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. . . the decision-ladder is not a model of the decision process itself, but a map useful to
represent the structure of such a model.

|J. Rasmussen, 1986, p. 70

This chapter is to present a model of planning and action control in the context of interacting
with complex work environments. The purpose of the model is to describe one way in which
one can prepare for the future, and how that preparation a ects subsequent behaviour. In
the next chapter, the model is used to reanalyse the ndings of the eld study. The detailed
usage of the model will also be shown there.

9.1 Introduction
\Toronto is to the west"

On the way back to Toronto, as I approached Highway 401, I knew that I had to
decide which direction of the highway to take: eastbound or westbound. Then I realised
that Toronto was to the west, so I told myself to look for the sign for 401 West. Without
having much trouble in nding the sign, I took the exit, and got onto Highway 401
westbound.

This is a personal account of an episode of a trip back to Toronto from a friend's cottage.
It presents a phenomenon central to this thesis: human beings do not always wait for
problem-solving situations to arise, but rather, quite often, we anticipate the future and
start processing future situations mentally before we actually encounter them. In the above
episode, for example, the driver could have used a di erent strategy. Instead of anticipating
that there would be a choice, he could have checked every exit sign to Highway 401: \Will
this exit get me to Toronto?" Depending on the answer to that question, he could then
decide whether or not to exit at that sign.
The two strategies elicit di erent mental processes and levels of complexity in processing,
both in searching for exit signs and in responding to them. In the recounted episode, after
prior mental processing, the task of nding the correct exit is simply a matter of match-andtrigger. The driver could concentrate more than he otherwise would on the trac and other
tasks. He did not have to think about the question of which direction of the highway would
lead him to Toronto, and he would not spend much time in processing the non-matched
signs (i.e., the exits for the eastbound).
This episode is a trivial, everyday life example of anticipatory and preparatory behaviour.
Generally, the scope of our conscious thinking covers matters over a continuum of time from
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the past to the future. Some of our thoughts concern things days or even years from now,
while others with events just a few seconds away. We anticipate the future and deliberate on
future activities that are at di erent points in that continuum of time. We usually have some
anticipation of future situations, and often start to deliberate about those situations before
we actually encounter them. Such anticipation can lead to (1) coordination among our own
and/or with others' activities, (2) preparation of needed knowledge or action rules, as well
as the materials and information necessary for carrying out those actions, and (3) rehearsal
of procedures. Most of us would agree that the mental activities involved in anticipation
and prior deliberation are of great importance and have signi cant impact on subsequent
activities.
The question to be addressed in this chapter is: What is the e ect of the anticipatory and
preparatory activities, as observed in the eld study on anaesthesiologists and illustrated
by the episode \Toronto is to the west"?

9.2 The unit of analysis
The crux of the problem of understanding anticipatory and preparatory behaviour seems to
lie in the unit of analysis that one chooses in studying behaviour. (See Figure 8.1.)

9.2.1 Anticipation
behaviour

as

an

emergent feature

of

molar

To deal with the complexity of human behaviour, a divide-and-conquer strategy is often
adopted, which involves selecting \only a single time slice of a dynamical process, or only
a subset of the interconnections between parts of a highly coupled world" (Woods, 1993,
p. 229). One manifestation of this strategy is to assume that a behavioural stream consists
of a linear assembly of stimulus-response (s-r) pairs, and that one can justi ably study
each pair in isolation (as has been done for example in the Model Human Processor by Card
et al., 1986, in which human cognitive activities are segmented into a concatenated, linear
sequence).
Tolman is probably the rst who, himself as a behaviourist, argued that emergent features in the behavioural stream could not be studied by examining behaviour at the level
of individual, molecular units (Cf. the chapter Behavior, A Molar Phenomenon in Tolman,
1932/1968). His argument directly addressed the inadequacy of the s-r paradigm in studying behaviour, and he claimed: \it is . . .the molar properties of behavior-acts, which are of
prime interest to us as psychologists."
Thus, at least to Tolman, it is clear that one needs to examine an assembly of more
than one basic unit at the same time to understand emergent features in behaviour, that
is, the structures of the assembly made of the basic units. Often attributed as putting
the last nail on the con of behaviourism, the book Plans and the Structure of Behavior
(Miller et al., 1960/1986) went further than Toman did. Miller et al. assumed that not only
do there exist di erent levels of description of behaviour, but behaviour is itself organised
at di erent levels. Convincing evidence to support this assumption come from studies of
human languages (see examples given by Miller et al., 1960/1986, p. 14) and of motor skills
(e.g., Gallistel, 1980; Pew, 1974).
If there were one area of cognition that should lend itself to be investigated satisfactorily
in an isolated, s-r style, it would have to be perception. Vision research has long been
dominated by the s-r paradigm. Subjects are shown stimuli very brie y1 to ensure no
more than one s-r cycle occurring. However, Neisser (1976) has argued eloquently about
1 \Such displays come very close to not existing at all" (Neisser, 1976, p. 35). Neisser describes in this
way when commenting on the perception research in which the subject's exposure time is along the order
of 20 milliseconds.

Yan Xiao, 1994

9.2 The unit of analysis

125

the importance of studying perception over time. In his opinion, temporal continuity is one
of the aspects that are essential for ecological validity (p. 34).
When we observe subjects behaving over time, one of the rst emerging properties in
behaviour would be anticipation. Neisser (1976) has made this point explicitly with his
perceptual cycle (see also Figure 4.2 on page 57 in this thesis), in which exploration of the
perceptual world is governed by prior anticipation (schema). In naturalistic settings, there
is no clear onset of problem solving activities when observing behaviour over a period of
time. An experienced problem solver often can detect precursor(s) to a problem solving
situation, and often starts processing the problem before it is actually presented. He or
she may choose to prevent the anticipated problems from occurring, which is in most cases
more favourable.2 So the nature of problem solving, just as in the case of perception, is
drastically di erent when the subject is allowed to do it over time, and at his or her own
choice of methods.
Nevertheless, viewing the human as a \passive cognitive machine" remains a prevailing
assumption, albeit often implicit with many researchers. \As we have seen, in the laboratory
the technique of study has continued to be through ring stimuli at a person who sits and
awaits them" (D.E. Broadbent, 1986, in Foreword to Miller et al., 1960/1986, pp. xxvi{
xxvii). The subject is stripped of opportunities to actively organise subsequent behaviour
through anticipation of the future. The focus of inquiries has been on behaviour related to
how to respond to given problems.
The next segment gives an overview of some of the activities that would not be studied
if the s-r paradigm were followed exclusively.

9.2.2 Consequences of anticipation
Experienced workers usually can and do anticipate the future. Considerable e ort is spent
on organising activities (e.g., Beishon, 1974). This e ort can change task properties in
signi cant ways, as shown in studies on ight missions (Amalberti & Deblon, 1992) and air
trac control (Redding & Cannon, 1992). Rasmussen has emphasised the importance of
studying the active, anticipatory nature of behaviour:
A crucial feature to include in a model is that humans are not only responding to
\input." They actively seek relevant information; they constantly orient their senses
towards important features in the information available, and they respond to information present as well as information missing|they have expectations (Rasmussen, 1986,
p.74).

In most complex work settings (actual or simulated), workers are well experienced. In order
to understand their current activities involved in anticipation and preparation, it is critical
to understand the in uence of those activities on subsequent behaviour as well. We need
to study expertise concerned not only with responding to problematic situations, but also
with anticipating, preparing, and preventing. In workload research, for example, we need to
understand cognitive workload associated with coordination e orts beyond basic s-r cycles,
and activities in sustaining actions over a period of time. Mental workload studies must
include those strategies for workload management (e.g., Sperandio, 1971; Raby & Wickens,
1990; Hart & Wickens, 1990) to re ect the active, adaptive nature of human behaviour.
Examples in preview control (e.g., Sheridan, 1967; Xiao et al., 1988) have demonstrated
the impact of anticipation and feedforward information, and the tendency for humans to
incorporate the future (previewed or anticipated) into the present response.
A counter-example would be chess playing, in which people are actively seeking challenging problem
solving situations.
2
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9.2.3 Plans and the structure of behaviour

In studying behaviour over an extended time frame, in which anticipation and preparation
are possible, we essentially deal with the basic question of how one's anticipation and prior
deliberations in uence subsequent behaviour. This is also the central question addressed
by Miller et al. (1960/1986). They used the concept of \plan" to outline such in uences.
Starting on the rst page of the rst chapter, Miller et al. stated their conviction that plans,
though sketchy, have an impact on subsequent behavior:
The authors of this book believe that the plans you make are interesting and that
they probably have some relation to how you actually spend your time during the day.
We call them \plans" without malice|we recognize that you do not draw out long and
elaborate blueprints for every moment of the day. You do not need to. Rough, sketchy,
exible anticipations are usually sucient. As you brush your teeth you decide that
you will answer that pile of letters you have been neglecting. That is enough. You
do not need to list the names of the people or to draft an outline of the contents of
the letters. You think simply that today there will be time for it after lunch. After
lunch, if you remember, you turn to the letters. You take one and read it. You plan
your answer. You may need to check on some information, you dictate or type or
scribble a reply, you address an envelope, seal the folded letter, nd a stamp, drop it
in a mailbox. Each of these subactivities runs o as the situation arises|you did not
need to enumerate them while you were planning the day. All you need is the name of
the activity that you plan for that segment of the day, and from that name you then
proceed to elaborate the detailed actions involved in carrying out the plan. [pp. 5{6]

The remainder of this chapter basically follows the concept of a \plan" as perceived by
Miller et al., and proposes a model of planning and action control that captures the key
aspects of the role of anticipation and preparation in the interaction between a pro cient
worker and a complex work environment.

9.3 Action and the role of planning
9.3.1 Planning and feedback

Although the de nitions of a \plan" vary greatly, the gist of the concept is probably best
understood by the role of a plan in action. Hoc (1988) provides a de nition along this line
(p. 84): \A plan is a schematic and/or hierarchical representation whose function is to guide
activity." This thesis uses this as the working de nition of a plan.
This thesis is interested in situations where
 plans are largely for personal consumption (as opposed to plans made as products for
others).
 the task is suciently repetitive that there is rarely a need for making a completely
new plan, but is suciently non-routine that the task is not completely proceduralised.
A large part of the research on human planning is therefore irrelevant to this thesis (e.g.,
studies on errand planning by Hayes-Roth & Hayes-Roth, 1979 and planning by arti cial
intelligence systems by Sacerdoti, 1974; McDermott, 1978; Firby, 1989). The reason is that
research by others on human planning seems to be completely occupied with the process of
generating a plan representation (e.g., Johannsen & Rouse, 1983; Miller, 1983; Sanderson,
1989), and not with the question of how such a representation in uences activity. However,
the e ects of plans on actions are unclear. Simplistic, extreme assumptions on those e ects
often lead to misunderstandings. For example, Suchman (1987) uses the example of canoeing
down a series of rapids to show that prior planning has little e ect on subsequent behaviour.
Payne (1991) uses the evidence that even experts can not predict exactly the e ects of actions
to argue against the importance of anticipation and planning.
In contrast, admirable progress has been made in the area of motor skills, to investigate
the e ect of anticipation and planning on action (see the review book by Holding, 1989 and
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a chapter by Keele, 1986). For example, Rosenbaum (1983) studied the e ect of anticipation
and of prior speci cation by the precuing technique. In experiments using this technique, the
subject is provided with lead information about the characteristics of the upcoming stimulus.
Rosenbaum's study supports the view that prior speci cation reduces response complexity,
and consequently, the response time. The more one knows about the characteristics of the
upcoming stimulus, the faster the response.
The issue confronting motor skill research is somewhat similar to the one addressed
in this chapter: Given that we almost always have to rely on feedback information about
exact circumstances in order to control our actions, what is then the role of plans (or motor
programs)? Which part is more important in action control: the motor program (i.e.,
the control from central nervous systems) or feedback (i.e., the corrective control based
on peripheral sensory inputs)? Weinstein and Schmidt (1989) summarise the motor skill
research on this issue as follows:
The motor behavior literature from the last few decades has generally abandoned
the controversial question of whether \central" or \peripheral" processes govern motor
behavior . . . . Instead, it is now generally acknowledged that most skilled actions
are accomplished through an integration of open- and closed-loop processes|a socalled \hybrid control system"|and research has begun to focus on the nature of this
integration. [p. 18]

It seems that motor skill research has made considerable headway in understanding
the relationship between feedback control and plan control. In contrast, its counterpart in
presumably more cognitive behaviour research has not moved far in delineating the role of
plans.
This thesis does not attempt to resolve the general question regarding the relationship
between local feedback and plans. Instead, it proposes a model of planning and action
control that is useful for analysing some of the phenomena observed in the eld study,
to provide some guidance to future research on human problem solving in complex work
environments.

9.3.2 Functional roles of plans

In his treatment of action theory, Bratman (1987) pointed out the two central functional
roles of planning in human behaviour|deliberation and coordination. Deliberating occurs
beforehand \because deliberation requires time and other limited resources, and there is an
obvious limit to the extent to which one may successfully deliberate at the time of action"
(Bratman, 1987, p.2). The value of coordination is obvious, since many activities, including
those involved in solving problems themselves, require coordination and planning at di erent
levels of detail (Koedinger & Anderson, 1990). The limitations in the human cognitive
system restrict the number of items held in dynamic memory, the speed at which information
can be processed, and the depth to which an environmental event can be processed before a
response has to be made. Hoc (1988) provides a similar description of the functional roles
of plans in action control (p. 116).
Examining the functional roles of planning should serve the purpose of eliminating much
of the confusion in the use of the concept of a \plan." It is the author's belief that, because
of this confusion, research on human planning and action has not progressed as rapidly as
would otherwise be possible. Refuting the role of plans in action control and the role of the
concept of a \plan" in explaining behaviour (e.g., Payne, 1991; Suchman, 1987) only limits
us to the s-r paradigm.
In short, in order to understand human planning, one has to understand the need for
plans and planning, and how these provide guidance for subsequent actions.

*

*

*

This chapter started with the question about understanding the role of anticipation
and preparation in behaviour, and then expanded the scope of inquiry to understanding
the general structure of behaviour, since anticipation is one of the emergent features of
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behaviour that one can observe under not so constrained behavioural conditions. The issue
about the role of anticipation thus becomes one of understanding the in uence of plans on
the execution of actions.
The following will examine a particular framework|the \decision ladder" (Rasmussen,
1976, Fig. 1)|to build a model of planning and action control. The reason for choosing
the decision ladder is simple: the decision ladder is one of the only frameworks that re ect
the essence of exible action control in complex, dynamic work environments (such as those
that one would nd in operating rooms).

9.4 Decision ladder: A representation of action resources
9.4.1 Decision ladder and action control

Refer to the review of the concept of decision ladder in Chapter 2 (starting on page 15). Although the concept of the decision ladder was constructed as a means of capturing observed
sequences of activities, it has a direct relationship with action control: It can be used to
represent the many ways in which an organism can control its actions during interactions
with its environment. Whenever a stimulus in the environment is perceived, information
processing activities are triggered along the \legs," or the \rungs," of the decision ladder,
and a response is generated. Depending on the state of a airs, prior expectations of it, and
the experience of the organism, di erent paths of information processing in the decision
ladder will be taken.
For example, a car driving task can induce di erent paths in the decision ladder. Deviations of the car position in the lane are corrected directly by actions, without having to
evaluate the consequence of the deviation; trac signs may cause the driver to think of the
destination and to evaluate whether or not changing lanes is desired; if it is, a sequence
of manoeuvres is initiated (e.g., signaling, shoulder checking, steering to a new lane, and
so on). If the trac is heavy, a more complicated sequence of activities may be triggered:
choosing a desired point of entry to the new lane, adjusting the speed, watching other
drivers' responses, and changing lanes when the situation allows. This sequence may also
be determined by nodes high in the decision ladder. If the time pressure is large (e.g., very
close to the exit point), and the cost of missing the exit is large (e.g., late for an important
appointment), the driver may cut into the new lane sooner and the manoeuvre is riskier
than otherwise.
The above examples demonstrate that the decision ladder inherently contains the notion
that action control occurs at di erent levels. (See Rasmussen, 1983). Multi-level action
control is a concept that has been around for a long time. The concept was argued to
be central to the understanding of skilled human behaviour and indeed has been exploited
as such (e.g., Bruner, 1970; Allport, 1980; MacKay, 1982; Moray, 1986). The functional
value of multi-level action control should be clear: \If only the upper levels are available,
performance would be slow, awkward, and demanding as when we learn a new skill. On the
other hand, if only lower levels were available, performance would be e ective only when
the novel or unexpected do not occur" (Woods et al., 1987, p. 1746).
Miller et al. (1960/1986) actually provide a concrete example to illustrate what hierarchies of action control look like. (That example is the well-known tote unit: test-operatetest-exit, which emphasises that behaviour is oriented towards a hierarchy of goals). The
basic idea of the concept was summarised by Broadbent (1977, p. 181):
The general principle . . . is that human processing of information takes place on
many levels. Some of these levels modify or control the operation of others; those systems which are subject to control deal with parts of the total activity of the person, and
are perfectly capable of getting on with those parts if the higher centres are otherwise
occupied.
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The taxonomy of cognitive control of action proposed by Rasmussen (1983) extends
the multilevel concept to the association between the way in which environmental cues
are interpreted (as signals, signs, or symbols) and the way in which action is controlled
(in skill-, rule-, or knowledge-based manners). Environmental stimuli can be used to drive
motor movements directly (the stimuli are perceived as signals ), to start actions (the stimuli
are perceived as signs ), or to evoke goal evaluations and response choices (the stimuli are
perceived as symbols ). A direct conclusion of such an association is that the human operator
uses environmental cues di erently at di erent levels of cognitive control (see an example in
Hansen et al., 1990, Fig.11). While at the rule-based level the information searching activity
is oriented towards nding di erentiating cues for releasing proper rules, at the knowledgebased level this activity is oriented towards nding cues that activate option evaluation and
goal selection.
The knowledge and skills needed for action control are di erent at various levels of
action control. At the knowledge-based level, action is under direct control of goals, and
novel situations can be dealt with even without existing procedures to go by. At the rulebased level, action is controlled by procedures and rules, and thus involves less demands on
problem solving. At the skill-based level, action is controlled by tight sensory-motor loops
and the skill of coordination in spatial-temporal space.
The knowledge and skills needed in action control at these levels can be viewed as
resources that a human being possesses. They do not specify exactly the way in which
one controls action, but they provide one with the ability to make decisions, to formulate
response plans, to activate rules, and to execute plans.
In the following we examine the relationship between the resources for action control, or
action resources, and the decision ladder.

9.4.2 Action resources represented by the decision ladder

When a stimulus is perceived, a response is generated, just as in the case of when a car driver
sees a red light, he stops. A link between the stimulus and the response either exists before
perception of the stimulus, or is built (or modi ed) after the perception. An operator in a
control room usually knows immediately how to respond to the events of his or her plant,
whereas an untrained person usually does not. An experienced operator may not have to go
through complicated information processing to generate a response in a situation in which
the less experienced operator may have to. In any case, whatever path in the decision ladder
it may take one to process a stimulus and to generate a response, one needs knowledge and
skills along the path to do so. A \short-cut" in the ladder, for example, would save one from
processing the stimulus further. Without such a rule, one has to make use of knowledge and
skills in nodes that are otherwise shunted by that rule.
In other words, the decision ladder can be viewed as a framework upon which the potential resources (knowledge and skills ) for action control, or action resources, can be represented and how they are distributed. For an experienced worker, the decision ladder
contains not only rich interconnections (\rungs") among knowledge states and activities,
but also the knowledge needed for directing the ow of a decision path in the ladder. For a
well practiced procedure, for example, the signal of the end of a step automatically triggers
the next step in the procedure and the actor does not have to think about what needs to be
done next. For a less experienced worker, the available resources are not as rich. Not only
does he or she have less discriminative power in deciding which direction the information
processing should take, there are fewer interconnections, or \short-cuts," among the nodes
in the ladder. He or she is more likely to have the need to formulate low level goals from
higher ones, as well as the need to outline the range of options.
Four important sources can be identi ed for contributing to the action resources:
 training,
 experience,
 on-line help (check-lists and procedures), and
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Designer

On−line help

Experience

Training

workplace configuration

Figure 9.1: Four sources of action resources. The central portion represents the decision
ladder. Refer to Figure 2.2 (page 17) for details about the decision ladder.
The exact location of each source is arbitrary on the gure.
 the system designer.
Figure 9.1 is a schematic illustration of the in uence of these four sources of action resources.
The rst three sources are straightforward and need no explanation. What is worth noting
is the fourth source, the role of the system designer, who provides the operator with the
means to interact with the system. A push of a button, so to speak, can trigger a sequence of
events that have the e ect desired by the operator. Rasmussen (1986) shows two examples
(Figs. 6.4 and 6.5) of how the respective decision ladder of the designer, an on-line computer,
and the operator jointly contribute to making a decision.
The thrust of this chapter, however, lies with a fth mean of contributing to action
resources, namely, planning.

9.5 A model of planning and action control

9.5.1 Planning as preparation of action resources

An experienced worker usually generates a response more quickly and much more eciently
than a less experienced worker can. This observation can be viewed, from the perspective of
this chapter, as that the experienced worker has action resources that the less experienced
worker does not have. The less experienced worker can, on the other hand, remedy the
di erence to some degree through anticipation and preparation. This thesis proposes that
Yan Xiao, 1994
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planning is a way to prepare action resources.
In the example \Toronto is to the west" at the beginning of this chapter, the driver knew
that he was approaching the highway and that, in order to exit properly, he had to choose
a direction for that highway. This anticipation led him to prepare a rule (or a \rung" in the
decision ladder) that links a road sign to the goal of getting to the direction of the highway
that would lead to Toronto. To an experienced driver (i.e., someone who has driven that
path before), such a planning process is not necessary. In fact he or she may not need
to read the exit sign at all, as experience will have supplied other signs for triggering the
task of exiting. Nevertheless, the associative rule that the driver in the example prepared
guided his later actions and facilitated his interaction with the environment. The process
of planning prepared a rule|a part of action resources|for the driver.
As hinted in the above analysis, planning can prepare only certain kinds of action resources. For example, no amount of planning will give the driver the same kind of action
resources that he would have if he had driven the same route before. In the following, two
categories of action resources are listed as possible objects of planning.

Mental resources The rst category of resources that planning can prepare are mental

resources. These include local models of a system|i.e., models of the system that are easy
to use to give predictions. Amalberti and Deblon (1992) observed in their eld studies that
pilots generated local models of the aircraft for easy calculation. For example, one local
model used by pilots during the ight is: \for the next 60 miles, one degree to the left, or
to the right should correct a discard of 1 nautical mile" (p. 649).
Another type of action resources belonging to this category is triggering signs for actions.
By knowing, or inferring, what signs to look for to start actions, the operator can be more
responsive and act faster.
Contingency action plans can also be prepared. Instead of waiting until a problem
solving situation arises, a list of action plans can be prepared. The operator has only to
look for discriminative cues to start the proper action plans (see also Amalberti & Deblon,
1992).
Rehearsing a procedure is another means of planning. In a rehearsal, one can make the
chaining between steps smooth. One can also detect problems in the procedure before it is
implemented, and modify it in advance (see also Klein, 1989).
Last but not least, planning can provide action speci cation information for an action to
be executed. Due to the multi-level nature of action control, and to the fact that an action
can be executed in many ways (i.e., the one-to-many mapping problem; see Figure 9.2), the
operator faces a potentially complicated action speci cation process. One may assume that
a prototypical pattern of action execution is possible in most situations, but modi cations
to the prototypical response are often necessary to t the actual circumstances. Planning
can prepare this type of resource.

Physical resources The second category of resources are physical resources. Although
physical resources are not represented by the decision ladder, the physical environment of
the operator plays an important role in supporting the operator's cognitive activities. In
most industrial settings, the work environment is designed to t the needs of the operator.
Nevertheless, operators are often found to tailor their workplace to reduce response complexity and facilitate the sustaining of actions (e.g., Norman, 1991; see a review of this study
in this thesis on page 18). As seen in the current eld study, anaesthesiologists con gure
the workplace in signi cant ways.
The preparation of physical resources can take the form of arranging the workplace
in such a way that a subsequent procedure can be executed smoothly, without having to
pause and think. It can also take the form of placing triggering cues in the workspace
to ensure the execution of actions. Prepared contingency plans may require materials and
arrangement not ordinarily present in the workplace. Preparing materials and their access
for contingency plans is important, too.
Interacting with Complex Work Environments
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States, events,
situations

Natural language
reasoning
Intentions
Evaluation and decision

Many−to−one
mapping

Data integration
and feature
formation

Physical variables

One−to−many
mapping

Coordination of
sequences of
elementary acts

Elementary acts

Figure 9.2: Complexity in action control: Many-to-one and one-to-many mapping.
Adopted from Fig. 1 of Rasmussen and Lind (1981). Also available as
Fig. 40.18 in Moray (1986). On the left side, relevant features in the physical variables or environmental stimuli are extracted (many-to-one mapping)
to drive goal oriented activities; on the right side, a chosen action is implemented as sequences of elementary acts (one-to-many mapping).
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9.5.2 The planning model

Starting with the notion of planning as the preparation of action resources, this section has
essentially outlined a conceptual model of planning and action control, which is summarised
here:
Planning is a process of preparing action resources, which is largely represented by the decision ladder. Planning is triggered by anticipation of the need
for preparation. The goal of such preparation is mainly for reducing response
complexity when subsequently interacting with the task environment.

Figure 9.3 illustrates the model through the decision ladder. As explained earlier, the
role of planning is not to specify or control actions in detail. Rather, it is a process of
preparing the operator to interact with the environment e ectively. On the one hand, the
uncertainty and complexity of actual work settings makes detailed planning impractical.
On the other hand, experience and the workplace provide support in various ways (e.g.,
specifying temporal and spatial details of actions) for on-line interaction, that is, responding
to events in the environment and monitoring actions. Thus planning can also be viewed as
a way to carry out some of the activities that the operator has to do in order to accomplish
his or her goals. Whether planning occurs or does not occur is only a matter of at which
time these activities are carried out. From this point of view, planning has advantages in
comparison with on-line interactions, as more resources (e.g., information sources and time)
are available. But it does not deal with speci cs well. Figure 9.4 is presented to show such
a complementary relationship between prior planning and on-line interactions.
The above model is an extension to the preparatory framework (Figure 4.5, page 61).
While the preparatory framework is based on the event ! mental process ! response
(epr) cycle, the model proposed in this chapter is based on the decision ladder. Thus
the model establishes a link between preparation and action control, and provides a better
understanding of the ways in which one can prepare and in which preparation can a ect
behaviour in subsequent interactions with the task environment. As a consequence, it is
intended to provide better guidance for future theoretical and empirical studies, both in the
eld and in the laboratory, on anticipatory and preparatory behaviour.

9.5.3 The nature of planning as preparing action resources

The discussion above has explored how planning can be viewed as a process of preparing
action resources, relative to the framework of the decision ladder. This subsection will
attempt to answer a few critical questions about this view of planning, as expressed in the
model of planning and action control.

The level of detail in planning
Preparation of action resources occurs at di erent levels of detail. The operator can set a
general goal for the activities to come and set subgoals as landmarks. He or she can also
rehearse in detail the actions to be executed, that is, what signs to look for, and what to do
when the actual situations occur.
Given that planning is viewed as the preparation of action resources, the level of detail
in planning will then depend on the experience of the operator. An experienced operator
does not have to plan as much as an inexperienced one in order to ensure successful operation, because he or she already possesses much of the action resources that are needed for
successful interactions with the task environment. He or she may need only to nd out a
few missing nodes or links in the decision ladder and to prepare them accordingly. These
missing nodes and links are likely to be in lower positions in the decision ladder and are
likely to be those associated with the exact circumstances.
Interacting with Complex Work Environments
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Goals

Constraints

Criteria

Options

Target states

Planning
Short−cuts
List of actions

Action chaining
Interpretation of cues

Cues

Attention focus
Triggering cues

workplace configuration

Critical resource needs

Figure 9.3: A conceptual model of planning and action control. Compare it with Figure 9.1. Planning activities are scattered in various locations in the decision
ladder, and can be viewed as a process of \feeding" the needed action resources. Planning also acts on the workplace con guration. The e ect of
planning is more ecient action control. The middle portion represents the
decision ladder, here viewed as a representation of action resources. The
results of planning are located correspondingly to the nodes or links in the
decision ladder, and to the physical workspace.
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Workplace configuration

Planning

Workplace configuration

Time

On−line interactions

Figure 9.4: The complementary role of planning and on-line interactions. The shaded
area in the left ladder indicates the focus of planning activity relative to
the decision ladder. The shaded area in the right ladder indicates the
potential routes of decisionmaking in the decision ladder during on-line interactions. Planning activities are triggered by precursoring cues. Planning
deals mostly with nodes and links higher up in the decision ladder, such as
goal states and ranges of options. On-line interactions deal with nodes and
links that are mostly lower in the decision ladder and closer to the physical
environment.
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Guidance and control of actions

As a representation of action resources, the decision ladder speci es actions at di erent levels
of abstraction. It needs feedback information from the environment to jointly specify the
exact way of executing an action. Interactions with the task environment, in other words, are
guided by the knowledge and skills that can be represented by the decision ladder, in which
goals at a higher level propagate their in uence on the lower goals through speci cation of
actions (i.e., solving the one-to-many mapping problem).

The role of local feedback

Many actions are inherently tightly coupled with the environment and need constant input
from the environment. For example in driving, the action of keeping the car in a lane needs
feedback information at almost all times. The role of local feedback is thus critical. However,
this coupling of action with environment stimuli is also in uenced by other levels, which
are less closely coupled with the environment stimulus. For example, one parameter that
needs to be controlled is how large a deviation (from the center of the lane) is subjectively
acceptable to a particular driving condition.
For those actions that are not tightly coupled with the environment, an action often
needs a triggering stimulus for it to start. It may also need a triggering event for it to
stop. Thus although the content of an action may not need feedback information from the
environment, it needs the triggering event for starting and/or for ending. In other words,
one may plan an action, but the exact situation and time for it to be executed might not
be planned.

Uncertainty and action guidance

Uncertainty is a reality of actual work environments. By means of action resources, the
decision ladder represents how actions could be executed at di erent levels of the hierarchy.
What would appear to be an ambiguous set of options at a low level of action control may
not be regarded as ambiguous at all at a higher level of control. Such multi-level control of
actions not only ensures that important goals are satis ed, but also allows the utilisation of
opportunities. A prototypical response may be less economical in a novel situation than a
non-prototypical response, for example. Substituting the prototypical response may violate
some lower level goals, but may in fact achieve important higher level goals more e ectively.

9.6 Summary

The chapter rst reviewed the issue of the unit of analysis in studying behaviour, and
then directed attention to the necessity of considering the role of anticipation, especially
in situations in which the operator is well experienced. In an attempt to understand the
e ect of planning on behaviour, a model of planning and action control has been proposed
using the decision ladder. In this model, the decision ladder is used to represent various
types of action resources, and planning is viewed as one of the ways to prepare the action
resources. Through anticipation and preparation, compatible action resources are prepared
and response complexity is reduced.

Yan Xiao, 1994

Reanalysing Results of
the Field Study

10

If you know the patient has aortic stenosis, if you observed hypotension, you'll give
epinephrine faster. You'll be very concerned and intervene early. On the other hand, I
might have a plan to prevent in the case to develop hypotension. But some residents
do not realise that, and only wait for things to happen before treating that.

From a subject of the eld study, in a post-case interview

In the previous chapter, a conceptual model was proposed to characterise the relationship
between planning and action control. This model, which will be referred to as the planning
model, provides a basis for understanding preparatory behaviour from the viewpoint of
facilitating subsequent interactions with the work environment. The present chapter rst
summarises the major ndings of the eld study, and then uses the planning model to
reanalyse several key behavioural patterns. The chapter nishes by presenting the ndings
as a generic, context-independent strategy.

10.1 Major empirical ndings
In any study on problem solving behaviour, it is natural to focus on those activities that
occur after problems have been imposed onto the subject. In naturalistic settings, however,
problem solving activities are always embedded in the context of some other activities.
Thus problem solving activities can occur not only as a result of confronting problematic
situations, but also as a result of anticipating potentially problematic situations.
The current eld study found that an important class of problem solving activities occurs
when anaesthesiologists actively anticipated problems and take measures either to prevent
troublesome situations from arising, or to prepare for them. Some of these preparatory
activities are physical (and thus directly observable), while others are mental (and thus
must be inferred). Two conceptual workspaces were proposed to present the observed or
inferred preparatory activities.
In essence, the ndings from the eld study demonstrate that anaesthesiologists do
not wait for problem solving situations to arise, but rather they can, and do, anticipate
and prepare for future situations. At a macro level, the anticipation and preparation are
oriented towards major decisions and events, and occur to a large extent prior to the start
of a surgical case. At a micro level, anticipation and preparation are intimately involved in
managing the patient (i.e., maintaining surgical anaesthesia and stable patient conditions).
In the following, the major ndings of the eld study are summarised in terms of two
workspaces: mental and physical. The section nishes with an outline of the properties of
the observed preparatory activities.
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10.1.1 Preparing the mental workspace

The activities in preparing the mental workspace are not usually directly observable. The
results of such activities are a mental state of readiness for responding, for making decisions
and judgments, and for executing planned actions.
One type of preparatory activity is associated with the identi cation of a list of concerns.
This type of activity is most detectable during pre-operative interviews, at which time the
anaesthesiologist identi es major potential obstacles to the success of a case. (Anaesthesiologists call these concerns \anaesthetic considerations.") They include special conditions in
the patient's physiology, expected or potentially non-routine events during the surgery, expected or likely troublesome situations, and errors that one is prone to commit. The concern
list functions as a set of \tripwires," or \warning ags," that guide the anaesthesiologist's
attention in behaving in a dynamic, multi-task environment and in achieving multiple and
sometimes con icting goals.
The preparation of the concern list often leads to the formulation of contingency response
plans for those troublesome situations which are either anticipated or likely to occur. It can
also lead to decisions about the general approach to the conducting of the case. These
decisions include, notably, those about situations to be avoided and solutions which should
not be applied or are not realisable.
During the surgical operation, in comparison, the scope of anticipation and preparation
is on a short-term basis, involving the monitoring and controlling of the patient's status, and
the execution of planned actions. One type of preparatory activity is associated with the
formulation and the use of local rules, which are ad hoc rules that can be used to control and
monitor the patient's status. In one case, for example, just before the surgeon cannulated
an artery, the anaesthesiologist predicted that ecg display would show dysrhythmias and
he verbalised his monitoring rule to the resident that the anticipated dysrhythmias could
be ignored.

10.1.2 Preparing
workspace

and

interacting

with

the

physical

In many situations, the contingency responses require not only mental readiness, but also
readiness in terms of materials. A good response plan may not be realisable simply because
of a lack of materials. Some materials (e.g., intravenous drugs that require dilution) may
be available but need complicated and time consuming setups before use.
At the beginning of each case, the anaesthesiologist essentially con gures a work environment with materials needed for busy periods (e.g., induction) and emergency scenarios.
Anaesthesiologists often arranged these materials (e.g., syringes, ett, laryngoscope, etc.)
in ways that made the action execution easier (e.g., placing syringes in the anticipated order
of their usage).
Anaesthesiologists were also found to place \triggering cues" for planned actions into
their work environment. Some of the drugs (e.g., antibiotics) to be given to the patient are
not an integral part of anaesthesia and often require speci c timing. Apart from rehearsing
the action of giving these drugs, in some cases anaesthesiologists place them in a certain
way on the drug cart as reminders.
The proposed preparatory framework (Figure 4.5, page 61) encompasses the major ndings in a single framework and highlights eight areas of preparatory activities.

10.1.3 Properties of the preparatory activities

Before the start of a case, anaesthesiologists, almost without exception, reviews potential
problems or indications of problems in the course of anaesthesia. considerable amount of
mental activities were reported by the subjects in this eld study. The importance of preoperative preparation is also stressed in textbooks in anaesthesiology (e.g., Aitkenhead &
Smith, 1990), and is supported by anecdotal evidence (e.g., Miller, 1986).
Yan Xiao, 1994
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Aside from the issue about the importance of preparation, the eld study revealed some
general properties of the preparatory activities. Two prominent properties are summarised
below.
First of all, evidence from the pre-operative interviews and the case round discussions
seems to suggest that only a small number (around three to eight) of aspects of a case
are usually examined and prepared. In other words, the mental preparation is fragmentary
and is not systematic. Some of the concerns and decisions reported were general (i.e., \the
patient was weak," \the patient has poor venous access"), others were more speci c (i.e.,
\the patient has capped teeth," \use small tube even the surgeon likes bigger one").
Second, not only does the preparation seem fragmentary, it also seems to be more concerned with the identi cation of problems than with the solution of problems. In round
discussions, for example, it was often the case that the proper identi cation of concerns
alone (e.g., dicult i.v. access) was sucient, without actually o ering any solutions.
It is indeed possible that, in spite of the number of preparatory activities identi ed, the
anaesthesiologists may have actually gone through extensive mental preparation, weighed
a much larger set of alternatives, and examined many aspects of a case, including possible
solutions to potential problems, etc., but he or she reported only a small number of these.
However, such an explanation does not concur with the data from the prp study on case
round discussions. How these types of mental preparation a ect the behaviour in the or has
been a central question for the eld study. The excerpt from a post-case interview quoted
at the beginning of this chapter o ers an explanation, from the practitioner's point of view.
In the remaining part of this chapter, the planning model proposed in the previous chapter
will be used to explain the relationship between preparation and on-line interaction.

10.2 \Old wine in new bottles"
In this section, the key ndings from the eld study associated with preparatory activities
are reanalysed using the planning model. The planning model provides explicit linkages
between preparation (or planning) and actions (or on-line interaction).
Recall that in the proposed planning model, the decision ladder is viewed as a representation of action resources, which are used in the interaction with the task environment.
A general decision (e.g., \use less anaesthetic") or a concern (e.g., \the patient is weak")
may not produce identi able physical activities, but, according to the proposed model, the
preparation of this kind changes the action resources, which are represented by the decision
ladder. The action resources then direct actions (i.e., on-line interactions).
In the following, the e ects of various preparatory activities on action resources are illustrated on the decision ladder. This is similar to Hollnagel et al.'s use of decision ladder
in their analysis of protocol data (1981, Fig. 33). In Hollnagel et al.'s analysis, however,
the decision ladder was used as a \sketch pad" for representing activity sequence; the observed activity sequences were drawn directly on the decision ladder to show the transition
of knowledge states and activities. In the current analysis, highlighted nodes and links represent plausible areas of action resources to which preparation has contributed. Refer to
Figure 2.2 (page 17) for labels and the meaning of symbols in the decision ladder.

10.2.1 The concern list

Three examples are provided here to show how the identi cation of a concern changes action
resources.

Concerns about anticipated diculties in procedures Two of the most common
forms of concern in anaesthesia are dicult intubation (i.e., inserting an ett into the
patient's trachea) and dicult i.v. access (i.e., cannulating an i.v. catheter of a desired size
into the patient's veins). Both procedures are routine and are done in the majority of cases,
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and only in rare cases can one manoeuvre to avoid doing them. Figure 10.1a represents one
set of nodes that are likely to be prepared when such concerns are identi ed.

Concerns of forgetting planned actions Sensing something being atypical in a case

often triggers preparation. For example, the case may have extra steps (e.g., injecting
steroids) that are likely to be forgotten. One often nd that each anaesthesiologist has his
or her own ways, or tricks, to ensure the execution of the extra steps, among which is the use
of association (e.g., \Just before o -pump, I will give this drug to her"). See Figure 10.1b.
An ad hoc link is established between an event and the planned action. Placing cues in the
prominent spot in the workplace is probably the most reliable way of all (Figure 10.1c).

Concerns of anticipated troublesome situations The identi cation of a troublesome

situation (e.g., a situation in which the patient is in stress or in imminent danger, or the
anaesthesiologist is operating in an overloaded condition) can lead to avoidance of the situation (e.g., using regional anaesthesia to avoid diculties in intubation). It can also lead to
increased sensitivity to the anticipated troublesome situation (see the quote from an anaesthesiologist at the beginning of the chapter). Plausible areas of preparation are shown in
Figure 10.1d.

10.2.2 Action rules

Decisions verbalised by anaesthesiologists are often general. In one case, for example, the
anaesthesiologist verbalises \I'll use less anaesthetic" without giving speci c doses. It is
likely that she may not even have decided exactly which anaesthetic to use at the time of
making such a decision. What is the e ect of such preparation? Four groups of examples
of such general decisions are provided below.

Action guidance One type of preparation takes the form of providing general guidance

for future actions, as show in Figure 10.2. General guidance rules are those verbalised in
terms of target states (or states to be avoided).
For example, it is not uncommon for an anaesthesiologist to mention \When intubating
this patient, watch for the capped teeth." This action guidance rule is placed into action
resources for activation. What is activated in this model is not an action, but a rule to
modulate actions. In the given example, such modulation can make the anaesthesiologist
avoid contact with the patient's teeth during intubation, and cause extra attention to be
paid to the process of intubation. In the or environment, managing one's attention is
critical, so such attention guidance is important to direct the anaesthesiologist's attention
e ectively.

Contingency planning Formulating response plans on line can be dicult. Apart from

the time pressure that one is likely to endure when dealing with critical situations, required
information and materials may not be available or easily accessible. Figure 10.3 shows two
forms of contingency planning. In one form (Figure 10.3a), a single response is prepared for
a single situation, and a link is established between the cue associated with the situation
and the response. In the other form (Figure 10.3b), parallel responses are prepared for a few
possible situations, and the practitioner needs to nd discriminative cues to select a proper
response.
In the study done by Amalberti and Deblon (1992), the subjects (airplane pilots) were
found to adjust the system's (i.e., the airplane's) status so that prepared responses could be
applied. In this sense, the situations to which responses have been prepared become target
states for the practitioner, as he or she may not want to get into a situation where no known
solution exists.
Yan Xiao, 1994
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I have to remember to
do that

It will be difficult to do
that
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Placing this on the drug
cart to remind me of that

That might happen
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(c)
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Figure 10.1: Concern list and action resources. (a) Diculties in executing a procedure
may force the practitioner to modify the procedure (e.g., having a nurse
to help in intubation), and to change the attention sharing strategy (e.g.,
concentrating more than otherwise). (b) Certain non-routine actions are
easy to forget. One way of increasing the chance that the action will be
triggered is through associating a procedure, that is, an event in the environment, with that action. (c) Workplace can be used to remind about
planned actions. The \display" nature of the physical workspace can provided triggers for the planned action. (d) Anticipation of a troublesome
situation can lead to increased sensitivity to certain types of problematic
trends and scenarios to be avoided. Other changes include those in the
range of options, goals, and criteria.
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For this patient, I will
try to avoid that
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When I do that, I have
to be careful about this
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Figure 10.2: Generating action guidance. (a) The decision ladder on the left represents
a decision made at a general level, which speci es target states, criteria for
evaluating the patient's states, and ways for achieving a task. (b) The decision ladder on the right represents a decision about speci c action guidance.
It speci es particular ways of executing an action (e.g., avoiding contact
with the teeth) and recommended foci of attention.
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Figure 10.3: Generating contingency responses. Responses are prepared for anticipated
situations.
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I will use that to
regulate this
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Figure 10.4: Action triggering rules. (a) On the left, the triggering cue for an action is
prepared, and a link is prepared between the triggering cue and the action
to be carried out. (b) On the right, a link between a cue and an action is
prepared. The cue signi es a system state, and the action signi es a task
for correcting the system state.

Action triggering rules Among the behavioural patterns found in the protocol study is

the active search for triggering cues. This is interesting because often humans are viewed
as passive reactors (see Broadbent's criticism on this view in the quote on page 125). In
Figure 10.4a, upon the anticipation of what needs to be done, the anaesthesiologist searches
for the triggering cue (e.g., testing the patient's eyelash for the start of intubation).
Another form of action triggering rule is a local (i.e., ad hoc) regulating loop (Figure 10.4b). An often found example in anaesthesia is regulating the depth of anaesthesia
(i.e., the level at which the patient is anaesthetised) through (re)setting the vapouriser
according to blood pressure and heart rate readings.

Monitoring rules Another type of action modulation is about expectation and monitoring. For example, the anaesthesiologist can verbalise \be aware of dysrhythmia when
injecting ketamine to this patient." What is the e ect of preparation of this type? One
plausible way of expressing it is a link between the event that the action (i.e., \injecting
ketamine") is done and a system state (\dysrhythmia"). The link raises the expectation of
dysrhythmia after the injection of ketamine, and consequently, it causes the anaesthesiologist to look for signs of dysrhythmia after the injection (e.g., checking ecg display). See
Figure 10.5.

10.2.3 Planning as a way to examine the adequacy of action resources
During the study of peer review protocols, it was noticed that anaesthesiologists could
examine an option and detect concerns in a solution very quickly. In the prp study, the
sta member1 often pinpointed speci c concerns of a solution with ease (e.g., roller valve
cutting the pilot line in Figure 6.6, page 104). Experienced anaesthesiologists seem to have
a meta-knowledge about their action resources and are able to locate where the preparation
is needed.
This sort of planning behaviour|examining weak spots in action resource|calls for the
study of planning di erent from those on scheduling. It involves instantiating a general
1

The speaker was not identi ed in the charts shown in Chapter 6, unfortunately.
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I will watch that by
looking for this sign

Figure 10.5: Monitoring rules. In preparing a monitoring rule, a link is established
between a cue and the identi cation of a system state. To verify the system
state, a particular cue is sought and, conversely, when the cue is perceived,
the system state is identi ed directly.
solution in a speci c situation and examining potential problems. Note that a special
kind of problems identi ed by anaesthesiologists are errors that one is prone to commit.
The examination does not always call for modi cation of the solution, but only awareness
of a few concerns or special guidance that should be considered when the solution being
implemented. The prp study showed a number of examples in which the need for materials,
access, and/or special guidance to actions was quickly detected.

*

*

*

This section uses the planning model to illustrate the e ect of preparatory activities
through the decision ladder. Figure 10.6 illustrates, in a summary, some of the preparatory
activities based on the pre-operative interviews.

10.3 Findings represented at di erent levels

As seen in the above, the preparatory activities observed in the eld study can be viewed as
planning that prepares action resources for future interactions with the task environment.
The intended result of such preparatory activities is more compatible action resources,
which will reduce the response complexity, that is, what one needs to do (physically and
mentally) in response to the events occurring in the environment. In other words, some of
the nodes in the decision ladder will have been pre-processed, and they may be shunted by
direct associations among the nodes. Through the above analysis, a generic strategy can
be identi ed from the observed preparatory activities: Reduce response complexity through

planning|anticipating future situations, mental preparation, and reorganising the physical
workspace.

Table 10.1 represents the major ndings of the eld study at three di erent levels of abstraction (Cf. Hollnagel et al., 1981). At the bottom level, the ndings are represented by
domain strategies (or \performance fragments," as de ned by Hollnagel et al., 1981, p. 10).
Findings represented at this level can be detected directly in the data collected from the
eld. However, these ndings are dicult to generalise to domains outside anaesthesiology,
and they do not reveal the underlying cognitive activities. After removing the domain context and adding in cognitive descriptions, the domain strategies are represented by speci c
Yan Xiao, 1994
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... may happen
If it happens, the important thing will be...
I will use that procedure, with the modification ...
I will need those drugs ...
I will watch for ...
I will try to keep ...
I will need to get that ready ...

This surgeon will do ...
We will use that operation room ...
Time
Pre−op

Induction

Anticipated emergencies

Figure 10.6: Pre-operative activities viewed through the planning model. Text in the
oval boxes are sentences and phrases that are typically encountered in preoperative interviews. They re ect the preparation of action resources (as
represented by decision ladders) for anticipated scenarios (induction and
emergencies). The prepared action resources help the anaesthesiologist in
interactions with the task environment.
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Level of abstraction

Findings

Generic strategies



Reduce response complexity through anticipating future
situations, mental preparation, and reorganising the physical workspace

Speci c Strategies



Schedule tasks (o -load)
Build local models and rules
Be preventive: think of probably side e ects, pitfalls and
predictors of these side e ects
Preparing necessary materials and access
Rehearsing pending procedures (mental simulation)






Domain strategies extracted
from activity trajectories in
eld data








Prepare induction and emergency syringes
Pay more attention to muscle relaxation
If bp uctuates too wild, start nitroglycerin i.v.
Prepare nitroglycerin whenever there is a chance
Tape vaporisers: prevent the use of vaporisers (in a total
i.v. anaesthesia)
Use only short acting drugs of surgery length is uncertain

Table 10.1: Findings represented at di erent levels of abstraction
strategies at the middle level. These strategies are no longer context speci c, and thus can
not be veri ed directly by empirical data. Rather, they can be \illuminated" by examples
in the empirical data, as has been done in this thesis. However, ndings represented at
this level have wide implications in terms of design and training. At the top level, speci c
strategies can be synthesised into a single generic strategy. It represents the gist of the
preparatory activities observed in the eld study. It reveals a fundamental characteristic in
the interaction between a pro cient worker and a complex, dynamic task environment, and
it can direct the search for other kinds of speci c strategies.

10.4 Discussion

In comparison with the preparatory framework, the planning model explicitly points out
the types of preparatory activities that may happen in relation to how such activities in uence (facilitate) subsequent interactions with the environment. It also provides a basis for
studying the structure of behaviour in the natural work environment, and for resolving the
seemingly paradoxical relationship between planning and action.
Through the planning model, the preparatory activities are explained from the perspective of their functional value, that is, how they in uence the practitioner's on-line performance. At the same time, the divergent behaviour patterns found in the eld study are
synthesised into one generic strategy.
Yan Xiao, 1994
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One could . . . visualize the progressive development of scienti c theory to take place as
the development of the system of concepts at an increasingly higher level of \layers"
or strata, each layer having fewer and fewer direct connections with the complexes of
sense experiences. In this way, a more phenomenological theory at the early stage of
science . . . gives way to a more independent set of concepts and axioms . . . .
There is of course a cost in this developmental process. By going cyclically through
several stages of theories, each stage is forced to use conceptions more removed from
direct experience . . . . [T]he contact with common sense is more and more tenuous. But
the fundamental ideas and laws of science attain a more and more unitary character.

|G. Holton, 1986, pp. 48{49,
on Einstein's model for constructing a scienti c theory

11.1 Summary of the eld study

In order to design e ective interfaces and training programmes in support of the human
operator's cognitive functions, there is a growing demand for an understanding of how the
human operator interacts with the work environment. The rationale for such an understanding is that, without it, design is likely to be driven by technology instead of principles,
and the resulting design could in fact decrease overall system safety and productivity (Bainbridge, 1983; Reason, 1987). Two key questions to the understanding of human behaviour
in the work environment are (Hollnagel & Woods, 1983): What kinds of problems are being solved by practitioners, and how are they being solved? In answering these questions,
a number of methodological issues are encountered: Which settings should one choose to
observe behaviour: in a laboratory, in a simulation, or in the eld? If eld setting is chosen,
how does one collect behavioural data and analyse them? The current study took the domain of anaesthesiology as a \laboratory" to study how pro cient practitioners (with years
of training and experience) solve problems in their actual work settings: surgical operating
rooms (ors). It used the method of eld study to observe behaviour directly in naturalistic
settings.

11.1.1 Phase 1: The direct observation study

Over a span of two years, a series of direct observations were conducted in ors, in combination with informal contact with the anaesthesiologists. This phase (referred to as the direct
observation study ) of the eld study attempted to answer a general, exploratory question:
What problems are being solved by anaesthesiologists?
It was found during this phase that an important class of anaesthesiologists' problem
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solving activities were associated with anticipating future events and task demands, and
with preparing for them. This class of cognitive activities has largely been overlooked by
other researchers, as the focus of attention has mostly been on how the human operator
reacts to events such as critical incidents, and on activities within the event ! mental
process ! response (epr) cycle (i.e., the cycle of generating responses upon perceiving an
event in the environment).
The direct observation study established a phenomenological basis for anticipatory and
preparatory behaviour in four categories:
 Preparing the physical workspace. A considerable portion of anaesthesiologists' activities can be viewed as designing and tailoring the \physical workspace"|the work
environment surrounding the anaesthesiologist|to facilitate his or her interactions
with the patient and the equipment.
 Preparing the mental workspace. Considerable mental e orts were expended on anticipating potentially and likely troublesome situations, and on reviewing response plans
to those situations, related options, and goals. Such mental preparation can be viewed
as the establishment of a proper mental state, or a \mental workspace," for eciency
in execution of planned actions and responses to critical events.
 Feedforward control. Feedforward or predictive control of the patient's status has
been used extensively. The anaesthesiologist controls the patient's status through
both observing current system inputs (i.e., the surgeon's actions to the patient) and
anticipating future system inputs.
 O -loading. Unevenly distributed workload is the hallmark of the working environment in process control types of tasks. One strategy to prevent oneself from being
overloaded is to reduce workload during subsequent busy times by doing in advance
some of the steps that will be required during busy times.
A framework (Figure 4.5) was proposed to summarise these diverse activities that bear
the characteristics of anticipation and preparation. In this framework, the observed preparatory activities were assigned to eight areas, three of which are associated with physical
preparation, and the rest are with mental preparation. The framework was based on a conceptual model of an epr cycle, and the eight areas of activities were distributed around the
three components in an epr cycle: triggering event, cognitive processing, and responses.

11.1.2 Phase 2: The protocol study

With the experience gained in the direct observation study and guided by the proposed
framework, the eld study started the second phase, the protocol study: recording and
analysing protocols directly from the eld. Although protocol analysis has been used widely
as a means of studying cognitive activities, using it in actual work settings has been rare,
especially in settings like the or. It became a methodological challenge to analyse protocol
data that consisted of a mixture of on-line communications, hand-written notes, limited and
fragmented thinking-aloud verbalisation, interviews, and retrospective reports.
By examining each episode in the recorded cases in detail and understanding activities
in their context, the protocol study identi ed and categorised mental activities during the
course of each case. A number of conceptual operations on the mental workspace were proposed to represent inferred mental activities. Relationships among the mental workspace,
situations and events in the environment, and the anaesthesiologist's activities were established and represented as event-state- ows (esfs): ow diagrams that depict these relationships. A large number of micro-patterns of anticipatory and preparatory behaviour were
discovered. By extending the concept of esf, activities remotely in time but related to each
other were analysed in terms of their relationships. These analyses and the resulting behavioural patterns collectively contributed to the understanding of the role of anticipation
and preparation in the interaction with a complex work environment. The results of the
protocol study can be looked upon as fragments of a complete picture of how behaviour is
organised over time by practitioners in accomplishing their demanding tasks in a dynamic
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environment.
The protocol study uncovered some basic characteristics of preparatory behaviour in
anaesthesiology, two of which are summarised here. First of all, preparatory activities
included a special category: identi cation of concerns , which are problems or potential
obstacles to the successful conduct of an anaesthesia case. They include expected nonroutine events, obstacles to routine procedures, and notably, the errors that one is prone
to commit in the particular case. Second, the preparation for a case is not comprehensive,
that is, only a small fraction of all possible aspects of the case is examined. In addition,
the decisions made at the time of preparation are frequently non-speci c and, in fact, some
concerns are identi ed without any decisions being made at all. (The most prominent
example is the concern for diculty in intravenous access.)
From the point of view of methodology, the protocol study was an experiment in analysing
protocol data collected under eld conditions, both at a relatively detailed, micro level and
at a macro level. One of the contributions of the protocol study is the scheme (shown in
Figure 5.2, page 76) used in dealing with protocol data from the eld, and the concepts developed to represent mental activities identi ed, particularly those involved in anticipation
and preparation.
For any eld study on a non-trivial scale, such as the current one, the raw data are rarely
published. The reasons for this can be many (Cf. Roth et al., 1987), but the consequence
is straightforward: the reader has access only to the nal, summary ndings, but not to the
intermediate process of how such nal ndings are drawn. This thesis attempts to break
away from that pattern by including some of the raw data of the eld study: the protocols.
The protocols in the Appendices provide not only isolated references for the ndings, but, in
their totality, the context for understanding these references. Thus the reader can form his
or her own judgment about the interpretations made in this thesis, and may in fact analyse
these data in di erent ways and obtain potentially di erent results for comparison.
Apart from their reference value, the protocols included should also show the intermediate process of inferring cognitive activities and, in particular, how the proposed mental
operations (Section 5.4) were applied to the protocol data. The process of analysing these
protocol data, and the challenge encountered therein, were the driving force behind the
conceptual work in this thesis. By examining the protocols, the reader will have a good understanding of why the planning model was proposed and the role of this conceptual work
in an empirical study.

11.1.3 Phase 3: The peer review protocol study

The study of peer review protocols (prps) moved the eld study from one type of naturalistic
settings (mainly ors) to another: case round discussions involving experienced anaesthesiologists and residents under training. The key issue to be addressed in the prp study was the
role of anticipation and preparation. This was an issue because, in the direct observation
study and the protocol study, the performance of the anaesthesiologists was basically analysed by a single observer who was not by training an \insider" to the domain. Thus the prp
study acted as a means of veri cation of the assumption that anaesthesiologists emphasise
preparation, behave with anticipation, and that they consider the skills in anticipation and
preparation essential. Not only did the analysis of the recorded discussions provide some
support to that assumption, it also revealed, among other things, that anaesthesiologists
could quickly identify obstacles and precautions in executing selected action plans. This
nding indicated that, in examining an action plan, experienced practitioners could identify
likely trouble spots in the plan e ectively and probably without detailed mental simulations.

*

*

*

In the management of complex systems, unexpected crises do occur that require onsite \inspiration." However, \deliberation" precedes most crisis situations. How well one
anticipates and prepares for problematic situations has signi cant impact not only on the
frequency and the nature of crisis situations, but also on the ways of dealing with them.
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In general, the eld study showed that, when behaving in a naturalistic environment and
when the consequences of performance failure are costly, practitioners can and do anticipate
future situations and prepare for them.

11.2 Summary of the modelling of preparatory activities
The preparatory nature in the observed activities posed special diculties in understanding
behavioural phenomena: How does mental preparation in uence the subsequent behaviour
or interactions with the environment, given that mental preparation observed in the eld
study was fragmentary, and occurred in various formats, ranging from general decisions,
concerns and overall action plans to speci c procedures and actions. Thus the role of
anticipation and preparation became the focus of the attention.
A planning model was devised, based on an action control framework, the \decision
ladder" (Rasmussen, 1976). The decision ladder framework captures a central characteristic
of human information processing: an experienced practitioner can utilise the experience
to short-cut information processing paths. High level goals, for example, are not always
involved in making decisions. This exibility in the process of decisionmaking also reveals
that, when a solution is not readily available, high level goals have to be consulted and
options have to be evaluated in some way. The components in the decision ladder, for
example short-cuts, options, goals, branching rules, procedures, etc., are thus all important
or potentially important in making decisions and controlling actions, and they are action
resources for the practitioner to interact with the environment. The decision ladder can
therefore be used as a way to represent action resources. The proposed planning model is
a conceptual model, which speci es the process of planning as the preparation of action
resources (as opposed to that of generating a sequence of actions), and the role of planning
is to reduce response complexity when subsequently interacting with the task environment
(as opposed to control action seqeunce).
The planning model was used to reanalyse the ndings from the eld study. A number
of preparatory activities were represented as preparing nodes and links in the decision ladder. Preparation thus does not have to deal with all aspects of interaction with the task
environment, but only those that, according to the practitioner's own evaluation, signify
de ciency of action resources. The preparatory activities observed was accounted for by the
planning model, and a generic strategy (i.e., reducing response complexity) was identi ed
out of a number of detailed, speci c strategies in preparatory activities.

11.3 Implications
The implications of the eld study and the conceptual work are discussed under three
categories: methodological, theoretical, and practical.
First of all, the methodology used to analyse behavioural streams does not t into
the mould of traditional laboratory methods and sequential protocol analyses. Instead,
the method of analysis emphasises the discovery of underlying structures in the observed
behaviour|i.e., how one activity is related to another activity; how a group of activities is
related to another group. It is the author's belief that such methods are necessary for those
studies that aim at behaviour in complex work settings over a span of time. In this type
of behavioural conditions, one is likely to nd that the subject actively organises his or her
activities, instead of being a passive reactor to environmental stimuli.
Empirical inquiries in naturalistic settings deal with complex phenomena, which are often
little known to the researcher. The current eld study employed a three-phased method,
containing the exploration of a domain, the generation of patterns in the observed behaviour,
and the empirical testing of ndings. With the increasing need for naturalistic studies of
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complex behavioural phenomena, the method used here should provide other researchers
with both conceptual tools for capturing cognitive activities and techniques for collecting
and analysing behavioural data from various sources under actual working conditions.
Secondly, as an empirical inquiry, the primary goals for the eld study are not only to
identify a set of behavioural patterns at the phenomenological level, but also to provide
a necessary account for the phenomena observed. When tackling the issue of the role of
anticipation, the eld study deals with a fundamental question: How to resolve the apparent
paradox that we as human beings do anticipate and plan, whereas our plans never control
action in deterministic ways. The eld study devised a conceptual model of planning and
action control for that purpose. The model opens up a number of ways in which we can
investigate interactions between a pro cient worker with the complex task environment. For
example, the model directs the attention of human planning research to the examination of
action resources and the preparation of action resources of various types, such as options,
goals, ad hoc rules, and foci of attention. In contrast, the research of planning is currently
largely on action scheduling|i.e., the ordering of actions.
Being an in uential framework, the decision ladder has not been used widely in analysing
human performance. The proposed planning model provides an opportunity to expand its
usage, and consequently a chance to explore potentials embodied in the framework.
Thirdly, as the ultimate goal of the eld study, training and aiding has been the underlying driving force behind both the empirical work (the collection of phenomenal data)
and the conceptual, theoretical endeavour. The eld study highlights the role of anticipation and the so-called pro-active approach. It shows that a key component in expertise is
to anticipate and to prepare. It provides a list of speci c areas of activities where problem
solving situations arise. To the people who design interfaces and training programmes, these
ndings should provide both general and speci c guidelines on how to support and train
practitioners.
Previously, training research has not concerned itself with the preparatory activities that
were revealed in the eld study. For example, the comprehensive review of training theory
and technique done by Cannon-bowers et al. (1991, in particular Fig. 1) shows that trainingrelated theories and techniques address mainly knowledge in procedures and diagnosis. The
current eld study witnessed, in the case round discussions, that practitioners (in the domain
of anaesthesiology at least) have realised the importance of the skills in anticipating and
preparing. Such form of training deserves further studies from the viewpoints of what types
of skills and knowledge are transferred, and what constitutes critical skills in anticipating
and preparing.
Similarly, the research on the design of aids also shows the lack of attention paid to
the preparatory activities (e.g., Wiener & Curry, 1980; Carrera et al., 1991). The current
eld study indicated that identifying concerns is often more valuable to practitioners than
providing solutions. What practitioners need is probably more towards the identi cation
of potential problems than towards the solution of problems. In fact the former could be
achieved in relatively simple ways by providing the practitioners with e ective checklists of
concerns that should be considered. Such lists can be obtained by arranging peer reviews
(as in the prp study in the current eld study) on performance in prototypical cases, and
can be made context-sensitive so that only a small number of concerns are presented to
practitioners.

11.4 Future work
As an empirical enquiry into a phenomenon as complex as human behaviour, the eld study
is essentially an exploration of possibilities and a search for tools that can assist in such
an exploration. The framework developed to summarise eld ndings, and the planning
model devised to understand these ndings, are largely conceptual, and thus not compatible
with the more \conventional" concept of generating speci c hypotheses and testing them
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quantitatively. The ndings collected, with the help of the practitioners and prolonged
experience in the domain, are basically the interpretation of data by one person.
The eld study has already pointed to a promising direction in studying the anticipatory
and preparatory behaviour. That is the prp analysis. The natural discussions among peers
have been shown to address some of the key problem solving activities, among which are
those involved in anticipation. More protocols collected in such settings and analysis can
potentially lead to the parameterisation of preparatory activity, which can lay the ground
work for quantitative analysis and modelling.

11.5 Epilogue

The present eld study represents a journey, from a position of being overwhelmed by the
magnitude of variation of observed activities to that of being attracted to a few, repeatedly
occurring patterns. It has been both a search for invariant features and a search for tools
that can reveal invariant structures within the transient, changing phenomenon known as
behaviour.
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