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ABSTRACT
This paper addresses two issues that arise from the challenge of studying the rapid decision
making that characterises the domains of Naturalistic Decision Making. First, we are interested in
how it is possible to make decisions in fractions of seconds. Second, we are interested in how such
rapid decision making can be modelled. As a corollary to the first issue, we are also interested in
exploring decision making which eschews the need to appeal to a concept of schema. Taking a
cybernetic approach to decision making, we describe a model in which expertise is defined by the
ability to filter salient features from the environment rather than in terms of the complexity of
schema that is applied.
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INTRODUCTION
When expert decision makers respond to a situation, they rapidly determine the most appropriate course of
action. The speed of response is such that it seems unlikely that experts engage in the sort of reasoning process
which form the basis of traditional decision making techniques, and thus the theories of Naturalistic Decision
Making (NDM) have developed to explain how such decision making is possible. The core question is, how can
someone make (very) rapid decisions? In this paper, we propose that there is conceptual weakness in some of
the dominant theories of NDM and that there is an alternative form of explanation which reflects the underlying
intent of these theories while overcoming this weakness. The aim is not to overturn the NDM theories because
these have proven themselves to be very useful in explaining behaviour, particularly in terms of the post-hoc
accounts provided by expert decision makers, but to suggest that the initial stages of decision making might
involve processes which have, to date, been under-represented in NDM theories. In short, the question is
whether very rapid decision making is a matter of framing (cognizing a situation in terms of the schemata that
experts develop and apply) or filtering (perceiving the situation through rapid extraction of salient information).
In many NDM models, features in the environment correspond to features in schemata held by the expert
decision maker which, in turn, correspond to action (Klein et al., 1986; Lipshitz and Ben Shaul, 1997; Zsambok
and Klein 1997). This is a similar process to that assumed in the Norman and Shallice’s (1986) Supervisory
Attentional Control system, and can be seen in Cognitive Architectures such as Anderson and Lebiere’s (1989)
Atomic Components of Thought (ACT). The implication of such approaches is that experts use a schema-driven
control of action. In high tempo, high stress environments (such as incident response or, indeed, many sports),
the time available for a decision to be made can be defined by milliseconds (even accounting for the ability of
experts to anticipate environmental states). Information is extracted from the environment and then compared to
a store of schemata and then, on the basis of weighted matching, an action selected, feels as if it might involve
too much cognitive activity. We argue that this high level of cognitive activity need not arise from the decision
making itself but from the focus on schema (and the declarative knowledge entailed in this approach).
Consequently, the question is whether it is possible to define decision making in terms of procedural knowledge?
In other words, to focus less on the structure of schemata and more on the manner in which perception is tuned
to the environment.
Given the manner in which NDM case studies are often (but not always) constructed through post-hoc
interviews, it is not surprising that a schema-based approach could prove conceivable. Gathering these verbal
reports allows concept maps to be built and it is not too difficult to imagine that the concept maps, rather than
representing the information provided by the experts can actually represent the knowledge held by the experts.
From this, it is an easy step to assume that, as the concept map is the expert’s knowledge space, dealing with an
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incident involves activation and enactment of this concept map. Thus, we propose that many approaches to
NDM not only assume that the expert decision maker approaches the situation in terms of declarative knowledge
but also that decision making itself becomes a matter of negotiating the space of declarative knowledge. This
further lends itself to phenomenological approaches in which expert accounts not only define the type of
information that the expert is using but also define the type of decision making in which they engage. In other
words, there is an assumption that the account provided by the expert after the event somehow becomes the
contemporaneous account of doing decision making, rather than retrospective explanation of the consequences
of these decisions. A consequence of this approach (and we propose a potential weakness) is the implication that
decision making thus involves only declarative knowledge (either in terms of the repertoire of patterns held by
the expert or in terms of the schema-driven search for information).

DECISION MAKING AND DECLARATIVE KNOWLEDGE
In their study of Authorised Firearms Officers (AFOs) in the UK, Mitchell and Flin (2007) suggest that the
decisions to shoot or not shoot are “ …likely to be influenced by the experience [and] also by their expectations
from prior information” (p. 377). In this study, AFOs, in a Firearms Training System, were asked to respond to
the appearance of targets when they had received a neutral (no threat) or threat briefing (indicating that the
target was armed and dangerous). The briefing did not appear to have an effect on either response time or
decision to shoot. Either this suggests that the decisions were not made on the basis of this prior information, or
the prior information was not presented in a manner which could influence decision making. The authors did
note that it was possible that the participants responded to cues in the scenario which influenced their decisions.
In a simpler task, Luini and Marucci (2013) asked participants to respond (using key presses) to images on a
screen. Comparing trained and untrained participants, they showed that response to an ‘armed target’ was
significantly faster than to an ‘unarmed target’ (i.e., images with and without a gun in their hand), and that
trained participants showed significantly higher correct response and significantly lower false alarms than
untrained participants. Taking these studies together, we propose that the shoot-no shoot decision depends on
the appropriate definition of features in the environment and we further claim that this need not involve
recruitment of schema. Indeed, it might be the case that Mitchell and Flin (2007) could have (through its use of
briefing to stimulate differences in performance) have implicitly assumed that the participants would be
responding using a more elaborate and detailed schema in the threat condition. For example, the ‘threat’ briefing
of Mitchell and Flin (2007) could be represented in the form of a concept map (figure 1).

Figure 1 : Concept Map of ‘Threat’ scenario from Mitchell and Flimn (2007)
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From the notion of a schema-driven approach to NDM, it could be hypothesised that the AFO would have some
(or all) of the concept map shown in figure 1 as a ‘schema’, with different nodes in this schema being activated
as more information becomes available. Activation of different nodes would then (somehow) activate the
response options. The question is whether construction and traversal of schema can really be performed rapidly,
as a schema-driven approach implies, or whether other approaches are at play.

Figure 2: Recognition-Primed Decision Making

As figure 2 illustrates, RPD combines situation assessment (in terms of the decision maker experiencing a
situation and determining whether or not it is ‘typical’) with mental simulation of responses to that situation, in
order to define a plausible course of action. In terms of typicality, Klein et al. (1986) suggest that experts have a
‘repertoire of patterns’ based on plausible cues, goals and reactions, and this repertoire is constructed on the
basis of prior experience of the expert. While figure 2 does not explicitly state how these repertoires might be
represented, it does suggest that they involve expectancies, plausible goals, cues, and typical action. One
question is whether the expert constructs this knowledge in response to the situation or whether the expert views
the situation in response to this knowledge? In other words, it is possible that the expert could (on the basis of a
repertoire of patterns) selectively view a situation and respond accordingly. Such an approach could
comfortably fit assumptions of bias but is seldom reported in the NDM literature. This suggests that expertise is
more likely to involve constructing the knowledge in response to the situation which, in turn, implies that a
characteristic of expertise is not simply possession of a repertoire of patterns but also a well-practised ability to
extract salient and relevant information from the situation. Thus, the concept of schema (Bartlett, 1932; Neisser,
1976), as a shorthand description of how people structure knowledge, has proved popular as a way of explaining
expertise (Plant and Stanton, 2013).
Lipshitz and Ben Shaul (1997) have questioned whether we as a community are doing justice to the term
‘schema’ in our use of it and propose that it needs to be distinguished from the term mental model. In their
study, they demonstrated that experts (in a simulated maritime combat task), in comparison with novices,
collected more information before making their decisions, engaged in more efficient search, ‘read’ the situation
more accurately, made fewer ‘bad’ decisions, and communicated more frequently with friendly units. They
interpreted these findings in terms of Neisser’s (1976) schema theory, specifically highlighting that schemata
‘direct external information search’, ‘specify which external information will be attended to and which will be
ignored’, and ‘become more differentiated as a function of experience’ in terms of search. They go on to note
that schemata ‘organise information in memory’ and ‘direct the retrieval of information from memory’, and
suggest that this explains why novices (in their study) tended to repeatedly request the same information.
Lipshitz and Ben Shaul (1997) distinguish schemata (which ‘drive the construction of specific situation
representations) from mental models (which are the product of this construction process), claiming that it is the
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mental model which ultimately drives the decision process because it is the mental model which contains
situation-specific information structured in a way that allows coherent and consistent decisions to be made; if the
mental model is incomplete, erroneous or ambiguous then decision making will be less successful. In terms of
their distinction between schemata and mental models, Lipshitz and Ben Shaul (1997) seem to want their cake
and eat it; if mental models are specific representations of a situation then one would expect these to involve
organisation and retrieval of information from memory, which are also characteristics of schema. The only
logical step (we believe) that can be taken is to claim that there is a process by which information is acquired and
a separate process by which information is stored. Such a distinction is beneficial because it provides a way of
separating level 1 (which is primarily perceptual) from levels 2 and 3, which become increasingly cognitive (in
terms of involving more detailed and elaborate activity using mental models). The question then arises as to
where action selection occurs. For Lipshitz and Ben Shaul (1997) action selection is a response to the mental
model, which implies that action selection arises at level 3 (or possibly level 2). However, might it be the case
that there are, to use Gibson’s (1977) term, perception-action couplings, which would support action selection at
level 1? Our proposal in this paper is that, rather than viewing action selection in level 1 in terms of schema,
there is a simpler, more elegant description to account for the perceptual cycle that lies at the heart of expert
decision making.

DECISION MAKING AND PROCEDURAL KNOWLEDGE
The approach we adopt shifts focus from declarative to procedural knowledge. To enable such a shift we adopt a
cybernetic approach to human decision making, inspired by the work of Baron and Kleinman (1969). In their
work, they applied concepts from control theory to model the operator of a complex dynamical system, such as
an airline cockpit. In their model of cockpit instrument scanning, visual sampling is considered to occur in
parallel with action selection. Sampling depends on the control task being performed.
Chen et al. (2015a) demonstrate how this approach can be used to model visual search in applied and laboratory
tasks. Specifically, an optimal control model embedded with the assumptions of human visual mechanisms (e.g.,
visual acuity degradation away from fovea, saccadic duration, and fixation duration) offers explanations for the
observed human behaviours in these visual search tasks (e.g., the gaze distribution, the search time, the saccadic
selectivity across colour and shape). Decision-making, skills and rules are an emergent consequence of rational
adaptation to (1) the ecological structure of interaction, (2) cognitive, perceptual and motor limits (e.g., visual
and/or motor constraints), and (3) the goal to maximize the reward signal. This requires a theory which allows
us to predict behaviour on the basis of utility, environment and information processing mechanisms. To do this,
the model uses a state representation and an optimal controller approach.
The optimal control approach predicts behaviour from a model of the temporal costs of eye and head
movements, a model of how visual acuity degrades with eccentricity from the fovea, a model of cue validity, and
the assumption that operators optimise speed/accuracy trade-offs. A given feature in the environment is fixated
and the result of this fixation (a percept) is encoded, in terms of specific attributes. The percept updates a state
vector, which is used to compare current with previous state. Thus, for example, assume that we are facing a
person who might be about to use a gun. Movement of the hand could constitute a change in state. However,
depending on our decision policy, movement of the hand might not be sufficient to determine whether there is a
threat or not. This means that we might require further information, such as what is the person holding in that
hand, before we make the decision.
Through feedback, and experience, the behaviour of the control policy comes to resemble recognition-primed
decisions. The model aims to predict the operators’ behaviours given theoretical assumptions about utility (e.g.,
a measure of the goal), psychological mechanisms (e.g., human eye-head coordination mechanism) and
environment (e.g., the interaction between the operator and the interface). To achieve this goal, a state estimation
and optimal control approach is used, as shown in Figure 3. In the task environment (bottom left), the operator
moves head and eyes to acquire information. The state estimator (the bottom right) encodes a percept from the
environment, which is then integrated with the previous state to generate a new state representation.
Subsequently, the optimal controller chooses an action on the basis of the available state estimate and the current
policy (which determines a state-action value function). State-action values are updated incrementally (learned)
as reward and cost feedback is received from the interaction.
The control policy is a probabilistic mapping from states to action, depending on the constraints of the task and
environment. This notion of a context-dependent mapping between the expert and the state of the environment
feels analogous to Level 1 in figure 1. In this model, the control policy is a rule that allows the agent to select an
action in terms of an action-value function. The optimal policy can be constructed by selecting the action with
the highest value in each state. Using Q-learning, a form of model-free reinforcement machine learning, it is
possible to define control policy as a utility function which is adjusted and tuned to the feedback from action to
task performance (where task performance results in a ‘reward’, i.e., change in value between environment and
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action). It is important to note that the state representation does not rely on a priori assumptions about the details
of specific features or their relations. In other words, the state representation makes no assumptions about the
content of declarative knowledge of the person, but is focused on selecting those features which best fit the
policy.
In terms of the State Representation, a state will consist of decision relevant cues. For the shooting task, the cues
could involve the nature of the object in the person’s hand, the posture of the person, line of sight etc. Each of
these cues would have a different indication of the threat level the person presents. The state is then represented
as all or some of these cues. To obtain information for these decision related cues, the model selects both eye
movements and head movements (actions). The different sources of information result in different time costs and
reliabilities of the information. During this process, the operators/model need to decide which cue to access, and
when to stop information searching and make a decision.
In terms of Action, the output of the decision process would be to either ‘shoot’ or ‘search for more
information’. The ‘search for information’ would involve finding and checking an information source, which
costs time to acquire and the validity of information from each source varies. This task has been studied
extensively in cognitive psychology (Newell and Shanks, 2003). In terms of probabilistic inference the
observations which an operator makes are noisy, and sometimes using multiple sources, and the reliability of
these sources differ. In a probabilistic inference problem, the key questions concern how people integrate noisy
observations, and how people weigh different sources of information. These cues can vary in the reliability of
the information provided. The more cues examined, the more information gathered thus more likely to make a
correct decision. However, extra time cost and/or financial cost would be required. The probabilistic inference
task has been used in cognitive science in efforts to discover the decision-making heuristics used by people
(Gigerenzer & Goldstein, 1996; Bröder & Schiffer, 2006; Rieskamp & Hoffrage, 2008).
Chen et al. (2015b) use data from Wickens et al.’s (2003) account of visual scanning in a simulated aircraft pilot
task. In this task, the pilot monitors the state of the aircraft, using several displays, during approach and landing
in a flight simulator. Details of the study can be found in Chen et al. (2015b). For the purposes of this paper,
figure 3 illustrates how the pilot’s attention switches between different information sources, on the basis of the
model, and figure 4 shows how variation in scanning activity differentiates good and poor performance. In
Wickens et al. (2003) original study, participants needed to detect misalignment across the displays. Participant
5 performed this task well, while participant 3 performed this task poorly. Figure 4 compares the observed
monitoring behaviour of these participants with the predictions from the model, and shows that participant 5 (on
the left) has data which fit the model well (r = 0.75), and participant 3 (on the right) has less of a fit (r = 0.33).

Figure 3: An overview of the optimal control model
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Figure 4: Comparison of good (subject 5) and poor (subject 3) performers, in terms of fit between scan path from
model (optimal) with observed scan path

DISCUSSION
In this paper we have considered the ways in which RPD (and related NDM models of decision making) tend to
prioritise declarative knowledge (through schema and mental models) in their descriptions of rapid decision
making. While such approaches might be appropriate for level 2 and level 3 decision making (in the RPD)
model, which place more emphasis on the cognitive aspects of selecting options, we propose that these
approaches hamper our ability to understand very rapid decision making which could be seen at level 1. To this
end, we consider ways in which perception could play a key role in decision making. The argument is that the
manner in which experts seek and select information becomes less a matter of managing declarative knowledge
and more a matter of procedural skill and tuning. From this point of view, the expert not only has a repertoire of
patterns of knowledge, experience and actions, but a set of skills which are tuned to the selection of salient
information in an environment. The reasons why this distinction could be beneficial are three-fold. First, NDM
is being applied to situations in which an explicit definition of declarative knowledge can be problematic, e.g., in
sports. In these situations, it could make more sense to ask what features of the environment are being selected
and utilised by the decision maker rather than what knowledge structure they are creating. Second, training of
expertise could be supplemented by drills and practice which emphasise information selection rather than
knowledge building. This is not meant to displace knowledge-based training, but to encourage thinking as to
how procedural knowledge (in terms of information selection and policy weighting) could be emphasised. Third,
the approach allows decision making to be modelled, which provides us with an opportunity to hypothesise
strategies that decision makers might use in specific settings, and (potentially) provides an opportunity for
rapprochment with ‘traditional’ (i.e., quantitative, optimal) approaches to decision making.
To return to a point raised in the introduction, much of the evidence collected in support of NDM involves posthoc explanation from participants. We propose that this captures the conscious aspects of decision making.
Baumeister and Mascicampo (2010) argued that the benefits of conscious thought were that it allows integration
of thoughts across time in a manner that allows association to be seen between these thoughts, and for this
integration and association to support communication. In other words, the post hoc explanation is the response
framed consciously. We propose that during the response itself, conscious framing is less important and less
likely. Rather, the decision making responds to salient features in an appropriate manner. This could mean (as
one reviewer of the paper suggests) that the features and their responses are overlearned, leading to an
overwhelming activation of specific responses. This would have behaviour being much like Stimulus-Response
pairings in behaviourism. We do not believe this to be the case, rather (much like the proposal of Newell and
Shanks, 2003) we see a hierarchy of responses and the activity of the decision maker being as much a matter of
action as of cognition. This sees equal benefits to the conscious and the unconscious response to the situatoin
(Baumeister et al., 2014). What the experts are able to do is not simply approach a situation with a library of
schema as approach the situation with a repetoire of actions. In other words, expertise is not just a matter of
knowing what to think but also a matter of knowing where (and how) to look.
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