise or assistance

Occurrence of non-routine situation for
which

e the critical elements are hard to identify

e it is not immediately clear what actions
to perform

The combination of the three load factors determines the
cognitive task load: the load is high when the percentage time
occupied, the level of information processing (i.e. the
percentage knowledge-based actions) and the number of task-
set switches are high. Figure 1 presents a 3-dimensional “load”
space in which human activities can be projected with regions
indicating the cognitive demands that the activity imposes on
the operator.

level of
R information processing
?

Figure 1. Schematic representation of the task load model.
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The middle area represents the area in which task load matches
the operator’s mental capacity in a certain task setting. In the
top area task load is too high. The bottom area represents the
area in which performance is not optimal due to underload. The
load factors represent task demands that affect human operator
performance and effort. When the time occupied is high, and
level of information processing and number of task-set switches
are low, vigilance problems can appear [7]. When the time
occupied and the number of task-set switches are high,
cognitive lock-up can appear (i.e., the tendency of people to
focus on single faults, ignoring the other subsystems to be
controlled; [3]). The cognitive load model has been used in
different domains for task-reallocation and design of support
functions [4].

Based on the theory and our method for cognitive task analysis,
we developed 4 support concepts and for each high-level design
principles [6] (table 2):

The Information Handler filters and integrates information to
improve situation awareness, i.e. knowledge of the state of the
system and its environment, and reduces the time occupied. Due
to the increasing availability of information, situation awareness
can deteriorate without support. Correct information should be
presented at the right time, at the right abstraction level, and
compatible with the human cognitive processing capacity.

The Rule Provider provides normative procedures for solving (a
part of) the current problem and affects the level of information
processing. Due to training and experience, people develop and
retain procedures for efficient task performance. Performance
deficiencies may arise when the task is performed rarely so that
procedures will not be learned or will be forgotten, or when the
information does not trigger the corresponding procedure in
human memory. For these situations, rule provision aims at
supplementing human procedural knowledge.

The Diagnosis Guide affects the level of information
processing. The level of information processing increases when
no complete (executable) procedure is available to deal with the
current alarms and situation. This support function guides the
operator during the diagnosis resulting in an adequate problem-
solving strategy for a specific task.

The Scheduler affects the number of task-set switches by
providing an overall work plan for emergency handling. Task
priorities are dynamically set and shown in a task-overview to
the operator resulting in effective and efficient switches.

Table 2: Load factors and support concepts.

Cognitive load factor Support concept

Time occupied Information Handler

Rule Provider
Diagnosis Guide

Scheduler

Level of info processing

Task-set switches




Knowledge

of system

wi

Information transfer

Operational
goals & criteria

Controller

knowledge

actuators

Figure 2. General process-control functions SA, DA, DM and DC, arranged according to two levels of information transfer.

2.2 Functional Model

In general, four generic functions are fulfilled within the
control room at two levels of information transfer (figure 2).
At the primary level, information provided by sensors is used
as input for the crew’s situation awareness (SA). Deviations
between pre-set values (set points) passed from the secondary
level and actual values are directly compensated via the
direction and control (DC) function. Based on lower-level
feedback control loops, adjustments are made, -either
automatically or assisted by the operator. For example, when
the carbon monoxide (CO) level is too high in a tunnel, it will
be directly compensated by switching on the ventilation, or
when a too-high vehicle approaches, it has to be stopped
immediately by the tunnel operator.

At the secondary level, higher-order objectives, determined by
the operational goals and criteria for safety and efficiency, are
translated into pre-programmed rules for the primary level.
Based on the situation awareness and knowledge about the
system (e.g. the tunnel) disturbance assessment (DA) actions
are employed when there are deviations from the planned
state. Pre-set goals and criteria, and crew’s knowledge are
used for decision making (DM). When the goals or criteria
cannot be achieved with the current plan, the plan has to be
reconsidered. For the tunnel example, when a truck is on fire,
the disturbance has to be assessed (e.g., traffic, smoke, and
casualties) and adequate decisions have to be made (e.g.,
announcements in tunnel, resource employment fire control).
The functional framework has been used in different domains
to identify human and machine tasks, and to improve
information transfer in human-machine systems such as naval
command center and medical diagnosis [8].

13

2.3 Scenario Development and Assessment
Cognitive task load can only be analyzed for specific, concrete
task contexts. An effective method to create such a context is
the use of scenarios [1]. Scenarios presuppose a certain
setting. Within the setting, roles are played by actors. In
complex scenarios different actors can be involved, possible
interacting with each other. Actors have specific goals or
tasks. To achieve this goal actions have to be taken.
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Figure 3: Outline of a Compound Action Sequence (CAS)
consisting of 2 Basic Action Sequences (BAS) (i.e. handling
of both the fire and the black smoke events).



Neerincx et al. [6] provide a method and description format to
systematically create and assess normal and critical situations
with the corresponding action sequences (figure 3). Such an
action sequence displays actions of different actors on a time-
line, including the interaction with support systems. The
actions can be triggered by events, and are grouped according
to their higher-level task (goal).

3. THE MOTOR TRAFFIC EXAMPLE
Rypkema et al. [10] assessed a design of the control room for
supervising the traffic in the future Westerscheldetunnel in the
Netherlands. The tunnel will measure six kilometers and consist
of two separate tubes, each with two driving lanes, connected by
corridors. A monitoring and control system (TUBES) has been
developed for operating the tunnel, containing 94 cameras, 20
monitors, various sensors and different systems to control the
tunnel like traffic lights, speed reduction signs and barriers.
The objective of this assessment was to identify possible
bottlenecks for the future operator and the envisioned task
organization.

Function analysis. First, an inventory of operator tasks was
made based on the four generic functions of the process
control model (Figure 2). The primary level functions
involved mainly tasks that are related to the monitoring and
control system TUBES (e.g., S4 tasks like watching monitors,
monitoring sensors and communication systems, and DC tasks
like control of speed signs, traffic lights and barriers). On the
secondary level, a distinction was made between the
assessment and handling of incidents—caused by road-users
who bring themselves or other road-users in danger—and
threats—situations that could bring road-users into danger or
lead to incidents.

The scenario design was based on three variables: frequency,
severity and expected mental load. Highly frequent scenarios
occurred more than once a week, low frequent scenarios less
than once a month. Severity expressed the number of
casualties within a scenario. The expected mental load was
defined by domain experts during an interview. Considering
the coincidence of variables (e.g. highly frequent severe
accidents do not occur), five scenarios were generated.

The cognitive load model was used to assess the five
scenarios. In three scenarios the complexity and the number of
task-set switches showed a peak from the start of the incident
to the arrival of the emergency response teams. After their
arrival, these teams become responsible and take over a major
part of the tasks, so that the operators task load decreases to a
lower level.

Results. During serious incidents the mental load is very high
just after the incident occurs, especially when there is a fire
and the operator has to evacuate the people out of the tunnel.
The overload was due to the large number of tasks, the task
complexity and in some cases the large number of task-set
switches. Also the sudden change from low to high mental
load and the operator’s responsibilities are burdensome. It was
recommended to improve procedures and clustering of tasks.
Besides that, it was recommended to support the operator
during incidents by deploying a second person who is able to
assist the operator within a short period of time (e.g. someone
who is working in the same building). Finally, it was
recommended to use a simulator that creates a dynamic task
environment for selection, training and freshing-up courses.
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4. THE SHIP’S BRIDGE EXAMPLE

Van Veenendaal [12] assessed alternative designs for the naval
ship’s bridge, comprising different task allocations and support
functions for navigation and platform supervision.

The function analysis resulted in an inventory of operator
tasks (i.e. a task hierarchy) and corresponding information
needs. It provided insight in the contextual factors that affect
the information transfer, in particular for the communication
of information about the tactical situation. Furthermore, the
functional model helped to define the role of the Officer of the
Watch on a naval ship’s bridge.

Normal and critical scenarios were specified with domain
experts, according to the method of Neerincx et al. [6].
Furthermore, for every scenario, support functions were
specified and included in the action sequence specifications
(i.e. information handler, rule provider, diagnosis guide and
task scheduler). The action sequences have been validated
with domain experts.

The cognitive load model was used to assess these action
sequences, with and without the four support functions. First,
the three load factors were calculated per 6 minutes task
performance, showing the dynamic load fluctuations in the 3-
dimensional load cube of figure 1. Subsequently, via
questionnaires experts assessed the action sequences to
acquire subjective load measures and estimations of the
effects of the support functions.

Results. The analysis showed that the task of the Officer of the
Watch can be extended with platform control tasks under
normal conditions. The support functions will complement the
knowledge and experience of the bridge crew to realize an
adequate performance level. In critical situations, extra,
technical personnel have to be called up. This study provided
the first indicators for implementing such a dynamic task
allocation.

5. DISCUSSION

Schraagen et al [11] describe individual Cognitive Task
Analysis (CTA) approaches and methods for (1) individual
training, performance assessment, and selection; (2) the
design of human-system interaction; and teamwork situations.
They aimed at generic task taxonomy, but concluded that
current CTA approaches are diverse and differ on a number of
dimensions such as scope, theoretical and empirical
foundation, and utility. Consequently, deriving a generic
taxonomy is hardly possible.

The COLFUN framework supports a specific type of
Cognitive Task Analysis (CTA) that has some similarities and
differences with the cognitive work analysis approaches of
Rasmussen [9] and Vicente [13]. First of all, our CTA applies
the Skill-Rule-Knowledge framework of Rasmussen to
determine the level of information processing. Further, both
COLFUN and the cognitive work analysis provide a
functional view on information processing although at a
different level of detail. The main difference seems to be that
we do a rather extensive analysis of scenarios and normative
procedures, whereas Vicente [13] focuses on supporting
knowledge workers in adapting to change and novelty. He
challenges the theoretical predisposition of the instruction-
based task analyses. The demands of the task domain should
be the focus of analysis; such as in the constraint based
approaches to work analysis. For training, these approaches
help to develop understanding of the task domain, as opposed
to learning procedures, holding the promise of flexible



response to novel situations. However, they may not result in
the required (fast) generation of actions. The more closed a
system is, the more amenable it is to instruction-based forms
of task analysis. For open systems, workers must adapt online
in real time to disturbances that cannot possibly be foreseen
by analysis. For this, constraint-based analyses are suitable
(although they can be applied when the precise goals cannot
be predicted).

In our view, however, design can aim at supporting procedural
(“instruction based”) task performance, while still enabling
adaptive problem solving processes (e.g. by application of the
abstraction hierarchy for virtual control panels according to
the principles of ecological interface design; [14]). However,
the effects of implementing “instruction-based” performances
should be well evaluated and should prove to enable adaptive
problem solving processes. For example, Grootjen et al. [2]
designed a user interface prototype for a ship’s bridge that
provided the four support functions of table 2. Subsequently,
they conducted an experiment to test the effects of the support
functions, under high and low task load, on task performance,
mental effort and possible side effects (such as operator’s loss
of situation awareness). In this experiment, 50 RNIN students
had to solve damage control problems with the prototype
interface. The support proved to result in substantial
effectiveness and efficiency profits, i.e. the use of support
functions leaded to a substantial improvement of task
performance, especially at high task load. Possible costs of
being “out of the loop”, like not reacting on an implemented
wrong advice or a decrease in understanding of performed
actions, could not be found.

In process control and related domains, such as aviation and
space, improved procedure support can have a major impact
on the mission performance (Neerincx et al. [5]). In order to
do early, cost-effective assessments, we need instantiations of
future work conditions and contexts. COLFUN seems to be a
good starting point to realize such a human factors integration
in iterative system development processes.

6. CONCLUSIONS

The prevention of and the response to incidents highly depend
on the performance of the human task performer. However,
during critical situations the task load might become too high
for adequate task performance. As a result, incidents may be
handled improperly and might escalate. The method described
in this chapter provides a framework for the identification of
these critical situations through analysis of the functional
demands and cognitive load. Both the cognitive load and the
functional model have been individually used before, e.g. [8],
[4], [2]. Combining the two has resulted in a tool for a
structural analysis of operator tasks and information flows,
while at the same time the cognitive task load can be
measured systematically. The COLFUN framework supported
the identification of critical situations and provided concrete
proposal for improvement:

e  Procedures. Transformation of highly complex
knowledge-based tasks into less complex rule-based
tasks by provision of context-specific procedures and
diagnosis guidance.

e Support systems. For the four process-control functions,
the analyses provided proposals for a support system
(from cameras and sensors to advanced decision
support).
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e  Manning. The analyses showed when dynamic task
allocation helps to handle critical situations (e.g. an
(extra) employee takes over some of the operator tasks).

e Organization. The framework conveyed requirements for
efficient information transfer. For example, the
communication between the tunnel operator and the
emergency response teams should be supported to
prevent an overload of communication tasks for the
operator.

e  Training. It was recommended to train and refresh
operators for handling of envisioned critical situations
(e.g. in a simulator).
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ABSTRACT

This paper proposes to use a theoretical framework of Human-
Machine Cooperation (HMC) [8] in order to review the main
research results on HMC in car-driving, and to identify some
psychological problems underlying the introduction of in-car
automation as a means of increasing car-driving safety. The use
of such a framework is justified by the fact that both driver and
automation can be considered as separate agents pursuing their
own goals, likely to interfere positively (e.g.: mutual control) or
negatively (e.g.: mutual trouble), and trying to facilitate the
other’s activity. It enables us to describe the cooperative stakes
of diverse cooperative modes currently in use or under study
within the car-driving context. Finally, some important research
questions are outlined, which are partly addressed by a French
research program (ARCOS) supported by the Ministries of
Research, Transportation, and Industry.

Keywords
Human-Machine Cooperation.
Driving.

Automation. Safety. Car-

1. INTRODUCTION

In-car automation is on the increase generally, but with some
differences between countries. For example, in Japan, more
attention is paid to the road’s contribution to safety and comfort
than is the case in France, especially in terms of
telecommunication (information obtained by the car from the
road). Roughly, one can distinguish between two kinds of in-car
assistance — driving and navigation assistance. This distinction
corresponds to two parallel driver’s tasks (although many others
could be considered, such as conversing with passengers,
operating the car radio, etc.). Driving is more concerned with
short- and medium-term trajectory management. Navigation is
related to the choice of long-term directions. In this paper, we
will focus on driving assistance.

For a number of reasons, from marketing to comfort and safety,
research and development are making rapid advances, resulting
in the introduction of various automatic devices that are
supposed to assist with the driving task [5] [25]. The assistance
function could be anything from an information provider (e.g.,
future road adhesion) to an automatic controller (e.g., ABS —
Antilock Brake System — aimed at avoiding skids). The
perspective taken can look like that found in aviation, but it is,
in fact, very different [21]. Certainly, many problems arising
from relations between humans and automation have already
been studied from within the aviation domain. However, one
must be cautious before transferring this framework to car-
driving.

There are at least two main differences between airline pilots
and car-drivers. First of all, pilots are professionals; which
means that they share some standard and well-learned expertise.
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On the other hand, very few car drivers are professionals.
Consequently, in-car automation has to be understandable and
usable by a wide range of persons (young, old, nervous, quiet,
etc.). Long training periods are not conceivable in the present
context. Second, although full automation could be seen as a
solution to the problem of increasing road traffic over the next
few decades or as a response to some emergency situations, it
cannot be implemented in the near future. The drivers
themselves must remain as the main car controllers. They
cannot be transformed into car automation supervisors.

This creates a situation of cooperation between drivers and
automation where both are able to control the vehicle at the
same time; a situation which can result in possible
interferences. The framework introduced by Hoc [8] to
approach human-machine cooperation in industrial situations
and in aviation can be one means of clarifying some of the
problems posed by relations between car drivers and in-car
automation. This paper aims to formulate these problems as
research targets and design concerns within the growing domain
of car automation, and to sum up the main results in the
domain. As a concrete reference, we will take the target of a
French research program (ARCOS) which is mainly oriented
toward safety improvement [2]. Some existing devices, related
to these improvements, will be described. Then, after a brief
overview of the theoretical framework for cooperation proposed
by Hoc [8], we will try to identify the psychological status of
diverse cooperation modes, currently in use or under study.
Finally, we will derive some implications of this point of view
for research and design within this context.

2. IN-CAR AUTOMATION FOR SAFETY

Although there are some exceptions, such as airbags, in-car
safety equipment is seldom sold purely as a safety device, but
mostly as a device capable of improving the performance (e.g.
speed) of the driver-car system. Within this context, the French
research and development program, ARCOS (French acronym
for “Research Action for Safe Driving”) aims to functionally
specify safety devices. The following four safety functions are
considered to have a high potential impact on fatal accidents.

?  Inter-vehicle distance regulation

This function aims to prevent collisions between vehicles where
there are small speed differences. ACC (Adaptive Cruise
Control) is an example of the regulation of inter-vehicle
distances. However, generally speaking, it is not a safety device
as such. Although the general application of such a device to all
vehicles could result in preventing some collision risks, ACC,
for the moment at least, is not effective in critical situations
(e.g., high deceleration of the lead vehicle).

?  Stationary or slow-moving obstacle collision avoidance
In this case, the speed differences are very high and the vehicle
must stop within a very short distance. ABS (Antilock Brake



System) makes a very partial contribution to this aim by trying
to avoid a skid when the brakes are applied strongly.

?  Road departure prevention

More generally, this is the problem of lane departure and of the
control of the lateral dimension of the trajectory. ESP
(Electronic  Stability Program) is a partial solution to the
problem, helping to avoid spin when the steering angle is too
great.

?  Upstream accident/ incident alert

This function implies that telecommunication exists between
cars, and between cars and the road, to provide information for
upstream drivers. It will not be considered within this paper.

3. AFUNCTIONAL APPROACH TO
HUMAN-MACHINE COOPERATION

The framework proposed by Hoc [8] is based on a functional
rather than structural approach and is aimed at describing
relational structures between cooperative agents. Its main
objectives are to identify, analyse, implement and support
cooperative activities. These are considered to be added to
private activities when moving from an isolated individual
activity to a collective activity. For example, function allocation
is a cooperative activity and would be unnecessary if an agent
was working alone.

The framework proposes that cooperation is an activity of
interference management between non-independent tasks
distributed among several agents. Interference is managed in
order to facilitate the individual tasks or the collective task as it
stands. Different agents can cooperate without a common task;
they can perform different tasks, interfering only with the
sharing of common resources. For example, car-drivers pursue
different goals, but they cooperate because they share the same
road. Cooperation does not always imply a perfect symmetry
between the diverse agents. Sometimes there are strong reasons
for giving priority to the facilitation of one particular agent’s
task. In-car HMC is supposed to give priority to the driver’s
task, at least in normal circumstances.

In order to manage interference, the framework decomposes the
cooperative activities involved into three (abstraction and
temporal span) levels: action (short-term and local interference
resolution); plan (medium-term and resolution by planning) and
meta (long-term and resolution by the means of high level
models, especially of the agents).

This framework has mainly been applied to cooperation at the
symbolic level (e.g. the processing of verbal representation). It
could, however, be extended to address cooperation at the
subsymbolic level (e.g. sensorimotor coordination). This
transposition to car-driving is possible where human-machine
cooperation (with automatic devices like those evoked above)
mainly relies on sensorimotor coordination.

3.1 Action Level

At the action level, interference management is restricted to the
short term, with a minimal anticipation of the agents’ goals. The
positive or negative features of interference are highly relative.
Interference occurs when the tasks are not independent. This
means that the tasks can be in precondition relations (one being
necessary to perform another one), in interaction relations (the
two), or in redundancy relations (the same goal can be reached
by any of the agents). Interference can take the form of mutual
control when an agent checks another agent’s activity to give
back an evaluation. So, interference is not only negative, it can
be deliberately created to improve effectiveness. After its
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appearance at the action level, interference can also be managed
at the other cooperation levels.

As expected, ergonomics has been more sensitive to the
negative aspects of cooperation than to the positive ones [13].
As is the case in other domains, automation can have
undesirable and unexpected effects [15]. In order to reduce
human-machine interference, considered to be negative, the
driver may unconsciously circumvent automation, thus reducing
its efficiency. For example, drivers are likely to occupy the left
lane more with ACC than without this device [14] [17]. A
variety of behavioural adaptation which goes against safety has
often been described as risk homeostasis [26]. Automation can
give the driver the feeling that there is no danger in critical
situations because it suppresses anxiety signals and encourages
the driver to take risks beyond those accepted in non-assisted
situations. This phenomenon has frequently been described, for
example, with vision enhancement devices when driving in fog
(increase in speed: [22]), or with ABS (increase in speed or
decrease in THW — time headway —: [7] [9] [18]).

3.2 Plan Level

At the plan level, a common frame of reference (COFOR) is
managed in order to facilitate the activities situated at the action
level. COFOR not only includes representations of the
environment (team situation awareness), but also of the team’s
activity (e.g. common plans and goals, function allocation, etc.).
It is easy to create conditions for shared awareness of the
external situation, although the information format must be
adequate. On the other hand, it is much more difficult to
maintain a shared representation of the team’s activity; for
example, intention recognition by a machine.

COFOR is maintained or elaborated at this plan level, but the
by-products of the action level activities can also enrich it
covertly. COFOR does not necessarily mean the sharing of
identical representations, which can only be compatible. For
example, if a physical variable like road adhesion underlies the
automatic device functioning, this does not imply that the driver
must use this measure as such. Sensorial information coherent
with the adhesion value may be a more efficient way to
influence the driver’s activity.

This cooperation level has not yet been directly addressed
within the car-driving context. In the years ahead, the
unexpected benefits it may yield could make it one of the most
promising areas yet to be researched. For example, if
automation exerts a mutual control on the driver’s activity, it
will be understood and accepted by the latter only if the two
agents share the same situation analysis in terms of risks.

3.3 Meta Level

At the meta level, the experience of cooperation within the team
is exploited to facilitate the activities situated at the previous
levels; for example, the use of models of the other agents and of
oneself. At this level, trust in automation and in one’s relations
with automation, together with self confidence, can be
developed through the use of models elaborated by experience.

Although there is not an abundance of research on this
question, those few studies that are available show the
importance of this level. Within this context, where the shift
between manual and automatic control is not as sharply defined
as within other domains, the main subject of trust is neither the
machine nor the driver, but rather the interaction between the
two. Rajaonah [16] has shown the role played by the driver’s



elaboration of a model of interaction in the development of
trust, when driving with ACC. The variability in results
concerning the effects of ABS in accidents allows us to think
that risk homeostasis is not the only phenomenon that needs to
be considered. The driver’s ABS model should also be taken
into account. For example, Broughton and Baugham [3] have
shown that ABS reduces the number of accidents involving
young drivers, but not those involving women and older
drivers. They suggest that the latter group of drivers do not
operate the device properly because of an incorrect model of the
device. Mollenhauer e? al. [12] have positively tested the effect
of a brief training period using images and texts similar to those
available for presenting safety instructions in aircraft. Stanton
and Young [23] have shown an increase in the number of
accidents in an ACC simulator study where the lead vehicle
stops suddenly. They account for the phenomenon with the fact
that drivers tend to assume, incorrectly, that ACC includes a
collision avoidance function.

4. COOPERATION MODES BETWEEN
DRIVER AND AUTOMATION

For a long time, cognitive engineering has elaborated diverse
typologies of human-machine function allocation modes,
mainly covering supervision activities (but also teleoperation:
[19]). Obviously, the cooperation issues at stake concern
cooperation modes between the fully manual mode and the fully
automatic mode. Developing safety devices within a context
where the driver should remain the main entity in charge of
driving means that automation should intervene sparingly.
Before looking for highly invasive interventions in the fully
automatic mode (for example in emergency situations), lighter
interventions should first be envisioned. These intervention
modes are related to HMC and may be classified, following the
theoretical framework presented above, in terms of cooperation
modes in order to make their psychological implications more
salient. At the same time, the modes will remain readable from
an engineering point of view. They will be presented from the
least to the most invasive.

4.1 Perception mode

The machine is utilised as an extension of the sensorial organs.
In terms of engineering, it is the instrumented mode. Although
the production of a physical measure is a well-defined task for
an engineer, the usefulness of this measure for the driver is
questionable. At the symbolic level, drivers are used to
consulting their speedometer, which they interpret in terms of
regulation or action. However, where adhesion is concerned,
one doubts that drivers can interpret the physical measure as
easily as they do the speedometer. Inasmuch as car-driving
involves a strong sensorimotor component, the main question to
consider is what function this kind of information has in the
sensorimotor loop (from perception to action, and from action
to feedback). That is why the “perceptive” mode is a more
suitable way of expressing this than the “instrumented” mode.

Above all, the perceptive mode produces sensorial information.
However, two distinct cognitive control levels may be triggered
when processing such information. At the symbolic level, the
sensorial information (form) alone is not sufficient for
processing it (e.g., “50”). An interpretation activity is needed to
reach the relevant meaning or content, which is not always
perceivable (e.g., 50 Km/h has not the same meaning as 50
degrees). Symbolic processing is serial and, therefore, very
costly in terms of attentional resources. In addition, the
information that is processed is discrete and not continuous, and
this is not compatible with smoothness of action. Subsymbolic
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processing only deals with perceptions, without needing
interpretation. For example, it has been shown that the speed
travelled at whilst negotiating a curve is regulated in order to
maintain lateral acceleration at an acceptable level.
Subsymbolic processing is parallel, much less costly than
symbolic processing in terms of attentional resources and
response time, and can include continuous information.

In any case, the perceptive mode must be considered as a
cooperation mode since it is designed to interfere with the
driver’s activity. It is mainly a question of choosing the best
Human-Machine Interface (HMI), either in terms of an
appropriate code (form/content) to support symbolic processing
or an efficient sensorial modality to easily trigger action. Vision
and audition have been favoured within the domain, whereas
the haptic modality, which integrates tactile information along
time, has been neglected. Information types may be utilised
successively. For example, when approaching a curve, speed
advice can be produced at the symbolic level since there is a
sufficient amount of time for the driver to plan at this level. On
the contrary, when negotiating a curve, there is no time to
process this kind of information and it would be more
appropriate to simply draw the driver’s attention towards
information that is crucial for the sensorimotor loop. For
example, Land and Lee [10] have shown that the point where
the curve reverses on its inner side is critical.

4.2 Mutual control mode

In the mutual control mode, the machine is designed in such a
way that it can interpret information in terms of limits to be
respected in relation to risk assessment. Thus, it can provide
drivers with feedback on their actions (mutual control) in terms
of exceeding limits. Four modes can be envisioned, all with
different degrees of invasiveness. The warning mode and the
action suggestion mode are restricted to (interpreted)
information transfer, without any action taken on the vehicle
itself. The limit mode, although under the driver’s control,
introduces more constraints, for example by creating pedal or
wheel resistance. A fourth possibility (correction mode) is to let
the driver go beyond the limit and then to make the required
correction. An appropriate COFOR between the machine and
the drivers must be maintained in order to render the machine’s
mutual control understandable.

4.2.1 Alarm mode

Here, alarm is not taken in the sense of information provided on
the car’s technical state (e.g., a fault), but as a criticism of the
driver’s actions. Two interesting experiments [11] have shown
the positive effect of an early collision avoidance alarm which
did not reduce the response time directly, but did give the driver
more time to undertake situation analysis and action
preparation. This mode has also been shown to present a
positive border effect. Although used only for a brief period of
time, an alarm on short THW (Time HeadWay) can durably
lengthen THW [1] [20]. However, this positive effect only
seems to be observable when it is related to safety, and not
simply to road regulation ([4]). Thus, the availability of a
COFOR between the driver and the machine is a very important
issue. If the risks assessed by the driver and those assessed by
the machine are very different, the efficiency of the alarm could
be greatly restricted.

4.2.2 Action suggestion mode

When the alarm mode is present on a control (e.g., a pedal or
wheel), by using the haptic modality it could become an action
suggestion and, therefore, could be more effective in emergency
situations.



4.2.3 Limit mode

With the limit mode, the intrusion into the control of a vehicle
becomes clear. For example, when approaching the limits of the
envelope of acceptable trajectories, any action taken by the
driver on the wheel which would lead the vehicle outside the
envelope will encounter resistance, as if the vehicle is in the
gutter. The calibration of this mode must consider two opposite
adverse effects. On the one hand, the resistance must be seen to
be unpleasant enough to avoid using the device for comfort
rather than for safety assistance. On the other hand, the
resistance should not produce excessive stress.

4.2.4 Correction mode

The correction mode goes beyond the limit mode, producing
not just resistance but also an action which corrects control.
When approaching the limit, an action taken by the driver
which would lead the car outside the lane triggers the wheel to
turn in the opposite direction in order to return the car into the
acceptable envelope.

Within the mutual control mode, current research is only
concerned with the alarm mode. However, as the other modes
are now attainable, more effort should be devoted to these. All
these modes assume that there is a shared understanding of the
situation (COFOR) between the driver and the machine. This
question needs to be studied more explicitly. In addition,
mutual control should not be considered simply as the
machine’s control of the driver. The reverse should be possible,
since more often than not the driver has a wider situation
analysis than the device. For example, sometimes priority must
be given to face-on collision avoidance rather than to road
departure avoidance. In other domains (e.g., aviation), such a
symmetry has been suggested to avoid complacency. This has
led to the definition of two separate supervision fields — of the
machine and the human — which could produce very adverse
effects when cooperation is needed.

4.3 Function delegation mode

The cooperation modes considered under the function
delegation category go beyond simple mutual control. They
correspond to a lasting function delegation from the driver to
the machine. In the mediatized mode, the machine takes a
control as an order to be implemented using a procedure which
covers a certain period of time. In the regulation or prescription
mode, the machine regulates a parameter, thus allowing the
driver to take charge of the others. The desired value can be
decided by the driver (regulation mode) or by the road manager
(prescription mode). There is also a need for an efficient
COFOR maintenance to be sure that the drivers know the
current function allocation and the decisions of the road
manager.

4.3.1 Mediatized mode

In this mode, the driver’s action on a control will not have a
direct effect on the car’s behaviour. It will be taken by
automation (acting as a mediator) as an order to implement in
safe conditions. ABS and ESP (Electronic Stability Program,
aimed at avoiding spin when the wheel control is too strong) are
typical examples of this mode. As far as ABS is concerned, we
have already seen just how important is the driver’s
understanding of the functioning of the device in order to avoid
surprise and to ensure that the device is triggered off
adequately. Finally, confusion remains possible between the
fully manual control and the mediatized mode, since the same
driver’s action on a control can have a different status
depending on driving conditions.
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4.3.2 Control mode

Delegation is more long-lasting in the control mode than in the
mediatized mode and its triggering does not use the same
control as that used in manual control. There is no risk of
confusion, but the driver must know how the device can be
engaged or disengaged. ACC is a typical example of the control
mode. The driver defines a cruise speed and a THW, and the
device controls the longitudinal dimension of driving, leaving
the driver in charge of the lateral dimension. The control mode,
along with the following phenomena, is closer to conditions
found in automation in other domains, such as aviation, than in
those already discussed. Stanton and Young [23], amongst
others, have anticipated that well-known automation bias could
be (and have been) observed, and these are listed below.

?  Complacency. This phenomenon has already been evoked
in relation to the correction mode as a rigid boundary between
the driver’s and the machine’s supervision fields. When the
two fields are closely related (e.g., lateral control and
longitudinal control), complacency difficulties can be
expected. Only one paper refers to this phenomenon in car-
driving automation [24] and this should be confirmed.

?  Bypassing. When a driver experiences serious difficulties,
behavioural adaptation can lead to the device being bypassed.
We have already cited the well-known effect of ACC leading
to drivers occupying the left lane for longer periods of time.

?  Over-generalisation. The device is utilised outside its
validity domain (e.g., ACC assimilated to a collision
avoidance device).

?  Automation surprise. The driver is surprised by the
automation’s behaviour. This may be due to a lack of an
adequate model of the device functioning. This may also be
related to a deficient COFOR and a subsequent gap in
situation analysis.

? Difficulty when returning to manual control. For the
moment, this difficulty has only been shown with an AS
(Active Steering) device aimed at negotiating curves
automatically; see § 4.4).

4.3.3 Prescription mode

The prescription mode poses the same problems as the control
mode, except that the set-point is imposed by the infrastructure
rather than chosen by the driver. Thus, new difficulties are
introduced in terms of regulation acceptation and are in
addition to the previously cited difficulties. This question has
already been raised in relation to the alarm mode, when the
alarm refers more to regulation than to risk assessment.

4.4 Fully automatic mode

With the fully automatic mode, automation takes overall charge
(at least in terms of guidance) of car-driving. It is reasonable to
consider two cases where this mode has relevance. In the first
case, the driver is identified as being unable to control the
vehicle. A typical example is when emergency braking occurs
to avoid a collision with a stationary or slow-moving obstacle.
If the TTC is longer than the driver’s minimal response time,
automatic emergency braking is justified, even if the result
would only be to mitigate the crash. In the second case, the
risks are seen to be very high. Typical examples are roads
through tunnels, mountain roads and road works, where lateral
control is crucial. In this case, returning to manual control could
pose very serious problems. Firstly, the return to a “normal”
situation where the system can return to manual control must be
identified. Secondly, information needed by the driver to



manually control the car must be defined. The aim is to avoid
the well-known “human out of the loop” difficulty. Such
information does not only concern the present but also the past
and the format could be sensorial. It is related to the
maintenance of a COFOR during automatic control. The haptic
modality is possibly of interest for such maintenance.

5. RESEARCH IMPLICATIONS

For the moment, it is very difficult to produce a sizeable state-
of-the-art study on HMC in in-car automation. However,
studies conducted in other contexts as well as in car-driving,
together with our theoretical approach, enable us to raise some
important research questions for the future. We will suggest
seven concerns. Is automation developed for safety or for
comfort? Is there any interference between automation and the
other tasks performed by the driver? How can mutual control be
efficient? How can a COFOR be maintained? What model of
automation must be available to the driver? How should
function allocation be designed? What are the technical costs of
in-car automation?

5.1 Automation for safety or comfort?

Whilst safety devices are considered crucial, the development of
devices for comfort is questionable. Designers should not allow
the drivers to think that there is no risk when the devices are
brought into play. The interpretation of some behaviour in
terms of risk homeostasis, even if it looks attractive, should be
based on more abundant empirical results. In order to establish
a policy based not on comfort, with the designing of automation
that looks to reinforce hazard signals rather than erase them,
further studies are necessary which will more firmly validate
risk homeostasis hypothesis. Other complementary hypotheses,
such as Fuller’s threat avoidance theory [6], should be
considered. However, as soon as safety devices intervene by
anticipation (e.g. ACC), without any particular hazard signal,
the confusion between safety and regulation imposition may
render automation inefficient.

5.2 1nterference of automation with the

other functions performed by the driver

The complexity of the situation analysis performed by
automation is not comparable to that which is performed by the
driver. Except in extreme cases, where automation takes charge
of most areas of driving, automation will only perform a
specific driving function. Thus, the driver will be responsible
for many other functions that may interfere with the automated
ones. In order to adequately resolve such interference, the
question of which is the priority function must be posed. If the
priority function is in the charge of the driver, it is convenient
to avoid bothering with the performance of this function (e.g.,
cooperation with another road user). Conversely, if the priority
function is performed by the machine (e.g. imminent accident),
any possible actions on the part of the driver that are capable of
jeopardizing the automation functioning should be avoided.
That is why an incremental triggering of cooperation modes can
be judicious. For example, in curve negotiation the limit mode
may be adequate when there is no certitude that the driver’s
action is priority. But, when the imminence of an accident can
be identified with certainty, the correction mode becomes
relevant.

As we saw earlier, cooperation does not only introduce negative
interference but also positive interference (e.g., mutual control).
However, in order to ensure the expected positive effect, two
conditions need to be satisfied, to which too few studies are
devoted — information temporality and format. The choice of
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temporality is related to the cognitive control modality which is
concerned with information within the “origin of the data”
dimension needed for either: anticipative control (with a
prominence of internal data) or reactive control (more
importance given to external data). In the first case, automation
intervention must occur early on. For example, in curve
negotiation, the intervention could be an action suggestion in
terms of approach speed. In the second case, intervention
should take place in real time, providing the driver with
sensorial information compatible with human routines. Whereas
interference with a reactive control must only be subsymbolic,
in the case of anticipative control it may be both symbolic and
subsymbolic. For example, an announcement of future road
adhesion whilst negotiating a curve may be more efficient if it is
translated into a sensorial stimulus.

5.3 Mutual control

The studies cited on mutual control through alarms clearly
question the respective efficiency of critics based on a shared
representation (or compatible representations) of risks or on
some regulation that is not considered by the driver to be
related to risk. For example, if critics are entirely out of touch
with hazard signals, they might be inefficient because they are
likely to be interpreted as regulation imposition rather than the
means to improve driving safety. The respective effects of
mutual control modes (alarms, action suggestions, limits and
correction) need to be examined more closely, as do the types of
contexts in which negative interference could be minimal.

5.4 Common frame of reference (COFOR)

On several occasions, we have stressed the importance of the
elaboration and maintenance of a common frame of reference
(COFOR). As already shown, it groups together shared
situation awareness and, at the same time, awareness of the
available resources engaged by the agents. This sharing does
not mean a close similarity between the individual frames of
reference (Current Representation of the situation and of the
resources: CR). They must, however, be compatible at the very
least. Any automation intervention is likely to be rejected if the
agents’ CRs are too far from each other. It may be quite easy to
transmit the automation’s CR to the driver, although the
information format must be chosen carefully to make the driver
aware of a certain risk level. On the other hand, it still seems
too difficult a task to enable drivers to transmit elements of their
CR to automation. Apart from real time collection and the
interpretation of a driver’s behaviour, such an explicit
transmission could introduce an overload.

5.5 Model of automation

Some training solutions have been tested (e.g., ABS). However,
the benefits and formats of this type of intervention need to be
more widely investigated. Our aim is to facilitate the
construction of a minimal and relevant model of automation by
the driver. Nevertheless, we must go ahead with enabling the
driver to elaborate a model of the human-machine interaction. It
is the price to be paid for an adequate calibration of trust; that is
to say, one that is based on some experience of the interaction,
enabling the driver to distinguish between situations where trust
is justified and those where it is not.

5.6 Function allocation

The function allocation modes have not been widely studied.
Thus, problems that stem from choosing the entity in charge of
the allocation (the driver or the machine) have not been
addressed, as has been the case in the field of aviation. Explicit



delegation by the driver and its cancellation may introduce an
overload likely to affect driving if it is not integrated at a
sufficiently low regulation level for driving activity. In addition,
the frequency of delegation should be considered when
developing safety devices. Function allocation modifications
can be frequent, but must be completely integrated into human
activity. In this context, the allocation is likely to be seldom
modified. At the same time, automation triggering may occur
infrequently, which could be an obstacle to an “expert”
management of the interaction between the driver and the
automation device.

6. CONCLUSION

In summary, whilst benefiting from knowledge accumulated in
other domains, such as aviation, HMC in car-driving safety
automation still raises a number of questions. For some of
these, knowledge already available in other domains or in car-
driving itself will enable us to provide designers with
reasonable answers. However, there are too few empirical
results to validate some of the hypotheses proposed in this
paper. Other questions have not been examined before; for
example, familiarization with safety automation that is seldom
used whilst driving under ordinary conditions. For this reason,
the HCM research domain will be enriched by further
development and resolution of studies on this question in the
car-driving domain.
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ABSTRACT

High Reliability Organizations (HRO) support vital processes
in our society. They operate under conditions that require
optimal safety and efficiency, like fire fighting, emergency
services, military operations, air traffic control and space
operations. Many of these organizations operate
geographically dispersed. This contributes to their complexity
and risk.

Coordination failures of dispersed HRO have huge
consequences for people, machines, and the environment.
Organizations focus extensively on avoiding these. In this
spirit, understanding of coordination failure is important to
academics and practitioners.

This paper reports on a midair collision over Germany on July
1, 2002. It frames the collision as a failure of dispersed
coordination. Relevant theories are presented to support this
perspective. The case itself is described and analyzed using
secondary data that have become available on the disaster.
The minutes leading the collision are structured in three
episodes.

Our analysis suggests that multiple factors contributed to the
collision, such as knowledge gaps between pilots and
controllers, knowledge diversity between pilots on the
different flights, (partial) transitions between different
coordination systems, and the controller’s disconnection from
time/ space reality. Above all, the case shows that time
pressure reduces opportunities for remote coordination. Ex
ante training and standardization seem indispensable for
ensuring reliable coordination among geographically
dispersed actors.

Keywords
Distributed cognition, coordination, remote communications,
midair collision, human factors

1. INTRODUCTION

On July 1, 2002 at 21:35:32 hours UTC, a Tupolev TU 154 M
(flight BTC 2937) and a Boeing B757-200 (flight DHX 611)
collided at approx. FL 3501 over Germany near the town of
Uberlingen close to Lake Constance in Germany. All 71
persons (2 crew members on board the Boeing, and 12 crew
members and 57 passengers on board the Tupolev) died.

! F1 350 means that the airplanes were flying at flight level
35,000 feet, which equals about 6.6 miles or 10.7
kilometers.
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Flight DHX 611 flew from Bergamo (Italy) to Brussels
(Belgium), and flight BTC 2937 was en route from Moscow
(Russia) to Barcelona (Spain).

A? the time of the accident, one controller of the Swiss air
traffic control (ACC Zurich, operated by a company called
Skyguide) was monitoring the sector involved. He worked
alone, monitoring two workstations with radar screens while
his colleague took a break in accordance with company
policies. The ground-based collision warning system (Short
Term Conflict Alert, or STCA) was not available due to
maintenance. Telephone connections to adjacent control
centers did not function for unknown reasons.

The German Federal Bureau of Aircraft Accidents
Investigation (Bundesstelle fiir Flugunfalluntersuchung)
commenced its investigation shortly after the accident,
resulting in a Status Report in August 2002 (BFU 2002).
According to the Bureau, both aircraft and their on-board
collision warning devices (Traffic Alert and Collision
Avoidance System, or TCAS) functioned normally. The report
describes key facts of the accident including a description of
actions taking place in the period leading to the collision,
visualized flight paths, description of aircraft and site damage,
and information on the aircraft, their crew and air traffic
control (ATC).

As an initial report, the document offers factual information
on the accident but cannot yet offer an interpretive analysis of
events leading to the collision. This interpretation of events
and the contexts of the disaster is necessary to understand
causes and develop possible remedies.

The objective of this research is to improve the
understanding of the accident’s causes and drivers. We want
to contribute to the overall goal of increasing our
understanding of the accident from different angles, believing
that this is important for designing and implementing
strategies that will reduce the risk of future similar accidents.
This study extends research on failure in High Reliability
Organizations, specifically those operating geographically
dispersed (Snook 2000; Orlikowski 2002). Understanding this
type of failure is vital for operations in space, fire fighting
(Bigley and Roberts 2001), military operations, and
emergency and disaster response.

Our research is setup as follows. First, the accident is
interpreted from the angle of failure of coordination and
collaboration. We propose theories that support an
explanation of coordination failure in High Reliability
Organizations (HRO) that operate geographically distributed
(Schulman 1993; Bigley and Roberts 2001). Second, this



framework is used to analyze factual information available on
the case. This analysis is organized in a sequential mode (i.e.,
we follow the events as they occurred on July 1, 2002). We
elaborate in detail on the last 5 minutes leading to the
collision.

2. THEORETICAL BACKGROUND

This section outlines the theoretical basis of our analysis and
includes the following concepts. We perceive the Air Traffic
Control system as a High Reliability Organization with
specific mechanisms that support coordination. Failure of
these organizations has been analyzed in the context of fire
fighting, operations of flight deck ships (Rochlin, LaPorte et
al. 1987), and friendly fire (Snook 2000). These lessons can
be applied in this case.

First, Air traffic control can be interpreted as a High
Reliability Organization focused on avoiding failure and
breakdown (Schulman 1993; Bigley and Roberts 2001). The
ATC system is not a single entity HRO like a flight deck ship,
but composed of a (usually national) control organization, and
daily evolving contacts with pilots whom are served.

Second, ATC represents a complicated system that includes
human actors (pilots, controllers), high tech artifacts (radar,
information technology in the cockpit and the controllers’
facilities), and elaborate organizational and institutional
procedures and standards. This regulated environment relies
on coordination mechanisms like communications (between
pilots and pilots and controller), rulers, standards, and shared
professional knowledge (Van de Ven, Delbecq et al. 1976;
Malone and Crowston 1994).

Third, as collective mind theory stresses, common background
is not sufficient for avoiding coordination failure (Weick and
Roberts 1993; Weick, Sutcliffe et al. 1999). Communications
between stakeholders in a risky situation is required to sustain
situational awareness and maintain coordination. The
combination of shared knowledge and frequent interaction
sustains coordinated collective action.

Fourth, failure of HRO organizations has been the subject of a
rich research stream. Weick and Roberts (1993) showed that
accidents happened on flight deck ships because people did
not comply with procedures, or they could not improvise in
situations that exceeded coordination capacity (Weick and
Roberts 1993). Roberts and Moore (1993) explain the Exxon
Valdez disaster from the lack of multi-channel and interactive
feedback communications (Roberts and Moore 1993). Weick
(1993) suggested that fire fighters became trapped in a
situation that was severely underestimated in advance. The
fire crew was not prepared to deal with a fire that did not
correspond to their normal routines. This was complicated by
the combination of time pressure, palpable danger, noise,
heat, and smoke (Weick 1993). Apart from two firemen, the
crew did not communicate and stay together, resulting in a
disintegrating organization. More recently, Snook (2000)
sketched the complexity of multi service operations in the
military. Different units operate with their own codes and
standards. In order to coordinate across these organizations,
policies have been committed to. Over time, however,
organizations’ practices tend to ‘drift’ according to Snook,
meaning that they do not (fully) comply with these policies.
Friendly fire becomes the result of multiple interwoven
factors, such as lack of attention to standards, lack of feedback
communications, and lack of training in visual recognition
(Snook 2000)
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This theoretical frame is applied to the data on the midair
collision after presenting our methods.

3. METHODS

The research methodology relies on data sources like the
investigation report (BFU 2002) and transcripts of radio
transmissions (-- 2002). The research adopts a process
perspective on coordination failure. Since the collision
resulted in fatal injuries, no qualitative empirical research is
possible as far as related to the crew. Contacting the controller
would be difficult for emotional and legal reasons. We relied
on articles appearing shortly after the incident in journals (like
Aviation Week & Space Technology), magazines and
newspapers. These resources triggered our analytical
processes and fueled discussions with other researchers and
aviation professionals (Habermas 1984). Gradually, this
process improved our (still evolving) understanding of the
complicated events leading to the midair collision.

4. DESCRIPTION AND ANALYSIS OF
EVENTS

The description of events relies on the German investigation
report and the transcript of voice recordings during the
minutes leading to the crash (-- 2002; BFU 2002). We divide
the series of events in 3 episodes. The first episode starts
when flight 611 enters the Zurich radar sector, at FL 260 and
climbing. The second one starts when flight BTC 2937 enters
the same airspace at FL 360, flying level. The third one refers
to the final 2 minutes leading to the collision. We describe
and analyze each episode, in particular the third episode that
captures the final 2 minutes leading to the midair collision.

4.1 Episode 1: Flight 611 enters Zurich

radar sector

On July 1, 2002 at 21:20:08 hours UTC flight DHX 611
enters the Zurich south sector radar. The aircraft with cargo
and 2 crewmembers on board departed from Bergamo (Italy)
to Brussels (Belgium) on 13:30 flying in a northern direction.
The pilots contact the air traffic controller working as the
Zurich South Sector Radar Executive (abbreviated as S RE),
see appendix A. Initially, the controller does not hear or
understand what the DHL pilots say. That transcript indicates
that he is busy what numerous other aircraft in the area (-
2002). The pilots report the identity of their flight by the flight
number and explain that they are leveling the plane at FL 260.
The controller repeats the flight number and reframes their
identity by indicating the squawk code2. The pilots repeat that
code as well as a portion of the flight number, “611”. By now,
the controller knows the identity of the aircraft, where it flies,
and in which direction, and the pilots know that the controller
knows these things (Ayas 1996). A temporary shared
understanding of current and future reality connects the
controller and pilots. These people probably never
collaborated on prior occasions so they do not know each
other. Common knowledge and terminology helps them plan
the ex ante flight path and actual flight trajectory (Weick and
Roberts 1993; Grant 1996). The controller confirms
identification of the aircraft on his radar screen and grants
permission to climb to FL 320. The pilots repeat this
information back in their own words and request permission
for FL 360. The controller then confirms his understanding of

2 A Squawk Code is a radio identity code that facilitates
identification of the aircraft on the controller’s radar screen.



the request and indicates his expectation that the pilots can
climb to that level in 4 to 5 minutes. The Swiss controller
grants permission at 21:26:36 hours UTC. The DHL pilots
again confirm this. Mutual repetition takes a central role in the
coordination process between pilots and controller. Repetition
concerns the current situation or ‘ist’ (“flight 611”), a
desirable situation (“requesting 360”), and ‘soll’ situations.
The latter include instructions by the controller (“climb flight
level 360”). Communications and the feedback loops clarify
situations, expectations and request on both sides (Roberts
and Moore 1993). They include the remote person in a local
physical reality (where you are) or mind reality (plans). This
enhances someone’s understanding of that remote reality and
enables him to align thoughts and actions so that overall
coordination is achieved (Thompson 1967). At 21:29:50
hours UTC, flight 611 flies in a northern direction at FL 360
in accordance with the intentions and actions of the pilots and
the controller.

4.2 Episode 2: Flight 2937 enters Zurich

radar sector

At 21:30:10, 20 seconds later, flight 2937 enters the same
sector at FL 360 (same altitude as DHL flight). The pilots
identify themselves as flight BTC2937. Again the controller
does not hear or understand the pilots’ communications. The
pilots repeat their identity and also indicate that they are
flying at FL 360. The black horizontal arrows, in Appendix B,
(=) indicate that both aircraft fly level at FL 360. The
controller repeats back the flight number and — like with flight
611 — adds the squawk code.

Flight 2937 enters the Zurich South radar sector at FL 360
(same altitude as flight 611) and quite close to flight 611. If
aircraft are on a collision course, this means that the controller
has only a brief period after the new aircraft enters his sector.
He must quickly reduce risk by having one or both aircraft
descend or climb, change direction, or change speed.

4.3 Episode 3: The final 2 minutes

While both aircraft are flying at FL 360, the ground based
warning system3 at the Upper Area Control Center (UACC)
in Karlsruhe Germany issues a warning to local controllers. It
means that while the controller and pilots assumed the aircraft
flew safely, they were on a collision course. The system in
Germany was the one to notice this discrepancy between
assumed reality and actual reality as it was unfolding.

The collision alert system in Zurich was not available due to
maintenance. STCA would have warned the Zurich controller
of the impending collision risk had it been operational. The
system contains algorithms that process radar information and
calculate possible risks. An audio-visual warning on the radar
screens assists a local controller by identifying possible
collision risks. Only the German STCA and controller were
aware of the risk but they could not reach the Swiss controller
by any means.

72 seconds later, the collision warning systems called Traffic
Alert and Collision Avoidance System (TCAS) on board both
aircraft issued a warning. These systems process information
from the other aircraft’s transponder, and translate these into

3 The system is referred to as STCA, or Short Term Conflict
Alert System.
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audio-visual warnings and (if aircraft get to close) instructions
for the pilots.

At 21:34:42, information systems on board and in Germany
‘knew’ about the collision risk. A few individuals knew too:
the controller in Germany, and pilots on both aircraft. In fact,
the TCAS systems knew more than the pilots.
Communications between these systems enabled alerts on
both aircraft. The German warning system functioned as an
extended set of senses for the controllers there.

Rather late, the Zurich controller observes the pending risk.
He asks flight 2937 to descend to FL 350 because of “crossing
traffic”. This seems a reasonable solution yet the situation is
already critical with less than a minute until collision. The
controller’s late response has increased the risk and decreased
the buffer for solving the pooled dependence. This form of
dependence implies here that two aircraft use the same piece
of airspace (Van de Ven, Delbecq et al. 1976; Weick 1993).

The TCAS systems now switch to an active role. They instruct
the pilots to climb (flight 2937) and descend (flight 611). In
fact, the systems become a substitute controller (Hutchins
1990). The adjustment process changes from a human,
centralized coordination approach (air traffic controller) to
decentralized, machine based control (on board systems that
connect). This dual transition is shown in Table 1. The
columns depict centralized versus decentralized coordination.
This means that a coordinator (man or machine) coordinates
for actors or machines, like a traffic policeman coordinating
during an accident on the highway, or traffic lights
coordinating the flow of traffic.

The rows illustrate the difference between human
coordination (pilots or controllers) and machine-based
coordination (information systems like STCA or TCAS).
Abbreviations indicate the coordination approach. In this
case, the TCAS systems issue instructions at 21:34:49 (flight
2937) and a few seconds later to the pilots on board flight
611. At that time, the systems assume an independent
coordinating role, implying a shift across the rows and
columns in Table 1 (shown as gray cells).

The controller cannot know what the TCAS systems tell the
pilots. He is probably not a pilot and does not seem to
understand that pilots of aircraft flying so closely will receive
instructions from the TCAS systems. Vice versa, the pilots do
not seem to realize that the controller does not know that the
TCAS issues instructions when aircraft get so close. The
Tupolev crew never mentions the TCAS instructions to the
controller even though these are contrary to the controller’s
instructions. The DHL pilots briefly mention the TCAS
instruction 23 seconds after the first instruction, only 13
seconds before the collision. They comply with the TCAS
instructions as they have been trained to. This means that they
work according to the decentralized automated coordination
scheme (DAC) as depicted in Table 1. Yet the Tupolev crew
ignores the system and follows the controller’s instructions
(cell CHC). Most Russian crews follow air traffic control
instructions quite strictly even though these may conflict with
TCAS. The Tupolev pilots confirm and execute the
controller’s instruction to expedite descend to FL 350. The
controller even provides some background information ““ja”,
we have traffic at your... 2 o’clock now at 360" (this
information was incorrect since flight 611 was at the 10
o’clock position of flight 2937).



The controller still assumes that 611 continues a level flight at
FL 360, while 2937 would descend and fly underneath 611,
contrary to TCAS instructions. In fact, to the Tupolev crew
this did not matter since that crew ignored the system’s
warning. Yet the DHL crew followed the instructions and
confirmed this back to the controller at 21:35:19. Too little
time remained for the controller to realize the pending danger.
He had instructed 2937 to descend while the TCAS had
instructed 611 to do the same. The overall collaborative
system appeared too inflexible. Too many knowledge gaps
existed that constrained coordination. The TCAS does not
have the flexibility to sense the conflict and adjust to pilot
behaviors. It is not connected to the controller’s systems. The
611 pilots did not realize the danger of the controller’s
instruction to 2937 to descend. They also informed the
controller somewhat late. As a consequence, the coordination
system fell apart in the last few minutes. The pilots followed
different coordination approaches. The controller was
unaware - until it was too late - of the 611 pilots’ mindset and
course of action (Weick and Roberts 1993). He was partly
disconnected from the reality he was responsible for. The
Tupolev pilots kept following the controller. They simply
ignored the TCAS system and did not even mention the
warnings and instructions to the controller. They remained in
cell CHC (Table 1).

Table 1. Transition of coordination approaches

Centralized Transition between Decentralized
coordination centralized and coordination
decentralized
coordination
CHC DHC
Human Centralized Decentralized

coordination human human
coordination: coordination: Pilots
Air traffic interact directly
controller
mediates
traffic

Transition between

human and

automated

coordination
CAC DAC

Automated Centralized Decentralized

coordination automated automated
coordination: coordination: On
Air traffic board TCAS
control system
would
coordinate
traffic

The DHL pilots on the other hand immediately complied with
the TCAS system (cell DAC). They mentioned this 23
seconds afterwards. Until then the controller assumed that 611
flew level since nothing was communicated. This assumption
did not match reality. The controller also assumed that 2937
would descend. This happened, but with disastrous
consequences. The crews seemed to realize the nearing
collision and tried last minutes escapes (cell DHC in Table 1).
The night made this strategy unfeasible unlike an earlier near
midair collision in Japan in 2001 where the crews successfully
avoided each other by adjusting just in time and flying by with
only 20 meters in between (ARAIC 2002). Overall, this does
not seem a professional coordination strategy when so much is
at stake.
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5. Key findings

The research found that coordination failure started small and
was perceived at a very late stage. The controller was
distracted and worked without adequate support from peers
and on-site warning systems.

The controller’s capacity for handling multiple aircraft and
sectors seems limited. The reason for this is not yet clear.
Maybe he was tired, or concerned about other aircraft.

As episode 2 illustrates, the second aircraft enters at the same
altitude. This reduces opportunities for response considerably.
With the speeds of modern aircraft, a few minutes are
sufficient for a potential collision.

The second episode also shows that network centric operating
depends on connectivity among intelligent actors (Alberts,
Garstka et al. 2000). The warning system in Germany was
connected to a controller there. But that person could not
contact the Zurich controller. Distributed intelligence thus
only leads to coordinated performance if there are multiple
linkages (Weick and Roberts 1993).

One of the interesting elements is that the pilots depended
completely on a controller who thinks he is in control. For
minutes, there is a discrepancy between assumed reality and
time/ space reality. The problem with this dependence and
discrepancy is that no one does anything even though the time
available for avoiding disaster shrinks every second. This
waiting, in turn, increases coupling and complexity with at
some point only seconds before the collision (Perrow 1984;
Rijpma 1997).

The final few minutes, multiple events complicate the
situation so rapidly and severely that coordinated response is
virtually impossible. A dispersed HRO in this stage cannot
escape deliberately failure. Only an accidental near miss
would do (ARAIC 2002). Subsequently, systems on board
issue warnings to the pilots, while the controller realizes the
pending coordination problem. In fact, machines were much
faster than people. Starting with the German warning system,
the on board systems ‘know’ about the pending failure ahead
of the pilots.

The complication is that the on board systems temporarily
substitute for the controller without him realizing it. This
resembles coordination problems between cabin and cockpit
crews who do not share training and understand little about
each other’s jobs (Wiener, Kanki et al. 1993).

Simultaneously, the diversity between the Russian and DHL
crews translate into different response patterns. Diversity
increases coordination efforts. It requires elaborate
communications to identify and resolve differences (Lawrence
and Lorsch 1967; Dougherty 1992). Coordination would have
to shift from standards and structures towards the
collaboration process itself (Mintzberg 1979). No time was
left for that to happen.

6. Discussion and conclusion

The objective of this research was to increase our
understanding of the midair collision on July 1, 2002. We
conceived the collision as a coordination failure in a HRO.
Factors that contributed to the failure include knowledge gaps,
diverse ways to deal with the TCAS, unawareness on the
controller’s side of the role of TCAS, (partial) transitions
between different coordination systems (Table 1),
disconnection from reality, not sharing local realities, and



allowing risk to build so that coordination must be achieved
last minute.

More research is needed to understand factors contributing to
the collision and the vulnerability of the distributed
collaborative system of men and machines (Weick 1993). This
future research could compare similar incidents (midair
collisions), failure in emergency services, friendly fire, and
earth to orbit failures (NASA 1999). Distributed coordination
appears vital in today’s globalizing societies that rely on
people collaborating with sophisticated technologies.
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ABSTRACT

In this paper, we describe two studies concerning the link
between trust and the use of Adaptive Cruise Control (ACC).
The first study employed a questionnaire designed to analyze a
priori trust, or the trust existing prior to any interaction with
ACC. The results of this analysis show that prior to interaction
with ACC, a priori trust is moderate, with drivers only
moderately inclined to use the device. The second study
involved experimentation using a driving simulator. The main
results of the experimentation indicate that as drivers become
familiar with ACC, trust increases significantly, and drivers
actually use the device more often than their original intentions
would have suggested.

Keywords
Adaptive Cruise Control, driving simulator, human-machine
cooperative system, questionnaire, trust, use of automation.

1. INTRODUCTION

The present paper describes two studies organized within the
framework of ARCOS', a French national ground transportation
research program. ARCOS supports research in 10 areas. Our
project falls into the sixth category, Human-Machine Systems,
which examines the relationships between drivers, automation,
vehicles and the environment. Our first study analyzed driver a
priori trust for automatic control, via questionnaires. Our aim
was to determine the level of trust existing prior to interaction
with automatic control devices, in our case, adaptive cruise
control. The second study, a collaborative effort by LAMIH-
PERCOTEC® and INRETS-CIR-MSIS’, re-evaluated trust
levels following training on ACC.

2. THEORETICAL BACKGROUND

The concept of a human-machine cooperative system refers to a
system comprised of human and artificial agents, in which agent
functions are not determined rigidly in advance, but rather are
allowed to adapt dynamically to the constraints of complex and
uncertain environments [5,10]. The definitive characteristic of
such a cooperative system is its adaptability, which allows it to
complete tasks when the environmental conditions make the
usual procedure impossible [9]. The various agents use
information from the system and from the environment to make
an endless series of compromises between performance, safety
and resources [1,2]. The human operator, however, always
retains final authority for overall task organization [5,6]. Given
these circumstances, trust is an intermediate variable that must
be taken into account because it influences the operator's
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decision to use, or not to use, the automation system [16,20].
Indeed, the dynamics of the various situations in which human -
machine systems evolve prevent operators from knowing, in
real time, what they need to know in order to act. Thus, these
systems need an internal mechanism that will allow operators to
reduce the feeling of uncertainty and risk related to the possible
consequences of their decisions [14].

Our definition of trust, based on a review of the existing
literature, is adapted to the analysis of decision-making
situations encountered during human - machine interactions in
which human operators can choose whether or not to delegate
function(s) to the automated part of the system. We assume that
this choice depends on trust, which we define as the
psychological state resulting from knowledge and beliefs about
a situation as well as the features of that situation, and which
creates positive expectations for human-machine interaction.
High levels of trust lead operators to choose to use automation.
Trust levels depend on the mental representations that operators
create of individual situations, as they balance the perceived
advantages and disadvantages of using automation to manage
such a situation. The major disadvantage appears to be the risk
that the results will not match the expectations, thus obliging
the operator to intervene after all.

In this study, the trust referent is the interaction between the
human operator and the automated device [3]: trust varies in
relation to operator self-confidence, the trust operators have in
the automated device, and the degree of competence with which
each agent carries out the task. Our premise is that trust in
human-machine interaction may be based on:
a) metacognitive knowledge, which concerns the cognitive
functions of both the human and machine agents;
knowledge about the machine, which includes information
about predictability and dependability [15,16] as well as
familiarity, understandability and the ability to explain
intent [22];
c) situation awareness, which covers awareness of elements,
such as the available time and resources and the
performance of the human-machine system.

b)

Every time the situation changes, these different considerations
come into play as the operators update their representations [7],
and decide whether or not to use the automated system. This is
one of the reasons why human-machine cooperative systems are
so highly adaptive. In turn, trust evolves with the operator's
representation of the situation.

Trust evolves on both a long-term and a short-term basis. In the
short term, trust evolves according to the local performance of



the automated system [15,16] and the operator’s performance as
well [12,13]. Trust also evolves over a longer term, as the
operators elaborate mental models for themselves and the
artificial agent [6,24] and learn to interact with that agent [19].
Numan [17] has proposed a model of trust evolution that
describes this evolution in both temporal spans. In general, trust
ranges from the blind faith that has no base in interactions with
the referent, to the absolute certainty that occurs when the
operator, perceiving no risk, is sure of what is going to happen.
In the short term, for a given time (T1), trust is based upon
empirical facts, and either increases or decreases locally
depending on the consequences of the events occurring in T2,
T3, T4 and so on. Clearly, this trust is fragile and is directly
affected by performances of the automated device [16].
However, in the long term, trust tends to increase : according to
Numan [17], every individual aims for the level of absolute
certainty, and once trust has been established, it never
completely disappears, even though it can be altered
temporarily.

For Numan [17], the foundation of trust comes from external
sources, for example those who already use the system or those
who would promote it use. This idea is similar to the one
proposed by Kramer [11] who states that, in the absence of
direct information from the referent, trust can be based on the
opinions, or role, of a third party. Numan [17] distinguishes two
types of trust: trust I which is based on indirect information,
and frust 2 which is based on direct information or empirical
facts. The first study presented in this paper deals with the first
type of trust, which we call a priori trust, and the second
considers the second type, called a posteriori trust.

Adaptive Cruise Control (ACC) is an electronic device with
sensors that are positioned on the front of the vehicle. This
device calculates the vehicle's relative speed as well as the
distance between this vehicle and a target vehicle, which is just
ahead in the same lane or is attempting to enter the same lane.
Drivers can determine in advance the speed and the distance
that they would like to maintain; and can also deactivate the
device at any time in order to resume manual control of the
vehicle [21,23]. Because driver intervention is necessary in
potentially dangerous situations that exceed the ACC’s
technical capabilities, it becomes important to investigate the
environmental and psychological conditions leading to a
driver's decision to use the ACC, or not. In our study, the
relationship between the driver and the ACC device is
considered as cooperation between two agents. We analyzed the
connection between the level of driver trust in the ACC and the
delegation of speed and distance regulation tasks to the ACC.

3. METHOD
3.1 The first study: a questionnaire

concerning a priori trust

Two-hundred and fifty-six people participated this study, 192
women and 64 men. Their average age was 25.6 years, with a
minimum age of 18, a maximum of 64, and a standard
deviation of 8.21.

The questionnaire contained 55 items related to interpersonal
confidence, trust in new technologies, the advantages and
disadvantages of ACC, and the respondents intentions with
regard to using the device. Each participant received a list of the
ACC principles prior to completing the questionnaire.

After reading the principles, the participants were asked to
position their response to the content of the item by marking a
cross on a 10-cm line.
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For example:
technologies?
No

Do you think trust is necessary to use new

Yes

3.2 The second study: tests on a driving

simulator
This study is a collaborative effort of LAMIH-PERCOTEC?
and INRETS-CIR-MSIS*

3.2.1 Participants

The experimentation is not yet complete. Twenty-four people
are expected to participate, though not all have actually done so
at the moment, so our comments in this article are based on an
analysis of the data produced by the first 12 participants. The
average age of the participants was 22.9 years, with a minimum
age of 19, a maximum of 29, and a standard deviation of 2.9.

3.2.2 Material

3.2.2.1 Driving simulator

We used a mini driving simulator (L=1m80; 1=60cm;
H=160cm), adapted for the experiment by INRETS-CIR-
MSIS?®, and equipped with the following basic equipment : a
starter; clutch , brake and gas pedals; a gear box; a hand brake;
the left komodo; and a dashboard with a speedometer (Figure
1). We also used a projection monitor, a projection screen and
two computers for the software simulation.

In addition, we used a variety of recording equipment — video
cameras, microphones, video recorders — in order to document
the position of the drivers' feet and that of the left hand when
activating or deactivating the ACC; the simulated traffic
projected on the screen; the experimental times appearing on
one of the computer screens; and the drivers' spontaneous
verbalizations when driving.

Figure 1. A view of the driving simulator.

3.2.2.2 Adaptive Cruise Control

The ACC reference speed was set at 130km/h, and the reference
Time Headway (THW) at 1.5s. The ACC has a maximal
braking capacity of 3-m/s?>. Brake pedal values range from 0 to
255, and the ACC is automatically deactivated when the driver
uses the brake pedal above a value of 130. On the other hand,
use of the gas pedal does not deactivate the ACC. The driver,



however, can consciously deactivate or reactivate the ACC by
using the left komodo.

3.2.2.3 Simulation software
The driving circuit consisted of about 51 kilometres of standard
highway with 2x2 lanes.

Each participant completed 5 runs :

- A 5mn run to become familiar with the driving
simulator ;

- A 5mn run to become familiar with ACC ;

- Two =25 mn experimental runs (Run | and Run 2) of
driving in clear weather. Each run included the same 14
scenarios in the same order (for example, decelerations
and accelerations of the lead vehicle or the insertion of a
truck in front of the participant's vehicle). A sample
scenario is shown in figure 2.

- One =25 mn experimental run (Run 3) of driving in
fog. This run included the same scenarios as Run 1 and
Run 2, in the same order.

liz]
B Participant’s vehicle

Lead vehicle (130 km/h)

] Truck 90 knmy

Figure 2. A sample scenario : insertion of a truck in front of
the participant's vehicle.

3.2.2.4 The Presentation of ACC to the
participants

We created two types of Power Point presentations explaining
what an ACC is, using pictures found on the web.

- The first was a detailed presentation of the ACC, with

an explanation of the different possible driver
manipulations of the device, and of how the ACC works
and what its limits are. This presentation included 10
animated and commented slides.

- The second was a non-detailed presentation,
describing what an ACC is and what the possible driver
manipulations of the device are. This presentation
included only 5 of the 10 slides shown in the detailed
presentation.

3.2.2.5 Questionnaires

The second study also involved questionnaires.  Three
questionnaires were used: one to classify the driver personal
characteristics and driving habits (QI); one to analyze a priori
trust before familiarization with ACC (QII - a reduced version
of the one used in the first study); and one to analyze the
evolution of trust after familiarization with ACC (QIII).

3.2.3 Procedure
Each participant completed the experimental
individually.

procedure
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- Participants began the experiment by responding to
questionnaire QI.

- The experimentator started the ACC Power Point
presentation. The type of presentation (detailed or non-
detailed) was counterbalanced with each participant
watching a randomly selected presentation type.

- Participants responded to questionnaire QII.

- Participants completed the two familiarization runs on
the mini simulator. On the second run (with ACC), they
were told to activate and deactivate the ACC regularly in
order to test the device.

- Participants responded to questionnaire QIII.

- Participants completed the three experimental runs,
responding to a QIII questionnaire after each one. The
ACC was automatically activated at the beginning of each
run. The instructions to participants were (1) to follow the
lead vehicle and (2) to deactivate and reactivate ACC as
desired.

4. RESULTS AND DISCUSSION

The data for the first study comes from the responses to the
questionnaire.

The data for the second study comes from:
- The questionnaire responses (questions and scales).

- The spontaneous verbalisations recorded during the
experimental runs.

- The driving performance measurements that were
recorded automatically every second during the
experimental runs: situation number, experimental time,
ACC activation state, speed of participant and lead
vehicles, the lateral position of the participant and lead
vehicles, THW and TTC values, brake and acceleration
values (from 0 to 255) for the participant vehicle.

4.1 The first study

The results from the first study were analyzed using XLSTAT
5.2. The position of the cross corresponding to the participant's
response was measured from 0 to 10-cm, and the mean of these
measurements was calculated. In the two results sections, we
report the mean scores and the standard deviations: ms (sd).

4.1.1 The trust referent for use of technology
Two questions were asked concerning the referent of trust for
the use of new technology:

When speaking of trust with regard to the
use of a technological object, the phrase
which best describes this trust would be:
Q15. Trust in the object: 5,29 (2,54) ;
Q16. Trust in the interaction with the
object: 6,38 (2,33).

The mean score for question Q16 is significantly higher than
the one for Q15 (t,5; = 4,784; p < 0,0001): trust in the
interaction with a technological object thus would appear to
better describe participant trust than trust in the object. Even
from a general point of view, when we question participants
directly without referring to a particular technological object,
trust has for referent the interaction between the user and the
object and not only the object. Given such referent, it would



seem important to analyze other elements in addition to the
object properties.

4.1.2 Advantages and disadvantages of ACC
We asked several questions about the perceived advantages and
disadvantages of ACC.

4.1.2.1 Perceived advantages

For the participants, the first advantage of an ACC was safer
driving: 6,98 (2,35). This was followed by less stressful
driving: 5,34 (2,67) and improved driver comfort: 5,25 (2,65).
Some participants also indicated that ACC made the driving
task easier: 4,65 (2,71)and made the driving task less
burdensome because there was less monitoring: 4,27 (2,72).

These results are important in so far as they are the objectives
targeted by the designers of this type of device. ACCs are
supposed to decrease the driver workload and improve safety
[8]. It is probably these advantages which led the participants to
recognize the usefulness of ACC. The following are some of the
responses to questions concerning the usefulness of an ACC:

- safer driving : r =0,63267 (p<0,00000) ;

- improved driver comfort : r =0,56209 (p<0,00000) ;

- less stressful driving : r =0,45759 (p<0,00000) ;

- an easier driving task : r =0,42606 (p<0,00000) ;

- a less burdensome driving task =0,35179
(p<0,00000).

4.1.2.2 Perceived disadvantages

The perceived disadvantages of an ACC mainly involved the
risk of becoming dependant on the ACC: 5,42 (3,00). Others
included the risk of reduced driving pleasure: 5,07 (3,18) and
risk of interference with regular driving behaviors: 4,90 (2,91).
This last result is consistent with previous research done in
collaboration with INRETS® and Renault [19], in which we
clearly showed that ACC could interfere on three levels: (i)
ACC could prevent drivers from maintaining a preferred speed,
(ii) ACC could hamper the other road users, which could in
return (iii) hamper the driver of the ACC-equipped vehicle.

4.1.3 Intent to use an ACC
One question concerning the intent to use an ACC was essential
for our purposes.

Q54. If the vehicle that you drive
regularly was equipped with an ACC, would
you use it often: 5,09 (2,91).

For many authors [4,12,13,15,16], trust is an essential factor in
the use of automatic control, notably for ACC [23]. If we define
trust as a psychological state which leads to the decision to use
ACC, or not to use it, then trust could be based on the perceived
advantages and disadvantages associated with the use of ACC.
We analyzed the correlation between the score on question Q54
and the scores on the questions about the perceived advantages
and disadvantages of an ACC.

Intent to use is significantly correlated with:
- utility (r=0,60721 ; p <0,00000) ;
- safer driving (r =0,51177 ; p <0,00000)
- improved driver comfort : (r=0,48429 ; p<0,00000) ;
- less stressful driving : (r=0,47945 ; p<0,00000) ;
- an easier driving task : (r=0,41027 ;p<0,00000) ;
- a less burdensome driving task: (r=0,30029;
p<0,00000) ;
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Intent to use is significantly correlated to the following
disadvantages:
- interfering with regular driving behavior: (r = -
0,57376 ; p <0.00000) ;
- reduced driving pleasure: (r = - 0,44842; p <
0.00000).

Those results corroborate the link between intent to use and the
perceived advantages and disadvantages. We believe that these
elements characterize the anticipated performance of the driving
task which results from the imagined interaction between the
driver and the device. These elements should be distinguished
from the properties of ACC.

4.1.4 The characteristics an ACC should have
We asked the question: “What are the qualities that an ACC
must have for you to agree to use it often?” The following
responses were given.

Q47. Ease of use: 7,72 (1,84);

Q48. Easily understandable technical functions: 7,71

(1,85);

Q49. A guarantee that it will work correctly: 8,05
(1,96);

Q50. Installed by a reputable car manufacturer: 5,06
(2,83).

Unsurprisingly, ease of use, easily understandable technical
functions, and a guarantee that the ACC will work correctly are
the principal conditions for accepting to use ACC. While the
car manufacturer’s reputation is not unimportant, it is less
important for most participants. In our opinion, the parts of
questions Q49 and Q50 concerning guarantees and reputations
refer to the external sources highlighted by Numan [17].
Therefore, it is normal that the scores are relatively high for
these two items, given that the participants had no experience
with ACC. Before interacting with ACC, before testing the
limits of its performance, before forming an opinion based on
their own subjective feelings, participants could only take into
account external information sources: use instructions, third-
party explanations, etc. Actual guarantees, or reputations that
imply such guarantees, become more important, acting to
strengthen preliminary judgments based on the technical
descriptions and helping to build trust in ACC.

4.1.5 A priori trust and intent to use an ACC

This section examines the participants' intention to use the ACC
often if their regular vehicle is equipped with it (Q54 = 5,09
(2,91).

Despite high correlations with the items concerning the

perceived advantages of the ACC, intent to use ACC remains

moderate. We divided the participants into three groups:

a) " minimal use " for those with scores ranging from 0 to
3,35 : N=66 ;

b) " moderate use " for those with scores ranging from 3,40 to
6,70 : N=85 ;

¢) " heavy use " for those with scores ranging from 6,75 to
10 : N=74.

The difference between the proportions of those with minimal
intentions to use ACC and those with moderate intentions is
significant (z = - 2,126; p < 0.017), whereas the difference
between those with moderate intentions and those who intended
to use ACC heavily is not significant (z = 1,234; ns).

For the 66 participants in the "minimal" category, a priori trust
appears to have been insufficient, and thus participants did not



intend to use ACC. For the 74 participants in the “heavy use”
group, the disadvantages seem to weigh less than the
advantages. For these participants, a priori trust appears
sufficient for them to intend to use ACC often. For the 85
participants in the “moderate use” group, two possible
explanations come to mind, though there may be others: (1) the
advantages and disadvantages have the same weight in the
decision to use the ACC, and thus participants were sure that
their use would be moderate; (2) participants were hesitant
because the information they had about ACC was insufficient
for making a decision concerning the use of ACC.

Even if the participants of the three groups had no information
coming from practice with ACC, for those in the minimal and
heavy use groups, the theoretical information seems to have
been sufficient for them to know what they would do if their
cars were equipped with an ACC. Nonetheless, many authors
judge that only familiarization with automatic control allows
trust to be established [15,16,24], and this appears to be the
case for the “moderate use” group. They were ready to try
ACC, but a priori trust was insufficient for them to decide to
use it often.

Clearly, it will be a posteriori trust, established with practice,
that will have the most influence on ACC use frequency. The
trust of those individuals who become familiar with ACC by
trial and error is the most likely to be modified. Those who will
not try it, however, will have more difficulty changing their
attitudes toward ACC, given that they will receive no feedback
allowing them to modify their current representations. The
second study presented here concerns this leap from a priori
trust to a posteriori trust - or trust 2 for Numan [17].

4.2 The second study

For that data analysis in this study, we are using the statistical
software, XLSTAT 6.0. Because the analysis is just beginning,
we can only present partial results here.

The hypotheses for the analysis presented in this paper are as
follows:

- There is a difference between a priori trust and trust
after practice with ACC.

- The intent to use ACC is different from the actual
use of it.

- Trust evolves with experience on an ACC.

- The type of weather conditions (without or with fog)
has an effect on trust and on the use of ACC.

- The type of introductory presentation about ACC
has an effect on trust.

4.2.1 From a priori trust to a posteriori trust

Just after the introductory presentation about ACC, participants
responded to a questionnaire about a priori trust (QII). The
question, “What level of trust would you accord to an ACC?”
(QII-16), was added to the questionnaire used in the first study.
As for the first study, the mean scores and standard deviation
are presented in cm (from 0 to 10). The mean score for this
question was 5,19 (1,58), reflecting a moderate level of trust. In
order to discover how trust in ACC evolved with practice on the
device, we asked the following question four times, once after
the test run with ACC and once after each of the three
experimental runs: “Do you feel confident when you drive with
an ACC?” (QIII-22).

Even though QII-16 and QIII-22 are not formulated in the same
way, the responses show the evolution of trust, by situating trust
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levels before and after practice with the device. We present
these results in Table 1 and Figure 3.

Table 1. Mean scores of trust

Qll16 Qlll1-22 QllI2-22 QIlI3-22 QIll4-22
After
After ACC familiarization | After Run | After Run | After Run
presentation with ACC 1 2 3
Mean
score
(-cm) 5,19 5,58 6,07 6.4 6,73
Standard
deviation 1,58 2,02 2,18 2,72 3,03

According to the trust evolution curve in Figure 3, trust has a
slight tendency to increase with ACC practice, even though
Friedman’s ANOVA doesn’t show significant differences
between the runs.
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Figure 3. Trust evolution curve.

4.2.2 From intent to use and actual use of ACC
As in the first study, we asked a question about the intent to use
ACC. The mean score for this question (QII-38) is 5,00 (1,25).

For each run, we measured the ratio (-%) between the time
during which the ACC was activated and the total duration of
the run. The data for each experimental run was automatically
collected every second, and stored in data files that could be
analyzed using Excel. By transforming the mean score of QII-
38 into a percentage, we were able to gather all the results in a
single table, Table 2, which is represented graphically in Figure
4.

Table 2. Mean percentages of intent to use and actual use of

an ACC
QIl-38
%ACC %ACC %ACC
Run 1 Run 2 Run 3
Inttent to use after
ACC presentation
Mean percentage
47,88 81,78 89,57 82,59
Standard
deviation 12,2 22,24 6,23 29,61

Temporarily considering “intent to use” to be the same
dependant variable as “actual use of ACC”, we were able to use
Wilcoxon’s signed test. This test shows that use of ACC during
the first experimental run is significantly higher than the
declared intent to use the device (one-tailed p<0.002), and there
is no significant difference between use during the three
experimental runs: run 1, run 2 and run 3.
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Figure 4. Evolution of use of ACC.

It is important to remember that the participants were asked to
test the ACC by activating and deactivating the ACC frequently
during the familiarization run, though during the experimental
runs, they were free to activate or deactivate ACC as desired.
The familiarization run was thus very important because it
forced participants to test the device.

Even though the use of ACC seems to be slightly less important
when driving in fog (figure 4), figure 3 would seem to indicate
that trust doesn’t decrease. Two participants said in the
spontaneous verbalizations that they were very stressed, that
they didn’t like to drive in fog and that they preferred to
concentrate on the driving task. One of these two participants
spent 1,15% of the time on the run with fog using ACC, and the
other spent 44,69%. When examining their respective trust
scores after this run, we can see that they did not feel confident
when driving with ACC (5,40-cm and 0,05-cm). These scores
corroborate Muir and Moray's [16] observations about the
relationship between trust in automated devices and the
monitoring of them: the less the participants trust ACC, the
more they want to monitor it, so they prefer to deactivate it in
order to avoid having to monitor it.

4.2.3 Effect of ACC presentation on trust
Participants were divided into two groups, depending on which
introductory ACC presentation they saw: detailed (D) or non-
detailed (ND). Figure 5 presents the tendency curves of their
respective trust evolution.

Even though Mann-Whitney test shows no significant
difference between the two groups, figure 5 illustrates that the
participants who watched a detailed presentation tended to be
slightly more confident than those who watched the non-
detailed presentation. This difference is reduced with practice
on the ACC.

34

[ = ---e---ND | }
| 8
1 i
| 71
‘é‘ |
|
o7
-
(7] -
£6
o,
L Q 6 |
e
B |
§5
(]
| =5 T _ .
S
| aprioritrust  trust after  trust after run trust after run trust after run |
| familiarization 1 2 3 1

Figure 5. Effect of ACC presentation on trust.

4.2.4 Intention of use and use of ACC real driving

situation

It appears that the intent to use ACC prior to practice on the
system doesn’t allow predictions to be made concerning the
actual use of ACC in simulated driving situations. We
wondered what the intent to use ACC in real driving situations
would be after practice on the ACC. The questionnaire QIII,
completed after the familiarization and experimental runs,
repeated the QII question about the intent to use an ACC if the
vehicle was equipped with it (QIII-26). As figure 6
demonstrates, intent to use ACC in real driving situations
remains as moderate as in our first study.
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Figure 6. Use of ACC in simulated driving situations and
intent to use ACC in real driving situations.

5. CONCLUSION

The two studies presented in this paper try to show how trust is
built and how it evolves. Our results show that trust has a
tendency to increase over the long term even if specific events
can reduce it in the short term. Because increasing trust seems
to be a long-term project, it is important to let drivers build trust
by allowing them to test ACC.

This work is not perfect, and many questions still have no
response. For example: what is the correlation between trust
and ACC use? We hope to provide a response when all the data
from the second study has been completely analyzed. Still, it
will be necessary to experiment with other scenarios and other
ACC attributes in both simulated and real driving situations.
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ABSTRACT

Like any human-technology-organization system, the road traffic
system includes people as operators, supervisors and regulators.
Drivers interact and have to share cognitions, communications
and rules of behavior to achieve safety in traffic. When new
means of communication are introduced into a system their
effects on the system should be estimated. Rather recently IT
systems have been introduced in the private car. The systems are
exemplified by navigation systems and mobile phones The
present study reviews research on the effects of using one of
these systems, the mobile phone when driving. The study starts
with a perceptual-motor cognitive model of the driver and
continues with an account of the different effects on driving of
using a mobile phone. First, it is should be pointed out that the
availability of a mobile phone in a car is of great value in
emergencies and accidents. However, the results from some 80
studies show that using a mobile phone in a car while driving
impairs driving performance significantly. That is because, a
driver’s attention to traffic and traffic information is impaired
and the control of the car becomes less precise and smooth when
talking over a phone. The conversation in itself and, in
particular, demanding communications impair both attention and
maneuvering performance significantly as well as the motor
activities needed for phoning. This implies that hands-free
mobile phones will not solve the safety problem of phoning and
driving. Analyses of accidents have shown that the impairment
of driving while phoning leads to an increased risk for having an
accident for both hand-held and hands-free phones. One
important characteristic of a phone conversation in relation to
most other in-car activities is that the pace and content of the
phone conversation cannot be controlled as well by the driver.
This makes a phone conversation more disturbing than other
equally demanding in-car activities that can be distributed in
time and adapted to current traffic and driving conditions.

General Terms
Management, Performance, Security, Human Factors.

Keywords

Human factors, traffic safety, mobile phones
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1. INTRODUCTION

People in the road traffic system include drivers, traffic
controllers and regulators. The present study will focus on the
interaction between drivers and the road traffic system. Drivers
have to share cognitions, communications and rules of behavior
to achieve safety in traffic. When new means of communication
are introduced into a system their effects on the system should
be estimated. Rather recently, IT systems have been introduced
in the private car. The systems are exemplified by automatic
speed control, GSR navigation systems and mobile phones. The
present study reviews research on the effects of using one of
these systems, namely the mobile phone when driving and was
based on a comprehensive review by the authors (Svenson &
Patten, 2002).

2. MODELS OF THE DRIVER, DRIVING
AND THE USE OF A MOBILE PHONE

When studying safety and the use of information technology
equipment in cars while driving, it is of great value to refer to a
model of the driver (e.g., Ranney, 1994; Wickens & Hollands,
2000), a model of the task of driving a car (e.g., Ranney, 1994)
and a model of a person communicating through IT systems,
such as, mobile phones.

2.1 Model of the driver as a cognitive
information perceptual psychomotor system

Humans need energetic mental resources for interpreting,
monitoring, processing and transmitting information. Energetic
resources are available up to a certain limit at a given moment in
time. Information /oad is the amount of information processed
per unit time needed to manage the tasks performed. Effort
stands for the energetic resources per unit time needed to
manage the tasks performed. Effort therefore varies over time.
Processing capacity is the maximum amount of information that
can be processed per unit time.

Capacity depends on input characteristics (e.g., visual accuracy,
signal characteristics), energetic resources available for input
channel (e.g., the attention allocated to a certain input, how
attentive a driver is to road signs) and overall total energetic
resources available (e.g., less when a driver is tired than when he
is not). The difference between the capacity available and the
load is the redundant capacity at the moment and it represents a



safety margin in that the demands on information processing can
increase and the system is still able to handle this (e.g., when an
unexpected event occurs while driving and the driver has
capacity to handle the situation). Psychomotor performance
(e.g., steering a car) depends on information processing and, for
example, characteristics of the psychomotor performance,
competing tasks and on the environment. Psychomotor
performance requires information processing, energetic and
motor resources and is integrated in the processing framework.

2.1.1. Attention and processing capacity

Among the major contributing causes to traffic accidents one
finds inappropriate speed, attention and perception errors. In
addition, the severity of the outcome of an accident is closely
related to speed. Attention and perception errors predominate as
contributors over response errors (Smiley & Brookhuis, 1977).
Therefore studies of attention and human information processing
are very important for traffic safety.

Fortunately, the area of attention and human information
processing is a prominent area of psychology and there are many
reviews of the research in the field (e.g., Kahneman, 1973;
Hockey, Gaillard & Coles 1986; Samuelsson & Nilsson, 1996;
Pashler, 1999; Wickens & Hollands, 2000). As mentioned
above, all information processing requires energetic resources.
Different processes require different amounts of effort and
energetic resources. Automated information processes typically
require less effort and resources than elaborate consciously
controlled processes. If the system has redundant capacity,
which is important in car driving, there are resources and
capacity left to mobilize extra effort in case of a hazardous
situation coming up. If the system is used to its limit, then there
is no such possibility and information can be missed, the
information processing delayed and/or some ongoing tasks
quickly abandoned to release resources for processing
information about the hazardous situation.

It is important to point out that there are numerous system
interactions between all parts of the perceptual - cognitive
psychomotor systems. To illustrate, parallel processing occurs at
different levels with input from different channels. There are
different views on the issues of parallel processing and a
common energetic resource pool for all information processes.
The view we will adopt here is that information processing can
be viewed as parallel and that although there is a common
resource pool setting limits to processing, there are energetic
resources available and used for specific purposes (e.g., visual
processing), but only to a certain extent (Wickens & Hollands,
2000). When the common energetic resources are taxed this
affects all processing. Time sharing and buffering of information
(e.g., for output) is also assumed to be a characteristic of human
information processing. To elaborate, if one modality (e.g.,
hearing) is used for two different tasks, this typically requires
more energetic effort than if two equally difficult tasks were
divided across two modalities (e.g., vision and hearing). Still,
the two tasks would require more effort than one of the subtasks
alone.
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In the following, we shall make some simplifying distinctions of
human information processing when dividing them into input,
central and output system components.

2.1.2. External sensory input of information

The most important input when driving a car is visual. Driving a
car without visual information is impossible. Therefore, the
available visual attention and redundant processing capacity
available are of great importance. However, auditory input is
also very important when driving, for example, in order to alert
the driver about possible dangers and for giving feed back from
the driving activity. Tactile input is also crucial in the driving
situation because it provides feedback to the psychomotor
activity of using the controls of the car. Finally, kinesthetic input
gives information about acceleration in different directions and
provides information about, e.g., speed.

2.1.3. Central processing — memory and cognition

The human brain is active generating and processing
information during all the time. This is true also for a driver
when he or she drives a car. Thoughts that are unrelated to
driving come and go at the same time as external inputs are
processed while driving. In addition, planning a route to follow
when driving through a city is also an example of an internal
cognitive activity that generates and processes information. This
can affect the level of attention to external sensory inputs and
the processing of the corresponding information.

The information of the sensory input or internally generated
information (e.g., thoughts) is fed into the human who processes
the information on different levels from the automatic to a very
elaborated and conscious cognitive level. Pre-processing of
information related to the input channel (e.g., vision) occurs
first, followed by integration of information from the different
channels. This integration process means that information from
one sensory input may affect the capacity to process information
from another channel (e.g., listening intensely to something can
affect visual attention and a visual input may affect auditory
input). As mentioned above, there is a common pool of energetic
resources from which resources can be allocated to different
inputs through conscious or non-conscious attention processes.
Based on the information available, decisions are made and
actions prepared under the prevailing conditions.

For example, Shallice (1988) describes actions and the
allocation of energetic resources as hierarchically controlled.
There are corresponding models of the driver in a car (e.g.,
Allen, Lunefeldt, & Alexander, 1971; Michon, 1985). In such a
hierarchical supervisory model a general-purpose system can use
representations of the environment and intentions and abilities
of the driver. The system selects higher- level schemas, which
attenuate lower-level schemas in turn controlling specific
subsystems. To exemplify, when allocating focal attention over
time a certain schema is selected (e.g., looking out the
windscreen to control the car) provided its activation level
exceeds a certain level (e.g., the car starts moving which
activates the schema with a certain intensity above the
threshold). When, some other (lower-level) schema is activated



(e.g., by a phone signal), the original schema may be retained,
but allowed a certain time interval to try to reach the goal of the
lower-level schema (e.g., to answer the phone). However the
higher-level schema is still active and only a certain limited time
interval is normally allowed to carry out the lower-level schema
(of answering the phone). But, a lower-level schema like
answering a phone may seriously disrupt the higher-level
schema of driving a car safely. Most of the schemas in driving
are automatic and only partly available to conscious control, in
particular lower level schemas on the operational level.

2.1.4.0utput — response execution

Outputs from information processes include symbolic (e.g.,
speech) and psychomotor actions (e.g., manually interacting
with a control such as a radio or a light switch). When driving
there are different manual output actions, such as, turning the
wheel and braking. Most of these actions are psychomotor
actions to control the car and some give signals to fellow
drivers. All outputs require coordination, mental energetic and
psychomotor resources. The output quality can be negatively
affected through e.g., inadequate central processing and timing
of actions.

2.2. Driving a car (primary task)

Driving means the control of a car in a dynamic traffic
environment. Time is a fundamental variable when driving and
the speed of the car determines the time windows available for
the driver to attend to, process and respond to the environment.
Driving a car also means that a driver should be able to use a
great repertoire of psychomotor skills. Sensory inputs provide
information that is processed in order to produce outputs
compatible with the demands of the driving situation. The
driver's possibility to perform the necessary driving task varies
with her or his own condition and the demands posed by road
and traffic conditions, the car and other tasks going on at the
same time (talking on a mobile phone, tuning the radio etc.).

A driver uses sensory inputs to regulate the speed and position
of his or her vehicle. Vision is used all the time and ideally, the
eyes of the driver should never leave the exterior view (but of
course, e.g., speed information is provided inside the car and
needs visual attention in today’s vehicles). Hearing is used for
drawing attention (e.g., to warnings) and as an input to cognitive
activities (e.g., listening to traffic reports on the radio). Hearing
also provides feed back about the state of the car (e.g., speed,
mechanical problems). Finally, kinesthetic input provides feed
back from controls (e.g., steering wheel) and the road (e.g., side
position) etc.

Most driver responses are psychomotor responses directed
toward driver-vehicle interfaces. Only a few (e.g., facial
expression as signal to another driver) are directed to other
recipients. Most operational (e.g., to brake) and some tactical
decisions (e.g., to change lanes) are more or less automatic while
strategic decisions (e.g., to choose a new route) are not
automatic (cf., Alm & Nilsson, 2001). As mentioned above, the
more automatic a decision is the less energetic resources are
needed in general. This means that strategic decisions are more
disrupted than operational decisions when the cognitive load of
a driver approaches his or her capacity limit.
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The physical psychomotor character of operative control of a
mobile phone engages parts of the body (e.g., one hand for
dialing a number) and therefore the execution of simultaneously
activated operational decisions (e.g., to signal a turn) may suffer
in timing and quality.

2.3 Using IT equipment, such as a mobile
phone (extra task)

The mobile phone is a real time interactive IT system making it
possible for the driver to interact with another (distant) person a
capacity, which makes it different from many other modern
systems in the car. When considering the effects of mobile
phones it is important to emphasize that the mobile phone
should be seen in the context of other systems in the car and not
in an isolated way. in the present context, we will first focus on
the task of making and receiving mobile phone calls in a car
without much consideration of interactions with other IT
systems.

Calling up someone or receiving a call on a mobile phone
involves both psychomotor and cognitive activities, which may
interfere with the driving task. There are different kinds of
mobile phones and ways of characterizing them. Making a
phone call and receiving a call are different in some important
ways (c.f., Alm and Nilsson, 2001 who presented an analysis of
a phone calling task and possible interferences with driving).
The most important difference is the one between making a
phone call and receiving a call. When calling up, the driver has
control over when she or he should start to call and in this way it
is possible to place the call when the traffic situation is
favorable. But, when receiving a call there is no such control
and the call arrives uncoordinated with the driving task.

Making a call means that a number has to be dialed and this is a
perceptual cognitive psychomotor activity that may interfere
with the driving task. Retrieving the number from memory
requires some energetic resources and if the number has to be
accessed in a phone book (in the phone or separately) further
visual attention resources are required. Pressing the button(s) on
the phone to call up requires visual attention and psychomotor
activity.

During a call the conversation needs attention, cognitive
activities and energetic resources that vary depending on the
content of the conversation. To exemplify, taking notes
interferes with visual attention, cognitive activities and
psychomotor activities needed for driving a car. Having a
conversation over the phone requires mental processing and
energetic resources etc.

The introduction of hands free mobile phones has relieved the
driver from the psychomotor control of the phone, which earlier
engaged one of his or her two hands preferably needed for
driving. However, mental processing and energetic resources are
still needed. Salvucci and Macuga (2002) presented a cognitive



process model of a person using a mobile phone with manual,
speed (dial a single preprogrammed number) and voice control
(with press and hold) routines for calling up someone. The
researchers combined this model with a model of driving. The
model simulation output was compared with participants driving
in a simulator. In terms of correlation, the results indicted
reasonable validity concerning speed and lateral deviation.
However, the absolute levels of speed and lateral deviation were
generally underestimated. The model overestimated the effects
of using the manual phone mode on these variables (about twice
as big).

3. PERSPECTIVES ON ASSESSMENTS OF
DRIVING SAFETY

The previous overview of the driving task and the driver
provided a perspective on how it is possible to assess the effects
of IT and mobile phone use on the quality of driving. The
general philosophy behind most of the methods to assess driving
safety, is to explore to what extent redundant driver capacity is
available. It is assumed that that the more redundant capacity
there is, the safer the driving. As mentioned earlier, this is
because when, for example, unexpected stimuli or events appear
a driver has extra resources to handle them in a quick
operational action. Also, tactical and strategic decisions are
generally improved when cognitive load and time pressure
decrease (Svenson & Maule, 1993).

One way of measuring driving safety while talking over a mobile
phone is to monitor, so called "primary task" measures (e.g.,
speed, lateral position) on the road or in a simulator. Other
methods include assessing the redundant capacity of different
stages in information processing, decision making and action.
To illustrate, processing capacity available when the primary
task (e.g., driving) and extra task(s) are managed by a driver can
be assessed through a secondary task (e.g., the detection of a
light signal). The performance on the secondary task in
conjunction with the primary and extra tasks, provide
information about energetic resources available and how they
are allocated. It is important to measure performance on all
tasks, because a researcher has limited control over the priorities
a participant assigns to different tasks.

The above measures relate to the “over stimulated” driver with
too much sensory input. However, there are also situations, in
which there is a risk of “under stimulation” leading to unsafe
driving, for example, on monotonous straight motorways
without any other traffic. In such situations, the driver can also
loose attention capacity, miss important traffic information,
forget plans and loose driving ability.

3.1 Assessments of input

Methods in this category typically use secondary tasks to
indicate how much of the information processing capacity that is
available in addition to the ongoing focal activities. That is, to
measure how well a driver can handle other information and
action when driving is the primary task. To exemplify, visual
attention capacity that is available can be measured by the driver
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reacting to visual stimuli appearing in the periphery of the visual
field. The reaction time and hit rate can be used as a measure of
the resources available besides the focal task(s).

However, it is most important to note that a driver/participant’s
resource allocation can be affected by instructions and/or the
participants’ own expectations. To illustrate, when driving in a
simulator with an extra and a secondary task, the priorities
between these tasks can change over conditions in the same
experiment. In one condition talking over a phone may have the
highest priority, while in another condition it may become the
secondary task. Thus, a reallocation of energetic resources from
the focal driving task (e.g., decreased visual attention to the
road) to the secondary task may give the false impression that a
driver has more redundant resources available on top of safe
driving than he or she really has. Instead, the driving safety
margin resources were used to perform well on the secondary
task.

3.2 Assessments of effort

Effort, is the energetic resources spent per unit time to perform a
set of activities. One way to assess effort is to ask drivers about
the effort needed for a particular driving task. The degree of
rated effort is assumed to reflect the effort used to perform a
task. There are a number of formalized scales and instruments
available to measure cognitive load or effort, for example, the
NASA_ TLX scale (Hart & Staveland, 1988), which is an
instrument used quite frequently in research on traffic safety and
mobile phoning. The NASA-TLX is a multidimensional rating
scale providing a global score of mental effort. It consists of six
factors: mental demand, physical demand, time pressure, effort,
performance and frustration. The ratings are given on bipolar
rating scales and concern the experiences during the task as
remembered immediately afterwards. However, measures based
on subjective ratings are open to different possible biases
depending on the ability and willingness of the raters to judge
effort.

To the best of the present authors’ knowledge, there is no study
in which participants were asked to rate how they prioritized and
distributed their attention and processing capacity among tasks.
Although a number of these processes using energetic resources
are not available to consciousness, information about resource
allocation may be of value when explaining some of the
laboratory and simulator results with mobile phones and driving.

There is also a possibility to collect physiological measures
(cardiac, respiratory, skin responses etc.) as measures of effort.
These measures are not susceptible to the biases of judged effort,
but their validity as measures of effort can be questioned in
other ways. According to Pashler (1999, pp. 382 - 383), the
physiological measures have not always been shown to correlate
with effort measured in other ways (e.g., graded voluntary
control, subjective perception of effort).

3.3 Assessments of redundant central

processing capacity

A secondary task may involve more complex central processing
than just detecting a given stimulus signal as treated above.



Asking a driver to perform standardized cognitive activities,
such as adding numbers or process information in other ways
while driving demands energetic resources. Therefore, the
performance on such tasks can provide measures of how much
extra central capacity the driver has when he or she drives a car.

In accordance with what we pointed out earlier, Brown, Tickner
and Simmonds (1969) found that overlearned tasks (skill based
processes, such as, the control of a car in normal motorway
driving) are generally less affected by divided attention than less
well learned tasks (rule based and knowledge based processes,
such as, planning a route, figuring out when to fill gas).
However, they found that some skill based perceptual-motor
tasks were negatively affected (e.g., steering through a gap).

3.4 Assessments of output - control of the car

There are many ways of measuring output behavior. To
exemplify, the speed of talk in a conversation may vary in a
systematic way reflecting the processing load of the driving task
and the need of resource allocation from talking to driving.
Other measures relate to the control of the car, e.g., headway,
time to collision, braking pattern, lateral position on the road.

3.5 Assessments of traffic

interactions

This refers to driving characteristics that can be normatively
evaluated in relation to, e.g., norms, regulations and safety.
Examples of this are forgetting to switch to dipped headlights
when meeting a car, forgetting to signal direction and not
noticing road signs (e.g., speed limits). This gives an indication
of how the driver is able to process the extra tasks in parallel
with the processes needed for performing the driving task (e.g.,
reacting to signals and signs). Such measures may also indicate
that the driver experiences the situation so effort demanding that
some other tasks will be slowed down (e.g., the speed of the
car).

output -

When people perceive risks adequately and have a possibility
and a wish to compensate for an increased risk, such as the one
imposed by talking over a mobile phone, people can reduce the
risk. To exemplify, Alm and Nilsson (1995) found that drivers
did not adjust for the increased braking time associated with the
use of a mobile phone through having a greater headway to a
leading car. This can be explained by the drivers not being
aware of their increased braking reaction times and/or by the
drivers assuming that they already have a long enough headway
to ensure safe driving. But, in reality the braking safety margins
were insufficient according to Alm and Nilsson despite the fact
that talking in a mobile phone often decreases the mean speed
(Alm & Nilsson, 1990; Brookhuis, de Vries & De Ward, 1991).
Alm and Nilsson discuss the possibility that drivers may not
have had the opportunity to learn from experience. One may also
question what the possibilities are to learn from experience.
Strayer, Drews and Johnston (2002) showed that implicit
learning was impaired during a mobile phone conversation. In
other words, drivers talking over the phone are not only unaware
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of their greater risk taking, but they also impair their chances to
learn about this fact through distortion of feedback just because
they are talking over the phone when they need to learn.

4. LABORATORY, SIMULATOR FIELD
AND EPIDEMIOLOGICAL STUDIES

4.1 Effects of mobile phones on driver
sensory and perceptual input

When driving while talking on a mobile phone, the duration of
each glance on the road increases and the field covered
decreases so that a “visual tunneling effect” arises where the
central area of the visual field is given proportionally more
attention and the peripheral area less. The number of saccades
(eye movements) can decrease from about 90 per min in normal
driving to about 80 per min when the driver becomes engaged in
a phone conversation (Recartes & Nunes, 2000). Inexperienced
drivers leave the attention of the central task of driving for
longer times than experienced drivers (Wikman, Nieminen &
Summala, 1998).

Detection times to traffic targets typically increase with about 50
to about 400 ms and the probability of missing a target
altogether increases during a mobile phone conversation
(Lamble, Kauranen & Summala, 1999; Tokunaga, Hagiwara,
Kagaya, & Ondera, 2001; Strayer & Johnston, 2001). The more
demanding the conversation is, the greater the loss in reaction
time and target detection probability.

Making a call involving dialing and handling the phone, divides
driver attention during about 10 to about 40 sec or more
depending on type of phone. Searching for a phone and/or a
phone number are tasks seriously competing with driver road
attention and these activities affect driving ability quite
negatively (Graham & Carter, 2001).

4.2 Effects on central cognition and thought
processes

Talking over a mobile phone requires extra mental and
psychomotor resources and many studies have shown this in
increases in physiological and subjective measures (Parkes,
Fairclough, & Ashby, 1993; Brookhuis, de Vries & De Ward,
1991; Cnossen, Rothengatter & Meijman, 2000). The effects of
this, is that concurrent thought processes may be disturbed,
postponed or eliminated. To exemplify, difficult phone
conversations requiring great amounts of mental resources are
very destructive for other thought processes using spatial
representations, such as, planning or checking one’s route,
thinking about where to find a resting place, a parking lot and
estimating whether the car fits into an open space.

4.3 Effects on driver behavioral output



In comparison with just driving, a driver makes more frequent
and larger steering movements when engaged in a mobile phone
conversation. Lane keeping can be measured by lateral position
in relation to mean track. When talking on a mobile phone the
standard deviation of lateral position (meaning that about 30%
of the lateral positions are outside that position on a trip)
typically increase from about 0.2 m to about 0.3 m. Note,
however that for straight rural roads the standard deviation has
been found not to increase under some conditions. When
engaged in a phone call in more complex traffic environments
than straight rural roads, the standard deviation of lateral
position .can be expected always to increase (Brookhuis,
DeVries & DeWard, 1991; Alm & Nilsson, 1995; Reed &
Green, 1999)

Reaction time to a speed decrease of a car in front of a driver has
been found to increase by about 600 ms delaying a proper speed
adjustment of the car with that time (Lamble, Kauranen &
Summala, 1999). Drivers have been found to brake harder in
response to a traffic condition while conducting a mobile phone
conversation than when they are not on the phone. The harder
braking can compensate (at least in good weather) the longer
brake reaction time when talking on a phone. However, it has
also been shown that longer braking distances are a result of
phoning while driving and that the drivers in those cases are not
able to adjust their speeds or braking sufficiently to compensate
for the loss in reaction time. Therefore, the result is longer
braking distances while talking over the phone. Generally
speaking, older drivers react more slowly than younger drivers
and are also affected negatively by, in particular, complex phone
conversations (but not necessarily by very simple
conversations).

Driver psychomotor control activities (steering, shifting gears,
changing to dipped headlights etc.) compete with finding a
number, dialing it, using a hand held phone, etc. This
competition of resources plays a greater disturbing role, for
instance, in dense and demanding traffic than on a straight
motorway, where the effects usually have been relatively small
or nonexistent as reported in the research literature. However,
expert drivers (having driven more than 10 000 hours) are less
disturbed by extra tasks because driving draws less of their
cognitive and motor capacities than it does for other drivers. In
addition, many professional drivers also attain expertise in using
different extra IT tasks.

4.4 Conclusions

Having a phone conversation over any mobile phone system
interferes with driving - with or without the driver’s own
awareness. Having a demanding mobile phone conversation
while driving disturbs or eliminates other thought processes, for
instance, the planning ahead of which way to drive.

Making a phone call interferes with both the driver’s cognitive
and psychomotor processes needed for controlling a car and
driving safely. The strength of the psychomotor interference
depends on the phone system, but the disturbing effects cannot
be completely eliminated through e.g., hands free systems.
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The information needed for driving is sampled less frequently
and the control of the car becomes less smooth when the driver
communicates over a mobile phone. There is a possibility to
compensate for loss in attention and control functions during a
mobile phone conversation through, e.g., decreasing speed and
increasing headway distance to a vehicle in front. However,
contemporary research indicates that the compensation cannot
be expected to be sufficiently strong to outweigh the decrease in
driving performance accompanying a mobile phone conversation
- in particular in sudden critical traffic situations.

The conclusions from experimental, simulator and fields studies
that using mobile phones while driving impairs driving
significantly are validated by results from accident investigation
studies showing that mobile phoning is a significantly
contributing factor of accidents.
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Searching for Ways to Recover from Fixation:
Proposal for a Different Viewpoint
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ABSTRACT

Despite the efforts to maximize safety and performance
of complex dynamic environments such as aviation, there
is widespread acceptance that human error and
consequently erroneous behavior is inevitable in the end.
Fixation is such a form of erroneous behavior which is
found hard to prevent, because it occurs unexpectedly.
Yet, in many cases it may be possible to recover from
fixation before it leads to adverse consequences. An
adequate understanding of fixation is required to be able
to design interventions to recover from fixation. In this
paper a viewpoint is proposed to analyze behavior like
fixation which considers behavior as autonomous. This
viewpoint adheres to the hypothesis that humans cannot
behave inconsistently within their actual frame of
reference, which is not necessarily the designed frame of
reference. This autonomy viewpoint is applied to a
controlled flight into terrain. Analysis of this case
indicates that the proposed viewpoint could offer
opportunities to detect fixation earlier and may give new
perspectives for developing intervention techniques.
Still, a further validation of the model is necessary based
on new cases.

Keywords
Fixation, human error, erroneous behavior, recovery, Sense of
Influence

1 INTRODUCTION

Several studies in complex dynamic environments have noted a
typical form of erroneous behavior, which is characterized as a
failure to revise plans or diagnoses when they should have
changed due to changes in the environment. This form of
behavior is in the literature defined as fixation, tunnel vision, or
preoccupation ([3], [6], [14], and [15]). Despite the measures
that have been taken to prevent a recurrence of fixation, it has
been found difficult to rule out fixation completely ([7], [8],
and [11]).

In complex dynamic domains a situation can evolve over time
into a critical situation without the necessity of any (human)
command input. Consequently, critical situations rarely pop up
at once full-size, they develop due to a succession of minor
failures during (non-)normal situations. Non-normal situations
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initiated by technical failures, have been anticipated
successfully by improved training methods, improved user
interfaces and support systems, and improved procedures.
However, non-normal situations can still develop into critical
situations due to a series of “decision errors” of the crew
causing an unanticipated development of the situation. These
developments coincide with fixation for both experienced and
less experienced crews [7].

Lately the focus of safety has been mainly on prevention of
human error. Though unforeseen failures are, as the word
unforeseen already implies, impossible to prevent. Yet, in many
cases after the occurrence of a failure there are still possibilities
to recover from it [2], on the condition that there are time and
opportunities to intervene. Characteristic for fixation is that it
often results from a succession of minor failures which
themselves are anticipated for in the precautions that have been
taken. Therefore the aim is to move beyond prevention of
fixation and to look for ways to recover from fixation.
However, the development of techniques that will force the
pilot to recover from fixation asks for an adequate
understanding of human behavior.

The model/theory that we have been developing to find ways to
force the recovery from fixation is based on Varela and
Maturana’s theory of autonomous living systems [5]. This
theory does not represent humans as systems controlled by
inputs, but as autonomous systems only perturbed by
influences. In this paper this viewpoint is introduced for
studying fixation and applied to a case of the National
Transportation Board.

2 VIEWPOINT PROPOSED FOR
STUDYING ERRONEOUS BEHAVIOR

According to Varela and Maturana’s theory of autonomous
living systems an autonomous system cannot behave
inconsistently. Behavior that seems inconsistent to the observer
is due to a difference between the frame of references of the
observer and the subject [5].

2.1 Behavior and Maintenance of

Organization
Current behavior models ([1], [9], [10], and [13]) implicitly
represent humans as controlled systems, that is, as systems

whose output is controlled by its input [12]. By representing
humans as controlled systems, the essence of humans and thus
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Figure 1: Principle of autonomy: maintaining sense of influence (SI), the frame of reference taken is a function of the critical
variable (SI); SI is not determined by the environment but by the subject. When the actual situation matches the subject’s
expectations, the subject’s SI is optimal and the designer’s anticipated frame of reference matches the subject’s frame of
reference: the switch is in the upper position and the subject shows expected behavior; when the actual situation mismatches
the subject’s expectations, his SI threatens to lower resulting in a tension, a change in frame of reference occurs, though the
tension remains, the switch is in the lower position, the subject shows unexpected behavior.

the essence of human behavior is lost, namely its autonomy.
Yet, with erroneous behavior such as fixation, autonomy is
strikingly present; the output (actions or decisions) is not in
accordance with the expectations the observer has taking into
account to the observed input based on the controlled
representation of human behavior. The model, that we have
been developing and that will be presented in this paper,
represents humans not as systems that are controlled by inputs
(or references), but as systems, which are perturbed by
influences from the environment. Outputs of controlled systems
are by definition determined by their inputs (and of course the
system’s structure), whereas outputs of autonomous systems are
determined by their organization and not by their inputs from
the environment. In case of autonomy, inputs from the
environment (influences) are subordinate to the maintenance of
this organization, represented by the (internal) variable sense of
influence (SI).

Humans are autonomous homeostatic systems of which the
fundamental variable is the maintenance of their organization,
that is, their survival [5]. The organization, that is, the network
of relations, characterizes the system, whereas the components
forming a structure realize the concrete system. The
organization of a system, therefore, does not specify the
properties of the components. An artificial system can be
realized by different structures. A thermometer, for example,
can be made of a glass tube containing mercury or alcohol or
can be made with a thermocouple; the concrete structures differ,
but the organization remains the same. Typical for living
systems is that they maintain their organization while their
concrete structure is continuously changing. A good example of
a continuously changing structure is the learning effect of
humans. Thus analyzing living systems in terms of their
components only won’t work because the moment they are
modeled they have been changed already. Therefore it is
tempting to observe human behavior considering maintenance
of organization.

2.2 Inconsistencies in Behavior are
Inconsistencies in Context

The logic of the description of a system and hence the logic of
the behavior of a system (the subject) is necessarily the logic of
the describing system (the observer) [5]. Because behavior of
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humans is dominated by the maintenance of their organization
no inconsistencies in their behavior can possibly exist. From
this viewpoint inconsistencies in the subject’s behavior as they
appear to the observer arise from a change in frame of reference
(context) that generates the subject’s behavior while the context
of the observer does not change accordingly. To render
inconsistent behavior (from the observer’s viewpoint) into
consistent (understandable) behavior, the observer should
widen his context such that it embraces the subject’s context.

Behavior is an ongoing process of interactions, involving two
or more participants. Essential for humans is acknowledgement
of their membership of a social system. A group of humans
recurrently interacting constitute a social system from which
they derive their identity. To get involved as a member of a
social system consists in becoming behaviorally coupled to it.
To stay involved in a social system requires humans to satisfy
the system’s unwritten rules and habits that come about by
recurrent interactions. These are called social representations.

The key factor regarding acknowledgement is “sense of
influence”. We hypothesize that a person’s sense of influence is
at best when the desired effect matches the obtained effect.
Sense of influence can be lost when the desired effect in mind
mismatches the obtained effect [4]. When it has been lost the
subject will optimize it in another context. This may be noticed
by the observer as a change in the subject’s behavior. In case
the observer’s context does not change accordingly, the
subject’s behavior seems inconsistent to the observer.

3 FIXATION REVISITED

Fixation has been defined as “a failure to revise a situation
assessment in the face of opportunities to revise” ([14] and [3]).
Following this definition, fixation is considered as inconsistent
(erroneous) behavior; accordingly it is outside the frame of
reference of the observer.

Regarding the impossibility of humans to behave inconsistently,
the observer will need to acquire a frame of reference to match
the subject’s frame of reference. So far fixation has been
considered as a result. The encompassed frame of reference is
obtained by regarding the phenomenon fixation as a process. If
behavior is a continuous process of generating
acknowledgement, then fixation, being a subset of behavior, is a
continuous process of generating acknowledgement as well.



In case of fixation the subject does not obtain the desired effect
from his actions, resulting in a loss of sense of influence within
the context in which the subject shows fixated behavior. A
fixated subject does not obtain the desired effect from his
actions prescribed in the tasks and goals formulated in the
procedures and protocols. A tension arises between what should
happen and what actually is happening. Failing to obtain the
system’s desired effect by behaving in accordance with the
prescribed procedures, the subject’s SI threatens to disappear.
However, our axiom is that humans as autonomous beings
optimize their SI. This is not a rational process of goals means
and choices, it just happens, it is essential for living. Although
autonomy may lead to unexpected or unforeseen behavior the
effect is unambiguous: optimization of SI. If optimal SI is not
realized within the frame of reference foreseen that the designer
or observer have foreseen, the subject’s frame of reference
changes (unforeseen) optimizing his SI.

Thus, instead of viewing fixation as a failure to revise situation
assessment, fixation is viewed as the visible effect of a change
in frame of reference which optimizes the subject’s SI. Failing
to revise his situation assessment, the subject’s behavior
changes in accordance with the applicable social
representations of the subject’s professional identity. In other
words the subject satisfies the (silently) agreed social
representations. By behaving in this way, the subject regains
sense of influence by satisfying the representations that hold for
the social system that he takes part in. He will not act on the
concrete situation he cannot handle.

The essence is to find the social representations to which the
fixated subject behaves, only then an accurate intervention for a
recovery from fixation is possible.

4 APPLICATION OF PROPOSED
VIEWPOINT TO A CASE

In this preliminary phase of the investigation, the examination
of the proposed viewpoint about fixation will be based on
aviation accidents described thoroughly in the public NTSB
(National Transportation and Safety Board) reports, in which
fixation played an important role. In a later phase of the
research, this proposed method will be applied to simulated
cases. Firstly, the cases taken from the NTSB reports will be
reviewed on the basis of the proposed viewpoint. The case
taken in this paper is the controlled flight into terrain of Flight
801 of Korean Airlines. The critical activities and alarm signals
concerning fixation will be plotted. With this plot the
opportunities to intervene can be detected. Secondly, the social
representations to which the subject behaved have to be
uncovered. This will be done by looking for the prevailing
representations of the social system “aviation”. Partly these can
be found in the NTSB reports, partly these have to be
discovered by interviewing pilots and instructors about this case
and other similar cases.

4.1 Short Description of the Case

The case concerns Flight 801 of Korean Air (KAL 801) of
August 6, 1997 (see [7]) for a thorough analysis of the whole
event). At 0105:00 the event is picked up, at that time the
airplane had been cleared to land on runway 6 Left of Guam
International Airport (Guam 6L). The approach had to be a
nonprecision approach since the glideslope, necessary for a
precision approach was unusable. For a precision approach the
guidance for the crew is to maintain the glideslope, a lateral and
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longitudinal guidance path displayed on the flight director. For
a nonprecision approach on instruments the guidance is to
maintain a required vertical speed, which is displayed at the
flight director and which is set manually. In a nonprecision
approach the airplane is not allowed to descend below the
intermediate safety altitudes as shown in Figure 2.

In case of a nonprecision approach two possibilities exist, a
visual approach when vision is sufficient (according to the
Visual Flight Rules) or an instrument approach when vision is
insufficient. In his approach briefing the captain mainly briefed
a visual approach. As backup he briefed some parts of the
instrument approach in case the visual approach turned out to
be impossible, with the reminder that the glideslope was
unusable. After the briefing and a clearance the plane started to
descend. Sure enough it turned out to be raining making a
visual approach not likely. For about six minutes the crew
discussed the weather, they had to switch from a visual
approach to instrument approach, about which a discussion
about the glideslope status emerged. For the following two
minutes the plane was descending on approach. Twice the
captain ordered to reset the intermediate altitudes (1,440 and
560 feet). In the last minute of the flight the crew was still
looking for the runway to attempt for a visual approach when
the ground proximity warning system warned for 500 feet
(above ground level) at time 1.42.00. At time 1.42.20 when the
runway was still not in sight the first officer requested to make a
go around, two seconds later the go around procedure was
executed though not aggressive enough to avoid a collision.

4.2 Evolution of the Fixation Patterns

The NTSB concluded that the captain lost awareness of flight
801’s position on the approach to the runway at Guam
International Airport, as a result of his preoccupation with the
glideslope, his failure to cross-check the plane’s position and
his continuing expectation of a visual approach. According to
the NTSB causal to the accident was the captain’s early descend
below the intermediate altitudes 2,000 and 1,440 feet, together
with first officer and flight engineer their failure to properly
monitor/challenge the captain’s performance.

At 01.11 the captain gives his crew a short briefing on Guam 6L
approach procedures, including indications to the captain's
expectation of a visual approach and shortened briefing for a
localizer-only approach in the event that a visual approach is
not available. The Guam non-precision localizer-only approach
uses the localizer for lateral guidance to the runway, the DME
to identify step-down points and the VOR to identify the final
step-down fix to the minimum descent altitude (MDA). The
captain's briefing includes a reminder that the glideslope is
inoperative, some details of the radio setup, the localizer-only
MDA, the missed approach procedure, and the visibility at
Guam (stated by the captain to be six miles). He does not note
the definitions of the final approach fix (FAF), step-down fixes
or their associated crossing altitude restrictions. He also
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Figure 2: Overview of the last five minutes of the KAL801 incident adapted from NTSB (2000), for a complete CVR transcript
is referred to the NTSB report Flight KAL801. The vertical axis shows the altitude above mean sea level and the horizontal
axis the distance from the runway. The lower right corner between the —7 miles and 2 miles depicts the terrain elevation. The
2,600 feet, 2,000 feet, and 1,440 feet above mean sea level are the intermediate safety altitudes. The abbreviations are shown in
the rectangle in the upper right corner of the plot. The black line is a side view of the descent profile of Flight 801 derived from
the FAA radar data and the dashed line is the descent profile of Flight 801 shifted 3.3 miles to the airport.

neglects to brief the first officer on the way he will fly the
descent, and does not discuss go-around decision criteria.
Despite the captain’s reminder in the approach briefing and the
remark of the controller at 0139:44 that glideslope was
inoperative the CVR recorded a dialogue of the flight crew
about the status of the glideslope. The initial uncertainty about
the glideslope appeared immediate after the radio transmission
of the controller to which the first officer should have
acknowledged that they received the message that the
glideslope was out (see Figure 2). The flight engineer asked
about the status of the glideslope to which the captain answered
that it was working. The captain should have had sufficient cues
to convince him that glideslope was out because when
glideslope is out the captain’s glideslope needles are covered by
red labels (at least at some times) indicating that the glideslope
is out and the glideslope capture indicators are absent.

As the airplane descends through 2,400 feet above mean sea
level the first officer called out that they were approaching
fourteen hundred feet. Several seconds later the captain directed
the first officer to reset the altitude to 1,440 feet accompanied
with the statement that today’s glideslope was not good. By
doing so, the captain replaced the intermediate safety altitude of
2,000 feet before the autopilot had captured it or reached the
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outer marker OM D1.6 (see Figure 2), causing the airplane to
descend premature below 2,000 feet. Neither the first officer
nor the flight engineer challenged the captain’s decision.

Just before the plane reached 1,440 feet the captain asked the
crew to look carefully (for runway 6L) and he ordered the first
officer to set the altitude to 560 feet, the published minimum
descent altitude for a localizer only approach. For the second
time, the airplane descended too early through the restricted
altitude, again neither the first officer nor the flight engineer
challenged the captain’s premature reset, or notified the captain
of the premature descent.

The GPWS issues a radio callout, 1,000 feet (above ground
level). Again the captain wonders if the glideslope was not
working to which the first officer nor the flight engineer
answered according to the CVR recordings. The flight engineer
is astonished but no action was undertaken according to the
data of the flight data recorder. The crew began the landing
checklist. The GPWS annunciated “minimums, minimums”
followed by “sink rate”. At which the first officer stated, “Sink
rate okay”. Only after the flight engineer stated, “two hundred
[feet]” the first officer said, “let’s make a missed approach.”
One second later the flight engineer stated, “not in sight” to
which the first officer responds, “not in sight missed approach.”



According to the NTSB, the GPWS call outs were salient cues
that should have caused the crew to check airplane’s position
and to act cautiously. From this moment there were three cues
that should have initiated the crew to begin a missed approach
procedure. The first is the GPWS call out ‘five hundred’, about
26 seconds before impact. The crew did not see the runway at
that moment. If the airplane was correctly positioned along the
approach course this would have implied that they passed
already the MDA of 560 feet. If a missed approached had been
initiated at the GPWS “minimums”, 12 seconds before the first
impact, the aircraft would likely have cleared the hill. Analysis
also indicated that if an aggressive missed approach procedure
was initiated 6 seconds before impact, that is the moment the
plane was far through MDA and the runway was still not in
sight, it is possible that the plane might have cleared the terrain.

4.3 Analysis of the Fixation Patterns

Analysis of the pilot’s behavior on the basis critical variable SI
focuses on the question, what do the pilots correct, although the
result of their actions is undesired for the parties involved.
When looking for correct actions, the almost correct descent
profile is remarkable when the lateral position of the airplane is
left out of consideration for the moment. At GUAM the
distance measuring equipment (DME), the (UNZ VOR D0.0),
is located 3.3 miles outside the airport, whereas normally the
DME is located at the airport and rarely located outside the
airport. Assuming that the crewmembers had a misconception
about the location of the DME, they might have believed that
the plane was 3.3 miles closer to the airport, which could
explain the descent pattern shown in Figure 2 (NTSB, 2000).

Furthermore, the Air Line Pilots Association (ALPA) stated that
although most nonprecision approaches are presented in a series
of step-down altitudes, they are unacceptable for these category
airplanes. These step-down altitudes are in fact directly contrary
to the underlying concept of stabilized approaches because they
require multiple power and pitch changes to be flown as charted
[7]. This could explain why the captain prematurely reset the
intermediate safety altitudes. Apparently the pilots concentrated
on following a desired descent profile, a stabilized approach
without the (NTSB) preferable but not required step-down
fixes. By doing so, they lost touch with the actual desired result,
a safe landing at the airport. When the descent profile is shifted
3.3 miles closer to the airport as is done in Figure 2
(represented by the dashed line), the approach would have been
almost perfect

In case of unexpected behavior, the frame of reference of the
subject has been changed such that the actual situation does not
influence in negative sense the SI of the subject(s). Fixation is a
form of behavior that shows this hypothesis clearly. From the
NTSB report and the CVR transcript it becomes clear that in the
last minute the salient warning signals of the GPWS indicating
a serious problem in the actual situation have been neglected.
When these signals had initiated a change of course of actions
the crash could have been prevented. Though, since these
GPWS warning signals represent a problem in accordance with
the actual situation with the accompanying frame of reference,
these signals do not affect the subject anymore since he changed
his frame of reference to maintain his sense of influence.

The next question is how did the captain (and the crew
probably) winded up in a fixation. The SI-model claims that
someone’s SI threatens to disappear when the expected result of
his actions is uncertain. The uncertainty of the captain manifests
itself clearly at 01.39:56 when he stated, “yes, yes it is working”
at the question of the flight engineer if glideslope was working.
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Even so he reminded the crew that glideslope was inoperative
in his approach briefing. There are two more clues indicating
the captain’s uncertainty about the nonprecision instrument
approach. The first though is not a firm clue: the captain's
cursory briefing of the instrument approach procedure which
was likely due to a strong expectation that a visual approach
was possible. The other firm clue was his question, “isn’t
glideslope working?” at 01.41:46.

The hypothesis of the captain’s uncertainty about a
nonprecision instrument approach is supported by the following
statements of Air Line Pilot Association (ALPA) and a British
Airways Boeing 777 captain who was a member of the
Controlled Flight Into Terrain (CFIT) Awareness Task Force.
They stated that nonprecision instrument approaches generally
are much more complex than precision approaches and for
many pilots they are less familiar. According to the ALPA,
limited data indicate that airline transport crews conduct only
about one to three nonprecision approaches per year and
practice these approaches in a simulator “just as infrequently”
[71.

The consequence of the analysis on the basis of the SI-model
should be that the statement of the captain at 01.39:56 together
with his approach briefing would immediately lead to the
diagnosis a loss of the captain’s SI in the actual situation and
foreseen frame of reference, and consequently a change of
frame of reference to maintain his SI. In this case the time to
intervene and initiate a recovery from fixation would have been
2.5 minutes.

A second opportunity to diagnose loss of SI was the question of
the captain at 01.41:46. In this case the time to intervene would
have been much less (38 seconds) but still more than the time
left with the 500 feet warning of the GPWS. Note that the
newly proposed intervention techniques should reckon with the
frame of reference of the fixated person and consequently
should not represent a problem with the actual situation as the
current alarm systems do.

5 DISCUSSION

Human factors research has shown that a common decision-
making error is for humans to have a tendency to ignore
evidence that does not support an initial decision; especially in
high stress and workload situations. Human operators tend to
seek (and therefore find) information that confirms the chosen
hypothesis and to avoid information or tests whose outcome
could disconfirm it, which produces inertia that favors the
hypothesis initially formulated [13].

The aim of this study is to find ways to intervene in fixation
such that the intervention results in a recovery from fixation. A
prerequisite for such successful recovery is that the evolving
event should show opportunities and time to intervene; both
conditions are satisfied. The first sign of uncertainty of the
captain was in the approach briefing. The evolution of the event
took almost three minutes, from the first firm sign of the
captain’s uncertainty until the last GPWS warnings.

Analysis of the evolution of the event in hindsight showed that
it is possible to point out several critical moments at which the
crew could have decided to cancel the approach and to wait for
a better glideslope status or to prepare properly for a
nonprecision landing without the glideslope. It showed also that
the alarm signals were not sufficient to change the plan of
actions of the fixated crew in this case. The explanation for this
“ignorance” of the alarm signals is that they represent only the



state of the airplane and they do not reckon with the state of the
captain (or the crew).

It is necessary to put a finger on the essence of fixation, before
we can develop means to intervene in fixation in addition to the
existing means that aim at error detection and error recovery.
Yet in case of fixation the existing means for error detection
and error recovery seem to be insufficient. We believe that
fixation coincides with a change in context of the crew due to a
threatening loss of sense of influence. If we can detect the
context to which the fixated crew is acting only then we can
find ways to intervene in fixation and recover from fixation.

To identify fixation without knowledge of the outcome requires
a further validation of this model and a further assessment and
sophistication of the methodology based on new cases of which
the outcome is unknown beforehand. Nevertheless, the
viewpoint presented in this paper based on autonomous systems
could give new perspectives regarding unexpected behavior.

6 REFERENCES

[1] Endsley, M.R. (1995) Toward a Theory of Situation
Awareness in Dynamic Systems. Human Factors, 37: 32-
64.

Kanse, L., T. van der Schaaf (2001). Factors influencing
recovery from failures. In Proceedings of CSAPC’01
(Neubiberg, Germany, September 2001), EACE
Conference Series, 123-135

Keyser V. de, D.D. Woods (1990). Fixation Errors:
Failures to Revise Situation Assessment in Dynamic and
Risky Systems. In: Colombo AG and Bustamante ASd,
eds. Systems Reliability Assessment. Dordrecht: Kluwer
Academic Publishers, 231-252.

Mattheeuws, A., (1990). Het spel der vanzelfsprekend-
heden. Systeemtheoretisch Bulletin, 8: 255-287

Maturana, H.R., F.J. Varela (1980) Autopoiesis and
Cognition. Dordrecht, Holland: D. Reidel Publishing
Company.

(2]

[3]

[4]
(5]

[6] Moray, N., I. Rotenberg (1989). Fault Management in
Process Control: Eye Movement and Action. Ergonomics,

32:1319-1342

National Transportation Safety Board (2000) Controlled
Flight Into Terrain Korean Air Flight 801, Boeing 747-
300, Nimitz Hill Guam. Aircraft Accident Report
NTSB/AAR-00/01. Washington DC

National Transportation Safety Board (1994) A review of
Flight-crew-Involved Major Accidents of U.S. Air
Carriers, 1978 through 1990. Safety Study NTSB/SS-
94/01. Washington DC.

Rasmussen, J. (1983) Skills, Rules, and Knowledge:
Signals, Signs, and Symbols, and Other Distinctions in
Human Performance Models. IEEE Transactions on
Systems, Man, and Cybernetics, SMC-13: 257-266.

[10]Reason, J. (1990) Human Error. New York: Cambridge
University Press.

[7]

(8]

(]

[11]Reason, J. (2000) Human error: models and management.
BM]J, 320: 768-770.

[12] Van der vlugt, M., P.A. Wieringa (2003) De-fixating the
Operator, in proceedings of IFAC’03 (Goteborg, Sweden,
September 2003)

52

[13] Wickens, C.D. (1992). Introduction to Engineering
Psychology and Human Performance. New York: Harper
Collins.

[14]Woods, D.D., L.J. Johannesen, R.I. Cook, N.B. Sarter.
(1994) Behind Human Error: Cognitive Systems,
Computers, and Hindsight. Columbus: CSERIAC.

[15] Xiao, Y., C.F. Mackenzie (1995). Decision Making in
Dynamic Environments: Fixation Errors and Their Causes.
In Proceedings Human Factors and Ergonomics 39th
Annual Meeting, 469-473.



CHLOE: A Technique for Analysing Collaborative
Systems

Angela Miguel
Department of Computer Science
University of York
York, UK

angela.miguel@cs.york.ac.uk

ABSTRACT

CHLOE is a technique designed to help identify possible
failures within collaborative work. It analyses both social
collaborative (H-H) and technology-mediated collaborative (H-
C-H) work. A question-based approach is taken by the method,
in an attempt to reduce the requirement for analysts to have
substantial knowledge of human factors or cognitive
psychology. The CHLOE method consists of 4 stages: scenario
description, task identification, error analysis (using questions
based on a cognitive model of collaboration), and design
suggestions. The method has been applied to a scenario of
collaborative work by the designers of the method in order to
assess its effectiveness. A small evaluation study has also been
performed to assess the wider usability of the method.

Keywords
Collaborative Work, Collaborative Error, Human Error
Analysis

1. INTRODUCTION

The importance of evaluating a design for possible human error
is well recognised, and there are many different techniques
available for performing this task which take several different
approaches. However, despite the fact that most work takes
place in groups or teams, most human error analysis techniques
focus on errors that may happen during the interaction between
a single individual and the system they are using. Collaborative
work is susceptible to a different type of error. These are errors
that emerge as a result of the distributed knowledge that this
type of work involves, which places extra demands on
participants. Collaborative errors may be caused by factors such
as a lack of situation awareness or awareness of each other,
misunderstandings between participants, conflicts, and failures
of co-ordination. Therefore an alternative error analysis method
is required. CHLOE has been developed not only to analyse
collaborative work, but also to help suggest design
improvements to support this type of work.

As Hollnagel [3] points out, the term error can have three
different meanings. An error may be considered as the actual
incorrect action that has been carried out, the visible
consequences of that incorrect action, or the abstract cause
behind the incorrect action and/or the visible consequences of
this. The CHLOE error analysis questions tackle these cognitive
causes (cognitive failures or errors) behind the error actions and
consequences, and the reasons for these. Questioning the
cognitive reasons for failures can help lead to design solutions
because it focuses on why the observable failures occur, so
improvements can be made to design on this basis.
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In order to link the human error analysis section to redesign
considerations, CHLOE takes a question-based approach to
analysis. The questions link analysis and redesign because each
one prompts the analyst to look for a particular aspect within
the system being analysed that may cause collaborative
problems, while at the same time providing information on the
requirements of that aspect of the system to enable it to
encourage successful collaboration.

Taking a question-based approach to error analysis potentially
has some additional advantages. Questions should be easy to
understand and simple to apply to the system. A question-based
approach can help to guide the analyst to the correct areas or
factors to examine for the possibility of error. THEA [7] has
shown that this approach to error analysis enables non-‘human
factors’ experts to carry out the analysis, assuming they have
knowledge of the system.

2. THE CHLOE PROCESS

The CHLOE process consists of several stages (see Figure 1):
Scenario Description, Goal Decomposition, and then Error
Analysis. The Error Analysis questions are based on a model of
collaboration. Finally, Design Issues are considered according
to what has been discovered in the Error Analysis stage. Each
of these stages is now described in more detail.

1 Scenario 2 Task 4 Error Analysis .
Description L__> Identification E> (21 Error |:> 3 zuigrg:zxfens
(Sequence (Goal analysis design
diagrams) decomposition) questions)
3 Model of
collaboration
(Cognitive model)

Figure 1: The CHLOE Process

2.1 Scenario Description

CHLOE uses scenarios to describe a system for error analysis
purposes. There are several advantages to using scenarios,
including the fact that they allow the system to be analysed in
sections. This is often preferable to the alternative of trying to
analyse a whole system at once, which will in many cases be
impossible. Full models of systems also often show only how
work should be done. Scenarios can be used to show many
different possibilities of how work may be done. They can also
show the dynamics of a system, which may become too
complicated if trying to cope with an overall system view.
Scenarios are also more flexible and can be used at several
different stages in the life cycle of a system. They can therefore
easily be used for both analysis and design.



Sequence diagrams are used to describe the scenarios in
CHLOE (see Figure 2). They provide information on the
sequence of actions, who communicates with whom and with
which artefacts, and an indication of what information is passed
between people and the technology they are using. The purpose
of the sequence diagram is to provide background and
contextual information about the scenario in full, which can
then be used to help answer the error analysis questions to carry
out the analysis. It is particularly important when analysing
complex collaborative work to have a structured means of
collecting the information required to answer the error analysis
questions. Agents (human, computerised, and non-
computerised) are shown along the top of a sequence diagram,
with a timeline for each extending downwards. Arrows linking
the timelines of agents show interactions between agents,
including information passed between them. A dashed line
indicates a reply to a previous interaction.

O OO

—»
<
=

]

Figure 2: The structure of the sequence diagrams used for
scenario description

2.2 Task Identification

In order to analyse a scenario, it must be structured in a way
that supports the error analysis process. The sequence diagram
provides the contextual information, but it contains too much
detailed information to help structure the error analysis process.
It would be unreasonable to carry out an analysis of each
interaction on the sequence diagram individually. Analysing
individual activities would also neglect the wider issues of how
participants collaborate and how their actions/interactions
combine to complete the task. In order to analyse the scenario at
a higher level of abstraction a method is required to abstract out
the tasks in a structured manner. A Hierarchical Goal
Decomposition is applied to the scenario to achieve this. It also
serves to structure the error analysis. The technique used is
similar to Hierarchical Task Analysis (HTA) [4], but unlike
HTA, no plans are required. This is because the method of
carrying out the task is not being specified (this information is
already in the scenario description); instead, the goals/sub-tasks
that comprise the scenario are being identified.

2.3 A Model of Collaboration

Collaborative errors, like individual errors, can be regarded as
stemming from failures in cognitive processing. The error
analysis stage in the CHLOE method (see Section 2.4) is based
on a cognitive model (see Figure 3). This model has been
developed from a basic framework of collaboration by Dix [2]
and shows various types of communication involved in
collaborative work. As this model focuses on communication,
failures in collaboration are framed as being failures in
communication and understanding between participants. The
model is composed of participants (P), an artefact of work (A),
different possible types of communication, shared
understanding and a simple cognitive loop [6]. This loop
represents the cognition of each participant when interacting
with other humans or machines.

Constraints

Figure 3: Model of Collaboration Used in CHLOE

The arcs in the diagram indicate how the participants and the
artefacts of work are linked in each type of communication that
may be involved in collaboration. They show how the actions'
of one participant are perceived (directly or indirectly) and
interpreted by the other participant, who then performs an
action in reply. This is then perceived by the first, to form an
ongoing cycle from action to perception between the
participants’. Communication through the artefacts used, goal
formation and planning are optional within this process.

The types of communication between participants and artefacts
shown are:

e Direct Communication - The actions of one
participant are perceived directly by the other.
Therefore, after perceiving the actions of another
he/she will interpret what they have perceived and go
through whatever stages of the cognitive loop are
necessary to carry out an action in reply, or the next
action required (see Figure 4).

This the situation in

e Deixis - describes

communication where one person is speaking to the
other(s) but is pointing or referring to something else,
e.g. a common artefact (see Figure 4).

Goal —pp>

Formation  Planning

P

Action

Media
Constraints

Figure 4: Direct Communication & Deixis

e  Control and Feedback - One participant carries out
an action on the shared artefact and then perceives the

! Talking is considered to be an action in this case, in addition
to more physical actions.

® Everything inside the ovals, labelled P for participant,
represents the internal workings of each participant
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result of this action. This is not in itself a form of
collaborative communication (see Figure 5).

Goal

Formation

P

Perception

Planning

P

Perception Action

Agtion

Control
& A
Feedback Media
Constraints

Figure 5: Control & Feedback

e  Feedthrough - Communication takes place between
participants through the artefacts of work. In this
case, the actions of one participant on the shared
artefact are perceived by the other participant, not
directly, but through the artefact (see Figure 6).

Goal
Formation

P

Perception

Planning

1 4

Perception

Action Action

Constraints

Figure 6: Feedthrough

e  Shared understanding - All the different types of
communication shown can help to create and support
shared understanding, which in turn helps
collaboration to work effectively

2.4 Error Analysis

2.4.1 Breakdowns in Collaboration

Collaborative failures are considered to be caused by
breakdowns in cognition of the participants involved. The error
analysis questions in CHLOE have been developed by applying
guidewords to the collaborative model (see Figure 3) in order to
examine where breakdowns may occur within the model, and
the type of breakdowns that may occur. Basing the error
analysis on failures within a cognitive model of collaboration
allows the reasons behind the visible failures to be tackled.

The guidewords used were selected from the SUSI [1] modified
HAZOP [5] technique, which was developed to analyse user-
system interaction. In SUSI these guidewords were applied to
the data flows, data stores and processes that make up a socio-
technical system, to identify the ways in which that system may
fail. CHLOE focuses on the people within the system and the
communication between them, and examines how this may fail,
leading to collaborative failure. CHLOE bases the error analysis
on failures within a cognitive model of collaboration. Therefore
the guidewords have been applied to the cognitive stages in the
model of collaboration to identify cognitive failures in
collaborative communication. These are the potential reasons
behind failures of the data flows and processes that make up the
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collaborative system. By identifying the root causes of
collaborative failures, design suggestions can be made to
improve the system. The guidewords used describe 4 different
types of failure (see Table 1).

Table 1: Cognitive Stages and their Failure Guidewords

Cognitive Stage Failure Guidewords

(Corruption) Error

i ti .
Perception/Evaluation Eailure/Notie

Conflict
(Corruption) Error
Failure/None
Interrupted/Incomplete
(Corruption) Error
Failure/None
(Corruption) Error
Failure/None
Conflict
Interrupted/Incomplete

Goals (Triggering & Initiation)

Planning (Coordination)

Action

Collaborative work (involving any of the types of
communication shown in the model (see Figure 3)) may break
down because of problems at any of the cognitive stages
included in the model. Table 1 shows the four cognitive stages
and the possible failures of them that were used. These failure
guidewords were used in combination with the cognitive stages
to create examples of how collaboration may fail. The analysis
questions developed from these failures are therefore generally
concerned with the following in collaborative work:

° failures of perception/evaluation - e.g. the
collaborating participants may not all perceive or
interpret the information in the same way, or may
not be able to perceive what each other is doing

o failures of goal formation or triggering of tasks —
e.g. each participant may not know what he/she is
supposed to be doing and when, or their goals may
conflict

. failures of planning and co-ordination — e.g.
participants may understand incorrectly what they
are supposed to do or the work may become
disorganised and,

. failures of the actions themselves — e.g. one
participant’s incorrect actions have direct disastrous
consequences for others” work, or no-one else can
correct the incorrect actions once they have been
done

If these types of failure shown in Table 1 are then considered in
relation to the types of communication shown in the model of
collaboration, more specific examples of failure can be created.
Some examples of these types of failure are:

e  Failure of Perception in Feedthrough — e.g. the
second participant cannot see the result of the first’s
actions

e  Failure of Action in Control and Feedback — e.g. one
participant cannot carry out their actions because the
system only allows one person to work on it at a time

e  Error of Perception in Deixis — e.g. one participant
refers to something, but the other participant
misunderstands what is being referred to




e  Conflict of Goals in Direct Communication — e.g. the
participants communicating have conflicting goals.

Forty-eight possible collaborative failures were created from the
combination of the twelve guidewords and cognitive stages, and
the four types of communication in collaboration according to
the model used. Questions were then developed around the
possible reasons for these failures for each type of
communication. From the original set of questions created, 21
questions were chosen to identify the main causes of failure for
all types of communication. The question set was reduced from
the original by removing repetition in the questions and then by
selecting the questions that would cover the most important and
most common types of collaborative failure in many different
types of collaborative system.

The process of creating the error analysis questions has resulted
in questions that can capture a range of potential causes for
breakdown within a collaborative system. Different guidewords,
or a greater number of guidewords could have been chosen to
develop the questions, but the ones selected provide a good
range of potential breakdowns for all cognitive stages. They
tackle four basic types of breakdowns that may occur to prevent
the cognitive stages from functioning correctly. Only a limited
number of specific failures can be considered for each
communication type because it would result in the requirement
for more questions. The number of questions in the analysis
must be kept to a minimum because the task-based approach to
analysis involves the repetition of these questions for every task
analysed.

2.4.2 The Error Analysis Questions

The 21 questions that form the error analysis section of CHLOE
are split into four sections according to the cognitive stage they
analyse. The collaborative aspects of the model have been
captured in the error analysis questions, and so only the
cognitive stages questioned as possible points of breakdown
remain immediately visible as question sections. Six questions
tackle perception/interpretation and evaluation in collaborative
work. Problems in this area of collaborative work can cause a
lack of situation awareness and misinterpretations of the system
state or the actions of others. Five questions are concerned with
goal formation. Problems in this area could result in
collaborative failure because of actions not being carried out
when they should be, participants having incorrect goals
(leading to misunderstandings), or participants’ goals
conflicting. Five questions deal with planning and co-ordination
problems. With many people working together it is important
that everyone knows their role, when to carry out their tasks,
and that work is co-ordinated so participants may work
effectively without interfering with each other. Finally, five
questions are about the actions that the participants must carry
out as part of collaborative work. These consider conflict,
access to resources, and ensuring that participants do not undo
each other’s actions. Example questions include: (Goals Q5)
‘Are participant’s goals or sub-goals likely to come into
conflict (e.g. same resources required etc.)?’ and (Planning Q4)
‘Is there a shared representation which is consistently visible
and understood by all concerned, which can be referred to (e.g.
pointing) when sharing information?’

All 21 Error Analysis questions are applied to each task/activity
as broken down in the Hierarchical Goal Decomposition for a
thorough analysis. The information contained in the scenario
description is used to help answer the Error Analysis questions.
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To structure the answers and any resulting design suggestions,
the tabular format shown as Table 2 is used.

Table 2: Tabular Format for Recording Error Analysis

Results
Questions Causes/Consequences Design Issues
CHLOE Error | Issues raised by the | Suggestions
Analysis analyst and the possible | about possible
Question consequences of these improvements
/re-design
ideas

2.5 Design Suggestions

The final stage of the CHLOE process is to think about possible
design improvements to the collaborative system, which may
help to reduce the likelihood or severity of errors/breakdowns
in the areas susceptible to error, as highlighted by the error
analysis. These design considerations can either be filled in
after the error analysis has been completed for the whole
scenario, or at the same time as each error analysis question is
being answered for each task. As discussed in the previous
section, a significant advantage of the question-based approach
used by CHLOE is that design suggestions can grow from ideas
provided through the questions and their corresponding
answers, which highlight exactly what or how the current
design of the system is lacking. Thus, each question and answer
pair should help to indicate the requirements that a re-design
needs to fulfil in order to better support collaborative work, and
more specifically, what the difficulties with the current system
are that need to be designed out. The information required to
carry out this stage in the CHLOE method is therefore readily
available, and only domain knowledge is required to produce
design suggestions to improve the system.

3. CHLOE CASE STUDY

In order to test the effectiveness of CHLOE, it has been applied
to a scenario of considerable size involving a lightning strike to
an aircraft and the subsequent actions that must take place to
stabilize the aircraft and land safely. This scenario involved
several participants and artefacts including: a Pilot Flying, a
Pilot Non-Flying, Air Traffic Control, a Tactical
Communications Officer, and a Radar Operator. The
information required to construct this scenario was collected
from observations within a flight simulator. Two simulations of
this scenario were observed.

From the data collected during observation of the simulations,
scenario descriptions were created using sequence diagrams to
detail the main interactions between the agents involved. These
were then aggregated, in order to create a more generic version
of how work takes place in the scenario. Goal Decomposition
was then performed on the scenario to identify the tasks that
must be achieved to attain the goal of the scenario, and which
need to be analysed through the application of the Error
Analysis questions. In this case the main goal was to stabilize
the aircraft and return home safely. The full Goal
Decomposition consisted of 3 levels and was broken down to
14 sub-tasks at the third level. An error analysis was performed
on every one of these tasks to achieve a complete analysis of the
scenario. However, this is not compulsory, and the analyst can
choose to analyse only the important tasks if necessary.




From the application of CHLOE to the whole ‘lightning strike’
scenario, 128 potential difficulties for collaborative work were
identified. Potential problems of all types were identified, but
Perception/Evaluation contained the most problems. Table 3
details two perception problems highlighted from two different
tasks in the scenario.

Table 3: Extract from the completed CHLOE Error
Analysis

Questions Causes/Consequences

It is not obvious that an action
has been carried out unless both
pilots know what the settings
should be. A lack of situation
awareness could result, and
misunderstandings between the
pilots will become more likely.
One pilot may undo the others
actions or try to redo them. It
also means that no
crosschecking will take place
on the actions carried out.

Perception Q4 — Is it
obvious to all that someone
has altered the
system/carried out an
action, and if necessary
who made these changes,
so that this action is not
repeated unnecessarily or
undone by another?

Information from ATC does not
remain available for checking.
This means there is only a brief
chance to ensure that the pilot
not talking to ATC also heard
the message for checking
purposes. This may easily be
missed, and therefore reduces
awareness of the situation and
crosschecking ability.

Perception Q5 - Does the
system  interface/  the
media/artefacts used enable
the information from this
action to remain available
for checking and
remembering purposes?

The fact that the majority of the potential problems identified
within this scenario were in the Perception/Evaluation section
suggests that the greatest problem in this scenario is with clearly
getting the information required. However, the Planning and
Actions sections also had many potential difficulties. Perhaps
inevitably, the more complex tasks involving the most
collaborative effort are subject to the greatest number of
potential difficulties. As would be expected however, the
likelihood and severity of these failures varied considerably. A
severity rating in some form is a useful means of highlighting
which problems are most likely or have the greatest
consequences. This can make the task of choosing which areas
need re-design attention most urgently, slightly easier. A simple
high, medium or low rating scale could be used as in THEA [7].
Alternatively a more detailed scale or matrix in which to mark
the severity of the potential problem could be employed.

Redesign suggestions were also completed for the scenario, but
due to a lack of detailed domain knowledge and technical
expertise these were quite superficial suggestions, which only
stated generally how the design needed to improve upon the
current situation. CHLOE is aimed at engineers with little
human factors knowledge, but who will have detailed technical
knowledge of the system being analysed.

4. EVALUATION

A small evaluation of the CHLOE method has been performed
in order to discover whether other analysts were able to use it
successfully. A short Air Traffic Control scenario was used for
this evaluation. This scenario focused on the path of one aircraft
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across a sector and the actions to be taken to ensure it did not
come into conflict with other aircraft in the sector.

Seven participants were recruited. Two of these participants
were very familiar with Human Factors and Human Error
Analysis. Another two had limited awareness of some Human
Error Analysis techniques, but did not have much knowledge of
Human Factors. The final three had no knowledge of either of
these topics. All of the subjects were either PhD students or
Research Associates in the Department of Computer Science.

Firstly, the CHLOE method, its aims, and how to apply it were
described briefly to the participants. Additional written material
about the method was also provided. This included example
sequence diagrams and goal decompositions in the description
of the method and a list of the CHLOE error analysis questions
along with explanations of each of these questions. The
participants were also given a six-page description of Air
Traffic Control to provide them with basic domain knowledge
to allow them to answer the CHLOE analysis questions. This
description included pictures of the environment in which the
controllers sit, and diagrams of flight progress strips and strip
boards to help them to visualise the domain. Also included in
this material was a detailed description of the scenario that the
participants were to analyse using the CHLOE method. They
were allowed to read this material at their own pace and the
second part of the evaluation took place the following day.

The participants were required to apply the full CHLOE method
to the Air Traffic Control scenario. No time limit was applied.
Afterwards they completed a questionnaire about the method
and its application. Some of the participants were also
interviewed later about the answers they had provided in the
questionnaire in order to clear up ambiguities and collect
additional information about their answers.

The questionnaire was designed to draw out any doubts or
dissatisfaction with the method so that improvements can be
made. It was split into five sections: modelling, error analysis
questions, re-design issues, usability, and effectiveness. The
first three sections questioned: the diagrams used to model the
work for analysis, the ease of using the questions to perform the
analysis, how easy it was to understand how and where the
system needed to be re-designed, and how much support the
questioning approach provided with this. The usability section
was concerned with how easy it was to use the method and how
much human factors knowledge the users felt they needed in
order to apply it successfully. Finally, the effectiveness section
questioned whether or not the participants felt the method had
helped them to systematically identify potential collaborative
problems.

In order to assess the results of this questionnaire, the
participants were split into two groups. Those who had both
knowledge of human factors and human error analysis were
taken as one group (experts). All the others participants
constituted the other group (novices).

4.1 Evaluation Results

The expert and novice groups often had quite different opinions
about aspects of the CHLOE method and its success, but there
was no major difference in the actual success of the application
of the method by the two groups. Several important issues with
the CHLOE method have been raised both through the views of
the participants expressed in the questionnaires and interviews,
and through the actual performance of these participants with
the method.



4.1.1 Modelling Difficulties

Both groups thought that the sequence diagrams were easy to
create. Within both groups there was variation in the quality
and amount of detail in the diagrams produced. Choosing the
agents was the most problematic area. The most severe mistake
was made by a member of the novice group whose sequence
diagram included only the humans in the scenario as agents. All
actions were included, but not making artefacts as important as
the paper strips into agents made it more difficult to capture the
interaction in the diagram.

While most of the novice group thought that all the necessary
information to capture collaboration was present in the
diagrams, the experts disagreed. The experts’ view is supported
by evidence in the sequence diagrams actually created. Several
of the analysts in both groups embellished their diagrams to try
to display the additional information that they thought they
needed to help them perform their analyses. Examples of this
are numbering the sequence diagrams with the task numbers
associated with each section of the goal decomposition, and
adding overhearing information. The first of these suggests a
desire for a closer relationship between the diagrams and
between modelling and analysis. The experts also expressed this
view that there was not a close enough relationship between the
modelling of the scenario and the analysis process, and some
analysts from both groups thought the diagrams were difficult
to relate to one another. The second example demonstrates that
the modelling does not show all the information that the
analysts would like to perform their analysis.

The goal decompositions within both groups also showed
problems. In each group there was one analyst who created a
goal decomposition that was unnecessarily large and
complicated for the scenario to be analysed. The goal
decompositions of the rest of the analysts, including those who
split the main goal into the same number of tasks, were all very
different from each other. Therefore different tasks were
analysed by most of the analysts.

4.1.2 Error Analysis Difficulties

The overall views expressed by the experts and the novices
about the error analysis questions were very different. The
experts were critical of the questions mainly because they felt
that they did not direct the analyst as much as required. There
was also nothing to motivate them to provide the details of the
potential problems that were identified using the questions.
Hence, it is possible to perform an analysis at a very superficial
level using CHLOE. Such an analysis would provide no help in
isolating the particular causes of problems in collaborative work
or help with redesigns. The novices found the questions easy to
understand, thought that they directed the user to the relevant
issues, and also that the questions tackled issues affecting
collaborative work by showing what the work required to be
successful. Some potential problems with the questions were
highlighted though. These concerned the potential overlap
between some questions, the completeness of the questions, and
the potential effort involved in applying the questions if the
tasks or level of analysis has been chosen poorly.

Despite the different points of view concerning the questions,
the error analyses of both groups displayed similar problems.
All of the analysts provided simple Yes or No answers to many
of the error analysis questions with no additional explanation.
Other answers were often not detailed enough to provide
anything more than a general indication that there was a
problem in a certain area of the system. They were therefore not
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particularly helpful for showing what the specific problem was
for collaboration within the system and feeding information into
the redesign process. There was also evidence of potential
misunderstanding and misapplication of the questions within
the analyses by both groups. For example, providing inadequate
reasons for the answer given and missing obvious problems.
Some of the questions are clearly open to some interpretation
because different analysts have used the same argument for
different answers.

Although there were some problems with the error analyses
performed, many potential problems were highlighted by the
analysts in the novice group despite their lack of human factors
knowledge. Many of the answers given are also particularly
insightful given this lack of human factors knowledge.

4.1.3 Redesign Difficulties

Redesign suggestions were regularly not included where they
should have been. However, where they were provided they
were mostly of good quality. They tackled the issues raised by
the question and the specific problem raised in the answer
provided. The absence of many design suggestions is partly
explained by the analysts’ lack of domain knowledge. However,
there are two potential difficulties with the method here that
were highlighted by the analysts. These are that the method
does not motivate the analyst to provide design suggestions as
the questions simply point out that there is an issue, and the fact
that some questions identify problems that did not necessarily
lead obviously to design issues. Also, the suggestions made do
not always adequately tackle the issue in question. The error
analysis questions therefore do not prompt the analyst to
consider the issues in enough depth.

The fact that the error analysis questions do not force the
analysts to provide details of a potential problem and its causes
and consequences was blamed for difficulties with the redesign
suggestions. If an analysis is performed at too general a level
and these details are not provided, there is nothing to feed into
redesign considerations.

The novice group did express strongly that they thought the
question and answer pair did help the analyst to see how the
system should be redesigned though. There was not such a
convincing response concerning whether the method showed
where redesign was required though, and the need for
prioritization of the design improvements was raised again.

The lack of a means to prioritise the analysis results was
recognised by both groups as a weakness of the redesign section
of the method.

4.1.4 Approaches to Performing the Analysis

Some interesting usability issues were raised through the
evaluation of the CHLOE method with users other than its
designer. Instead of fully analyzing one task at a time, the
analysts took each question in turn and applied it to all the
tasks. One analyst commented that this approach should lead to
a more consistent application of the questions.

There was variation in the way that the analysts applied the
method within both groups. Only one analyst in each group
answered the questions for each task individually. One analyst
in the novice group went to the opposite extreme of answering
all the questions for all the tasks at once. However, most
included elements of both, by answering questions for
individual tasks sometimes, and for two, three or all tasks at
others. Around half of the analysts thought that they had



considered tasks specifically within the context of the scenario.
Others sometimes considered the tasks or the system in general
when answering the questions. One expert, who did not
consider each specific task, explained this by saying that he
found the scenario very restrictive. He wanted to consider
difficulties in the system more generally for the whole analysis.

Of particular interest however, is the fact that one novice
analyst often answered the error analysis questions with
reference to problems with agents specifically, rather than tasks
or even the scenario as a whole. For example, to answer some
questions the focus was placed on problems with the layout of
the flight strips, and these problems were identified for the
system in general rather than for any particular task or tasks.
This approach led to one of the most effective and detailed
analyses produced by either evaluation group.

The experts and novices had similar views on what the greatest
problems with the method were in terms of usability. These
were mostly related to the creation of the goal decomposition.
In particular choosing the right level of analysis and the
optimum number of tasks. Interpreting the questions in the
context of the task within the scenario was also highlighted as
being difficult. Suggestions to improve usability included more
guidance on creating good diagrams and linking them, tool
support, and prioritization of redesign requirements. But the
novice group agreed that the method did not take long to learn
and was not difficult to use. It was also, and most importantly,
thought that knowledge of Human Factors was not required to
use the method successfully.

4.1.5 Effectiveness of Analysis

All but one of the analysts successfully found many potential
problems within the scenario examined. However, the number
of problems found by each of these analysts varied
substantially. The lowest number identified was nineteen, and
the highest was fifty-one. Much of this variation was caused by
the way in which the tasks were split in the goal decomposition,
and the amount of detail that the analyst chose to provide when
answering the question. The problems identified were described
at different levels of generality because of these differences.

Despite the different opinions on the effectiveness of the
method, the two groups performed similarly. The experts’
analyses were not any more successful than some of the
novices, despite their human factors knowledge. Both groups
also displayed the same difficulties. The most common problem
was that the analysts sometimes provided answers that gave
nothing more than a very general indication that there was a
problem of a certain kind for a particular task. The details of
the cause of a potential problem were not identified. The
redesign section was therefore not always successful because
the questions and their answers did not always prompt the
analyst to provide a design suggestion.

The greatest problem concerning the effectiveness of the
CHLOE method is the lack of consistency between the
problems found by the analysts. Only a small proportion of
analysts identified the same problems in the scenario for a given
question. This was true both within and between the two
groups. Each analyst put more or less focus on certain aspects
of the system according to their goal decomposition. Therefore
the different analysts saw different problems within the
scenario. The analysis process was therefore not as thorough
and systematic as it should have been.
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Comparisons between the potential problems discovered by
each analyst were difficult because of the different levels of
generality at which the problems are described. This also led to
very different results in terms of the numbers of problems
found. All of this resulted from the different goal
decompositions created by the analysts. While those who split
the main goal into four tasks to analyse mostly found around
20-30 problems in the scenario, one analyst who split the main
goal into six tasks to analyse discovered over fifty potential
problems.

While the novices were happy that they had thoroughly and
systematically analysed the scenario for potential collaborative
error using CHLOE, the experts were not. They suggested that
not enough structure had been imposed on the analysis process
to provide a thorough and systematic analysis. This was blamed
partly on the lack of a close link between the modelling and the
analysis, which makes it more difficult for an analyst to
recognise easily that something has been missed. The other part
of the problem is that analysts create their own goal
decompositions. These can vary greatly even for a small
scenario. The focus on communication was also criticised as
some of the more complex aspects of cognition that affect
collaboration are neglected. The fact that the analysis was led
by the tasks in the goal decomposition was criticised by the
experts as it meant that the focus was not on collaboration to
the extent that they thought it should be.

5. CONCLUSIONS

The CHLOE method has taken a question-based approach to
the analysis of collaborative work. This approach was taken
because it could potentially help lead to redesign suggestions,
and reduce the need for human factors knowledge to enable the
analysis. The application of CHLOE to scenarios by both the
designers and other users has shown that the technique can help
to highlight numerous potential difficulties within a
collaborative system. It has also suggested that those without
human factors training can perform an analysis as well as those
who do. In particular, these novices have confirmed that the use
of the question and answer pairs are helpful for the creation of
redesign suggestions. However, the evaluation has also
highlighted a number of problems with the method.

CHLOE has some problems that it is possible to correct quite
easily. Examples of this are: the information missing from the
diagrams to more effectively represent collaborative work, some
of the error analysis questions not tackling specifically
collaborative problems or helping redesign, and the redesign
section needing a severity rating in some form. However,
deeper problems with the approach taken by CHLOE have also
been highlighted. These have led to a lack of consistency
between different analysts using the method. The method does
not force the analyst to be systematic or thorough because there
is too much freedom allowed in its application. The fact that the
analysts may analyse different sets of tasks, coupled with the
lack of a strong link between modelling and analysis, allows
aspects of the work being analysed to be easily missed.

Currently CHLOE also allows a superficial analysis to take
place. The error analysis questions only direct the analyst
generally as to what to look for, but not where. The analyst is
also not forced to consider all the activities within a task
because there is no external motivation to provide any details
when answering the error analysis questions. This allows
him/her to simply identify very general problems at the task
level that do not get to the heart of the problem or help



redesign. This problem is increased by the temptation for the
analysts to group tasks together because it makes analysis faster
and avoids repeating the questions so often. However, it
increases the chance that the analysis focuses on certain areas
and neglects others.

Most of the major problems with the CHLOE method are the
result of design decisions taken to minimize the effort that
analysis takes. Using a scenario and task-based approach means
that many scenarios must be analysed in order to adequately
analyse a system. Also, if a scenario is long, it will be split into
many tasks in the goal decomposition. As the method has to be
applied to each task, the amount of effort required for each
round of questioning has to be minimized, or the overall effort
required for analysis will become too great. This places a major
constraint on the number of questions that the method can have.
Therefore, the CHLOE questions have been developed from a
few very general failure guidewords, and the questions
themselves are quite general in nature. Even with these
measures, the low number of questions possible results in the
questions trying to ask too much at once.

To get more from an analysis, the questions need to direct the
user more precisely in order to support the identification of
more specific problems that can provide more precise details for
the redesign process. More questions are required in the method
to be able to do this and still provide some coverage of the
types of error that may affect the system. Therefore, a different
approach to error analysis from the one that CHLOE takes may
be required to provide a more thorough and systematic analysis
of collaborative work.

Despite these problems, the CHLOE method demonstrates the
potential benefits of using a question-based approach to the
analysis of collaborative work. It considers issues that are
important (and particular) to collaborative work, which would
be missed if using other error analysis/evaluation approaches.
For example HAZOP-like methods [5] that use Guidewords
miss the combinations of factors that may lead to collaborative
error. Collaborative work is different from individual work and
is therefore at risk of failures caused by different problems.
CHLOE attempts to deal with these.

Further evaluation of the method with more subjects and using
true experts in human error analysis and human factors are
required to conclude whether the CHLOE method can be used
effectively with corrections made to the design within the
current approach, or whether a new approach that supports
analysis using a greater number of more specific questions is
required.
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ABSTRACT

Collision is one of the main dangers that threaten a boat. To
manage the risk of collision, officers of the watch on board
merchant vessels have to apply the Collision Regulations.
Previous studies have shown that these regulations give rise to
different interpretations. The present paper aims at gaining a
better knowledge of the strategies used by watch officers to
manage interactions with others in collision avoidance
situations. It relies on fieldwork carried out in the Dover Strait.
It picks out the features of the actual behaviour of watch
officers on board cargo ships and on board ferries. It shows that
they follow informal rules which are shared among a certain
category of vessels and which may present several deviations
from the formal rules. In addition it shows that watch officers
on board ferries have a general strategy which aims at mastering
the situation. This strategy is efficient to prevent accident or
incident, but is not always applied by other kinds of vessels
which also cross the Dover Strait. The discussion deals with the
advantages and limits of a new support system for avoiding
near-misses occurring in a busy waterway.

Keywords
Interaction management, social rules, cognitive strategies,
decision making, ship handling, collision avoidance.

1. INTRODUCTION

One officer of the watch (OOW) working alone does the
navigation on board merchant ships, in open water. He is
responsible for navigation and bridge management activities but
also for collision avoidance. In fact, conflict detection and
resolution are assumed by each OOW and not by a traffic
control centre. This feature distinguishes maritime traffic
operation from air traffic control and means interactions
between OOW can be compared with interactions between car
drivers. Furthermore, in both cases, the two participants
involved do not communicate or communicate very little. In
both cases, conflict resolution is regulated. In fact, on board
ships, each OOW has to take the Collision Regulations [1] into
account. Collision Regulations define different kinds of
interaction situations (crossing, overtaking and head-on
situations) and different status of vessels (the ‘give-way’ vessel
shall keep out of the way and the ‘stand-on’ vessel shall keep
her course and speed). They give recommendations about the
direction of manoeuvre (to starboard rather than to port). They
provide also recommendations concerning time and amplitude
of the course or speed alteration. Finally there are traffic lanes
for ship handling as well as for car driving. In fact, traffic
separation schemes (TSS) separate opposing streams of traffic
in busy waterways, such as the Dover Strait. A vessel using a
traffic separation scheme shall ‘proceed in the appropriate
traffic lane in the general direction traffic flow for that lane’ but
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shall also take avoiding action when she sees another power-
driven vessel crossing on her starboard side.

Studies dealing with collision avoidance show that different
interpretations of the Regulations generate uncertainty
concerning the actions of vessels. Uncertainty concerns:

i. the evaluation of the risk made by OOW [2]. If they do
not consider that a risk does exist, they will not alter the
vessel course;

ii.  the distance at which the ‘give-way’ vessel will alter her
course [3];

iii.  the direction of the course alteration: port or starboard
[4].
We have shown, in a previous work [5], that :

- a fairly high number of mariners achieve a sufficient miss
distance by altering course to port;

- some patterns of action are misunderstood and lead the
stand-on vessel to perform an emergency manoeuvre;

- as a consequence, OOW try to anticipate both the action
and reaction of the other.

This study aims at identifying and analysing the strategies used
by OOW to manage their interactions with others in collision
avoidance situations. It relies on the theoretical frameworks of
‘social interaction’ and ‘social rules’, which leads to
consideration of the informal rules governing the behaviour as
well as the formal ones. This study was carried out from
ecological data recorded in the Dover Strait. In this area
interaction situations concern, mainly, cargo ships operating in
the traffic separation scheme and ferries crossing the lanes.

The ultimate purpose of this work is to examine to what extent
the combination of formal and informal rules is efficient to
prevent accident and incident and to discuss the possible
advantages and limits of a new support system.

2. THE THEORETICAL FRAMEWORK
OF ‘SOCIAL INTERACTION’ AND
‘SOCIAL RULES’

Social interaction patterns have been studied in driver
behaviour. In this field, a social interaction is defined [6] as ‘a
condition in which behaviour of Driver A is determined by his
organismic features as well as the environment of which the
behaviour of Driver B is an integral part. Driver B’s behaviour
in turn is in part determined by the behaviour of Driver A,
whose subsequent act is a determinant of B’s next action, and
so forth’.

In collision avoidance at sea, the action of an OOW is
determined by the behaviour of a target ship, because his action



has to be co-ordinated with this behaviour. Zhao & al. [7]
describe the co-ordination of the manoeuvres with each other,
in the following table (Cf. Table 1). They consider three
possible actions (turn to starboard, turn to port, stand on) and
eight combinations of actions.

Table 1. The co-ordination of the manoeuvres with each

other
Manoeuvre Turn to Turn to port Stand-on
starboard
Turn to Co-ordinated Uncoordinated Co-ordinated
starboard
Turn to port Uncoordinated Co-ordinated Uncoordinated
Stand-on Co-ordinated Uncoordinated X

Four combinations of actions are uncoordinated and are unsafe,
since they could cause a collision. Four co-ordinated actions are
safe; in this case, the action of one ship may, furthermore,
facilitate action of the other one.

This work does not take the vessels' status into account: in
practice, either the give-way or the stand-on vessel may take
action first. Therefore, eight co-ordinated actions are possible :

- Give-way vessel takes action first and turns to port; the
stand-on vessel turns to port too or keeps her course and
speed.

- Give-way vessel takes action first and turns to starboard;
the stand-on vessel may turn to starboard too or keep her
course and speed.

- Stand-on vessel takes action first and turns to port; the
give-way vessel turns to port too or keeps her course and
speed.

- Stand-on vessel takes action first and turns to starboard;
the give-way vessel turns to starboard too or keeps her
course and speed.

These different combinations of actions relate to different kinds
of strategies, which are more or less close to the formal rules
(i.e. the collision regulations).

In our work, we address three questions:

- Are different kinds of ships (namely cargo ships and
ferries) likely to choose different kinds of strategies?

- To what extent do these strategies differ from the formal
rules?

- What are the determinants of those strategies?

3. METHOD

Quantitative data concerning collision avoidance was collected
at the Gris-Nez Vessel Traffic System. This centre watches over
the traffic in the Dover Strait. Traffic in this area is heavy; it
consists of cargo ships operating in the Traffic Separation
Scheme and of ferries crossing between England and France, so
that four interaction situations are possible (Cf. Figure 1).
Traffic in this area was observed for one month, and 63
interaction situations between cargo ships and ferries crossing
between Dover and Calais were recorded.
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The different kinds of interaction situations analysed

For each of these situations, priority was defined (the ferry
being either the stand-on vessel or the give-way vessel) and
features of the context were described in terms of visibility,
wind force and direction, strength and direction of the current;
every 36 seconds for about 15 minutes the following values
were noted:

e  speed and course of each vessel,
e  distance between vessels,

e DCPA (the Distance at Closest Point of Approach) and
TCPA (Time to Closest Point of Approach).

Quantitative data were analysed using several statistical
methods, namely: tests of correlation between the main
variables, linear progression, analysis in principal components
and discriminating analysis.

4. RESULTS

Statistical analysis allows [8]:

- the informal rules applied by ferries crossing the Dover
Strait and by cargo ships operating in the Traffic Separation
Scheme to be distinguished and,

- those rules to be compared with the formal rules (namely,
the Collision Avoidance Rules).

The formal rules describe the behaviour of the ‘give-way
vessel” but take also into account the behaviour of the ‘stand-
on’ vessel.

4.1 The behaviour of the ‘give-way’ vessel
It is written in the Collision Avoidance Rules that :

- When two power-driven vessels are crossing so as to
involve risk of collision, the vessel which has the other one
on her own starboard side shall keep out of the way and
shall, if the circumstances of the case admit, avoid crossing
ahead of the other vessel (Rule 15).

- Every vessel which is directed to keep out of the way of
another vessel shall, so far as possible, take early and
substantial action to keep well clear (Rule 16).

When the cargo ship is the give-way vessel, we note that she
does not always perform a manoeuvre. Decision tree techniques



show that the decision to perform an action depends on the
speed of the ship.

- In fact, more than half of the slow give-way cargo ships
(speed less than 10-11 knots) do not perform a manoeuvre.

- The behaviour of the faster give-way cargo ships overlaps
the formal rules. They alter their course to the right, with an
amplitude of around 26°, at a distance of around 2.6
nautical miles of the target, to achieve a miss distance of 0.7
mile.

Concerning the give-way ferries observed in a situation of

interaction with cargo ships, we note that:

- Ferries alter their course to the right (64.5%) or to the left
(23.5%), with an amplitude of 18°, at a distance of around
3.5 nautical miles to cross astern of the cargo ship at a
distance of 0.7 nautical miles or ahead at a distance of 1
nautical mile.

Alteration of course to port is inconsistent with the formal rules,
since it leads to crossing ahead of the stand-on vessel. However,
it is not random behaviour. In fact, decision tree techniques
show that it is connected with the vessel speed (ferries' speed is
often higher than cargo ships' speed) and with a positive bow
centre range (the ferry will cross ahead of the cargo ship if no
manoeuvre is carried out). It obeys an economic strategy, since
alteration of course to port is less important than an alteration of
course to starboard.

4.2 Behaviour of the ‘stand-on’ vessel

The ‘stand-on’ vessel may take action to avoid a collision by
her manoeuvre alone, as soon as it becomes apparent to her
that the vessel required to keep out of the way is not taking
appropriate action in accordance with these rules (Rule 17).

We observed that 13 of the 29 stand-on ferries altered their
course. For seven of these cases, the action was carried out at a
short distance (less than 2.6 nautical miles, the average distance
at which the cargo ships habitually manoeuvre) and consists
generally in altering course to starboard, even if this action
generates a decrease in the DCPA and forces, therefore, the
‘give-way’ vessel to take co-ordinated action.

In the other cases, the manoeuvre is carried out very early and
stops the other from taking action.

These actions are two possible interpretations of rule 17 [9]. In
fact, rule 17 defines four stages relating to the permitted or
required action for each vessel (Cf. Figure 2):

1. at long range, both vessels are free to take any action;

2. when a risk of collision first begins to apply, the give-way
vessel is required to take proper action to achieve a safe
passing distance and the stand-on vessel must keep her
course and speed;

3. when it becomes apparent that the give-way vessel is not
taking appropriate action, the stand-on vessel is required to
give the whistle signal and is permitted to take action to
avoid collision by her manoeuvre alone;

4. when collision cannot be avoided by the give-way vessel
alone, the stand-on vessel is required to take such action.
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Figure 2 - The four stages relating to the permitted or
required action for the ‘stand-on’ vessel

The interpretation of the rule relates to the distances at which
the various stages begin. In the observed situations, the outer
limits of the second stage seem to be of the order of 3 miles and
the outer limits of the third stage seem to be of the order of 2
miles.

As a conclusion, it is possible to say that the observed
behaviour of ships may disagree with rule 15, either because the
give-way vessel cargo ship does not take action, or because the
give-way ferry alters her course to port. They consist also in
different interpretations of rule 16, because actions taken by
ferries are more anticipatory than those by cargo ships.
Behaviour of ‘stand-on’ ferries consists also in different
applications of rule 17, each of them aiming at mastering the
situation.

These patterns of behaviour are not random; they depend on the
context (speed ratio between ships, positive or negative bow
centre range) and they follow informal rules which are shared
among certain groups of ships (ferries, fast cargo ships, slow
cargo ships). They represent two general strategies: an
individual one aiming at reducing course alterations and a more
general one aiming at mastering the interaction situations.

However, these patterns of behaviour are not completely
predictable, since two officers operating on the same kind of
ships and in the same context may prefer to follow either the
informal or the formal rules.

5. DISCUSSION

The results raise two questions. First of all, it is important to
know if the combination of formal and informal rules is
efficient to prevent collisions and incidents in crossing
situations. If this is not the case, it seems interesting to use these
results in order to assess a new support system, which is in the
process of being implemented on board merchant vessels.



5.1 Risk management

Risk of collision depends on the areas and on the traffic density;
collisions are much more likely to happen in coastal waters and
in areas of restricted navigation [10]. Statistics published by the
MAIB' [11] (concerning accidents involving merchant UK-
flagged vessels or merchant foreign-flagged vessels in UK
waters) show that collisions represent 11% of the accidents
recorded between 1994 and 2001, the same as fire or explosion
and more than grounding (8%). Nevertheless, in a given area
such as the Dover Strait, collisions are too rare to constitute a
data-base for an in-depth analysis. In order to answer the first
question - concerning the efficiency of the rules actually
followed by OOW - it seems, therefore, necessary to examine
the incidents observed in this area. This examination will deal
with: i) the efficiency of the interpretation of rule 17 made by
OOW on board ferries, ii) the risk related to ‘give-way’ cargo
ships that do not take action, iii) the incidents caused by ferries
when OOW choose to alter course to port.

5.1.1 Efficiency of the interpretation of rule 17 on

board ferries

Belcher [12] points out the great number of near miss
encounters occurring in the Dover Strait. He analysed all ship
movements within the south west bound traffic lane and all
those crossing the traffic separation scheme in a 24-hour period
and found 175 near miss encounters’ (for 255 vessels involved
in the observed movements) and 41 very close near misses’. But
these very close near misses particularly concern overtaking
situations and very few crossing situations (only 6%). The
author explains that this result is due to the early action taken
by the OOW on the ferry for vessels crossing from their own
port side and confirm the efficiency of the current interpretation
of rule 17.

In most cases, OOW on board ferries try to master the
interaction by manoeuvring very early, when they are on board
the ‘give-way’ vessel but also when they are on the ‘stand-on’
vessel. This general strategy is efficient to avoid accidents as
well as incidents, whatever the behaviour of the cargo ships. It
is widely shared among the ferries operating in the Dover Strait.

3.1.2 Risk related to the ‘give-way’ cargo ships

which do not comply with rule 15

Most of the crossing situations involve a cargo ship and a ferry
and are managed in this manner. However, crossing situations
may be more complicated when they involve more than two
ships. They may be also unusual, when they involve several
cargo ships (one cargo ship operating in the TSS and one or two
cargo ships crossing the Dover Strait). In such cases, incidents
may occur due to lack of knowledge of the area’s habits and,
consequently, to lack of stored predefined schemata of actions
and reactions. An incident or an accident may occur i) when the
give-way vessel does not obey formal rule (namely rule 15) and
does not take effective avoiding action and ii) when the stand-
on vessel alters her course or reduces her speed and applies rule
17 far too late. In this case, the behaviour of the two OOW is
uncoordinated. Most of the near misses observed in the Dover

! Marine Accident Investigation Branch of UK.

% A near miss encounter is determined when two ships pass
within 8 cables of each other (0.8 nautical mile).

* A very close near miss encounter is determined when two
ships pass within 3 cables (0.3 nautical mile) or less of each
other, leaving no room for error.

Strait and reported by the MAIB these last years are results of
such situations. It is the case, for example, of the following
incident [13].

The 6,391gt reefer vessel, Saratau, was proceeding in the
south-west bound lane of the Dover Strait TSS on a course of
227°. Another reefer vessel, the 4,574gt Polestar, was in the
opposite lane and heading north-east, but bound for the pilot
station off Dover. To achieve this she made her heading 350° to
cross the TSS. It was not an uncommon situation. Saratau first
detected Polestar at a distance of 6 miles, and determined that
a risk of collision existed. As the stand-on vessel in accordance
with Rule 17 she maintained her course and speed. She was
watching Polestar carefully and expected her to take avoiding
action. By the time the distance between the vessels had
reduced to approximately 1 mile, the bridge team on board
Saratau had become very concerned that the other vessel
appeared to be doing nothing to given way. She tried, first, to
attract the other vessel's attention by using sound signals in
accordance with Rule 34(d), and then by VHF radio, channel
16. As the distance between the vessels continued to close,
Saratau altered course to port. Polestar, the give-way vessel,
eventually reduced speed and then stopped her engines. The
vessels passed each other at a distance of 1 cable. Polestar
passed ahead of Saratau.

Causes of such situations are manifold (Cf. Figure 3). The first
cause is non compliance with the formal rule. It concerns the
give-way vessel using the Traffic Separation Scheme. It may be
due to i) a poor look-out, i) a lack of appreciation of the risk,
iif) poor knowledge of rule 10 applying to Traffic Separation
Schemes (OOW on board the cargo ship may believe that the
crossing rule does not apply in narrow channels), iv) a
reluctance to take an action that may disturb the traffic flow
pattern. The second cause relates to late action of the stand-on
vessel, which is due itself to a lack of appreciation of the
available time for action or/and to the difficulty to foresee the
action of the give-way vessel or to know her intentions.

Figure 3 — Failure tree
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5.1.3 Risk related to ferries which alter course to

port
Another kind of incident reported by the MAIB is related to
ferries altering their course to port. In that case, the risk is due



to bad evaluation of the speed ratio between the ‘give-way’
ferry and the ‘stand-on’ cargo ship. It may make the
achievement of a sufficient miss distance difficult and therefore
forces the ‘stand-on’ cargo ship to ‘help’ the ferry by altering
also her course to port.

Several means could be used to improve the present system and
avoid such near-misses.

To avoid risk related to ‘give-way’ ferries which alter course to
port and cannot achieve a sufficient miss distance, a new
decision assistance tool on board ships would be useful. In fact,
only a computer tool with adequate calculation power, is
capable of processing fuzzy and multiple data such as wind
force, sea state, targets' speed and DCPA of several targets in
order to assess or to suggest avoidance routes.

To avoid risk related to ‘give-way’ cargo vessels which do not
take action, two major ways of improvement would be i) to
implement a shore system to manage the traffic in busy
waterways, ii) to improve interactions between OOW through
training or with a new communication system. Such a system is
now in process of being implemented on board merchant ships,
thanks to the Automatic Identification System (AIS).

5.2 Toward a new aiding tool: the AIS
Interaction situations at sea are situations where cognition could
be distributed among several actors, in order to reduce
uncertainty concerning intentions and actions of targets vessels.
In fact, they are not. Our study shows that OOW on board
ferries prefer to master the situation by avoiding the interaction
or by constraining actions or reactions of the targets.

Distributed cognition would require communication between
actors and the knowledge of their intention. Nowadays, OOW
are reluctant to make contact by VHF radio, due to the
difficulty of distinguishing an approaching vessel from other
vessels in the vicinity and the added problem of communicating
with a crew of a different nationality.

The Automatic Identification System (AIS) is now required for
all ships of 300 gross tonnage and upwards engaged on
international voyages and cargo ships of 500 gt and upwards
not engaged on international voyages and passenger ships
irrespective of size. Certain vessels are already fitted with AIS
(ships engaged on international voyages and ships constructed
on or after 1 July 2002) and others are to be fitted (not later
than 1 July 2003 for passenger ships). AIS broadcasts the ship’s
identity, position and other data locally at regular intervals.
Among other features, the aim of AIS is to make verbal
communication easier, thanks to identification of targets.

The question is to know if this feature could avoid incidents and
accidents.

AIS may improve the knowledge of other’s intentions.
Nevertheless, verbal contacts are likely to introduce a certain
complexity into the communication process, which may be time
consuming and may delay actions and reactions [14]. Nielsen
and Petersen [15] point out that spoken communication may not
be the ideal medium for all types of information exchange in
collision avoidance, due to issues of lack of persistency, format
differences between instruments and ‘speak able’ information,
labour intensiveness etc. To avoid misunderstanding, a solution
could be to exchange written and predefined messages rather
than verbal ones. To avoid time consuming negotiation, another
solution could be to rely on the traffic control centre which
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could collect and process the intentions of those involved in
order to make proper decisions.

In addition, AIS cannot improve look-out and risk assessment
on board the give-way vessel unless it is used to send alarms to
the target. It cannot have any effect on lack of knowledge. It
cannot improve the appreciation of the available time for action
on board the stand-on ship.

6. CONCLUSION

This study pinpoints the interpretations of the Collision
Regulations, which govern collision avoidance in a busy
waterway. It shows some deviations from the rules, particularly
in the case of ‘give-way’ cargo ships which do not take action.
It shows also that actions and reactions of ferries are generally
convenient; carried out very early, they allow the interaction to
be mastered and to avoid any incident.

Nevertheless incidents may occur, particularly with other kinds
of vessels crossing the Dover Strait less often than ferries and
which do not have suitable routines of behaviour. For such
cases, the new support system which is being implemented on
large cargo ships does not seem to be able to cover all the
problem’s aspects. It should make the verbal communications
easier. It could contribute to a real improvement in sharing
information among those concerned. On the other hand, it could
complicate communications, it could also be time consuming
and — moreover — will not be capable of dealing with certain
causes of the incidents observed in crossing situations (causes
which be may be related to knowledge of the regulations and to
the look-out for example). It seems, therefore, that such a
system should be seen and designed as part of a whole system
taking into account not only the superficial aspects of a given
problem but also its roots.
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ABSTRACT

The present paper reports the results of a questionnaire-based
survey of safety culture in hospitals including healthcare staff’s
attitudes towards and perceptions of hospital management,
work goals, leadership and teamwork. Approximately 600
responses were collected from physicians, nurses and
pharmacists working in five Japanese hospitals. The
questionnaire was adapted from Helmreich’s “Operating Team
Resource Management Survey” and contained, in addition,
questions about respondents’ reporting of their own errors and
information to patients who have suffered adverse events. This
paper describes results of the survey that relate to healthcare
staff attitudes towards safety-related issues including
comparisons between departments and wards as well as work
positions. In addition, we compare the attitudes of healthcare
staff with those of ship officers that have been elicited using a
similar type of questionnaire. Based on the survey results, we
discuss professional culture of Japanese healthcare systems that
are closely relating to patient safety.

Keywords
Safety culture, Patient safety, Medical staff attitudes, Adverse
events, and Questionnaire-based survey

1. INTRODUCTION

It is widely recognised that human error is the predominant
cause of accidents not only in human-machine systems involved
in, mainly high-tech, transport and industrial domains such as
aviation, railway, ship handling and nuclear power production
but also in healthcare systems and in particular in hospitals
[12]. In recent years, there has been a much-heightened focus
on the impact of organisational factors on safety [13]. Similarly,
it has been pointed out that the dominant type of contributing
causes of major accidents involve the organisations that
themselves shape the safety culture or climate within which
their employees operate [5, 14]. The concept of safety culture
has been defined in various ways by researchers. A frequently
cited definition was provided by the UK Advisory Committee
on the Safety of Nuclear Installations which defined safety
culture as “the product of individual and group values,
attitudes, perceptions, competencies and patterns of behaviour
that determine the commitment to and the style and proficiency
of an organisation’s health and safety management” [1]. In
other words, the concept is coupled not only to management’s
commitment to safety, its communication style and the overt
rules for reporting errors but also to employees’ motivation,
morale, attitude to management and their perception of errors
and performance shaping factors [2].

At the same time, in recent years a number of projects have
sought to uncover the safety culture of individual organisation
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in the above types of high-tech industries. In these projects, for
example, operators’ safety culture related attitudes have been
found to correlate with incident/accident rates in railway
operations and to be important indices of safety performance [9,
10, 11]. In the healthcare domain, a recent study found that a
number of aspects relating to safety culture — such as
acknowledgement of human error and power distance — were
correlated with the rate of incident reporting of individual work
units [8], and it was suggested that they might in turn impact on
patient safety.

In the present study, we performed a questionnaire-based
survey to identify characteristics of safety culture in Japanese
hospitals. In our former article [8], we described findings about
healthcare staff attitudes towards incident and error reporting
including their actions vis-a-vis the individual patient who has
been injured by medical error. The findings were based on the
analysis of responses to questions relating to two fictitious
adverse events that are a part of the questionnaire applied in the
present study. In this paper, however, detailed results of other
parts in the survey are reported, particularly focusing on
healthcare staff perceptions of and attitudes towards hospital
management, job, leadership and teamwork. As part of the
safety cultural structure in healthcare systems, we identify
differences and similarities in staff attitudes between
departments/wards, positions and organisations as well as
between physicians, nurses and pharmacists. In addition, the
questionnaire responses from physicians and nurses are
compared with those of ship officers that have been collected in
our previous studies using a similar type of questionnaire [3, 9].
Based on the integrated results of the questionnaire survey, we
discuss some current issues of safety culture in Japanese
hospitals as well as factors that jeopardise patient safety.

2. QUESTIONNAIRE

The questionnaire applied in this study comprises five parts and
has an additional demographic section where respondents fill in
their department or ward specialty, position, experience and age
group. Four of the five parts of the questionnaire have been
adapted from Helmreich’s “Operating Team Resource
Management Survey” [6]. The Helmreich questionnaire has
several derivatives focusing on specific domains and allows us
to compare the results with ones derived from other domains,
e.g., maritime operations and aviation [3, 6, 9]. One of the
greatest advantages of using the adapted questionnaire is the
opportunity it provides for comparing professional culture
across domains. We have transformed terms and statements
from the original “Operating Team Resource Management
Questionnaire” to fit the working situation of physicians, nurses
and pharmacists working not only in the operating room but
also in other types of departments and wards, keeping the same



meaning and intention for each question. Finally, the
questionnaire has been translated into Japanese.

Part I of the questionnaire contains 57 question items about
perceptions of hospital management as well as general
questions about factors or attitudes that may impact on safety
performance. Respondents are asked to rate each item on a five-
point Likert scale between 1 and 5 (from ‘strongly disagree’ to
‘strongly agree’). The question items can be classified into
distinct groups in terms of organisational and human aspects
that form hospital safety culture. In the present study, with
reference to the original classification by Helmreich and Merritt
[6], we arranged all the items into nine categories of distinct
“safety culture aspects”™ (1) power distance, (2)
communication, (3) teamwork, (4) recognition of own
performance degradation under high stress or workload, (5)
stress management for team members, (6) morale and
motivation, (7) satisfaction with management, (8) recognition of
human error potential, and (9) awareness of own competence.
Each category includes several items. For example, the
category, power distance comprises twelve items among which
the following examples illustrate the format and style of the
questions: “The senior person should take over and make all the
decisions in life-threatening emergencies”; “senior staff deserve
extra benefits and privileges”; and “physicians who encourage
suggestions from team members are weak leaders.”

The second part of the questionnaire was developed for Danish
survey of physicians’ and nurses’ attitudes [4], in which
respondents are asked about their behaviour and actions in
terms of reporting or talking with their leaders and colleagues
their own errors as well as their information to patients who
have become victims of such errors. Respondents’ reactions are
elicited as responses to two fictitious adverse events. The
respondent is asked to study each case vignette and
subsequently to rate his or her likelihood of engaging in various
actions described in the questionnaire on a five point Likert
scale.

Part III asks respondents about their perception and preference
of leadership styles, offering descriptions of four different styles
of leadership varying from an autocratic to a democratic type.
For example, a sample description of the most autocratic style
is: “A leader usually makes decisions promptly and
communicates them to subordinates clearly and firmly. He or
she expects them to carry out the decisions loyally without
raising difficulties”. Respondents are then asked two questions:
(1) which style you most prefer to work under, and (2) which
style you find yourself actually working under most often in
your organisation.

In Part IV, 15 questions about work goals are included
involving issues such as security of employment, changing
work routines with new, unfamiliar tasks, and working with
people who cooperate well with one another. Like the other
parts of the questionnaire, respondents are asked to rate each
item on a five-point Likert scale (from ‘of very little or no
importance’ to ‘of utmost importance’), considering his/her
ideal job. In the last part, respondents describe their personal
perception of the quality of teamwork and cooperation with
different professional members — working in several specific
departments such as internal medicine, surgery and
anaesthesiology — at various positions.

The questionnaire was distributed to physicians, nurses and
pharmacists working in five hospitals located in different areas
in Japan. The survey was made between December of 2001 and
January of 2002. A total of 66, 486 and 43 responses were
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obtained from physicians, nurses and pharmacists, respectively.
The mean response rate was 91% across the three professional
groups. Among physicians, 33 respondents were heads of
department, 22 consultants or physicians after residents, and 9
residents. In the nurse group, responses were collected from 32
matrons and 97 deputy leaders while 354 were from ordinary
nurses. In the pharmacist group, samples came from two
leaders, 11 deputy leaders and 30 from ordinary staff.

3. STAFF ATTITUDES IN HOSPITAL
3.1 Hospital Safety Culture

Using the questionnaire responses to Part I, percentage
agreement and disagreement for each safety culture aspect
mentioned in the last section are shown in Table 1 across the
three professional groups. The percentage [dis]agreement is
defined as the following rate: the nominator represents 5 and 4
responses, i.e., “strongly agree” and “slightly agree” [the 1 and
2 responses, i.e., “strongly disagree” and “slightly disagree”];
and the denominator represents the total number of responses
for the specific items of each aspect. Before calculation of these
indices, items that represent negative meaning in terms of the
aspect had their figure reversed, i.e., 5 and 4 responses were
reversed to 1 and 2, and vice versa. Finally, tests of significance
(Kruskal-Wallis) were performed for each safety culture aspect
as well as for each question item to identify significant
differences between the professional groups.

Table 1 Percentage (dis)agreement of safety culture aspects

Safety culture aspects Physician Nurse Pharma. Total x?
LPower %agee: 304% 218% 276% 232% oo
distance %odisagree.: 59.7% 604% 592% 603% -
IL Communication ~ 88.1% 85.9% 89.4% 864%
49% 38% 29% 3.9% :
1L Teamwork S76% 650% S$52% 635% |
26.0% 15.7% 24.8% 17.5% '
IV. Own performance  492% 41.0% 42.6% 42.0% 3.0
under highstress  38.1% 35.7% 329% 358%
V. Stress management  69.5% 69.4% 66.8% 69.2% 512
for team member 198% 15.8% 21.6% 166% -
VI Morale & 29% 657% 659% 665% ...,
motivation 16.0% 15.1% 18.5% 154% :
VIL Satisfaction with  45.5% 513% 51.7% 50.7% 10.40%*
management 39.6% 28.8% 31.7% 30.1%
VIIIL Recognition of 60.6% 60.7% 554% 60.3% 232
human error 26.3% 213% 28.6% 224% ’
IX. Awareness of 58.2% 44.8% 402% 46.0% 17.52%*
own competence  27.1% 24.8% 309% 255%
** p<0.01, *: p<0.05
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Figure 1 Responses of the item "I like my job"

The overall trend of results from the five hospitals surveyed in
this study is that the healthcare staff indicates a relatively high
morale and motivation as well as relatively positive perception
of communication within their organisations. One of the most



typical items representing motivation is “I like my job”, and
responses from the three groups to this item are shown in
Figure 1. As can be seen from this figure, physicians in
particular have a high level of motivation, compared to nurses
and pharmacists. Regarding the awareness of healthcare staff of
own competence, responses to this aspect vary among three
professional groups, and, similar to the results about
motivation, physicians show a greater degree of awareness of
their own competence compared to nurses and pharmacists. The
respondents also perceive teamwork within their work group at
a reasonably high level. In particular, nurses’ perception of
teamwork was the most positive and approximately two thirds
of nurses agreed that they have good teamwork in their
respective hospitals. Compared with these safety culture
aspects, satisfaction with management is not high, and the
physician’s satisfaction was significantly lower than that of the
two other professional groups.

One of the most interesting safety culture aspects is power
distance, which refers to the psychological distance between
leaders or superiors and subordinate members. A small power
distance reflects, for example, that leaders and their
subordinates have open communication initiated not only from
leaders but also, more critically, from juniors. The results of the
survey suggest that there is a relatively small power distance in
Japanese hospitals; in addition, no significant difference in
perception of this aspect was uncovered between physicians,
nurses and pharmacists. For example, 91% of physicians and
90% of nurses disagreed (72 =2.56; p>0.05) with the item “team
member should not question the decision or actions of senior
staff except when they threaten the safety of the medical
activity”. A similar pattern was obtained for the item “senior
staff should encourage questions from junior staff during their
activities if appropriate”, but for this item physicians’
agreement was significantly higher than that of the nurses (72
=13.72; p<0.01), as shown in Figure 2.
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Figure 2 Responses of the item "Senior staff should
encourage questions from junior members"
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Figure 3 Responses of the item "Human error is
inevitable"

A large part of the healthcare staff surveyed showed positive
attitudes to and a realistic recognition of human error. As a
representative question of this aspect, Figure 3 depicts
responses to the item “human error is inevitable”. As can be
seen from this figure, most respondents agreed with this item
(91% and 65% of agreement for physicians and nurses,
respectively; ?2 =41.65, p<0.01). They disagreed with the
statement that “errors are a sign of incompetence” (80% and
71% disagreement; ?2 =1.92, p>0.05). However, for the item
regarding error reporting, “I am encouraged by my leaders and
co-workers to report any incidents that I may observe” a largely
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positive response was observed, but there was a quite large and
significant difference in responses to this item between the three
professional groups (?2 =79.13, p<0.01). More than 85% of
nurses agreed with this question while the percentage agreement
of physicians was less than 45%.

0%
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Figure 4 Responses of the item "Team members should
monitor each other for signs of stress or fatigue"
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Figure 5 Responses of the item "I am more likely to
make errors or mistakes in tense or hostile situations"

W Strongly agree

Regarding attitudes to stress management for team members,
most of healthcare staff recognised the need for monitoring
colleagues’ levels of stress and workload. For example, more
than 90% of respondents agree with the item, “team members
should be monitored for signs of stress and fatigue during task”
(see Figure 4). In contrast, respondents did not exhibit any great
awareness of the effects of stress on their own performance.
More than half of the doctors and one third of the nurses
disagreed with the item, “I am more likely to make errors or
mistakes in tense or hostile situations”, as indicated in Figure 5.
Similarly, only 5% of doctors agreed that their performance is
reduced in a stressed or fatigued situation (89% disagreement).
Percentage disagreement of this item was slightly lower at 78%
for nurses.

3.2 Differences between
Departments/Wards

Analysis of similarities and differences within the physician
group between departments — or rather, specialties, i.e., internal
medicine (N=19), surgery (N=22) and others (N=25) — showed
no significant differences (with one exception), although the
lack of significant differences may be due to the relatively small
response samples (type 2 error). The only aspect that turned out
to show a significant difference between specialties was
awareness of own competence. Thus, the agreement of surgeons
was higher by more than 10 percentage points than those of the
other two specialty groups.

For nurses, percentage agreements and disagreements of each
ward group are shown in Table 2 for all the safety culture
aspects, being classified into eight groups: internal medicine
(N=129), surgery (138), ICU (intensive care unit; N=39),
outpatient (N=55), paediatrics (N=12), mixed ward (N=52), and
operating room (N=30). Unlike the department-based analysis
of physicians mentioned above, there were significant
differences between the nurse’s ward groups in several safety
culture aspects: communication, stress management for team
member, morale and motivation, and recognition of human
error. Among the eight groups, two stood out as remarkable
types in terms of responses to these aspects. One type comprises
nurses working in the operating room and paediatrics.



Table 2 Ward- and position-based comparisons of nurses in safety culture aspects

- wa:&-_lltza.s:d Position-based
ety culture aspects Internal t- ; . X
medidne Surgery ICU_patient Paediatrix Mg og | £ ® | Ordinary Chief Maron | £ D
LPower  %agree. 200% 22.8% 24.6% 23.7% 243% 20.2% 207% | 133 27% 195% 17.9% | 1692%*
digance %disagree: 618% 59.1% 57.1% 6L.0% 646% 59.9% 628% 587% 64.7% 68.0%
A 874% 83.9% 833% 88.1% 88.1% 84.6% 90.7% 8.1% 903% M.2% ,,
IL Communication 17.50* 15.66
1L.7% 59% 21% 45% 34% 39% 33% . 45% 1.7% 13%
I Teamwork 660% 64.4% 60.9% 662% 65.2% 673% 68.1% 461 66.4% 62.2% 59.2% 535
142% 163% 13.9% 199% 21.7% 14.1% 151% | 14.5% 17.8% 224% ’
IV.Ownperformance ~ 40.4% 41.2% 43.0% 36.0% 47.7% 4L.7% 504% | 5, 3 Q6% 374% 36.% | |counn
under high stress 35.6% 36.8% 311% 42.3% 346% 29.8% 326% 336% 388% 47.4%
V. Stress management 7.5% 68.8% 71.1% 71.2% 695% 68.0% 658% 368 674% 739% 77.8% 11.26%*
for eam member 14.3% 174% 105% 15.0% 153% 15.8% 195% | = 165% 134% 13.3% 126
VI. Morak & 703% 61.7% 622% 76.9% 632% 59.6% 61.5% 61.0% 764% 85.3%
35‘40** 7496**
motivation 12.6% 17.8% 14.5% 10.6% 263% 13.6% 176% 173% 9.8% 6.4%

VIL Satisfaction with 550% 49.6% 474% 56.8% 525% 50.2% 483% 1027 48.1% 58.1% 67.3% 31.96%*
management 26.5% 21.7% 32.6% 32.1% 339% 26.7% 342% N 30.1% 268% 16.4% ’
VIL Recogniion of 64%% 7% 533% 6L1% 609% €0.9% 675% [ .| 97% 635% &% | (oo

human error 19.5% 21.9% 23.7% 23.1% 26.1% 17.8% 208% T 209% 223% 22.8%
IX. Awareness of 489% 428% 456% 48.0% 423% 39.9% 418% [ 5 - 417% 496% 63.6% | 350 1m
Own competence 230, 25.5% 204% 26.3% 324% 20.3% 305% | 26.7% 210% 14.4% ’

**: p<0.01, *: p<0.05

Compared to the other ward groups, these ward groups of
nurses expressed greater agreement with the importance of
communication and they showed a higher level of realistic
acknowledgment of their own performance limitations under
stress conditions as well as a more realistic acknowledgement of
human error, and, finally, a relatively lower level of morale and
motivation. Nurses working in internal medicine and with
outpatients compose the other ward type. In contrast to the
operating room and paediatrics nurses, they had the highest
morale and motivation and expressed greater agreements with
the items about stress management for team members, but a
lower level of appreciation of their own performance limits
under stress condition. The latter results might in part reflect
differences in tasks and work conditions.

3.3 Differences between Positions

Similar to the results of the department-based analysis, there
were few significant differences across positions, i.e., residents
(N=9), consultants (N=22) and leaders (N=33), in physicians’
responses about safety culture aspects — but again, this result
might well be due to the relatively small sample. Only morale
and motivation (?2 =14.45, p<0.01), and awareness of own
competence (?2 =11.72, p<0.01) were found to show significant
differences between leaders, consultants and residents.
Physicians in a leading position, i.e., heads of department,
exhibited the highest morale and motivation and showed the
greatest awareness of their own competence. No difference in
morale and motivation was observed between consultants and
residents, but consultants’ awareness of own competence was
slightly stronger than that of residents.

In contrast, as shown in Table 2, there were significant
differences within the nurse group in responses to all the
aspects between their positions, i.e., ordinary (N=354), chief
(N=97) and matron (N=32). As an overall trend, nurses at a
higher position showed higher morale and motivation and they
exhibited more positive or realistic attitudes to management,
error recognition and other organisational issues, but they also
showed greater power distance. However, opposite patterns of
perceptions of own performance under stress condition were
indicated between the position
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groups, that is, ordinary nurses had the most realistic
acknowledgment of their own performance limitations under
stress conditions.

3.4 Differences between Hospitals

Using response data obtained from nurses — since only a small
number of physician’s responses were collected from three out
of the five hospitals (N=91, 113, 88, 100, and 94) surveyed in
this study — we performed hospital-based comparisons of the
safety culture aspects. Significant differences were identified in
most aspects between the five hospitals: power distance (?2
=13.28, p<0.05), communication (?2 =34.22, p<0.01),
recognition of own performance degradation under high stress
(72 =33.88, p<0.01), morale and motivation (?2 =39.28,
p<0.01), satisfaction with management (?2 =45.06, p<0.01) and
recognition of human error potential (?2 =15.65, p<0.01).
These differences may suggest that each hospital has a different
style and procedures concerning risk management, error
reporting, manuals and checklists, safety training and rules, etc.,
which shape its own local safety culture.

In our previous study, applying a similar type of questionnaire
to railway operators [11], we have elicited responses to
question items that can differentiate low-incident and high-
incident work units — we call these items “risk-identifying
items” — based on integrated results of questionnaire responses
and accident and incident statistics, both of which were
collected from the same railway operation company. Most of
these question items fall into two safety culture aspects: on the
one hand, morale and motivation, and on the other, recognition
of own performance limitations under stress situation. Results
of applying these question items to hospital-based responses of
the nurse group are shown in Table 3 in terms of percentage
agreement and disagreement as well as chi-square values
calculated by the Kruskal-Wallis test. As can be seen in this
table, there are significant differences between the five hospitals
surveyed in this study for all the risk-identifiable questions
except for the item, “I like my job” for which a significance
level was at less than 10%. Again, the relatively small sample
size may possibly make it more likely that a type-two error is
made if we conclude that there is in fact no difference.



Table 3 Hospital-based percentage (dis)agreement of items that differentiated

Table 4 Leadership style in healthcare

high-/low-incident railway organisations (a) Style most preferred
Hospitals * @Autocratic Democratice "
Items A B c D E 0 12 3 4
Even fatigued, Iperf()rm %agree.: 78.0% 75.0% 67.0% 62.6% 74.5% 13.92%x Physicians 92% 49.2% 24.6% 16.9%
effectively %disagree.: 8.8% 14.3% 15.9% 27.3% 4.3% e - o 5349 o
> i\ e T 934% 9.6% 6% S21% 946% .. . urses 55% 53.4% 10.1% 31.0%
o my best work when I am alone 22% 0.9% 48% 42% 0.0% . Pharmacists  4.9% 61.0% 19.5% 14.6%
My decision-making ability is as good ~ 28.7% 38.9% 26.7% 14.0% 293% ., ., Ship officers 10.6% 58.6% 23.8% 6.9%
in emergencies as in routine situations.  28.7% 24.8% 40.7% 54.0% 21.7% " . . . .
Regular debriefing is an important part ~ 72:5% 80.9% 90.8% 91.9% 913% . c.,
of maintaining effective coordination 5.5%  45% 4.6% 2.0% 22%
I am more likely to make errors in 15.6% 34.8% 35.6% 49.0% 27.7% o ooy, (b) Style most often found
tense situations. 46.7% 39.3% 26.4% 21.4% 37.2%
My performance is not adversely affected 42.2% 29.5% 32.6% 27.6% 14.0% 17.54%% * ©Autocratic Democratice ”
with an inexperienced team member 27.8% 32.1% 31.4% 48.0% 44.1% © L 3 4
: 5 37.5% 73.2% 54.5% 59.6% 61.7%
2 ok R 00 0, A
I am proud to work for this hospital 33.0% 8.0% 148% 141% 160% 3248 Physicians 39.3% 27.9% 14.8% 18.0%
Nurses 33.0% 28.1% 18.6% 20.4%
& 62.2% 68.1% 47.7% 49.0% 62.8%
A truly professional can leave personal 3 "l00 1gc0r 29160 255% 160% 111” ists 13.3% 43.3% 300% 13.3%
problems during medical activity X . &% - : Pharmacists s ; . ;
. . 74.4% .6% .39 .69 .09
1 like my job 12 ;02 73 ?‘Q 7: (3)"2 72 g";: 74]! (3)”2 8.24 Ship officers  45.9% 30.4% 175% 6.2%

As an overall trend, nurses working in Hospitals B and E
showed relatively high morale and motivation. For example,
their percentage agreements of the items, “I am proud to work
for this hospital”, “I do my best work when people leave me
alone” and “I like my job” are higher than nurses in the other
hospitals. However, their recognition of effects of stress, fatigue
and workload was relatively less realistic than nurses in
Hospitals C and D, whose level of morale and motivation was
lower than the other hospitals. Similar to the circumstances
under which we collected data in the railway survey [11], at the
time of the present survey, the healthcare staff involved had not
received any training about effects of stress, fatigue, workload
and other psychological factors on task performance and
quality. In such a situation, these items relating to recognition
of one’s own performance degradation under high stress might
often project the staff’s morale. Thus, in the railway study it
was found that percentage agreements on these stress-related
items were higher — more realistic recognition of stress effects —
for high-incident work units, i.e., branches within a company,
whose rate of accidents/incidents was higher [11]. Considering
the situation in the Japanese hospitals surveyed in this study,
there seems to be the same relationship between responses to
recognition of stress effects and the level of morale. In a future,
when an appropriate training on these issues is provided to the
healthcare staff, this relationship may change, i.e., disappear or
change its order of correlation.

These results seem to indicate each hospital has its own safety
culture, and therefore, if it is legitimate to generalise the
relationship between safety culture response and incident risk
found in our previous studies of railway, the hospitals may well
have different levels of risk of medical adverse events (We are
not suggesting, of course, that the level of risk of incident is
determined solely by safety culture; only that safety culture is a
co-determinant of risk of incidents).

4. LEADERSHIP, TEAMWORK AND
WORK GOALS

4.1 Preferred vs. Actual Styles of
Leadership

Respondents’ perceptions of leadership issues are summarised
in Table 4. This table includes responses from Japanese ship
officers about the same leadership questions — the survey of
ship officers will be briefly mentioned in the next section — for
the purpose of professional safety culture comparisons.
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Desirable leadership may be affected not only by professional
culture but also by national culture. Helmreich and Schaefer [7]
reported that the “consultative” style — “A leader usually
consults with subordinates before reaching decisions. He/she
listens to their advice, considers it, and then announces
decision. He/she expects all to work loyally to implement it
whether or not it was in accordance with the advice they gave.”
— was supported by more than half of operating room staff in a
German hospital. In contrast, in our survey, the style most
preferred by the three professional groups in Japanese
healthcare as well as by the Japanese ship officers was the
“mildly autocratic” style that was described in this way: “A
leader usually makes decisions promptly, but, before going
ahead, tries to explain them fully to subordinates. He or she
gives them the reason for the decisions and answers whatever
question they may have”. Still, approximately 30% of the nurse
group preferred the “democratic” style followed by the
“autocratic” style. This may well project a difference of
professional culture between physicians and nurses.

In actual workplaces of healthcare, more autocratic styles are
Table 5 Perceived Teamwork with healthcare personnel

Doctors Nurses
Physicians Surgeons f O Intern.med. Surgery f O

Internal medicine

Leader 389% 42.1% 1.02 26.3% | 9.06

Consultants 55.6% 63.2% 2.15 27.1% L 10.44

Residents 41.2% 55.6% 3.82 30.8% * 14.82*

Nurses 444% 22.2% 5.16 63.7%  31.5% 34.39%*
Surgery

Leader 333% 80.0% 9.01* 23.4% 36.8% 14.11*

Consultants 50.0% 89.5% 10.06** 17.5% 33.0% 15.18*

Residents 28.6% 75.0% 6.36* s 34.1% 10.50

Nurses 6.7% 73.7% 13.93** 30.8% 51.5% 17.19*
Anaesthesiology

Leader 214% 95.0% 20.12** | | |

Consultants 7.7% 81.3% 17.55%* | | |

Nurses *| - 0.58 . .| .

Figures: % agreement of good teamwork. (rate of "very good" + "good")

frequently found than what the staff desired both in Japan and
in Germany — the autocratic style for more than 40% [7]. In
Japanese hospitals, as can be seen in Table 4, physicians and
nurses found the autocratic style most frequently followed by
the mildly autocratic style. The pharmacist’s perception of
leadership is different from these two groups. They find that the
mildly autocratic style is the most frequent, and, in addition,
30% of this group report that the consultative style is what they
most often observe. It is noteworthy that both physicians and
pharmacists prefer a style of leadership that is /ess “democratic”



or “consultative” than the ones they most often work under,
though few of them prefer the outright autocratic style.

Different patterns of preference and perception were observed
between specialties of the physician group. Surgeons preferred
a more democratic leadership style, i.e., the consultative style
(48%) while physicians supported the mildly autocratic style
(53%). However, in their actual workplace, the surgeons (50%)
found the autocratic style much more frequently than the
physician group (33%). There is an almost identical pattern as
the one mentioned above across the nurses’ ward group.

4.2 Perceived Teamwork in Hospital

In Table 5 is shown respondents’ perceptions of “very good”
and “good” teamwork within their own groups and with other
groups expressed by the physicians and nurses in internal
medicine, surgery and anaesthesiology, respectively. We have
calculated the percentage agreements of teamwork for each
professional staff group for which more than 50% of response
were collected from each department/ward group. In this table,
a dashed mark (“—) indicates less than 50% responses from
each professional group (lack of item response means having no
teamwork experience of a respondent with a specific
professional group). It is a common pattern of teamwork
perception that respondents in each professional group and
specialty/ward has the most positive attitudes to teamwork
within their own group. For example, the nurse group working
in the surgical ward has the most positive teamwork perception
of their own group compared with other groups, and so does the
internal medicine nurse group. Surgeons’ perception is much
more positive than the other groups on average. In addition,
nurses’ perception of teamwork with physicians is very low,
even their teamwork with the physician who have the same
specialty. On the other hand, physicians do not have the same
relatively negative perception of nurses.

Besides these common patterns, there are several specific
characteristics of teamwork perception of each group. For
example, physicians’ perceptions of other specialty groups are
much more negative than their perception of their own group,
particularly with respective to anaesthesiologists as well as to
nurses in the surgical ward. Surgeons’ teamwork perception of
internal medicine physicians is also quite negative compared to
that within their own group. However, surgeon’s perception of
physicians in another specialty, i.e., anaesthesiologists, is very
positive and is similar to their perception of their own group.
Finally, the nurse group in the internal medicine ward also
perceives teamwork with physicians with whom they frequently
cooperate as rather negative, and in fact just as negative as their
teamwork with surgeons with whom they seldom work together.

These results suggest that teamwork perception is greatly
affected by how much cooperation or collaboration
opportunities a given group has another. There are, however,
two exceptions, as just indicated: teamwork with surgeons is
perceived as being relatively more positive by the other groups,
even by those who work less frequently with surgeons. In
contrast, teamwork with internal medicine physicians is
perceived as being relatively poor even by the groups who
frequently work with them.

4.3 Healthcare Staff’s Work Goals

Responses of questions on work goals are summarised in Table
6 in terms of rank between fifteen items of the questionnaire as
well as percentage agreement for each item. For the purpose of
comparing with another professional culture, this table includes

the responses from the Japanese pilots obtained by Helmreich
and Merritt [6] that applied their early version of questionnaire
—two old items were replaced with three new items in their later
version, which we applied in the present study. As can be seen
in this table, there is little difference in work goals among the
three healthcare professional groups. The most important work
goal for the Japanese healthcare staff is the interpersonal
relationship with collaborators within a hospital such as
“working with people who cooperate well with one another”
and “maintaining good interpersonal relationship with all other
medical personnel”.

Next to the most treasured work goals, interpersonal
relationship, there is a slight difference with respect to the
second-most valued work goal between physicians, nurses and
pharmacists, though very minor between the latter two groups.
More than 80% of the physician group emphasised work factors
such as freedom to adopting their own work procedure, and
enough time to consider more than one solution. On the other
hand, the physicians’ concern with work itself or work content
was not high: priority ranks for the work-related items, “job or
career that will bring them prestige and recognition from
others”, “job about which they know everything with no
surprise” and “changing work routine with new, unfamiliar
tasks” were in the lowest ranks. In contrast, nurses and
pharmacists put more stress on personal issues than physicians.
More than 80% of these groups put emphasis on security of
employment and sufficient time left for their personal or family
life.

Table 6 Work goals of each professional group

__Physicians __ Nurses Pharmacists Japanese

Work values Rank agree. Rank Yagree. Rank Yagree. Ppilots[6]
Good interpersonal relationships 2 89% 2 93% 2 88% 6
Opportunity for higher-level jobs 10 65% 12 48% 12 61% 8
Security of employment 6 79% 3 88% 3 88% 2
Environment where group's 12 54% 10 61% 1 62% |
achievement are valued
Live in a desirable area 8 72% 7 80% 9 61% 3
Routine with new, tasks 13 58% 13 41% 13 47% 13
Time to consider solutions 2 83% 5 90% 4 81% .|
Warm relationship with superior 5 80% 6 84% 6 77% 11
Freedom to adopt own approach 2 89% 9 74% 7 77% .|
Opportunity for high eamings 9 70% 8 76% 9 58% 7
Challenging tasks to do 7 73% 11 62% 8 70% 5
Know everything about the job 15 17% 14 20% 15 10% 10
Sufficient time for personal life 10 62% 4 88% 5 80% 1
Work with people cooperating 1 97% 1 96% 1 95% 4
Job or career bringing prestige 14 23% 15 21% 14 19% .
Find the truth, the one solution

Observe strict time limits
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There are no large differences between positions and in
particular between positions of the nurse group. That is, nurses
at any level of positions put the highest emphasis on work with
people who cooperate well with one another, as well as
maintaining good interpersonal relationship with all other
medical personnel. For the physician group, there is little
difference between leaders and consultants, but the work goal
of the residents is slightly different from these two higher
position groups. The resident group also put the highest
emphasis on work with people who cooperate well with one
another (100% of agreement). However, in addition, they also
put emphasis on work factors such as freedom to adopt their
own approach, time to consider more than one solution, and
challenging tasks from which they get a personal sense of
accomplishment. No difference was observed between
departments or wards both for the physician and the nurse

group.



In contrast to the healthcare staff, according to the result by
Helmreich and Merritt [6], Japanese pilots attach greater
importance to personal issues such as sufficient time left for
their personal or family life, security of employment, and life in
an area desirable to their family. In addition, pilots also put
stress on interpersonal relationships as well as getting
challenging tasks giving a personal sense of accomplishment.
These differences between healthcare staff and the pilot may in
part result from the working style or tasks and it may possibly
also be related to the selection and recruitment processes of the
professions. In hospitals, healthcare staff members work in
teams most of the time, while pilots must frequently work for
long periods away from their family, often for many days in a
row during long-distance flights.

Table 7 Comparisons with ship officers in percentage
(dis)agreement for safety culture aspects

Healthcare staff Ship
Safety culture aspects  Physician Nurse Pharma,  Officers
LPower %agree. 57%  86% 4.8% 83%
distance “odisagree.: 893% 792% 87.5%  814%
0° 11.72%% 10.58%*
1. Communication 864% 854% 85.7%  988%
61% 38% 71% 0.7%
21.83%* 163.69**
IV.Ownperformance 48.6% 425% 44.1%  383%
underhighstress  384% 34.7% 31.5%  43.1%
16.92%* 53.73%*
V. Stress management 71.6%  674% 68.4% 91.5%
forttammember  187%  17.7% 19.9% 3.0%
48.16** 294.18**
VI Morale & 805% 739% 71.7%  823%
motivation 113% 9.5% 12.6% 7.8%
0.002 61.04**
VIIL Recognition of ~ 36.2%  53.3% 39.3%  50.8%
human error 477% 33.6% 452%  362%
17.11%*  0.63

Bottom row : Chi square:between doctors/nurses and
ship officers (**: p<0.01, *: p<0.05)

5. COMPARISON WITH SHIP
OFFICERS

For the purpose of comparison with ship officers’ attitudes, we
used response samples (a subset of questions that overlapped in
the two questionnaires) from similar surveys in the maritime
domain using an earlier, derivative version of the questionnaire
of the present study, the SMAQ (Ship Management Attitudes
Questionnaire) [3, 9]. With the SMAQ, we collected 444
samples from Japanese ship officers working in two Japanese
ship companies. Comparisons between healthcare staff and ship
officers are shown in Table 7 in terms of percentage agreement
and disagreement of safety culture aspects. With regard to
characteristics of professional culture, a comparison between
the two samples show significant differences between
physicians/ nurses and ship officers in all the aspects except for
morale and motivation (where physicians and officers are alike)
and for recognition of human error (where nurses and officers
are alike). Both the physician/nurse and the ship officer groups
had high motivation and morale. Similar to the hospital work
environment, there was not a large power distance on the ship
bridge. For the other safety culture aspects, ship officers assign
a greater importance to communication during task performance
and to stress management for team members than do both
physicians and nurses. Moreover, ship officers’ attitudes to
human error are more realistic than that of physicians and, in
terms of percentage agreement, identical to the attitudes of
nurses. In contrast, physicians and nurses had slightly more
realistic perceptions of the effects of stress on their own
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performance. Integrating these professional comparisons, we
find that the safety culture among ship officers seems to be
characterised by a somewhat greater safety awareness than that
of hospital staff.

6. CONCLUSION

This paper reported the results of a questionnaire-based survey
about safety culture related attitudes among hospital staff. We
aimed at identifying safety-related perceptions and attitudes
among healthcare staff in relation to patient safety. To elicit
characteristics of hospital safety culture, we compared the
questionnaire results with the data obtained in our former
studies of the maritime domain [3, 9]. Finally, in addition to the
healthcare staff attitudes towards managerial issues, we
surveyed their perceptions and views of teamwork quality,
leadership styles and work goals.

We analysed the healthcare staff’s attitudes to safety culture
related issues, classifying 57 question items into nine aspects:
(1) power distance, (2) communication, (3) teamwork, (4)
recognition of own performance degradation under high stress,
(5) stress management for team members, (6) morale and
motivation, (7) satisfaction with management, (8) recognition of
human error potential, and (9) awareness of own competence.
As general characteristics of safety culture in Japanese
hospitals, we identified a moderate power distance between
superiors and subordinate members within these professional
groups, appropriate  recognition of importance of
communication, relatively high morale and motivation, and
reasonable attitudes to stress management for team members.
However, their satisfaction with management was rather low. In
addition, healthcare staff is reluctant to acknowledge
degradation of their own performance under high stress,
workload, fatigue and other performance shaping and
psychological factors. Recognition of human fallibility was
reasonably high, but not realistic enough to be fully recognised
as a substantial risk factor. Physicians’ attitudes to and
perceptions of safety culture related issues as well as other
issues treated in this paper, cf. statements summarised below,
seemed to be homogeneous across positions and specialties —
although this conclusion can be made only tentatively, since
there is a risk that we might make a “type 2 error” due to the
small number of physician samples from individual specialties.
On the other hand, differences were observed in most safety
culture aspects between positions and wards for the nurse group
as mentioned in Sections 3.2 and 3.3.

Respondents tended to judge the quality of teamwork more
highly in relation to groups with whom they cooperate more
frequently. In addition, surgeons’ perceptions of teamwork were
more positive than those of physicians, both within their own
group and with other specialties. A similar pattern was
identified between nurse groups working in surgery and internal
medicine. Regarding perceptions of the leadership issue, most
of Japanese hospital staff preferred slightly less democratic style
than what European doctors and nurses do, i.e., a mildly
autocratic style in which a leader usually makes decisions
promptly, but tries to explain them fully to team members
before going ahead. However, the leadership style that
respondents found themselves working under most frequently is
the autocratic style — e.g., a leader who usually makes decisions
promptly and communicates them to subordinates clearly and
firmly a perception identical to results from a German hospital.
Finally, the Japanese hospital staff put the greatest emphasis on
good interpersonal relationships within their work environment
as their work goals. Doctors also stressed the value of working



ways that allow discretion of work procedures and sufficient
time given for examining several options to a problem. For
nurses and pharmacists personal issues such as security of
employment and sufficient time left for their personal or family
lives are slightly more important for physicians.

In our former study [8], we derived some hypotheses
concerning correlations between the risk of having incidents
and some of the safety culture aspects, e.g., recognition of
human fallibility, and power distance, based on a comparison
between actual reporting statistics of incidents and the
questionnaire responses obtained from a single hospital. For
example, a particular professional group who has a relatively
larger power distance and unrealistic recognition of human
errors will be liable to produce a greater number of incidents. In
a future study, we will examine the hypotheses based on
combined results of a greater number of samples to a
questionnaire like the one applied in the present paper and
analysis of incident statistics obtained from multiple hospitals.

Finally, based on our efforts to examine the statistical
correlations between actual incident rates and the perceptions
and attitudes of healthcare staff, we would suggest that a
questionnaire-based method may be a useful tool to estimate the
present level of safety culture in relation to patient safety in a
specific organisation or work unit in the medical domain. This
is particularly of importance whenever incident reporting is
incomplete or when reporting criteria are heterogeneous.
Equally, while incident reporting is a retrospective index of
safety levels, survey data may be used prospectively and, in
combination with a proactive regime, to identify points at which
a specific local safety culture may need to be strengthened.
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ABSTRACT

This paper presents an empirical study about the individual
contribution to the safety of collective management in a medical
emergency centre (SAMU). The study aimed at extending the
model of ecological safety developed by Amalberti (1996) for
individual activity to the case of collective management. More
precisely, the study focuses on how individual contribute to safety
of collective action in the case of risky dynamic environment
management. On the basis of long-term observation of work
activity, a “pseudo-simulation” was designed for confronting
actors in an emergency centre (physicians and “on-call operators™)
with a series of “errors” in the functioning of “their” centre. They
were asked to comment what they observed during short periods
of simulated activity and to assess safety and situation mastery by
the various actors observed. Results are coherent with the
existence of error management in collective action as being a
matter of ecological safety: error management was depending on
potential error consequences: Subjects focused mainly on errors
with may have operational consequences, on the global quality of
safety management in the centre, and ascribed errors more
frequently to actors to whom they assessed a lower level of
situation mastery.

Keywords
Error management, ecological safety, simulation, risky dynamic
environments, emergency centre.

1. INTRODUCTION

This paper presents an empirical study about the individual
contribution to the safety of collective management in a medical
emergency centre (SAMU). Safety is considered from the point of
view of the patients concerned by the assistance calls. More
generally, in rescue or emergency centres, the objective is to limit
as far as possible the damage issued from events threatening
human integrity. Safe management in such types of situations is
assessed by how the system fills out its “duty of means”. Studies
on how operators contribute to the un(safety) of systems involving
risk were initially focused on human errors, with the aim of
decreasing their occurrence.

Research has then shown that error is an intrinsic component of
human activity: that led to the notion of error-tolerant systems. In
the line of a deep analysis of error management in risky dynamic
situations, Amalberti developed a model of “ecological safety”: It
postulates that operators behave under a cognitive compromise
between the “external risk” of negative issues of their making
errors and the “internal risk” of their loosing the cognitive control
of the situation, due to cognitive overload involving error
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management (the operator may “ignore” errors even if s/he
identifies them).

The study aimed at extending this model of ecological safety
assessed for individual activity to the case of collective
management. More precisely, a “pseudo-simulation” was designed
for confronting actors in an emergency centre (physicians and
“on-call operators”) with a series of “errors” in the functioning of
“their” centre. The design of the pseudo-simulation and of the
“experimental” task individual prescribed to the centre operators
will be described in some details. Three types of quantitative data
will be presented: how do individuals acting as observers of
collective activity manage errors depending on their nature; to
whom were they ascribing errors; how high or low do they assess
situation mastery by the various actors they observed.

Results are coherent with the existence of error management in
collective action as being a matter of ecological safety: error
management was depending on potential error consequences:
Subjects focused mainly on errors with operational consequences,
on the global quality of safety management in the centre, and
ascribed errors more frequently to actors they assessed a lower
level of situation mastery.

2. ECOLOGICAL SAFETY

Human error has been widely analysed from the point of view of
individual activity (Reason, 1990), with a more recent emphasis
on risk management within an organisational point of view
(Reason, 1997; Rasmussen, 1997). The model of ecological safety
(Amalberti, 1996; 1997) was developed within this context.

2.1 Ecological safety for individual activity
Amalberti (1996) proposes a model of ecological safety for
individual activity, which explain results from various studies on
errors in risky dynamic environment management, showing that
even expert activity is not free of error and that not all perceived
error is recovered.

This model postulates that operators regulate their production to
reach the main objective of their tasks, while not engaging too
much cognitive resources for too a long time. This regulation does
not lead to the best cognitive activities in situation representation
and in decision making, but it allows operators to maintain a
“sufficiently good” level of overall performance, and to reach
their main objective, with cognitive constraints at a level as low
as possible leaving them resources enough to adapt to possible
unexpected situation evolution. This regulation has thus three
roots, which may be contradictory: 1) the need to reach the main
objective, 2) the need to do ensure safety, and 3) the need to
preserve their own capacities (both mental and physiological) as



“reserves” in case of unexpected further work load and for
maintaining a sufficiently good overall performance over time.

For Amalberti, the human operator is the only system who can
adapt in anticipation to the dynamic needs of situations. There are
consequences from the point of view of the representation of the
situation (situation assessment) and from the point of view of
error management. Operator elaborates dynamically a
representation of the situation, rich enough to permit decision
making and simple enough to be easily managed within the scope
of the situational constraints (for information taking and for
acting).

Operator is thus constantly doing a cognitive compromise
between his level of situation awareness, his knowledge of
possible situation evolution and disturbances, and his knowledge
about his own competencies to face future situation states — that
is his meta-knowledge (Valot, Grau & amalberti, 1993). For this
he used to simplify his representation and choose the less
demanding way to behave, leaving the resources free to manage
situation evolution. The cognitive compromise can be seen at
another level: When simplifying his representation, operator
makes a compromise between an external risk (or “objective”
risk) of negative issues through him making errors and an internal
risk (or “subjective” risk) of him loosing the cognitive control of
the situation.

In these situations, errors play a crucial role. They are both cues of
system break and operator’s performance cues: their number and
type inform the operator on the quality of his cognitive
compromise and on the resistance of the system he is controlling.
If they become too numerous or threatening to lead to serious
consequences, they inform the operator he is loosing his mastery
of the situation. But if they are few or with minor consequences
(with regards to the main goal), they can be accepted. Moreover,
the operator may use them to act “at the limits” of the system in
order to regulate his internal risk. So, the operator can have a
feeling of situation control with the presence of errors, and being
effectively within a safe envelop of action. More, in dynamic
situation, it could be dangerous to try to recover every error, even
those that have no serious consequences, because this activity
might mobilise resources to the detriment of situation
management.

Such a model was developed for and supported by studies on
individual error management. A further issue is to what extend it
is valuable for analysing collective activity.

2.2 Issues of error management and

ecological safety in collective activity

The issue of collective action in dynamic risky situations has been
strongly focusing on collective performance (Brannick, Salas &
Prince, 1997), and training (Rogalski, 1994), particularly for team
resource management. However, linking human error assessment
and human reliability assessment is not straightforward, even in
individual activity (Kirwan, 1992; 2001). It is particularly the case
for collective management of dynamic situations with a lot a
variability, both impeding the design of procedures which could
be used as references and requiring complex co-operation
processes under time pressure (Antolin-Glenn & Rogalski, 2002).

Collective safety can be analysed at three levels:

- organisational level (the group as a sub-system functioning
within a larger system): this is the case in Rasmussen’s analysis
(1997);
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- collective level (the group as a self-active system of interacting
actors),

- individual level (the group action results from individual
activities: for each actor, the other ones are components of the
world to be managed).

We used the two last approaches of error management in
collective activity, and will detail the one that was used in the case
of a medical emergency centre through a “pseudo-simulation”.
The first approach considers the team (whatever its organisation)
as an entity and transposed methods of individual activity analysis
to the activity of such a virtual operator (Rogalski, 1991). Errors
production, detection, recover, are then analysed without
consideration of who is the individual actor involved; such an
approach is strongly task oriented. It is possible to analyse error
management as for individual activity (and directly test the
validity of the model of ecological safety).

The second approach focuses on what is developing within the
team, and aims at identifying cognitive activities oriented towards
both the individual activities and the articulation of individual
activities in the common task. Operative communication is a
classical resource for such analyses. Besides, analysing the
conditions of operative communication in complex collective
activity allowed showing that what Rognin (1996) called “pluri-
addressing” (pluri-addressed communication) was an important
point for collective reliability.

From the last point of view, an individual can have four functions
in collective safety through error management:

- producing / managing his/her own errors as an individual actor
- managing other operators’ errors, as observer and co-actor

- producing positive or negative interferences (Loiselet & Hoc,
1998) as regards to error management by other actors (including
production and recovery)

- managing the global process of co-ordination of individual
activities in a team activity.

Depending on the situation to be studied, these methods are more
or less usable. The characteristics of the co-operation within a
medical emergency centre led to use a method focusing on one of
the function of individual activity with regards to collective
action: managing errors as an observer of collective activity. Such
a method has been used for comparing novices and experts with
regards to individual error detection (Doireau, Wioland &
Amalberti, 1997). We will discuss the benefits and limits of such
an approach from the point of view of activity analysis and from
the point of view of training purposes.

3. THE EMPIRICAL STUDY

The study presented here took place in a medical emergency
centre (Marc, 2002), where several operators act collectively
under strong constraints due to workload, responsibility and
temporal pressure. From an operational point of view, such a
centre is organised into two systems: 1) a regulation centre
receives calls for assistance and has to identify their emergency
for deciding which type of means has to be sent; 2) an operation
system, consisting in intervention teams (ambulances) who have
to transport the patient to hospital emergencies.



3.1 The situation of reference: Collective

activity in a medical emergency centre

The regulation centre (where the study was done) provides a case
of complex collective work: numerous operators; distributed co-
operation: interaction with a diversity of “callers” (Navarro &
Marchand, 1994), decision about medical emergency, orders to
operation teams; hierarchical differences: physicians and phone —
on-call— operators; computer-based shared tools (file for each
call); temporal pressure; information ambiguity; responsibility for
human life; phases of high workload. The task is strongly
prescribed in terms of administrative procedures to be followed,
and of task allocation between the emergency centre members.

The medical emergency regulation centres (in France) are
organised with a common basis: physicians are responsible to
interact with callers in order to diagnose how urgent is the
medical problem motivating their distress call, while call-takers
(in French, Permanenciers Auxiliaires de la Régulation Médicale:
PARM) are in charge of the first interaction, and can play some
filter role, when it is clear that there is not a urgent medical
problem -for instance drunk people calls, or jokers. Call-takers are
also giving missions to the medical ambulances (Service Mobile
d’Urgence et de Réanimation: SMUR), a radio operator being
responsible of a specific communication network (this task may be
devoted to a call-taker). More generally, they are in charge of
external interactions, to the exception of the medical ones.

The basic composition in SAMU 75 is two call-takers (one of
them is in charge of the radio), and one physician. Depending on
the workload (expected emergency calls), there may be more call-
takers and physicians in the regulation room (until 6 call-takers
and 3 physicians, one being specialised in child care). It is up to
physicians to ensure teamwork quality: in this respect, they play a
role similar to those of captains in civil crews (Jentsch et al.,
1999).

Activity is organised around cases (or “stories” or “affairs”),
which constitute units of action: a call triggers a case
management. Each case is (has to be) linked to a record in a file,
which is open by a call-taker, will be also used by the physician
and constitute both a tool for information sharing and a common
object of action (filling it as required is an administrative and
legal obligation).

In normal situations, a case management involves a lot of “micro-
procedures” concerning patient, file, and internal communication.
So, the first actions to be undertaken are the following: the call-
taker takes the caller, opens a file, locates the call, performs a first
sorting and emergency assessment, “informs” the file, informs the
physician, closes the file while commuting the call to the
physician —with the file number; the physician takes the call,
opens the file, assesses medical emergency and if possible
diagnosis, fills in the medical record fields, chooses a mean of
action, write down this information, informs the PARM about
his/her decision, closes the file, and if necessary relays the call to
the PARM. Action continues until the patient has been taken in
charge, and the case file closed. Any departure from the requested
organisation of such micro-procedures is considered as an ‘error’:
not all of them may result in threatening the patient safety, but all
may have administrative, financial or legal consequences. This
was the basis of the data we analysed.

The complexity of the co-operation situation, the time pressure
and the variability of the cases processed in the regulation centre
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make it very difficult to record co-ordinated data about the
activity of the team members in real time: the method for
analysing the pertinence of the model of ecological safety was
based on an observation of collective work, a record and analysis
of errors and their management from the point of view of an
individual (a PARM), and the use of a “pseudo-simulation” for a
systematic study of error management from SAMU operators
acting as observers (their position was similar to those used in
Doireau, Wioland and Amalberti (1997) for individual activity.
We will here focus on this last situation.

3.2. From observations to pseudo-
simulation situation

After several months of observation by the first author, the
activity of a PARM was systematically followed during two
months. It enables to record and analyses a wide set of errors
management occurrences (Marc et Amalberti, 2002). The major
results are in line with the ecological safety model: operators do
not detect or notify all errors; only some of them are managed at
short or mean term. This results concern the errors made by the
observed operator as well as errors made by others (identified by
the observer, and which could have be noticed by the operator
observed). An important component of error management is group
oriented.

From this set of data, a “pseudo simulation” was designed. It was
based on a series of static views of the regulation centre, with
three actors involved: two phone operators and a physician. These
views were linked by a continuous audio tape (operative
communication with the callers, the operation teams and within
the regulation centre, including noise currently heared in the
regulation room). The centre activity was seen and hear from a
PARM point of view, including the screen with the current state
of the open file. The “pseudo-simulation” lasted about 10
minutes, with stops after periods about 2 minutes.

Actors of the regulation centre were put in the position of
observers of the centre activity as shown in the pseudo-simulation.
They were ask to comment each short session between two stops.
They were finally asked to assess how the various actors were
mastering the situation, and to evaluate the level of risk.

In order to avoid errors to be detected on the basis of their further
consequences, each error that was made in a session has its end on
another session. Physicians and PARMs (13 of each group, almost
all the regulation centre personal) were individually asked to
observe the simulated situation, and to resume it during
simulation breaks.

The term of “pseudo-simulation” was used in order to emphasise
the fact that the operators (PARMs and Physicians of the
regulation centre) were not in a position of actors —at the
difference with ordinary simulations— but were in a position of
observers. They could comment, evaluate, propose actions but
were no able to act. With regards to the transformation made from
the real situation in the regulation centre, there was a
“decoupling” (Samurcay & Rogalski, 1998) of the functions
actors may perform in collective work: the function of observing
other actors’ actions was conserved, but the function of being
ownself an actor was prevented.

The evaluation of the model of ecological safety for collective
work is done through the following points:



- not all errors are categorised as such (even if the corresponding
activity is detected and memorised), and that there is a hierarchy
between types of safety events, in favor of those linked to the
main operational goal: patients safety

- errors ascribed to actors will be related with the evaluation of
mastery of the situation; more precisely, if the model is relevant,
actors considered as less mastering the situation will be more
often considered as errors producers.

3.3  Categories of safety events and actors

initiating error management

In order to evaluate the relevance of the model of ecological
safety for the case of collective work, we categorised safety events
introduced in the pseudo-simulation with regards of their nature
and of their “producer”.

The “pseudo-simulation” was designed from eight (observed)
stories; and organised into 49 episodes, involving 76 safety
events. An episode is corresponding to a static view of the movie
and the audio information associated. It reports the group
collaboration on one or more event.

For example, in episod 12, PARM2 receives information about
the means asked for a cardiac problem PARMI was managing,
and she interacts with these means. PARM2 has not completed the
file of a previous case, that the physician was begining to treat.

This episod concemns two cases (or stories). It involves three
safety events: a negative interference (of PARM2 with PARMI1’s
activity); and two errors in administrative management: PARMI1
tramsmits a file for evaluation before patient localisation, the
Physician accepts an incomplete file (no defence against the
previous error).

Safety events were categorised into seven categories, as
concerning their nature:

- positive defences (coded Defences Pos.): protection against
error, anticipation for avoiding conditions for error, error recovery

- negative defences (coded Defences Neg.): a possible protection
is not performed, anticipation is inadequate, possible error
recovery is not performed

- error in medical regulation (coded Medical Reg.): An actor
makes an error that has an implication on medical regulation: bad
selection of means

- error in interpretation (coded Interpretation): bad representation
of a situation at the informational level

- error in administrative management (coded Administrative): bad
management of a file by an actor

- negative interference (coded Interference): An actor interferes
with another actor’s activity, (without being asked for, and
without proposing it).

- other safety events (coded Others): actions involving safety and
not clearly categorised into the previous categories (such as
discussion about cases addresses).

Elsewhere, safety events can be categorised depending on the
actor(s) who was their initiator: PARM1, PARM2 or Physician.
(Two safety events — a medical regulation and an interference—
were involving PARM?2 in interaction with another actor).
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Table 1 presents the distribution of safety events in the pseudo-
simulation with regards to these categories.

Table 1. Distribution of safety events (numbers) depending of
their nature and their initiator (P1: PARM1; P2: PARM?2;
PHY: physician; T: interaction of two of them)

Actors involvement in the
safety events
Type and number of the P1 P2 | PHY| T
safety events
Defences Pos. 15 7 5 3
Defences Neg. 6 6
Medical Reg. 13 2 3 7 1
Interferences 15 2 10 2 1
Administrative 12 4 7 1
Interpretation 9 2 4 3
Others 6 1 3 2
Total 76 18 38 18 2
34 Method for data analysis

Two groups of actors in the regulation centre —13 PARMs and
13 physicians— were participating to the experiment (allmost the
whole centre, to the exception of two experts who evaluate a first
prototype and contribute to the final choices, and a few persons
due to operational duties). They all consider the simulation to be
quite a realistic view of what could happen in a regulation centre.
Some were even trying to “take the hand” on the file open on the
simulation screen in front of them.

Several analyses of the recorded comments and of the evaluations
of situation mastery were performed (Marc, 2002). They were
done in three steps. At the first step, quality of operational
memorywas attested: in effect, the place of safety events
management can only be assessed on the basis of a sufficiently
good operational memory of cases they were concerning and
episodes in which they were occurring. In a second step, we
identiy references to safety events in comments of the observed
simulation. In the last step, we analyse evaluations of situation
mastery and level of risk (on scales form 0 : no mastery at all, to
7: perfect mastery of the situation).

4. RESULTS

4.1 Operational memory
As frequently observed in real operational settings, operational
memory was quite high.

To the exception of one case that did not imply neither safety nor
the main goal of the regulation centre, PARMs and Physician
remembered all cases of the pseudo-simulation. Episods were
variously reported, but a majority (more than 55%) of the 49
episods were reported by more than three quarters of the subjects.
Only 6 episodes were reported at a low level in one of the groups.
The episodes highly reported were reported by the two groups of
subjects (PARMs and Physicians) at a high or medium level, to
the exception of two episods, which were quite differently
memorised by physicians and PARMs: these were more aware of
the episode involving the actor of the professional group they
were belonging to.

The quality of operational memory has to be evaluated in taking
into account the fact that subjects were not asked to memorise



cases, episodes or events but to comment what they observed in
the successive sessions of the simulation.

4.2 Actors referred to in the comments

In order to identify some possible effects of individual position (in
the situation of reference, that is normal activity in the regulation
centre) in operational memorisation, we analysed the distribution
of references to the various actors in the pseudo-simulation
(without taking into account decontextualised verbalisations,
which were not concerning the Aic et nunc observed situation in
the simulation)

References to individual actors and their actions in the various
episodes was dominant, with a similar weight for physicians and
PARMs (more than 60% of the verbalisations concerning the
observed situation). References to the actions of the regulation
centre as an entity was more frequent by physicians than by
PARMs (20% vs 13,7%): the later were more often refering to
groups of identified actors.

The physician in the pseudo-simulation was almost the first
reference (29,3% for physicians, 24,9 % for PARMs) although the
simulated situation was seen from PARM?2’s point of view, who
performed a lot more of observable actions (and errors) than the
physician (he was refered to in about 20% of verbalisations
concerning the situation).

Such differences can only be interpreted as resulting of the
position of the simulated actors with regards to the situation of
reference: the importance of the refernces to the physician in the
subjects’ verbalisations may be understood by the central position
the physician occupies in the decision hierarchy and
responsibility. They also attest the ecological validity of the
pseudo-simulation, with actors considered as in the real regulation
centre life.

4.3 Comments about safety events

The first element with regards to the ecological safety model is
that almost 50% of the verbalisations issued from the demand of
comments were effectively concerning safety: error detection,
identication of defences, anticipation of consequences or errors,
proposition of solutions. Error detection represents about half of
these verbalisations, physicians being slightly more sensible than
PARMs (52.6% vs 42.6%).

A second cue is the hierarchy of type of safety events in safety
concerns. The other half being error identification.

We consider the distinction between detection and identification
to be an important point in evaluating the relevance or the model
of ecological safety. In error detection, the subject just notices
that there is something wrong, it is like the error suspicion for
Alwood (1984); in error identification, the subject makes a
diagnosis about the error, even sometimes a prognosis about how
it could be recover.

As observed in natural settings in so-called “naturalistic decision
making” (Klein et al., 1993), errors identifications often called for
(propositions of) solutions by the subjects commenting the
simulated situation. This is a sign that there was a strong
implication of operational representations about safety which were
“triggering” these proposals: the solution is already active and just
“waits” for sufficient cues of external or internal risk to be
launched.
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The fact that, on the one hand, safety events were detected in
actors’ actions and not simply remained unnoticed, but, on the
other hand, were not for all that identified as being errors, is in
favour of the hypothesis of a differential error management,
depending on the type of safety events.

Table 2 presents a view about the differences between the types of
safety events, depending on how many subjects refered to them.

Table 2. Distribution of the level of reference to the various
types of safety events (Low: less than 9 subjects refering to
such an event; High: more than 17 subjects; Average: between

9 and 17)
Level of reference
Type (and number) of .
safety events Low | Average | High
Regulation (€9)) 3 7 5
Defences Pos. (15) 5 7 3
Defences Neg. (6) 2 3 |
Administrative (12) 5 6 1
Interpretation 9 3 5 1
Interference (15) 11 3 1
Others 6 2 4 -

From Table 2, it can be seen that safety events were in fact
considered from the point of view of their potential consequences:
regulation errors were the first focus, then positive defences
(recovery or avoidance through anticipation); administrative
errors, and problems of interpretation (without direct regulation
consequences) were not highly considered. Interference problems,
concerning the collective activity in itself were the lowest focus of
interest, as if the main focus was on “what happen to the critical
objects” (action decision about patients) issued from the centre as
a whole, and if activity itself was in the last place, until it does not
lead to critical safety events.

Beyond these data, some observations are of interest: subjects
were checking, until the end of the error life, if it was producing
critical consequence. Some subjects, at the end of the
experimentation, were speaking about errors done at the
beginning of the simulation. Such a supervision of errors along
time was observed in analysing individual error management.

4.4  Ascribing safety events

When commenting about a session, or at the end of the
simulation, subjects could ascribe safety events (and particularly
errors) to a specific actor, an interaction between actors, the group
as a whole. They could also speak about errors as “facts” and not
actions, without refering to any actor.

There was no important differences between physicians’ and
PARMSs’ verbalisations, except that physicians were relatively
more focused on the regulation as an entity, and PARMs on
physician / PARMs interactions.

Table 3 presents the distribution of global verbalisations,
depending on their “contextualisation”: about the stories of the
pseudo-simulation, or general verbalisations, without references to
any story of the simulation script.

Table 3. Distribution of safety events ascribed to actors or
groups of actors in per cents of verbalisations on safety events
(references to the simulation stories, or general references)



Types of verbalisations
Stories General
Responsible actor
Physician 26,8 26,7
PARMs 27,4 5,1
PARM?2 15,6 3,8
PARMI 11,8 1,3
Centre as an entity 10,3 27,7
Interactions 28,7 18,7
physician /PARM 11,8 10,7
between PARMs 7,9 8
No actor ascribed 12,8 17,7
Actors outside the regulation 3 5
centre
Total number of
verbalisations 533 159

In ascribing safety events observed in the pseudo-simulation,
subjects were stronly oriented towards group activity: Entity +
Interactions. Morevoer, it appeared an overestimation of the
physician’s role: almost 40% of the safety events mentionned
were ascribed to the physician’s actions, compared with the
effective 24% in the simulation script (see Table 1). The decalage
between the actor’s initiative in safety events in the script and in
the verbalisations about the simulated situation is quite
interesting.

Even when taking into account the relative importance of safety
events (Table 2), the importance of the physician as the first actor
in safety events remains remarkable. It looks like if he was
perceived as the first responsible of the quality of the regulation
centre life, as regards to safety.

The point is reinforced in the decontextualised verbalisations (not
speaking about the stories of the simulation script). In fact, these
verbalisations were stronlgly oriented towards the overall group
activity (centre as an entity + no actor ascribed + interactions =
64,2 % of the general verbalisations). The importance of ascribing
safety events to the physician (26,7%) is all the more highlighted.

4.4  Evaluation of situation mastery

In their comments, subjects evaluated the actors’ activities in the
“pseudo simulation” as being “normal” ones. As a result, they
globally evaluated situation mastery at the mean point (3,4, on the
0 to 7 scale), lower for the group of physicians than PARMs
(mean evaluation: 3,1 vs 3,6). However, as shown in Table 4,
there were significant differences between their evaluations of the
situation mastery for the various actors in the simulation.

Table 4. Evaluation of level of mastery (on a 0-7 scale) by the
various actors of the “pseudo simulation” and the centre as an
entity, depending on the group of subjects (PARM:s or

Physicians)
Subjects
Actors in the script
PARM PHYS Mean
Physician 3,3 2,1 2,7
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Entity 3,5 3,1 3,3
PARM 2 3,5 3,5 3,5
PARM 1 4,0 3,9 3,9

The order in the differencial evaluations was the same for the two
groups of subjects: PARMs and Physicians. The physician was
evaluated as having the lowest mastery of the situation. This was
particularly strong for the groups of physicians who were highly
critical toward their colleague in the script of the simulation.

The increasing order of evaluation of the situation mastery:
physician, centre as an entity, PARM2, PARM 1, was observed for
every subject, with only two exceptions (concerning the relative
place of the entity, and/or of the two PARMs).

5. DISCUSSION AND CONCLUSION

The results support the hypothesis that the model of ecological
safety based on the notion of cognitive compromise was pertinent
for collective action. The “pseudo-simulation” defined an
observer position for the regulation centre members. Such a
position was the results of “uncoupling” the different positions of
the members of the regulation centre (observer, actor, decision-
maker).

Data are converging toward the conclusion that safety events are
considered depending on how their consequences main affect the
actors’ main goal (here: patients safety): regulation issues are
most often referred to, then positive defences, while
administrative errors and interference problems were the least
often referred to (the order did not reflect the effective place in the
simulation script). It does not result from insufficient observation
and/or memorisation of what was happening in the observed
centre, as operational memory was quite high. This result is
coherent with observations done about individual action.

Another perhaps more interesting result does concern the
collective dimension itself. Subjects ascribed safety events in a
distorted way with regards to the objective script: when
commenting about the stories of the script, subjects strongly
overestimated the physician’s involvement in safety events. At the
contrary, less safety events were ascribed to the two PARMs, and
there was less differences between them than in theirs producing
errors in the script (PARM 2 was producing more errors).
Moreover, while interferences as such were not highly noticed,
interactions between actors were considered as producers of safety
events.

The differences between PARMS can be explained by the type of
safety events they produced (PARM 2 was making a lot of errors
in administrative management, which were underestimated as
types of errors). It is not the case for the overestimation of the
physician’s involvement.

Evaluation of the mastery of the situation is converging with
ascribing safety errors to actors. The difference between PARMs
was more close of theirs producing errors: PARM2 was
considered as mastering situation at a lower level than PARMI.
This could indicate that errors (even when seen as minor ones) are
cues of the mastery of the situation, from the point of view of
action observers in collective work.

The physician was considered the less in control of the situation,
in quite a coherent way with the evaluation of his involvement in
safety errors. This was particularly underlined by the physicians’
evaluations.



This can be considered as a specific point for a model of
ecological safety in the case of collective work: centering safety
events management on their consequences for the main
operational goal and on the responbility of these consequences
leads to focus on the quality of the activity of actors in charge of
the collective work. In the same line, results concerning the centre
as an entity, producer of safety events as well as mastering the
situation more or less well, emphasise the collective dimension in
a model of ecological safety, from the point of view of the virtual
operator constituted by the group as such.

The strong implication of subjects in observing the simulated
collective activity and in commenting and evaluating it, leads to
propose that such a pseudo-simulation could be used both as a
basis of reflection of actors about their practice as a group, and as
a basis for training newcomers, whatever their position:
physicians and call-takers (PARM:s).
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ABSTRACT

The diffusion of technology to support information seeking and
browsing has conducted to an exponential increase of the
overall available information. However, though many studies
have been conducted to model human search behavior
supported by information systems (Marchionini, 1995, Navarro-
Prieto, Scaife & Rogers, 1998; Nielsen, 1997; Shneiderman,
1998), a scant attention has been paid to the issue of the amount
of cognitive resources requested to a person when she/he is
using a search engine to solve a particular information problem.

This work aims at investigating how people manage demands
on cognitive resources when accomplishing an information
seeking task on a list of results produced by a search engine.
More specifically, the two experiments reported here, in which
subject had to perform a query using a simulated search engine,
were conducted (1) to analyze the relation between the
complexity of the information problem people have to solve
using a search engine and the amount of information they can
access; (2) to understand the role of forgetting in managing the
information elaboration process.

The pattern of results obtained in the two experiments suggests
the relevance of the reiterative activity inside the working
memory, since different loads on working memory determine
corresponding level of forgetting. Under the conditions
considered here the hypothesis of the occurrence of deliberate
forgetting in order to facilitate information elaboration and
learning does not appear to be theoretically necessary.

Keywords

Information processing, forgetting, expertise, search engine.

1. INTRODUCTION

Many studies conducted to analyze human searching behavior
(Marchionini, 1995, Navarro-Prieto, Scaife and Rogers, 1998;
Nielsen, 1997; Shneiderman, 1998) showed that seeking
activities, far from being stable and well structured, appear to
be highly uncertain and dependent on different variables as the
nature of the problem, the context in which the problem occurs,
the nature and the accessibility of tools to conduct the search
etc.. In addition, the huge amount of information provided by
many information searching tools may be considered as
affecting searching behavior as well. They not only increase
information accessibility, but make people connectivity possible
every time and everywhere (while driving, working, playing,
shopping etc..) and change the same searching activity. In this
new scenario, searching is not only realised through cognitive
strategies such as information narrowing, evaluation, selection
and so on. People, on the contrary, must clarify and understand
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specific states of the world. In fact, it seems reasonable to
describe information seeking as a sort of meaning making
activity that people exhibit when dealing with unknown and not
easily delineable circumstances. As a consequence, when
searching people are more likely to focus only on information
items they judge relevant to satisfy their needs of knowledge.
From this point of view, the information seeking process
consists more in a balance between information acquisition and
loss than in an infinite browsing of the information space by a
person. In the process of searching, people consistently loose
information they judge not useful to solve their information
problem. Though this loss may assume different forms,
generally people define this as “forgetting” and they associate a
negative feeling to it. Forgetting is considered something to be
avoided, a negative side effect. The hypothesis of forgetting as a
negative loss of information is directly referred to the theory
that considers knowledge stored in memory as traces (Rock and
Ceraso, 1964; Paul, 1967; Neisser, 1967; Hintzman, Curran and
Oppy, 1992). According to this hypothesis, human memory is
able to produce copies/script of experienced events and to
preserve them. These recordings, or traces, may deteriorate
eventually. Therefore if the original event does not occur again
to reinforce its traces, its memory will be automatically lost.

Another explanation of forgetting is the theory of interference.
The interference hypothesis focuses on a competition
mechanism that might occur among pieces of knowledge
sharing some cognitive resources (Underwood, 1957; Bower
and Mann, 1992). In this light the cause of forgetting is not
related to natural cues decay in time, but to interference that
intervene among similar memory items. Another hypothesis
considers forgetting as a phenomenon that can be produced as
the result of a failure occurring during information retrieval
processes (Neisser, 1967; Baddeley, 1986). In these cases the
retrieval cues to access stored information in memory are totally
or partially unavailable. By and large, notwithstanding the
different theoretical hypotheses on forgetting, a general
negative appreciation related to this phenomenon can be noted.

Contrary to this evaluation, it seems that people need to forget
as well as they need to remember. The ability to acquire new
information is necessarily related to the lost of no longer useful
old one. More tuned with this positive consideration of
forgetting a recently and highly promising explanatory
hypothesis indicates, for example, the possibility that forgetting
is a consequence of inhibitory mechanisms activated to solve
the problem of retrieval interference (Anderson, Bjork and
Bjork, 1994; 2000).

The experimental paradigm generally adopted to evalutate this
theoretical hypothesis is known as deliberate forgetting
(Johnson, 1994; Golding and Long, 1998; Epstein, 1972; Bjork,



1972; Zacks et alii, 1996; Marks and Dulaney, 2001). It focuses
on the role of forgetting as an effective cognitive mechanism in
managing information that is irrelevant in order to perform a
task. A series of experimental studies has been conducted on
this issue (Marks and Dulaney, 2001, Oram and Mac Leod,
2001, Altmann and Gray, 2000), and the investigation on
deliberate forgetting is, today, a consolidated experimental
working area in the field of the cognitive psychology. The
possibility to consider forgetting phenomenon as a positive
cognitive mechanism in the information elaboration processes
suggested us to conduct the two experiments reported in the
following.

2. EXPERIMENT 1

Some studies on expertise (Chase and Simon, 1973; Chi,
Glaser and Farr, 1988; Ericsson and Smith, 1991) demonstrated
that experts differ from novices in the way they process
information. In particular, experts are able to organise the new
information into significant units and, this, in turn, can imply
that experts do better than novices in performing information
recalling tasks. Basing on this consideration, we decided to
investigate whether a difference exists between experts and
novices in analysing the list of results of a search engine and,
things being so, if it also depends on the complexity of the
information problem people are required to manage.

We started by considering that items presented in the list of
results of a search engine might impose different demands on
working memory. This depending on the nature of information
problem to be solved (the number of items the subjects have to
remember) and on the level of participants’ expertise. In
particular, we hypothesised that a converging problem will
require a low cognitive effort to be performed since subjects
engaged in executing it have to report, in a final recalling task,
less information items from the list of results. This should
produce both a higher level of elaboration by the working
memory for relevant items and a high necessity to forget items
evaluated as irrelevant. On the contrary, when subjects have to
accomplish a divergent information problem, we expected that
the problem would require more consistent cognitive
elaboration to be performed: subjects engaged in solving it have
to report more items, thus making consistent the activity of
working memory and making the value of forgetting less
relevant. In the latter case, since much must be remembered less
has to be forgotten.

The experiment 1 was thus designed in order to identify
whether some significant difference, in terms of remembering
and forgetting effects, may be registered between two different
groups of people, experts vs non experts dealing with either a
converging or a diverging information searching problem.

2.1 Method

The experiment 1 was conducted using a new paradigm.
Subjects were asked to perform a search activity using the
interface of a search engine as Google. Two tasks were assigned
to two different groups of subjects to represent two different
circumstances. The first one represented a situation in which
subjects needed to solve a converging information searching
problem, since they had to remember just one item out of the
list of results produced by the search. The second one described
an unfocused situation in which participants needed to
remember more items. Two scenarios which asked for
performing a query were designed to implicitly contain an
instruction to forget part of the materials subjects had been
exposed to during the results analysis phase. In fact, in the first
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scenario the subject was required to find the best result that
solved his/her information searching problem and this implicitly
implied to forget all the others. In the second scenario the
subject was required to find and remember all the results that
satisfied his/her information needs, thus implicitly requiring not
to forget any items but very irrelevant ones. Finally, people
were acknowledged that after 10 minutes from the beginning of
the experiment they had to report to the experimenter the
information items they judged relevant for the information
problem.

2.1.1 Subjects

Participants were selected among the undergraduate students of
the University of Siena. 88 subjects were recruited and allotted
to two different groups. The first one was composed by 44
students who had attended the marketing class and had passed
the exam with grade A during the preceding academic year. The
second one was composed by 44 students who had not yet
attended a marketing class. These groups were then rearranged
in order to have two experimental groups both with half experts
and half non experts subjects. The two experimental groups
differed in relation to the task they had to perform.

2.1.2 Materials

A simulation of Google search engine was purposely
implemented for the study. Using this simpulation, each subject,
after having typed in some keywords to perform the search, was
exposed to the same list of result. Results were 35 items
structured as they had actually been produced by Google. 5
items had been formerly evaluated by two experts (Professor of
Marketing) as completely relevant to the task, 25 as partially
relevant, and 5 as completely irrelevant.

2.1.3 Tasks

Subjects were given one of two possible scenarios. In the first
one subjects had to pretend to be students who had to elaborate
a dissertation thesis on brand management. They were required
by their tutor to add to the references of their thesis the best
web site concerning David Aaker. Thus they had to perform the
query and, after having analysed all the results they had to
report the most complete and informative site they had found.

Everything was the same in the second scenario, but the request
from the tutor. In this case subjects were required to report all
the sites they judged as relevant with no limits about their
number.

After subjects had received one of the this two possible
scenarios they were required to execute the following tasks:

- to conduct only one search on Google and to analyse
all the obtained results in 10 minutes;

- to describe to the experimenter the result/results
he/she judged to be relevant in solving the problem at hand.
Subjects were not allowed to use pencil and paper during the
execution of the task.

2.1.4 Procedure

Each of the subjects was introduced in a room and was seated in
front of a computer. Then an experimenter provided a sheet of
paper on which was written one of the two scenarios.
Supplementary instructions were provided when necessary.
Participants were free to type in whatever keywords they
wanted, but they were allowed to perform the query just once.
The list of results was the same for each of the four



experimental conditions (expert dealing with the converging
problem; expert dealing with the diverging problem; novice
dealing with the converging problem; novice dealing with the
diverging problem). Subjects had 10 minutes to analyse the list
of results then they left the workstation and sat in front of the
experimenter who, contrary to their expectations, asked them to
recall all the results they could remember. In fact, they expected
having to refer only the result/results they had judged to be
significant to the information problem. Student could recall
items by title, abstract, URL, or one of the possible
combinations of these cues.

2.2 Results

Data have been analysed through a two factors ANOVA. The
first one, “‘expertise”, relates to the two levels of knowledge,
experts or novices, on the problem domain. The second one,
“task”, indicates the two levels “converging” vs. “diverging”
related to the information search activity. The first significant
result is relative to the effect of expertise (F(1.84)=17.556,
p<.0001) on the final recalling task. These figures indicate that
experts (4.273) remember more items than novices (2.886), (see

figure 1).
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Figure 1. “Experts” vs. “Novices” total recalling means

This is consistent with previous findings about the experts
ability in using working memory resources (Chase and Simon,
1973; Ericsson and Smith, 1991). The experts’ ability to
organise the relevant items in larger information structures
allows them to maintain relevant items in working memory
stores more efficiently than novices.

Also the “task” factor has a significant effect on the total
recalling (F(1,847)=5.780, p<.0184). However this result
(figure 2) is contrary to the experimenters’ expectations, since it
indicates that when just one item must be remembered subjects
are able to report more items than when they are requested to
remember as many items as they can.
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Figure 2. “Converging” vs “Diverging” total recalling means

A tentative explanation for this result may be the following. The
nature of the converging information problem requires to
maintain in the working memory only one useful result, i.e. the
best. From a cognitive perspective this implies that the
cognitive resources involved to maintain the selected items in
the working memory are totally dedicated to just one item in
turn. As a consequence, items judged relevant remain in the
working memory with a high level of activation and, if
requested, they can be referred during the final recalling task,
even if they had been formerly dismissed. In this context the
effects of the implicit instruction to forget does not appear as
very effective.

The nature of the diverging information problem requires
people to store in memory, all the information judged useful,
and this, in turn, means that a high amount of cognitive
resources is requested. In addition, the demand of the cognitive
resources needed to carry on the comparison and evaluation
activities increases as the information elaboration process goes
on. This results in a competition between the cognitive
resources needed to maintain information and those needed to
elaborate it. The solution of this competition seems to produce a
shift of part of the cognitive resources from the maintenance to
the elaboration process. As a consequence, subjects engaged in
solving the diverging problem recall less items than subjects
engaged in solving the converging one. The forgetting
phenomenon seems to be something that occurs not as an effect
of a “to forget” implicit instruction but as a consequence of the
nature of the task to be performed.

Another significant result obtained in this experiment is related
to the effects of the interaction between task and expertise on
the final recalling (F(1,84)=4.534, p<.0362), (see figure 3).



5.000 =

4.318

4.500 o

4.227

4.000 4

3.500 A

3.000 4

# Experts
# Novices

2500 <

2.000 9

1.500 <

1.000

converging task diverging task

Figure 3. Recalling means for each of the experimental
conditions.

More precisely, the difference between the means of recalling
for the two groups of novices is significant: t(42)= 3.262,
p<.0022. However the same difference is not significant for the
two groups of experts. This result supports the interpretation by
which the difference in the performances between experts and
novices for the final recalling task does not depend on the
implicit instruction “to forget”, but on the different problem
complexity. The explanation suggesting that people, in dealing
with a complex information problem, simply shift part of the
cognitive resources needed to maintain the items in memory to
the processes of information elaboration, thus allowing the
manifestation of some forgetting mechanism seems to be
confirmed. In addition, the forgetting phenomenon seems to
play a role only when people are not able to exhibit any other
cognitive strategy to circumvent the limits of the working
memory, as experts do. This explains why the groups of experts
did not exhibit any significant difference in their performances.
Finally this explanation is also supported by data about the
difference between the recalling means of the experts and the
novices engaged to solve the diverging problem t(42)= 4.890
p<.0001. The superiority of the experts in evaluating and
comparing information items allows them to control the
competition for cognitive resources in the diverging problem
solving activity. Thanks to this competence experts can exhibit
a better performance than novices in recalling items elaborated
during the complex information problem solving activity.

3. EXPERIMENT 2

The experiment 2 has been conducted in order to verify if the
results obtained in the experiment 1 were due to the experiment
temporal constraints (people were informed that they had 10
minutes to find the useful results from the list presented on the
search engine interface).

Subject in the converging condition had to spend some time in
the matching activity necessary to compare the best item in the
working memory with the one currently analysed. And this time
could be considered as increasing in the diverging condition
since it is reasonable to suppose that many items are in the
working memory. In this condition people could not have
enough time to look as many items as in the converging
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condition. And this could explain the difference in the results
obtained comparing the means of recalling.

3.1 The hypothesis

Experiment 1 and experiment 2 differ in the final task people
are required to perform: a recalling task and a recognition task
respectively. This experiment was designed on the basis of the
assumption that people performance on recognition tasks does
not heavily depend on the depth of information elaboration, but
on the exposition to the information per se. The hypothesis
tested in experiment 2 has been elaborated considering the
difference between recalling and recognition tests. If the results
of the recognition task will be proportional to the results of the
recalling task of the first experiment, then the recalling and
forgetting effects registered in experiment 1 will probably be
due to the temporal constraints imposed by the design of the
experiments. On the contrary, if the second experiment will not
show any significant difference in the level of recognition
among the groups, then it is possible to maintain that the results
of experiment 1 depend on a different level of elaboration
people dedicated on each of the elements of the list.

3.2 Method

In experiment 2 the same method already adopted in experiment
1 was adopted. What changes from the first experiment to the
second one is the final task subjects were asked to perform: a
recalling and a recognition task respectively.

3.2.1 Subjects
80 subjects Participated in the experiment. They were selected
and allotted in two groups as in experiment 1.

3.2.2 Materials
The same interface and list of results already adopted in
experiment 1 were used in this experiment.

3.2.3 Tasks

The searching tasks subjects had to perform were the same as in
experimentl.

3.2.4 The procedure

The procedure was the same already adopted in experiment 1.
However, in this case at the end of the experiment students were
asked to indicate which of the items presented on a printed list
were also in the list of results they had obtained using the
search engine. The printed list had 70 items, half were the old
ones ad half were completely new for the subject.

3.3 Results
The 2X2 ANOVA performed on the data did not produce any
significant result (see table 1).

Table 1. Recognition means for each of the four
experimental conditions

Total recognition means
Experts, converging 11.150
problem
Experts, diverging 12.800
problem )
Novices, converging 11.400
problem )
Novices, diverging 12.750
problem )




This result confirm a general finding in cognitive psychology
studies about the relative ease of recognition tasks when
compared with recalling tasks. In addition, it is evident that no
differences occur between experts and novices when they are
engaged in a recognition task. This evidence falsifies the
hypothesis that the recalling task is influenced by the
experimental temporal constraints. Data about the recognition
task do not have the same distribution of the data about the
recalling task and this implies that the differences found in
experiment 1 are not ascribable to time constraints. We
explained these results referring to the processes of comparison
and elaboration. In fact, in order to perform the task, it appears
necessary to separate the information items in two groups, i.e.
the group of elements judged relevant for the problem solution
and the group of elements judged not useful and then rejected.
This interpretation clarifies why people recognise more items
than what they recall. The different level of elaboration received
by any of the items of the list is adequate to support people
performance on the recognition task, but becomes a critical
feature when people need to retrieve some information that was
not adequately processed by the working memory.

This explanation seems adequate also to understand why in
experiment 1 we registered different performances in relation to
the two factors considered, i.e. “expertise” and “task”. All the
results of the list presented by the search engine underwent
some degree of cognitive processing, though the elements
judged pertinent received a higher level of activation than the
elements judged not pertinent. The higher level of activation
can be thought as a more consistent reiteration activity on the
selected items. As a consequence, the elements that are
reiterated more consistently are not subject to a decay
phenomenon. Also the items judged as not relevant are
associated with a certain level of activation due to the processes
of interpretation and evaluation to which their are subjected.
However, since these items are either scantly or not at all
reiterated, their level of activation is below the threshold
necessary to recall them. In this condition, it does no seem
necessary to consider deliberate forgetting as necessary to
explain the results obtained here. Differences in the two tasks
considered and in relation to the varying knowledge between
experts and novices in experiment 1, and the lack of effects in
experiments 2 are all results explainable considering different
levels of elaboration inside the working memory.

4. DISCUSSION

First of all it seems possible to claim that the implicit
instruction to forget, embedded within the two scenarios, did
not produce any significant effect on the recalling performance
when people are required to solve the converging problem. This
in contrast with our expectations that people would have been
able to report a very little number of information items in this
circumstances. Actually, it does not appear necessary to forget
items that have been evaluated as pertinent and subjected to a
certain degree of reiterative activity in favour to a more
promising candidate. Subjects only reiterate the best item they
have encountered until the last one and, when a better candidate
is found, they simply do not reiterate the former any longer.

Also the forgetting phenomenon observed for the diverging
research condition, (the one in which the scenario required the
participants to individualise all the information items they
evaluated positively), seems to depend on the way in which
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