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Abstract  

This dissertation set out to understand the decision processes used by 

decision makers in adversarial environment by setting up an adversarial decision 

making microworld, as an experimental platform, using a real time strategy (RTS) 

game called Rise of Nations (RON).  The specific objectives of this dissertation 

were:  

1. Contribute to the validation of recognition-primed decision (RPD) model in 

a simulated adversarial environment; 

2. Explore the roles of common-sense strategies in decision making in the 

adversarial environment; and  

3. Test the effectiveness of training recommendations based on the RPD 

model. 

Three related experimental studies were setup to investigate each of the 

objectives.  Study 1 found that RPD model was partly valid where RPD 

processes were prevalently used but other decision processes were also 

important in an adversarial environment.  A new decision model (ConPAD model) 

was proposed to capture the nature of decision making in the adversarial 

environment.  It was also found that cognitive abilities might have some effects 

on the types of decision processes used by the decision makers.  

Study 2 found that common-sense strategies were prevalent in the 

adversarial environment where the participants were able to use all but one of 

the warfare related strategies extracted from literature without teaching them.  

The strategy familiarization training was not found to significantly improve 

decision making but showed that common-sense strategies were prevalent and 

simple familiarization training was not sufficient to produce differences in strategy 

 



usage and performances from the novice participants.  Study 3 also found that 

RPD based training (cue-recognition and decision skill training) were not 

significant in producing better performance although subjective feedback found 

such training to be useful.  However, the participants with RPD based training 

conditions were able to perform on the same level as the expert participants 

bridging the gap between novices and experts.  

Based on the findings, it was recommended that decision training should 

involve not just RPD based training, but comparisons of attributes as well.  A 

more interactive training combining common-sense strategies, cue-recognition 

and decision skill training might be more useful.  More theoretical 

experimentation would be required to validate the new decision model proposed 

in this dissertation.  
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1. Introduction 

1.1. Background 

Two politicians campaigning against each other for the Presidency; 

company managers devising plans to counter competitors; commanders planning 

to fight the opponent in a battlefield; a quarterback planning an offensive drive 

during a football match; all the above examples are of people making decisions 

in adversarial environments.  Such adversarial environments have some 

common traits:  

1. They have multiple, complex variables that interact with one another to 

affect the situation outcome;  

2. There exists at least one intelligent adversary that can change the 

variables to their advantages at the expense of the other opponent;  

3. There are variables that are not controllable by the concerned parties;  

4. Time is usually an important factor; and  

5. The environments are dynamic where decisions made in the current state 

affect the latter states, which then dictate the choices available in latter 

states.   

The adversarial environment is probably one of the toughest types of decision 

making situations that human decision makers have to face, yet this type of 

decision situations is not uncommon in our world.   

 

Literature review in behavioral decision making research shows that there 

are little empirical research investigating people making decisions in adversarial 

environments.  Some of the questions that need answers are: How do people 

make decisions in adversarial environments?  How can we improve our abilities 

to make decisions in such environments?  Are the current decision making 

models reflective of how we actually make decisions?  What kind of strategies do 

decision makers use?  How do conventional commonsense strategies relate to 

specific decision making situations?  These are some of the questions that form 

the background interests of this project.  In particular, this research project will 
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examine the use of commonsense strategies as opposed to heuristics and bias 

approach framed in two decades of judgment research approach dominated by 

(Kahneman, Slovic, & Tversky, 1982).  It will also examine decision making in 

dynamic adversarial environments using the naturalistic framework (Klein, 

Orasanu, Calderwood, & Zsambok, 1993) as a research direction.  The specific 

goals of the research are to develop an understanding of the decision making 

process in an adversarial environment, by applying the Recognition-Primed 

Decision model (Klein, 1989, 1998), and to develop decision training guidelines 

and design guidelines for decision support systems used in adversarial 

environments. 

1.2. Recognition-primed Decision Model 

There are numerous decision making theories, models, and approaches 

proposed under the subject of decision making and it is difficult to summarize the 

wide spectrum of research within a short introduction. A recent volume on the 

emerging perspectives on judgment and decision making edited by Schneider 

and Shanteau (2003), for instance, illustrates the diverse approaches taken by 

researchers ranging from classical subjective expected utility approach, memory 

research approach, affective approach, to the naturalistic approach.  Can we use 

a decision model from the immense decision making literature to predict or 

describe the decision making process within the contexts of the adversarial 

environment?  The adversarial environment described earlier is dynamic, 

uncertain, ill-structured, time pressured, probably high stake, and consists of 

multiple players.  It shares many characteristics of the decision problems studied 

by Naturalistic Decision Making (NDM) researchers (Zsambok, 1997), which 

typically involve: 

1. Ill-structured problems 

2. Uncertain, dynamic environments 

3. Shifting, ill-defined, or competing goals 

4. Action/feedback loops 

5. Time pressure 
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6. High stakes 

7. Multiple players 

8. Organizational goals and norms 

It is therefore appropriate that a decision model within the NDM approach 

be used as a starting point to explore adversarial decision making.  However, in 

most NDM studies, the presence of an adversary within the adversarial 

environment is not usually emphasized, but is taken as other players within the 

decision making context.  But how an adversary affects the decision process has 

to be accounted for, as the presence of the adversary can greatly affect the 

behaviors of the decision maker.  For instance, the decision maker has to 

consider the (a) mental models of the adversary in terms of how the adversary 

will perceive, comprehend, and act under the current situations, (b) the 

adversary’s mental models of the decision maker’s mental models, (c) the 

adversary’s mental models of the decision maker’s mental models of herself, and 

(d) the possible acts of deception, concealment, and surprise that may result 

based on the mental models of both parties (Thagard, 1992).  Game theory in 

particular examines the adversarial relationships between adversaries in a game 

(the word “game” used in game theory refers to an adversarial situation) and 

suggests optimal strategies through utility theories based computations 

(Hargreaves Heap & Varoufakis, 2004; von Neumann & Morgenstern, 1953).  In 

most game theory based games, static games are used with payoffs for various 

strategies assumed, and the objective is to find a “solution” or a “solution 

concept” in terms of the “best” strategies to apply for one or both of the players 

(Hargreaves Heap & Varoufakis, 2004).  This is based on the assumptions that 

players are rational and follow the expected utility theory of maximizing payoffs or 

minimizing losses so that the players will have no rational reason to regret the 

choice they chose (Hargreaves Heap & Varoufakis, 2004, p.41).  Although game 

theory has provided many brilliant insights to adversarial situations, such as the 

Nash equilibrium, in general, the problems of indeterminacy and human 

deviations from rational expected utility model of behaviors caused practical 

problems in using game theory as a tool of predicting dynamic, real-time decision 
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making in adversarial situations (Hargreaves Heap & Varoufakis, 2004).  The 

dynamic nature of real-world decision making also makes it hard to use game 

theory computation to make decisions in real-time without considerable technical 

aids.  Game theory, hence, is mostly used as a pre-emptive analysis of the 

different possible scenarios that can result based on the known information and 

best-guessed assumptions; so that decision makers have a feel of what to do 

when the situation evolves. 

Recent developments in the NDM approach provide a new perspective to 

investigate decision making in dynamic, complex environments.  Within the 

premise of naturalistic decision making approach, the most prominent model is 

the recognition-primed decision (RPD) model proposed by Gary Klein (Klein, 

1989).  The RPD model has gained prominence in the military (e.g. Pascual & 

Henderson, 1997), which by definition deals with adversaries, and has been used 

to design the training and decision systems within complex, dynamic, and 

uncertain environments (Brezovic, Klein, & Thordsen, 1987; Cohen, Cohen et al., 

1998; Fallesen & Pounds, 2001; Kaempf, Wolf, & Miller, 1993; Klein, 1997a).  

Although a number of decision models are considered to fall under the NDM 

framework (e.g. Cohen, Freeman, & Wolf, 1996; Endsley, 1997; Lipshitz, 1993; 

Serfaty, MacMillan, Entin, & Entin, 1997), RPD was viewed as a prototypical 

NDM model (Lipshitz, Klein, Orasanu, & Salas, 2001).  A study on decision 

model attribution in military command and control environments found the RPD 

model to be the most appropriate to describe the decision making behavior with 

60% of the decision making transcripts attributed to this model (Pascual & 

Henderson, 1997). 

The RPD model was used to guide the research on decision making in an 

adversarial environment.  The validation of this model is also part of the goals of 

this research since it has been shown to be an important decision model in the 

decision making literature.  First, we will examine the recognition-primed decision 

(RPD) model as proposed and revised by Klein (1989, 1998).  The RPD model 

was first developed as a descriptive model to describe the decision processes 

used by decision-makers under naturalistic conditions, such as the decision 
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making processes used by fireground commanders (Klein, Calderwood, & 

Clinton-Cirocco, 1986), design engineers (Klein & Brezovic, 1986), and tank 

platoon commanders (Brezovic, Klein, & Thordsen, 1987).  Klein and Associates 

set out to study if people making decisions in their actual work environments 

comply to the traditional definitions of decision making, which is to consciously 

deliberate on the attributes of all the alternatives and choose the alternative with 

the best aggregate of these attributes (Klein, 1989).  It can be said that Klein and 

his associates started the naturalistic decision making movement by investigating 

decision making in their natural settings, which depart from the traditional 

laboratory based studies using static decision problems, such as gamble 

problems and expected-utility based problems (Kahneman, Slovic, & Tversky, 

1982).  Through a series of studies, Klein (1989) observed that most of the 

people under naturalistic settings seldom conduct concurrent evaluation (for 

example, compute subjective expected utilities for all alternatives), and there is a 

link between the experience of the decision makers and their style of decision 

making.  Under time pressure, dynamic environments, ill-defined goals, and 

highly contextual environments, experienced decision makers tend to recognize 

and appropriately classify the situation as one of the typical situations, and 

intuitively know the typical way to react to the situation.  The decision makers 

would then use the available time to evaluate the feasibility of the option before 

implementing it (Klein, 1998).   

However, when the decision makers are not proficient or are not 

considered experts, they tend to use more concurrent evaluation as were 

observed in the cadet Tank Platoon Leaders training exercises (Brezovic, Klein, 

& Thordsen, 1987).  It should also be noted that in the same tank platoon training 

exercises, there were less references to friendly and enemy information among 

the cadets than among the instructors based on the radio reports (Brezovic, 

Klein, & Thordsen, 1987).  It would seem that an expert decision maker would 

recognize the type of situation very efficiently and quickly, and yet be able to be 

analytical and critical as they try to understand the situation, by observing the 

critical cues from the environment instead of all the cues.  Klein (1989) called the 
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decision process of the decision makers as Recognition-Primed Decision (RPD) 

model.  Additional evidence for the recognition strategy has since been found 

among trained experts under other naturalistic settings (e.g. Kaempf et al., 1993; 

Kaempf et al., 1996; Klein, Wolf, Militello, & Zsambok, 1995; Klein, 1998), and 

Klein revised his model into the integrated form, as shown in Figure 1.   

 
Figure 1.  Recognition-Primed Decision Model (Reprinted from Klein, “Sources of 

Power: How people make decisions”, 1998, p. 27.  Copyright 1998 by MIT Press.  

Reprinted with permission of the publisher.) 

 The RPD consists of situation assessment, situation recognition, serial 

evaluation (mental simulation), and diagnosis (see Figure 1).  The assessment of 

the situation is the first step taken by the decision maker in the RPD.  The 

decision maker tries to make sense of the situation based on the cues perceived 

from the environment and determine if the situation is typical based on the 

experience of the decision maker (Klein, 1989).  This is somewhat similar to the 
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concept of situation awareness proposed by Endsley (1995b), where decision 

makers need to be aware of the situation through perception of the situation, 

comprehend the situation, and project the future states.  The situation is then 

recognized or not recognized based on four types of information: (1) Plausible 

goals; (2) Relevant cues; (3) Expectancies; and (4) Typical actions, as a 

convenient way for Klein to organize the information required for the situation 

recognition process.  The goals in this case refer to contextual goals specific to 

the situation.  As the situation is dynamic, goals may change according to the 

changing conditions and the flow of time.  A fire fighter may change the goals 

from putting out fire to search and rescue depending on the cues received.  In 

the natural settings, there are usually numerous events happening with 

numerous stimuli, that can overwhelm novices but the experienced decision 

maker would attend to the relevant or critical cues instead of all the cues in the 

RPD model (Klein, 1989).  The perception of only the important cues is a crucial 

component of the RPD since the type of cues perceived shapes the assessment 

of the situation.  The expectancies refer to what the decision maker hypothesized 

to be likely to happen and when, based on the assessed situation.  The 

expectancies associated to a situation allow the decision maker to test his/her 

assessment since the cues will change in a particular way if the situation is what 

the decision maker assessed as.  Using the expectancies, the decision makers 

would monitor the situation or change the situation assessment based on the 

cues perceived.  The expectancies also guide the decision maker to direct the 

attention to the appropriate critical cues.  When the situation evolves or defies 

expectancies related to a recognized situation, the decision maker may try to 

gather more data from the environment to reassess the situation (see arrow from 

“Expectancies” in Figure 1). 

A familiar situation has its set of typical actions that the experienced 

decision maker can tap on to generate an action quickly (see Figure 1).  This is 

similar to the concept of scripts and schema (Klein, 1989).  Actions are short-

listed based on the typicality of the actions associated to the situation, which 

Klein (1989) deemed related to the representativeness and availability heuristics 
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observed in laboratory studies (Tversky & Kahneman, 1974).  Which action to 

adopt is assessed through serial evaluation where the options are evaluated 

serially, one at a time (Klein, 1989), instead of concurrently as suggested by 

more traditional models of decision making (e.g. von Winterfeldt & Edwards, 

1986).  Once a satisfactory or feasible option is reached, the evaluation stops 

and that option are then adopted.  The concept of serial evaluation mirrors 

Simon’s idea of satisficing (Simon, 1955), in view of the limited nature of the 

human cognitive resources as contrasted with conducting concurrent evaluation. 

The concept of bounded rationality, where the rational thing to do is to “satisfice”, 

since the human is bounded by the limits of his/her resources is applicable here 

as well (Gigerenzer & Selton, 2001; Simon, 1957).  The evaluation of the actions 

involves the process of imagining how these actions can be carried out and how 

the situation can then be resolved with such actions, what Klein termed as 

mental simulation (Klein, 1989).  This is essentially a logical reasoning and 

thinking process, which was borrowed theoretically from psychology (chess 

playing) but was observed as a component of the decision processes evident 

from the field studies.  The concept of mental simulation within a decision making 

model is not featured in many other decision making models.  The need to 

conduct mental simulation is crucial in natural settings since the decision problem 

can be ill-defined with no clear alternatives, one has to analyze as well as 

synthesize the required actions.  In the RPD model, mental simulation provides 

the mechanism for evaluation and analysis.  It also serves as a synthesis 

mechanism for the decision maker to modify the actions to fit context-specific 

conditions.  At the same time, mental simulation gives a feedback loop back to 

the evaluation of a different action, which allows for optimization in the decision 

process (see Figure 1).  Mental simulation may also be used to determine if the 

current situation is recognized correctly, and whether the situation needs to be 

reassessed as denoted by the dotted line in Figure 1.  

The integrated RPD provides an additional diagnostic component to cater 

to cases when the situation is not recognized (Kaempf et al., 1996; Klein, 1997b).  

When faced with uncertainty about the situation, feature matching and story 
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building are engaged as the diagnostic strategies to explain the cause of the 

situation, when the situation is not recognized (see Figure 1 under diagnose).  

These strategies were predominantly used by experienced naval officers in 

complex command-and-control environments to explain what was happening, 

and are included into the RPD model (Kaempf et al., 1996).  Pennington & Hastie 

(1993a, 1993b) also proposed a general model of decision making based on 

story building as a causal reasoning strategy in the context of jury deliberation.  

The story-building component was added to the RPD to give it more robustness 

when the decision maker cannot recognize the situation (Klein, 1997b). 

1.2.1. Caveats of the RPD model 

The RPD model is essentially a descriptive decision model derived from 

the verbal data collected from experienced decision makers making decisions 

under time pressure, uncertainties, ill-defined goals, within the decision contexts.  

It is not developed to be an integrated, universal decision model for all types of 

situations, but probably more relevant under certain specific conditions, such as 

under time pressure, and high proficiency of the decision makers.  Other studies 

have shown that decision makers are adaptive and change their decision making 

behaviors according to the situations (Hammond, 2000; Hammond, Hamm, 

Grassia, & Pearson, 1987; Payne, Bettman, & Johnson, 1993).  The cognitive 

continuum theory (CCT), for instance, suggests that a decision task lies on a 

continuum between the need for analytical process and the need for intuitive 

process (Hammond, 2000).  For tasks that demands coherence, such as 

policymaking, an analytical, rational process would be more appropriate; for 

tasks that demand a rapid correspondence to the environment, such as 

emergency manual landing of plane, an intuitive (non-rational) process would be 

more appropriate; however, most tasks are between the two ends and usually 

require both analytical and intuitive processes, quasi-rational processes would be 

more appropriate (Hammond, 2000).   

The presence of time pressure may force the decision maker to rely on 

simpler strategies.  Time pressure greatly stresses the cognitive resources of the 
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decision makers to make quick decisions; there is no time for comparing different 

alternatives or computing the expected utility by considering probabilities and 

utilities (money or otherwise) (von Winterfeldt & Edwards, 1986).  This means the 

decision makers have to resort to simpler strategies such as recognition, serial 

evaluation, satisficing, and other fast and fugal heuristics (Gigerenzer, Todd, & 

Group, 1999; Johnston, Driskell, & Salas, 1997; Klein, 1989, 1998).  The RPD 

model would be more likely to match the behaviors of decision makers under 

time pressure due to the need to make quick decisions. 

The experience or proficiency of the decision makers is another 

component that can promote recognition strategy, generation of the first option 

as the best option, mental simulation, and diagnosis (Klein, Wolf, Militello, & 

Zsambok, 1995).  This process is not fool-proof and is vulnerable to errors, 

where errors decrease with higher expertise or more experience (Klein, 1998).  

Experienced decision makers also seem to deliberate more on situation 

assessment rather than on options for action (Klein, 1989, p.70).  This can be 

viewed as a transition from the rule-based algorithmic processing used by the 

novice to the memory-based processing when gaining expertise, to an increase 

in automaticity (Logan, 1988).  It would appear that novices would rely more on 

algorithmic processing rather than recognitional strategy.  The emphasis on 

experience would lead one to question how experience is formed and what the 

underlying structures to experience are.  Endsley (1997) for instance use the 

construct of schema and mental models as internal representation for pattern 

matching (recognition) and decision making.  Beach (1998) used a similar 

construct called “images” to describe the internal knowledge structures that 

facilitate decision making.  Although implicitly the RPD model rely on memory 

structures as part of experience, it is not clear how constructs such as mental 

models and schemata (“schemas” will be used instead) fit into the RPD model 

(Lipshitz & Shaul, 1997). 

The RPD model may be more relevant too when there are no clear 

alternatives, structure, or specific goals provided as part of the decision problem, 

unlike the type of decision problems used by the many other traditional 
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laboratory-based decision research (Bettman, Johnson, & Payne, 1990; 

Edwards, 1954; Einhorn & Hogarth, 1981; Kahneman, Slovic, & Tversky, 1982; 

Kahneman & Tversky, 1979; Payne, Johnson, & Coupey, 1990; Svenson, 1992; 

Tversky, Sattath, & Slovic, 1988).  This means that the RPD model may not be 

(or may, as it was not tested) relevant to other real-life decision problems where 

a number of alternatives are known or given with a clear structure and clear 

goals, for example, buying a car from a given set of affordable cars.  The data 

used to derive the RPD model in fact show that there are situations where 

concurrent evaluation of options took place under the same naturalistic settings 

used to develop the RPD model (Klein, 1989, p.73).  The recognition-primed 

strategy can be viewed as just one of the many strategies used for decision 

making as espoused by Gigerenzer, Todd, & ABC Research Group (1999).  

Gigerenzer et al. (1999) proposed that people developed heuristics and simple 

strategies to adapt to the need of processing large amount of information in a 

short period of time.  Using the simple strategies actually make us able to 

process information in our environment in an adaptive manner.  In this sense, 

RPD model might be just one type of strategies used for decision making among 

many other simple strategies.   

The information used for the recognition process are: cues, goals, 

expectancies, and actions; which are deemed to be necessary for recognition.  

However, these four dimensions are convenient convention based on the 

interviews conducted by Klein and associates (Klein, 1989, p. 52).  These four 

dimensions appear to have face validity, but would certainly require more 

rigorous validations to ascertain the usefulness of the information dimensions for 

recognition purposes and situation assessment.   

Other than experience, it is not clear how individual differences in attention 

and working memory differences relates to the RPD model.  As situation 

assessment and recognition involves cognitive resources, especially under 

dynamic conditions, the individual differences in terms of cognitive capabilities 

may cause people to adopt the different decision processes other than the 
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effects of task conditions and experience.  The underlying mental processes with 

using experience are also not clearly explicated within the RPD model.   

1.2.2.  RPD in an Adversarial Environment 

The RPD model is probably relevant to the adversarial environment since 

the decision maker might face time pressure, ill-structured problems, with ill-

defined goals, and uncertain information.  The decision maker’s proficiency within 

this environment would however affect whether he/she is to adopt more 

analytical or simpler recognition strategy.  It would be expected with time and 

exposures, the decision maker would utilize more recognitional strategy.  Based 

on the RPD model of decision making, it would appear that a decision maker in 

an adversarial environment would first assess the situation, and determine if 

he/she recognizes the situation.  The assessment of the situation will depend on 

the cues received from the environment and the assessment of the expectancies, 

goals, and actions based on whether the situation is recognized.  However, the 

decision maker would have to consider the perspectives of the adversary 

(Thagard, 1992).  Thagard (1992) abstracted seven principles that might be used 

by decision makers in an adversarial environment: 

1. Construct a model of the opponent, involving the opponent’s 

situation, past behavior, general goals, value, scale, degree of 

competitiveness, and attitude toward risk. 

2. Make sure the opponent’s model includes the opponent’s model of 

you, because the opponent’s responses depend on how your 

actions are interpreted. 

3. Use the opponent’s model to infer the opponent’s plans and add 

the inferred plans to the model. 

4. Use this enhanced model to infer the opponent’s likely actions and 

responses to your actions. 

5. Combine your model of yourself, the opponent, and the 

environment to make a decision about the best course of action. 
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6. In particular, use your model of the opponent to predict possible 

effective actions that the opponent might not expect, and therefore, 

would be more effective because of the element of surprise. 

7. Take steps to conceal your plans from opponent and to deceive the 

opponent about your plans. 

Note that the first five principles are similar to situation assessment under 

a multiple-operators condition, where the assessment processes take into 

considerations the other players within the decision making environment (see p. 

4 on characteristics of NDM research settings).  The RPD model can be inclusive 

of the other players considering the opponent’s expectancies, cues, goals, and 

actions within the recognition process.  However, principles 6 and 7 are unique to 

adversarial environments.  The decision making process has to include actions to 

surprise, conceal and deceive the opponents.  Within the RPD framework, 

principles 6 and 7 can be expanded within the four information dimensions 

(expectancies, goals, cues, and actions) as separate criteria for recognition and 

mental simulation.   The RPD model is essentially unchanged within the context 

of adversarial environment, but the exact type of information and how they are 

used may have to be categorized to include the adversarial component (for 

surprising, concealing, and deceiving the opponent).    

1.2.3. Heuristics, schema, mental model and strategies 

Normatively, a rational decision maker is one who computes and chooses 

the alternative with the highest expected value or utility (Edwards, 1954).  This is 

the same perspective taken by game theorists when considering adversarial 

environment (von Neumann & Morgenstern, 1953).  This perspective implies that 

a generic model or decision strategy can theoretically be applied for all decision 

contexts, and decision makers need to know only a small number of normative 

decision rules or methodologies to make analytical decisions.  The actual 

situation is however not so simple: the normative decision making tradition 

requires the decision maker to be knowledgeable in the concepts of statistics, the 

subjective values or utilities to be assigned to the alternatives, and the 
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computational procedures to compute the expected utilities (von Winterfeldt & 

Edwards, 1986).  Although the computations only involve multiplications and 

additions, in the face of a realistic dynamic situation with uncertainties, the 

variables are too many and the computations are too tedious to be practical.  

Human decision makers consistently rely on simple heuristics or strategies to 

make decisions instead, such as using representative, availability, and anchoring 

heuristics (Kahneman, Slovic, & Tversky, 1982; Tversky & Kahneman, 1974).  

Decision makers also tend toward “satisficing”, where the first satisfactory 

alternative is chosen, instead of optimizing by computing for the best alternative 

among a number of alternatives (Simon, 1957).   

Decision makers are also found to be adaptive when making decisions, 

adopting multiple strategies depending on the conditions of the decision tasks 

(Payne, Bettman, & Johnson, 1993).  Using non-optimal strategies can still 

provide relatively accurate answers compared to compensatory strategies, which 

may fail under time pressure (Payne, Bettman, & Johnson, 1993).  How a 

decision is made relies heavily on the existing knowledge structure of the 

decision maker and the frame of mind at the point of decision making (Nisbett & 

Ross, 1980, p.17-32).  Needless to say, not every decision maker follows the so-

called normative standard.  In fact, there are hundreds of empirical studies that 

examined the so-called deficiencies of human decision making in the 70s to 80s; 

whether such deficiencies really exist is still a current debate depending on what 

is defined as rational (Klein, Orasanu, Calderwood, & Zsambok, 1993; Stanovich 

& West, 2000).  A study by Rettinger & Hastie (2001) using different contexts 

(cover stories), but with an identical mathematical construct (same probability 

and utility attributes) showed that under different contexts, different decision 

strategies are used.  The normative method of statistical calculation was not 

applied: although the alternatives have identical expected utilities, the decision 

behaviors are different depending on the cover story used Rettinger & Hastie 

(2001).   One way to explain the behavioral deviation from normative statistical 

calculation is that people assign different utility to the same asset constructs (in 

dollars, or otherwise) used in such decision problems (Edwards, 1954; 
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Kahneman & Tversky, 1979).  For example, Prospect Theory postulates that 

people have different attitudes, values, or utilities assigned to the loss and gain of 

money (or assets), explaining why we violate normative expected utility theory 

(Kahneman & Tversky, 1979).  People are more loss averse when deciding 

losing or gaining the same amount of money, instead of “pure” equivalent 

attitudes assumed in pure economical computations (Kahneman & Tversky, 

1979).  The use of utility curves (utiles as a measure of utility or value versus 

money) had also been used for explaining lottery and insurance buying 

(Edwards, 1954).  An in-depth review of the bias and non-rationality of human 

judgment can be found in “The Psychology of Judgment and Decision Making” by 

Plous (1993). 

The comprehension of the situation therefore plays an important role in 

decision-making.  Comprehension is the process used to understand the 

situation, which is then used to assign utilities to the different choices when 

framed within the traditional utility theory.  The important role of comprehension 

is emphasized in the RPD model as well as other related models such as the 

Image theory and situation awareness theory (Beach, 1998; Endsley, 1997;  

Klein, 1998).  The experience of the decision makers to comprehend the situation 

is believed to rely on the long-term memory storage in the form of schemas to 

form mental models of the situation based on the information cues.  The terms 

mental model and schema are used variously to describe the internal 

representations of the situation, when a person perceives the situation, but they 

have numerous uses and can be rather vague (Gentner & Stevens, 1983; 

Johnson-Laird, 1983; Marshall, 1995; Neisser, 1976).  Lipshitz & Shaul (1997) 

distinguished mental models as the mental representations of specific situations 

perceived by the decision maker and schemas as the general cognitive 

structures that drive the construction of specific situation representations: 

schemas are the cognitive “rules” that shape the mental models when situation 

assessment occurs.  Mental models in this case are transient depending on the 

changing environment, as perceived by the decision maker, whereas schemas 

are more permanent cognitive structures, although it can be changed by 
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experience, that allow the decision maker to form the mental models.  Schemas 

are domain-specific cognitive structures that direct attention on existing 

information or search for new information, organize information in memory, and 

direct memory retrieval of information (Lipshitz & Shaul, 1997).  In schema 

theory, the schema plays an important role in quick recognition and retrieval of 

large amount of information (Marshall, 1995).  Errors in situation assessment can 

be attributed to the formulation of inaccurate mental models, which can arise 

from: (a) incomplete, incorrect, or misperceived information, or (b) lack of 

experience in the presence of correct information.  In (a), improvement in 

information collection or perception may be required, whereas in (b), more 

experience may be needed to form the correct schemas for the set of 

information.  It would therefore be crucial in decision making that we have to 

assess how the decision makers use and gain schemas, and what type of 

schemas are used.   

Another related term to be introduced here is the term “strategy”.  

“Strategy” in our context refers to the processes used by the decision makers 

when making decision.  A strategy can be viewed as a manifestation of the 

sequence of actions taken when a schema is instantiated.  The strategy used by 

the decision makers will show us the reasoning behind the decision and therefore 

tell us what schema was used.  For example, if the decision maker breaks the 

decision down into a decision tree with multiple alternatives, and allocates 

subjective utility values and probabilities, we can infer that the decision maker is 

using a multiattribute utility theory schema to make decision (von Winterfeldt & 

Edwards, 1986).  The various heuristics described in behavioral decision making 

literature can be viewed as strategies used by decision makers when given a 

choice problem (Kahneman, Slovic, & Tversky, 1982; Payne, Bettman, & 

Johnson, 1993).   

One class of strategies curiously neglected by researchers is the 

commonsense strategies.  Commonsense strategies are heuristics extended to 

our day-to-day reasoning and decision making.  They are common daily 

strategies that are used in the various professions or in our daily life.  We can all 
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intuitive identify them as rules of thumb in our daily reasoning.  For example, 

“divide and conquer” is a common phrase used in military, but has a generic 

meaning: break down a difficult situation into smaller ones and then overcome 

the smaller pieces in turn so that in time, the situation can be overcome. Such 

“commonsense” strategies may be used in different domains, under different 

conditions yielding different outcomes to the users.  They can be adapted and 

used as analogies to guide the users through unfamiliar situations (Gordon, 

2004a).  The skill to identify the right strategy for the right situation, and the ability 

to correctly implement it, is what makes a good decision maker in most real world 

situations.  Commonsense strategies are everywhere in our daily lives and are 

used in more ways than we can imagine (Gordon, 2004b).  Commonsense 

strategies can be viewed as the repertoire of possible actions and decision 
rules that can be applied to different situations when framed under NDM models.   

Another example set of commonsense strategies relevant to the 

adversarial environments would be strategies from Sun Tzu’s Art of War (Sun-

tzu, 6th Century BC/ 1993).  War strategies based on Sun Tzu’s experience in 

warfare, and written in a general, timeless format, can find uses in today’s world 

such as in modern warfare, industrial, and business fields.  Such war strategies 

are studied by political, military, and business leaders, to form part of the 

knowledgebase of the decision makers; and can be used in any adversarial 

situations, where one uses them to generate own plans in additional to assess 

and predict the intentions of the opponents.  This dual nature of war strategies in 

adversarial situations is particularly interesting when fitted into current NDM 

models, such as the RPD model.  The strategies can be viewed as templates or 

schema for plausible goals, cues, expectancy, and typical actions of the 

opponents who will change the environment to their advantage (see RPD model 

in Klein, 1998).  These strategies will therefore help the decision maker to form 

mental models of the situation or obtain situation awareness (Endsley, 1995b).  

The strategies can also be selectively used as one’s own plan of action to 

counter the opponent.  In the latter case, the same set of strategies becomes 

implementation plans for decision choice and execution.   
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This research project will examine the role of commonsense strategies in 

an adversarial environment, with the goal of investigating whether commonsense 

strategies are actually used as part of the decision maker’s repertoire of 

experience.  The findings will have implications to the way we train people in 

decision making and design decision support systems. 

1.3. Applications of RPD model and NDM approach 

The above section (Section 1.2.) presented RPD model as a descriptive 

decision model, its empirical and theoretical foundations, its limitations, its 

relevance within the context of adversarial environment, and its relationships with 

heuristics, schema, and strategies.  This section presents its applications in 

decision training and the design of decision support system, and identifies some 

of the gaps within these two areas. 

The main applications of decision models are in the areas of decision 

training and decision support, which are two main practical interests to human 

factors engineering.  Although the debate between behavioral decision 

researchers and naturalistic decision researchers over how humans make 

decisions is a worthy intellectual pursuit, ultimately the bottom line is whether 

which theoretical approach benefited the decision makers.  The NDM approach 

promises to better support decision makers in terms of training and the design of 

decision support systems.  However, there are not many formal validations of the 

NDM approach in the area of training and design of decision support systems, 

although the sponsors of such research continue to support the NDM approach.   

1.3.1. Review of decision making training 

An understanding of the decision process can obviously guide the way to 

train decision makers in their environment.  Traditional normative decision 

models that rely on subjective expected utility theory (Savage, 1954; von 

Neumann & Morgenstern, 1953) have been dominant in guiding how decision 

makers should make decisions and therefore how they should be trained (von 

Winterfeldt & Edwards, 1986).  Decision makers are encouraged to be rational by 
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considering all the available alternatives, weigh their utilities and risks, have a 

statistical awareness of the conditional probabilities of events, and choose the 

alternative that is most optimal in terms of the expected utilities (or values) of 

alternatives.  However, laboratory studies throughout the last 2 decades found 

that decision makers (participants) are in general deficient compared with the 

subjective utility framework (Kahneman, Slovic, & Tversky, 1982).  Human 

decision makers utilize suboptimal heuristics such as representativeness and 

availability heuristics, and are subjected to confirmation bias, anchoring and 

(insufficient) adjustment effects, sunk cost effects, framing effects, attribution 

errors and hindsight bias (Dawes, 2001; Hastie & Dawes, 2001; Kahneman, 

Slovic, & Tversky, 1982; Plous, 1993).  It would seem reasonable to provide 

remedies to the human decision makers to make better decisions.  Plous (1993) 

for instance provided general recommendations to prevent the various biases 

commonly found in the literature.  For example, to improve judgment and 

decision making skills based on representativeness heuristic research, general 

rules such as “Don’t be misled by highly detailed scenarios”, “Wherever possible, 

pay attention to base rates”, “Remember that chance is not self-correcting”, and 

“Don’t misinterpret regression toward the mean” are suggested Plous (1993, p. 

119).  A formal course called the Flinders workshop was developed to help 

people improve skills and confidence in decision making (Mann, Beswick, 

Allouache, & Ivey, 1989).  This program was based on the conflict theory of 

decision making proposed by Janis & Mann (1977), by introducing the learners to 

the major coping patterns of decision making (vigilance and maladaptive coping 

patterns such as procrastination, buckpassing, rationalization, and 

hypervigilance), and elaborate on how psychological stress motivates the 

tendency to resort to one or the other patterns (Mann, Beswick, Allouache, & 

Ivey, 1989).  The steps of vigilant decision-making were taught in the program 

such as:  

1. Clarification of goals and values relating to the problems, 

2. Generation of alternative solutions, 

3. Collection of information,  
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4. Evaluation of consequences leading to a careful choice, and  

5. Implementation of best alternative. 

In addition, techniques to promote vigilant decision-making (using decision 

balance sheet), clarification of goals, and decision implementation and 

postdecision carry through, were taught in the workshop (Mann, Beswick, 

Allouache, & Ivey, 1989).  There was no difference in vigilant decision making 

pattern when comparing pre-workshop and 3-month follow-up after the 

workshop.  But there was significant increase in decision self-esteem, and 

significant decrease in maladaptive coping patterns (Mann et al., 1989).  Mann, 

et al. (1989) attributed the lack of change in vigilant decision making behavior to 

the possibilities of relatively high preworkshop scores in vigilance or the 

difficulties in practicing vigilant decision making.  The Flinders workshop was 

further developed into the GOFER course with similar content to teach high 

school students how to make decisions (Mann, Harmoni, Beswick, & Ormond, 

1988).  Although the subjective evaluation showed an improvement in the 

student knowledge in vigilant decision making, higher confidence in decision 

making, and changing self reported decision habits, there was no formal 

evaluation of the actual decision performance or actual decision habits apart from 

questionnaire results (Mann et al., 1988). 

Training in using multiattribute utility methods of decision making were not 

found to increase the quality of decisions under time stress although it improves 

decisions when under no time pressure (Zakay & Wooler, 1984).  This concurs 

with computational works done by Payne, Bettman, & Johnson (1993) that show 

that multiattribute approach did not yield better solutions than truncated models 

similar to the so-called heuristics used by human participants under time 

pressure.  Debiasing efforts also did not seem to yield promising results based 

on a review by Fischhoff (1982).  Perhaps knowing the rational methods of 

decision making does not directly ensure that such methods can be used under 

time pressure. 

Sedlmeier (1999) provides a more comprehensive treatment on the topic 

of statistical training to solve problems of conjunctive probabilities, conditional 

20 



probabilities, and Bayesian inferences.  These are the same type of problems 

used by researchers in judgment under uncertainty, which the participants 

deviate from normative models.  Sedlmeier (1999) found that most training 

programs to improve statistical reasoning have meager to modest training effects 

and can be attributed to the explanations of human errors adopted by the 

researchers.  Sedlmeier (1999, p. 41) proposed four theoretical explanations 

used by researchers for explaining why people deviate from probability theory in 

judgment tasks: 

(a) Pragmatic implications:  People draw pragmatic implications when 

interpreting texts injecting contextual and social reasoning, which may not 

follow probability theory.  When the texts are understood differently from 

what the researchers intended, “errors” in statistical reasoning occur.  

Training should therefore concentrate on proper interpretations of the text 

problems used in probability problems.  

(b) Heuristics and biases:  The mind has no mechanisms to make good 

probability judgments; instead, people use rules of thumb (heuristics) that 

rely on similarity or ease of retrieval for judgment.  The heuristics can lead 

to biases or cognitive illusions that are stable like visual illusions that 

cannot be eliminated. The implication of the heuristics and biases 

approach is that there is no effective training. 

(c) Abstract rules:  People have abstract rules in the mind that conform to 

probabilistic models but sometimes have problems applying them in 

certain situations and have to rely on heuristics when facing such 

difficulties.  In terms of training, statistical rules should be taught in their 

abstract forms and demonstrated by examples to show applicability of the 

rules. 

(d) Adaptive algorithms:  The mind is equipped with evolutionary cognitive 

algorithms that aid our survival as a biological species, to adapt to the 

environment.  The adaptive algorithms only work with natural frequencies 

and may not follow probability models, when presented with problems that 

are in probability format.  People should therefore be trained to transform 
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conventional statistical tasks into a natural frequency format to activate the 

adaptive algorithms.  This approach also means that information should 

be presented in frequency formats to facilitate proper reasoning. 

Sedlmeier (1999) proposed that training in statistical reasoning should also 

incorporate instructional design theory and he designed a training program 

utilizing “learning by doing” principle and a flexible tutoring system.  The main 

ideas behind his training regimen involve exposing the students to a greater 

variety of statistical problems demanding them to learn by doing, and used a 

computer-based system that can give rich graphical representations.  Sedlmeier 

(1999) used the computer tutoring system to design and test the different 

teaching approaches (based on the four explanation of errors: pragmatic 

implications, heuristic and biases, abstract rules, and adaptive-algorithm 

algorithm) by varying the representations of the statistical concepts, such as 

using Venn diagrams, frequency grids, frequency trees, probability trees, rule 

training, and virtual urn (pictorial representation of an urn with marbles in it).  To 

summarize, the use of frequency representation was shown to be advantageous 

to more difficult tasks with transfer effects on immediate and longer time 

intervals.  Sedlmeier's (1999) training results support the adaptive-algorithm 

approach with the most training transfer both in short and long term training 

evaluations.  Sedlmeier (1999) suggested that although other approaches such 

as abstract rules and pragmatic implications are also important, they are not 

sufficient when used alone.  The heuristic and biases approach was not 

supported as training effects were obtained even after 15 weeks for the 

frequency tree training condition (Sedlmeier, 1999, p. 109).  Sedlmeier's (1999) 

approach to statistical training has some parallels to the naturalistic decision 

making approach towards training, such as using natural cues to instill the 

statistical principles by using frequency representation, and exposing a variety of 

problems to the learners (pattern matching) to enhance recognition of problem 

types.  He is also different from traditional methods of training, by emphasizing 

the adaptive-algorithm explanation to human deviations from normative models, 

thereby suggesting that training should conform to the evolutionary cognitive 
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abilities of the humans rather than stressing on human lack of rationality.  This is 

also similar to the NDM and bounded rationality standpoints: to accept the non-

optimal strategies of the experts as rational, and use the adaptive strategies 

(algorithms) as the normative standard.  The presentation of concepts and 

problems should follow the natural strategies or thinking patterns of the learners 

(framed in frequency format) instead of prescribing unnatural representations 

(framed in probability theory) against the learner.  This is also the approach taken 

by the NDM approach, to design decision training based on the natural ways that 

decision makers perceive their environment and process the information. 

Apart from Sedlmeier's (1999) approach, naturalistic decision making 

(NDM) researchers, in general take a very different approach from classical and 

behavioral decision theories in training decision makers.  However, NDM 

researchers see the classical normative approach as complementary, since 

classical methods can be useful in situations when time pressure is not present 

or when the problem can be structured within the traditional normative statistical-

based framework.  However, the problems to be solved by the decision makers 

in the naturalistic contexts are not fixed, one-time statistical problems that can be 

easily structured by using statistical models.  This is where NDM departs from 

Sedlmeier’s (1999) concept of statistical teaching, which is confined to a one-off 

problem solving.  Under high time pressure, detailed decision trees and accurate 

expected values or subjective expected utilities may not be constructed quickly 

enough for real-time decisions (Means, Salas, Crandall, & Jacobs, 1993).  

Continuous dynamic events also present a challenge to judging the probabilities 

of events.  Statistical reasoning may not play a big role when the decision 

makers are under naturalistic contexts.  Means et al. (1993) concluded that 

decision training based on classical decision model would not benefit decision 

makers in real world context. 

In NDM (including RPD model) perspective, training is viewed as a 

mechanism to support natural decision making process rather than prescribing 

normative statistical based computation: it should accelerate proficiency or the 

development of domain specific expertise instead of focusing on avoiding general 
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pitfalls of heuristics and biases of the decision makers (Cannon-Bowers & Bell, 

1997, p. 100).   Klein (1997a) proposed that decision making training should 

attempt to train decision makers to think like experts, by training novices to use 

the cues, patterns, and strategies used by experts, based on the RPD model.  In 

addition, novice decision makers can also be trained to learn like an expert, so 

that the novices can use the strategies used by the experts to develop their 

proficiency at decision making (Klein, 1997a). 

Given that pattern recognition and experience are very important in expert 

behaviors, one obvious way to train decision makers is to subject the learners to 

as many practice trials as possible in as many variations as possible for the 

particular domain of interest (Means et al., 1993).  Simulation training is one way 

to expose the learner to many practice trials in compressed time as opposed to 

immersing novices in an on-the-job training regimen.  A simulation environment 

can also immerse the trainees into a meaningful task context as opposed to a 

general abstract environment.  Under a simulation environment, meaningful 

scenarios can be used to provide action-feedback loops, training the decision 

makers to deal with heavy workload, time stress, and high stakes that cannot be 

easily trained under traditional classroom settings (Cannon-Bowers & Salas, 

1998; Means et al., 1993).  Attention allocation training in high workload was also 

shown to be beneficial to actual pilot capabilities using a computer game 

environment that emphasizes changing priorities (Gopher, Weil, & Siegel, 1989).  

Expert’s strategies that may be sub-optimal but are useful in minimizing workload 

should be used for training novice decision makers under the specific task 

context (Means et a., 1993).  NDM approach also emphasizes the need to work 

with multiple players within the organizational context and the need to monitor 

communication and situation awareness among team members (Kozlowski, 

1998; Means et al., 1993).  Means et al. (1993) summarized the NDM-based 

training recommendations for decision making in natural tasks in a table, as 

duplicated here in Table 1.  This set of training recommendations highlights some 

of the contributions of the naturalistic approach towards training of decision 

makers. 
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Table 1. Training for decision making in Natural Tasks (Means et al., 1993, p. 

323, Table 19.1) 
Task Features Desirable Training Practices 
Ill-Structured Problems • Provide many trials in problem recognition and 

representation, using a wide variety of problem types. 
• For tasks with time-consuming components other than 

problem formulation and decision making, use simulation 
to more efficiently train on the latter. 

• Provide timely, informative feedback; simulation can help 
to accomplish this. 

Action/Feedback loops • Train decision making along with other task components in 
a meaningful task context. 

Heavy workload • Employ techniques such as “scaffolding” to reduce 
workload in early stages of training. 

• Introduce “dual-task” training early in the instructional 
program. 

• Train constant-mapping task components to automaticity. 
• Model and train expert’s strategies for minimizing 

workload. 
• Train students to monitor their workload. 

Time stress and high stakes • Introduce “dual-task” training early in the instructional 
program. 

• Train constant-mapping task components to automaticity. 
• Provide some training under speed stress. 
• Provide practice and feedback on making speed/accuracy 

tradeoffs. 
• Train with simulated stressful conditions. 
• Require overlearning of emergency procedures. 

Multiple players • Train procedures for monitoring, agenda setting, and 
communicating. 

• Provide training and feedback on teamwork behavior. 
Organizational goals and norms • Involve organizational members in the design and delivery 

of training. 
• Allow for informal contact between trainees and 

experienced job incumbents. 
   

Fallesen, Michel, Lussier, & Pounds (1996) and Cohen, Freeman, & 

Thompson (1998) had developed critical thinking skills training based on the 

NDM perspectives.  Fallesen et al. (1996) called their training “Practical 

Thinking”.  The Practical Thinking approach emphasizes the use the person’s 

knowledge as the basis of thinking, and deemphasizes fixed procedures of 

traditional formal statistical procedures (e.g. computation of probabilities of 

outcome and utility values) (Fallesen et al., 1996).  The ways to think are 

developed and improved through self-examination and practice of various 

abstract and general cognitive skills rather than learning computational 
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algorithms, or domain specific pattern recognition techniques, and emphasizes 

on adaptive behaviors to situation at hand (Fallesen et al., 1996).  The Practical 

Thinking program consists of six lessons: 

1. Overview:  Introduce the purpose and perspective of Practical 

Thinking, to frame the learners towards the course orientation. 

2. Multiple Perspectives:  This lesson teaches various techniques on how 

to adopt another’s perspectives, both enemies’ as well as own 

comrades’.  The lesson aims to change the attitudes of the learners to 

look at things from multiple perspectives instead of the usual manner. 

3. Adapting to Situations:  This lesson was designed to provide insight on 

metacognition, to make learner be aware of their thinking processes 

and guide their thinking deliberately.  

4. Finding Hidden Assumptions: To highlight the importance of 

uncovering the hidden assumptions of one’s belief and to see if those 

beliefs are justifiable. 

5. Practical Reasoning:  This lesson emphasizes practical day-to-day 

reasoning over formal, logical deductive reasoning as an approach 

towards thinking, and addresses how we actually reason to recognize 

the failures of not being critical. 

6. Integrative Thinking: Learn from experience and learn to put the parts 

together to form a complete picture and understand the cause and 

effects. 

The Practical Thinking course was pilot tested as a subcourse under the 

Battle Command Course in U.S. Army (for General Staff Training) and was 

generally well-received by the students (Fallesen et al., 1996).  The course was 

only evaluated subjectively through questionnaires, since it is extremely difficult 

to assess the military commanders in real-world decision-making performance.  

The study found on average a 12.5% gain in expertise based on self-reports for 

the six lessons by twenty students (Fallesen et al., 1996). 

Cohen et al. (1998) develop a “Critical Thinking” training program based 

on the recognition/metacognition (R/M) model (Cohen, 1993; Cohen, Freeman, & 
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Wolf, 1996).  The R/M model is based on observations of decision makers that 

suggest that recognition process (Klein, 1989) is supplemented by processes of 

critiquing and correcting to explain how decision makers resolves conflicts, 

uncertainties, and solving novel problems (Cohen et al., 1996).  The concept of 

metacognition, processes that monitor and regulate other mental processes, was 

included into the recognitional model of decision-making (Cohen et al., 1996).  

The R/M model consists of three metalevel components in addition to situation 

assessment and recognition processes:  

(a) Quick Test: Is the cost of delay acceptable? Is the cost of error high?  

Is the situation unfamiliar or problematic?  This high level process 

determines when critiquing and correcting loop should start and stop, 

depending on the expected benefits. 

(b) Critiquing:  Processes that identify problems in the arguments that 

support a conclusion.  Look for incompleteness in the current mental 

model or plan.  If none, look for conflicts in expectations, compare 

data or goals, and obtain different perspectives to understand the 

situation.  Uncover unreliable assumptions and imagine how each 

step of the reasoning could be wrong. 

(c) Correcting:  Processes of correcting responses to the problems 

identify in the critiquing.  Correcting may involve collecting of more 

data, activating additional knowledge based in long-term memory, 

and adjusting assumptions or selecting other explanations to modify 

situation model or plan.  Correcting helps to fill in gaps, resolves 

conflicts, and confirms or denies uncertain assumptions. 

The R/M model is illustrated in Figure 2 to show the flow of the cognitive 

process when decision makers deal with a situation that may not be familiar or 

recognized.   
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Figure 2.  Components of the recognition/metacognition (R/M) model  (Reprinted 

from Cohen et al. , 1998, p.161.  Copyright 1993 by the American Psychological 

Association. Reprinted with permission of the author.) 

 

Using the framework of R/M model, Cohen et al. (1998) developed a 

critical thinking skills training program that departs from classical decision 

theories and pattern recognition models: instead of a small set of general 

purpose methods or a vast quantity of specialized patterns and responses, the 

focus was on a moderate set of domain-specific metacognition strategies for 

critical thinking.  Specifically, Cohen et al. (1998) were interested in training the 

metacognitive components within the R/M model in Figure 2.  These strategies 
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are generalized across similar domains but are based on preexisting knowledge 

of a particular domain (Cohen et al., 1998).  Cohen et al. (1998) used domain-

specific scenarios to train naval combat information center (CIC) officers, in the 

Decision Making Evaluation Facility for Tactical Teams (DEFTT) simulation 

platform (Johnston, Poirier, & Smith-Jentsch, 1998), in critical thinking skills in 

stories construction, testing, and evaluations.  The training content involve the (1) 

STEP technique, (2) hostile-intent stories, (3) critiquing stories, and (3) when to 

think more. 

STEP technique consists of assessment of the situation (through 

recognition) and constructing a Story around the situation; Testing the 

assessment using the story by comparing expectations to what is known or 

observed and patch the story by explaining the evidence; Evaluate the result, 

and generate alternative assessments or stories if the patched-up story does not 

fit; and Plan against the possibility that the story is wrong (Cohen et al., 1998).  

Stories may contain certain components that help decision makers notice and fill 

gaps in the stories they constructed, and may be crucial to assess the hostile 

intent of the adversary.  A unique component of the training involved teaching the 

officers, by practice and example, how to identify important story components 

and use the stories to guide them to the relevant evidence about the intent of the 

adversary (Cohen et al., 1998, p.167).  This is especially relevant to the 

adversarial nature of the context.  The officers were also trained in critiquing the 

stories using the Devil’s advocate technique, using a crystal ball that always 

predicts failures to the plan to probe for alternative explanations (Cohen et al., 

1998).

As critical thinking may not be always appropriate, 

Cohen cognize what criteria are 

used b conduct a quick test as in the 

R/M fr nough time for more 

elabor

longer ter etween the situation 

and fa ritical Thinking training was evaluated in two studies 

  This is to aid evaluation of the story and to be alert to significant 

alternative explanations.  

, Cohen et al. (1998) trained the learners to re

y experienced decision makers on how to 

amework (see Figure 2): to estimate if there is e

ation, based on specifics of the situation, to estimate costs based on 

m objectives, and to be sensitive to mismatch b

miliar patterns.  The C
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using hen et al., 1998).  It was found 

rating alternative actions and 

then 

ative payoffs, while 

Co

explan

decision making, such as: 

areness); 

 

ns for events); 

(i.e. metacognition). 

different samples of participants (Cohen, Co

that the training improved the number of issues considered in assessment, 

number of conflicting pieces of evidence identified, number of explanations of 

conflict generated, number of alternative assessments generated, and accuracy 

of assessment (compared to subject-matter experts).  Trained participants were 

also found to engage significantly more contingency planning (13% of trained 

participants compared to 6% of control participants), and have improved 

confidence (although not statistically significant).  Note that the Critical Thinking 

training is not the same as classical models of gene

evaluating the alternatives in terms of payoffs; rather, the training 

emphasizes generating alternative explanations to the situations through stories 

and evaluate the explanations in terms of plausibility and critical cues.  The 

classical theory emphasizes on alternative actions and quantit

hen et al. (1998) emphasize on assessing the situation and qualitative 

ations. 

Klein (1997a) summarized that training can target aspects of expertise for 

1. Recognizing patterns (situation aw

2. Making fine perceptual discriminations;

3. Recognizing typicality and detecting anomalies; 

4. Mentally simulating future states (to evaluate courses of action) and 

past states (to generate explanatio

5. Improvising; and  

6. Adapting to events 

Based on this set of training strategies Klein & Wolf (1995) had revised the 

firefighting manual to describe subtle cues and patterns for training firefighters.  

The cues used by neonatal nurses were also elicited and compiled as training 

materials to enhance recognition training of student nurses (Crandall & Getchell-

Reiter, 1993).  Such cues used by experts in the fields are compiled into 

handbooks, and used by novices during the training to think like the experts.  
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They are beneficial for the novices to become sensitive to nuances within their 

field and see the subtle or otherwise invisible cues. 

expertise 
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aimed to 

within a p main, so as to improve recognitional decision making skills 
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originally 

2001) and

1. 

e field.  The DMGs provide the context for 

teaching and practicing the other tools under the DST.  They are 

supposed to provide the simulated domain-relevant experiences for 

In addition, people should be taught to learn like an expert and gain 

on their own (Klein, 1997a).  Klein (1997a, p.348) reviewed expertise 

nd summarized a set of strategies that are either used by experts, or 

to be effective in boosting skills in decision making: 

gaging in deliberate practice, so that each opportunity of practice has a 

l and evaluation criteria; 

ng attentional control exercises to practice flexibility in scanning 

ations; 

pling alternative task strategies; 

mpiling an extensive experience bank; 

Enriching experiences (i.e. reviewing prior experiences to derive new 

ights and lessons from mistakes); 

ilding mental models; and  

Obtaining coaching.” 

 these strategies, a decision making training program was developed 

 Decision Skills Training (DST) (Pliske, McCloskey, & Klein, 2001).  

oach does not attempt to teach decision making strategies per se, but is 

facilitate the development of the decision maker’s experience based 

articular do

 on the recognition-primed model (Klein, 1989, 1998).  The DST was 

designed for U.S. Marine Corps Squad Leader Training (Pliske et al., 

 it consists of the following components: 

Decision Making Games (DMGs):  These games are simulations of 

incidents that might occur in the field, and can be low-fidelity simulation 

exercise in paper-and-pencil format, or training exercises in high-

fidelity simulators or in th
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practicing recognitional skills.  The games are typically dilemmas with 

uncertainties, which a decision has to be made and some sort of 

actions must be taken.  A small group of participants would role-play 

2. 

3. 

hy these particular decisions are so challenging.  This helps the 

4. 

998) training), 

  The 

other positions while one participant is chosen to brief her/his plan, 

given only a few minutes. 

Decision Making Critique:  Based on the DMG, a series of questions 

are designed to facilitate thinking on what went well and not so well, to 

identify difficult decisions made during the exercise.    

Decision Requirements Exercise:  Additional questions are asked to 

help participants determine what types of information they considered 

and w

participants to make better sense of the judgments and the decisions 

facing them, why they are difficult and what can go wrong under such 

situation. 

Premortem Exercise:  This is similar to the Devil’s advocate technique 

where the group is told that the developed plan in the DMG has failed 

by looking into a crystal ball (identical to Cohen et al.’s (1

and each member will write down reasons why the plan fails.  The 

facilitator then leads a discussion to elicit all the concerns of the 

members.  This is to facilitate learning from mistakes under a non-

threatening environment. 

5. Commander’s Intent Exercise:  Participants practice their skills for 

communicating Commander’s Intent by writing down a set of orders 

and a description of their intents based on their solutions in a DMG.   

6. Situation Awareness Calibration Exercise:  The situation awareness 

(Endsley, 1995a) of everyone in a team is elicited through a list of 

questions, during some points of an actual training or a low-fidelity 

DMG (preferably during point of high stress and confusion).

facilitator then consolidates the answers and debriefs the team after 

the training. The discussion focuses on the issues of the roles and 
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functions of members, prediction of future events, and outcome of the 

plan. 

7. Development of Decision making Games:  The participants are then 

instructed to develop their own DMGs to become trainers to teach 

others how to use the DST tools.  Developing DMGs is a way to 

provide new insights into the complexity of the decisions they have to 

make, to appreciate expertise they have in making the decisions, and 

to share their expertise with others (Pliske et al., 2001). 

Preliminary subjective evaluation of the DST program showed that the 

program was well received by the Marine Squad Leaders with an average of 2.86 

on a 3 point scale in perceived usefulness scale (1, not at all useful, 2, somewhat 

useful, and 3, very useful), and similar positive reactions are received from other 

domains (Pliske et al., 2001).  There were no objective performance data to 

support transfer of decision skills to real-world decisions (Pliske et al., 2001).  

Klein , the 

Decisi

(2003) extracted the DST concepts into three main components

on Making Game, Decision Making Critique, and Decision Requirement 

Table as general tools for improving intuition and decision making for other 

domains.  Currently, there is a lack of evaluation data to prove that DST actually 

improves the RPD process of decision makers under naturalistic contexts. 

The review so far shows that training systems based on traditional 

normative decision models are not proven to improve actual decision 

performance.  On the other hand, although the NDM approach has lead to 

several efforts in decision training, and subjective self-report evaluations are 

generally positive (Cohen, Cohen et al., 1998; Fallesen et al., 1996; Pliske et al., 

2001), there is also in general a lack of objective supports for training transfer to 

improve actual performance in decision making.  The obvious reason for the lack 

of such data in most decision training studies is the difficulty in formal evaluation 

of decision-making in the real-world contexts.  This is in general true to all the 

decision training reviewed here.  When the participants (for example, Marine 

Squad Leaders) leave the training, they may not be available to the 

experimenters, and their real jobs are probably more complex than the training 
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tasks, which may not be easy to measure in terms of decision performance.  

Although the NDM derived training seem to have face validity and are developed 

based on NDM theoretical foundations, the paucity of formal evaluation data 

means that the effectiveness of the training programs are not verifiable as yet.   

1.3.2. RPD model for design of Decision Support System (DSS) 

The rational decision making concepts have evolved into entire fields of 

disciplines in decision making, such as operation research (OR), game theory, 

and multi-criteria decision analysis, where applying such methods may produce 

coherent and consistent decision outcomes.  With the advent of computer 

technologies, computational concepts of rational decision, such as maximization 

of payoffs given the attributes of the alternatives, are incorporated into computer 

systems to aid decision-making.  Many existing systems are based on normative 

decision theory such as AHP (Saaty, 1980) and multiple attribute utility theory 

(von Winterfeldt & Edwards, 1986).  These systems are generally called 

“decision support systems” (DSS), although different names are used depending 

on the specific architecture and functions of each system, such as Executive 

Information System (EIS), Geographical Information System (GIS), Knowledge-

based System (KBS), Machine Learning System (MLS), and Creativity 

Enhancing System (CES) (Forgionne, 2003).  A generalized decision support 

system called the decision technology system (DTS) was proposed to give a 

generalized architecture to synthesize the main features and functions of the 

various decision support systems but can be customized to the particular 

requirements depending on the user’s situation (Forgionne, 2003).  Since DTS is 

a more generalized architecture of a DSS, it will be used as a generic DSS 

design for our discussion here.  A decision technology system is shown in Figure 

3 adapted from Forgionne (2003). 
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Figure 3.  A generaliz

System (D

 Klein (1989) summarized the design 

DSS: 

ed decision support system (DSS): Decision Technology 

TS) (Reprinted from Forgionne, 2003, p.15. Copyright 2003 by the 

Idea Group Inc.  Reprinted with permission of the publisher.)  

 

implications of the RPD model on 
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• Better packaging for DSS (redesign the processing component of the 

DTS, see Figure 3): Design flexible decision aids to cater to 

uncertainty, ambiguity and missing data, since the prescriptive systems 

based on decision analysis and multi-attribute utility analysis are not 

congruent to natural environments.  The DSS should not disrupt the 

ns on 

 probabilities, the 

tancies, 

imulation of options” (Klein, 1989), p.84). 

ts to know the 

recognitional decision process. 

• Greater respect for proficient decision makers (output component of 

the DTS):  Systems should support and strengthen human expertise.  

Instead of requiring users to compare options, evaluate optio

prespecified dimensions, assign weights and

“systems should present trends and deviations from expec

improve portrayal of the current situation dynamics, provide analogue 

cases and support mental s

• Emphasis on situation understanding (output and processing 

components of the DTS):  The RPD model describes how proficient 

decision makers make use of situation assessmen

selection of an option without comparing alternatives.  DSS should 

support situation assessments and emphasize on situation awareness 

instead of selection of options. 

• Support mental simulation and diagnosis (see Figure 1, p. 21) 

(changes to the input and output components of the DTS):  RPD model 

describes mental simulation and diagnosis as option evaluation and 

story evaluation respectively.  DSS should provide supports such as 

displays or event simulators to help user imagine how options can be 

implemented. 

• Scanning for errors and inconsistencies (changes to the input and 

processing of the DTS):  RPD model is a descriptive model and does 

not deny that human can make mistakes in reading situation, forgetting 

likely responses, and missing an option that may be workable.  DSS 

can be designed to help to capture human errors. 
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The RPD model can therefore contribute to the design of a DSS in all the three 

components, input, processing, and output (see Figure 3) by changing the input 

requirements, the processing architecture and functionalities, and the user 

interface of the output component.  Further elaboration is given as follows. 

According to Forgionne (2003), the input consists of:  

• Data base:  Contains the data directly relevant to the problem, 

• Knowledge base: Holds problem knowledge to convert data to 

problem’s parameter, and 

• Model base: Contains the formal models, such as mathematical 

models and operation research (OR) model, of the decision problem 

and provides the methodology for developing results. 

 of the DTS.  The input component could 

be derived from observations and cognitive task analysis of decision makers 

making t instead of assuming normative 

model essing component of the system utilizes 

compu into problem-relevant output and 

involve

The types of information used by decision makers in naturalistic 

environment, and how the information are used can be directly used as the data 

base, knowledge base, and model base

 actual decisions in their environmen

s of the environment.  The proc

ter technology to process the input 

s finding the best solution to the user (Forgionne, 2003).  However, in the 

RPD model and other NDM models (such as the R/M model), the processing of 

information is an important function of the human decision making as the 

generation and evaluation of the actions are serially processed and aid to form 

the situation mental model in a continuous, and dynamic manner (Cohen et al., 

1996; Klein, 1997b; Klein, 1998).  The opaque and non-contextualized nature of 

the processing of a computer aiding system is different from the human 

processing system and may be difficult for the decision makers to comprehend 

the limitations of automated decision aids and detects errors made by the 

computer system (Moiser, 1997; Will, 1991).  The DSS is in essence another 

cognitive agent within the decision maker’s environment (Mosier, 1997).  One 

contribution of the NDM approach is to rethink about the “blackbox” nature of the 

processing component of a DSS, and design it to provide insights to how the 
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processing is done, either through training or computer visualization.  With the 

understanding of the inner working of the DSS, the user would have a more 

accurate perception of the usefulness of the DSS so that the DSS would not be 

disused, overused, or misused by the decision makers (Dzindolet, Peterson, 

Pomranky, Pierce, & Beck, 2003; Keil, Beranek, & Konsynski, 1995; Mosier, 

1997; Workman, 2005).   

Perhaps the most important design recommendations of the RPD model 

are in the output component of the DSS.  Figure 3 shows four types of output that 

a DSS can provide (Forgionne, 2003): 

1. Status reports, 

2. Parameter and outcome forecasts,  

3. Recommended actions, and 

4. Outcome explanations and advice. 

The RPD model emphasizes the importance of situation assessment and 

pattern recognition when making familiar decisions, and the use of diagnostic 

processes and mental simulation when faced with new situations or evaluating 

an action (see Figure 1, p. 21).  The output of the DSS should therefore aid the 

human process of situation assessment, diagnostic (or critiquing), and mental 

simulation.  How to appropriately design the displays to allow better situation 

assessment and better matching the user’s mental models has been a concern 

of representational aiding researchers (Bennett, Toms, & Woods, 1993; Bennett 

& Walters, 2001; Woods, 1991), ecological interface design researchers (Reising 

& Sanderson, 2002; Vicente, 2002; Vicente & Rasmussen, 1992), and design for 

situation awareness (Endsley, 1988; Endsley, 2001; Endsley, Bolte, & Jones, 

2003; Endsley & Garland, 2000; Militello, Quill, Vinson, & Gorman, 2003; 

Wickens, 1996).  The diverse approaches in display design are motivated by 

similar concepts in the NDM approach of enhancing the human cognitive 

processes in the natural environment, to support situation assessment and 

obtaining meaning from the display cues.  Endsley et al. (2003) for instance have 

developed a user interface design approach and have compiled a set of design 

principles to support situation awareness.  Much of the design-related 
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recommendations from RPD model of human decision could be derived from 

representation aiding, ecological interface design, and situation awareness (SA) 

research, since the concept of situation assessment and recognition is a 

common theme between these research studies.  For instance, the differences in 

the SA theory and RPD model are the invoking of schemas in SA theory and the 

identifi

resentations of the situations and analogue 

reasoning (Klein, 1998) based on the cues in the environment.   A case-based 

sio nitive engineering and the RPD model was 

develo

cation of specific information used for situation assessment in the RPD 

model, much of the recognition concept to decision making between the two 

theories are similar (Lipshitz, 1993; Lipshitz & Shaul, 1997).  The situation 

awareness theory has its roots from the Air Force environments and were 

developed based on observations and cognitive elicitations from experts (pilots) 

working in their natural environments (fighter aircrafts) (Carretta & Ree, 1996; 

Dominguez, 1994; Endsley, 1995b; Wickens, 1996).  In essence SA is also a 

NDM model of human decision behaviors in a naturalistic environment (Endsley, 

1997).  Numerous studies have shown that designing to enhance situation 

awareness is a useful concept in user-centered design (Blandford & Wong, 2004; 

Derefeldt et al., 1999; Gaba, Howard, & Small, 1995; Williams, 2002). 

The outcome explanations and advice is another type of output that can 

be designed to match the decision process of the human.  Based on the RPD 

model, the explanations and advice can be tailored to the experience of the users 

by invoking the exemplary mental rep

deci n support system based on cog

ped for designing large, complex software systems and was shown to be 

effective for software reuse by Ockerman & Mitchell (1999).  The DSS provides 

storage and retrieve of useful case scenarios that may be analogous to the 

current situation, which aid preservation of organizational memory (Ockerman & 

Mitchell, 1999).  Other types of case-based retrieval from the DSS can be useful 

to analogous reasoning and case-based recognition process.  The common-

sense strategies could be one type of cased-based output to advise the decision 

makers of the adversary’s intentions and strategies and advise the decision 

makers with counter-strategies against the adversary.  
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The design recommendations based on enhancing situation assessment 

have shown credible benefits consistently.  However, the effects of case-based 

advice or decision recommendations in DSS are more complicated due to the 

comple

portance of designing the DSS to fit the decision maker’s natural way of 

making

1 earch Problems 

D model in a more controlled 

environment.  More controlled experimental validation will help to establish the 

validity of the model.  The RPD model is proposed as a decision model for 

naturalistic environments, however, in an adversarial environment, can the model 

holds or variations will be required?  Can recognition be sufficient for adversarial 

decision making? What is the role of common-sense strategies?  Are these 

important to the overall expertise of the decision makers? 

Individual differences in working memory and attentional capacities can 

affect a wide range of human performances.  The relationships between 

x interactions of trust and reliability of systems.  Both expert and novice 

users of a DSS may not be able to discern the correctness of the advice and 

might depend on the system when they should not (Will, 1991).  The 

effectiveness of a DSS is not only based on the accuracy of the DSS’s 

recommendations; the user’s attitude and the social settings when the user 

interacts with the DSS can affect the use, disuse, or misuse of the DSS, thereby 

affect the effectiveness of the human-DSS interactions (Workman, 2005).  The 

RPD model highlights the importance of the expertise of the decision maker, and 

the im

 decisions.  But it is not easy to formally validate these recommendations 

on the design of the DSS based on the RPD model as there are too many factors 

affecting the effectiveness of a DSS. 

.4. Specific Res

The RPD model is a relatively recent model that describes how human 

make decisions without resorting to evaluating multiple options under realistic, 

time pressured environment (Klein, 1997b; Klein, 1998; Lipshitz, Klein, Orasanu, 

& Salas, 2001), but have large implications on the way we train decision makers 

and design decision aids as examined in Section 1.3.  However, there are few 

empirical experiments that validate the RP
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cognitive constructs, such as working memory and attention, and decision 

behaviors are also curren ribes a dependence 

on the

is also a lack of formal validations on the training and design 

recom a

ited experimental 

validat w  to the 

recom da

stablished the significance of the RPD model, 

severa se

 

next s

tly unclear.  The RPD model desc

 experience of the decision makers in the recognition process, but the 

long-term memory content that enables recognition is hard to establish based on 

the current model of four information dimensions (goals, expectancy, relevant 

cues, and typical actions).  How many exposures before recognition process set 

in?   

There 

mend tions based on RPD models.  Although, it is true that such 

validations in the natural context are tough to achieve, a lim

ion ould at least help to establish some credibility

men tions. 

The review so far has e

l re arch questions that have yet to be answered, and some of the 

training and design implications of the RPD model need to be validated.  The

ection will present the scope of this research: the specific objectives and 

questions that will be answered by this research program, since not all the 

concerns can be answered within this study.   
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2. Research Objectives 

  In Section 1.4, some of the research questions were listed based on the 

review of literature in Sections 1.2 and 1.3.  As with any other research program, 

this research project will have to limit the areas of investigation.  The general 

question we are asking is: How do people make decisions in adversarial 

environments?  The specific research questions that this program sought to 

answer are: 

1. What are the decision processes (such as RPD, concurrent 

comparison processes) used in adversarial decision making? 

2. How do cognitive differences affect decision processes? 

3. What are the roles of common-sense strategies in decision making 

in an adversarial environment? 

4. What type of training will be effective to train decision makers in 

adversarial environment?  Are RPD-based training recommendations effective? 

This research project aimed to contribute to the understanding of the 

decision process in adversarial environment by studying people making 

decisions in a simulated adversarial environment.  In particular, it hypothesizes 

that r

model in a simulated adversarial environment; 

ecognition-primed decision (RPD) processes would be observed in 

adversarial environment.  In addition, the roles of common-sense strategies and 

cognitive differences in decision making would be explored.  The training 

recommendations based on the RPD model would also be investigated to 

provide practical guidelines to training decision making.  The specific objectives 

of this research project were to: 

1. Contribute to the validation of recognition-primed decision (RPD) 

2. Explore the roles of common-sense strategies in decision making in 

the adversarial environment; and  

3. Test the effectiveness of training recommendations based on the RPD 

model. 
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The importance of validating the RPD model is two-pronged.  First, the 

RPD model is a significant model that purportedly describes the naturalistic 

decisio

trategies was due to the prevalence of such strategies in our 

daily l

stems 

design

n process of people in dynamic, complex environments.  This model 

however lacks rigorous experimentation in more controlled environments.  A 

validation study would extend the usefulness of the model.  Second, the process 

of validating the model would help us elucidate the processes underlying 

adversarial decision making.  This could perhaps bring new insights and 

development to the theory of decision making.  To validate the RPD model in an 

adversarial environment seemed to be a fruitful start to investigate the decision 

processes in such settings.  The second objective to investigate the roles of the 

common-sense s

ives (Gordon, 2004).  Such common-sense strategies, for instance, the 

warfare strategies exemplified by Sun Tzu’s Art of War are popular in adversarial 

environments such as in military and business.  Many popular literatures can be 

found to offer new interpretations to such strategies (e.g. Li, 2000; Michaelson & 

Michaelson, 2004; Montgomery, 2003).  The lack of investigation on common-

sense strategies and the seemingly usefulness of such strategies are the 

motivations to include Objective 2 into this program.   

Lastly, the paucity of validation studies for training recommendations 

based on the RPD model motivated the inclusion of Objective 3.  The training 

recommendations have been shown to subjectively improve the decision 

performance of decision makers in naturalistic environments (see Section 1.3.1.).  

A study with more experimental control and objective performance measures 

may further validate such recommendations and extend the usefulness of the 

training methods.  This had direct applied contributions to training sy

. 

The issues of designing decision support system using the RPD decision 

model were not examined in this project although it was worthy of investigation 

and have huge impact on the decision support system industry.  The reason for 

omitting this facet of research was the lack of resources to construct a 
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meaningful platform to investigate the various complex issues with regard to 

designing decision support systems.   

As the working memory and attention resources of individuals may affect 

the way the individuals make decisions and perform task, the individual 

differences due to working memory and attention resources would have to be 

accounted to explore these factors in decision making.  The sub-objective of the 

research were to investigate the effects of the working memory and attention 

resour

strategies are prevalent and transferable when people make different types of 

ces on the decision making processes.  The cognitive constructs were also 

not properly accounted in the RPD model as espoused in Section 1.2.1.  Hence, 

it might be fruitful to explore these cognitive constructs within the framework of 

the RPD model. 

This dissertation is divided into three studies and the following chapters 

elaborate the designs and the findings of these studies.  The first study involved 

the validation of the RPD model by eliciting the cognitive processes used by 

participants in a laboratory adversarial environment using process tracing 

methods (Ford, Schmidt, Schechtman, Hults, & Doherty, 1989; Hoffman, 

Shadbolt, Burton, & Klein, 1995; Patrick & James, 2004).  The adversarial 

environment in question consisted of a real-time strategy (RTS) game involving 

two players playing against each other.  The game scenario was a modified 

version of Rise of Nations (RON) by Microsoft® Game Studios (Microsoft® Game 

Studios & Big Huge Games, 2004).  Participant’s working memory and attention 

capacity were measured to determine if these two cognitive constructs affect the 

decision making process.  Study 1 covered Objective 1 and sub-objective of 

investigating the effects of working memory and attention capacities.  The 

participants played RON against a human opponent as the decision task.   

The second study involved the investigation of the roles of common-sense 

strategies in decision making.  A corpus of common-sense strategies, namely 

strategies from warfare (Gordon, 2004), that could be applied to the RTS game 

would be used as a template for identifying the participant’s strategies when 

playing the game in Study 1.  This would show whether the common-sense 
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adversarial decisions.  The common-sense strategies were then taught in a text 

format similar to people reading about history or strategy manual.  This training 

conten

could be 

lein, 2003; Klein, McCloskey, Schmitt, 

& Pliske, 1997; Klein & Wolf, 1995; Pliske et al., 2001).  Two training programs 

wer he 

participants with the be wed using the critical 

decision method (CDM) (Klein, Calderwood, & MacGregor, 1989).  This 

tech ue ed 

when making decisions in , and could be used as a 

ices (e.g. Crandall & Getchell-Reiter, 1993).  The 

training program based on the critical cues was called “cue-recognition training” 

here w

t was generic in nature and would not show how exactly those strategies 

could be used in the game environment.  This was to test if common-sense 

strategies learned from general sources (such as books and stories) 

transferable to specific domains (game domain in this case).  Results from Study 

2 were compared with Study 1.  Study 2 would cover Objective 2. 

The third study was designed to validate the training recommendations 

based on the RPD model (Klein, 1997a; K

e designed by eliciting knowledge from the participants in Study 1 and 2. T

st performance were intervie

niq was used to extract the critical cues and information that experts us

critical, non-routine cases

training manual to train nov

hich taught the decision makers how to make decisions like an expert 

(Klein, 1997a, p. 244).  The other training concept is the decision skill training 

(DST) program used for training US Marine Squad Leaders (Klein et al., 1997; 

Pliske et al., 2001).  DST program is supposed to aid the decision makers in 

terms of leading them towards better use of experience in the decision making 

process.  DST is more generic compared to the cue-recognition training, but is 

still specific to a particular domain, and it follows the RPD recommendations to 

teach the decision makers to learn like an expert (Klein, 1997a).  The participants 

were trained using the cue-recognition and DST program and then subjected to 

the RON task.  The performances of the participants going through these two 

training programs were compared to Study 1, where results from Study 1 were 

used as control for both Study 2 and Study 3.  Study 3 results were compared to 

Study 2 to determine if the RPD based training recommendations were better 
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than general strategy based training.  Study 3 covered Objective 3 to validate the 

training recommendations based on the RPD model.   

Although there are several design recommendations based on RPD model 

reviewed in Section 1.3.2., these would not be validated in this research, but 

would be discussed and updated based on the results of this research. 

 The overall research activities can be summarized in Figure 4 to show the 

relatio

or each study will be 

elaborated upon in the following chapters. 

nships between the studies and their respective objectives.  The detailed 

literature review, hypotheses, methods, and results f

Study 1
Validation of RPD model in a complex

adversarial laboratory environment
Process elicitations to validate RPD behaviors
Determine the effects of working memory and
attention capacities on decision behaviors by
measuring the working memory and attention
capacities

Research Objectives

Objective 1.
 Validate RPD model

Sub-Objective: Effects of
Working Memory and Attention

Objective 2.
Roles of Common-sense

Strategies

Objective 3.
Validate training

recommendations based on RPD
model

Research Studies

Study 2
Roles of common-sense strategies in

decision making in a complex adversarial
laboratory environment

Observational and behavior data from Study 1
coded based on common-sense strategies
Common-sense strategies training developed based
on Study 1 data
Compare performance of training group with Study
1 results

Study 3
Validation of RPD training recommendations

Develop RPD based training based on knowledge
elicitation of participants in Study 1 and Study 2
Determine the effects of cue-recognition training
and decision skill training (DST) programs by
comparing with Study 1 and Study 2

 
Figure 4.  Relationships between the proposed research studies and their 

respective research objectives 
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3. Study 1:  Validation of the RPD model in a complex adversarial 
laboratory environment 

3.1. Literature review 

The recognition-primed decision (RPD) model was first proposed by Gary 

Klein (Klein, 1989) as a descriptive model of how a decision maker makes 

decisions under naturalistic contexts, where time pressure, uncertainties, and 

multiple variables exist, and the decisions have to be made under dynamic 

environment with ill-defined goals and alternatives.  The model, as shown in 

Figure 1 (p. 21), presents a different process from normative models of decision 

making; the naturalistic decision making (NDM) movement was initiated in 

contrast to the traditional normative movement of judgment and bias approach 

where experienced decision makers were studied rather than novice decision 

makers (Kahneman, Slovic, & Tversky, 1982; Klein, Orasanu, Calderwood, & 

Zsambok, 1993; C. E. Zsambok, 1997).  RPD model was developed based on 

several field studies involving observations and interviews with subject matter 

experts in various natural contexts rather than through controlled laboratory 

experiments on naïve participants (Klein, 1989; Klein & Brezovic, 1986; Klein, 

Calderwood, & Clinton-Cirocco, 1986).  Introspective recalls of critical incidences, 

called the critical decision method (CDM), was used to provide qualitative data to 

identify whether the decision makers used concurrent evaluations of options 

(taken as the evidence for classical decision making process of comparing 

options) or prototypical matching and serial evaluations (taken as recognition-

primed decision (RPD) processes) (Klein, 1989).   

The studies that were used by Klein (1989) to justify recognition-primed 

decision (RPD) processes are summarized in Figure 5.   
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Figure 5.  Frequency of the decision strategies used by participants (Reprinted 

from Advances in Man-Machine Systems Research, Vol. 5, by G. A. Klein, 

Recognition-primed decision model, p. 66., Copyright 1998 by Elsevier and 

reprinted with permission from Elsevier.) 

 

 It can be observed that the concurrent evaluation percentages are not 

really low which are between 19% and 61%.  This shows that even in the “best 

case” study (Urban FGC-1, see Figure 5), there are nearly 20% of decisions 

where concurrent evaluation occurs (Klein, 1989).  Whereas in Study 3 and 

Study 4 (see Figure 5), only 51% and 42% of the decisions were considered 

recognition-primed respectively.  It appears that there are various explanations 

for the differences in the type of processes used, although experience and task 

situations are cited, other possible reasons could be methodological in nature 

(case classifications) or could be due to individual differences such as different 

cognitive capabilities.  Klein, in general, used the studies summarized in Figure 5 

to suggest that with more experience, more recognition-primed decisions were 

made, whereas with less experience, more concurrent evaluations of options 

were made (Klein, 1989).  Klein (1989) proposed the recognition-primed decision 

model on the basis of the larger proportion of decisions being categorized as 
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recognition-primed processes and view the concurrent evaluation process as a 

less dominant process in naturalistic contexts. 

Kaempf, Klein, Thordsen, & Wolf (1996) used the critical decision method 

(CDM) to elicit the strategies for situation awareness used by 31 officers in the 

Naval Combat Information Center of AEGIS cruiser.  The CDM is retrospective in 

nature and elicits previous critical incidents faced by the officers that were difficult 

or challenging to their skills.  The transcribed verbal data were coded based on 

the strategies of (a) assessing situations (situation awareness) and the (b) 

evaluation of actions.  Three coders collaborated and discussed any differences 

between their classifications and revised their codes, but they were not forced to 

agree on the decision strategies.  For strategies used to form situation 

awareness, three categories were used: feature-matching, story generation, and 

other (not in the first two categories).  Feature-matching is defined as cases 

where “the decision maker recognized the situation as familiar and arrived at a 

situation awareness on the basis of an observed set of cues or pattern of cues, 

without requiring deliberation about the meaning of these cues” (Kaempf et al., 

1996).  Story building is inferred when “the decision maker relied on stories (e.g., 

causal sequences of events) to link pieces of available information in a coherent 

form” (Kaempf et al., 1996).  Of the 103 cases of situation awareness, 87% are 

classified as feature-matching, 12% developed through story building, and 1% 

unexplained by either processes (Kaempf et al., 1996).  The mean percentage of 

agreement among three coders was 96.5%.  For the strategies used for 

evaluation of actions, three categories were used: (a) constructing new course of 

action, (b) recognizing a standard course of action, and (c) selection among 

alternative courses of action.  In constructing a new course of action, the 

situation would be unfamiliar and a new course of action was developed.  For 

recognitional strategy, a single course of action was triggered by the recognition 

of the situation.  After classifying the actions, the coders further distinguished the 

way the action was evaluated.  For cases under “recognized course of action”, 

the appropriate course of action may be stimulated directly and implemented 

without consideration; these cases are coded as no evaluation.  Some cases 
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under “recognized course of action” may be evaluated where the decision maker 

considered only one option, but would not implement it immediately; instead the 

decision maker provided evidence of evaluating the option through mental 

simulation.  For cases classified under selection of course of action, analytical 

strategies used by the decision maker would be identified by the coders as either 

compensatory (weighing of benefits on one evaluation dimension against 

disadvantages on the other dimensions) or non-compensatory (counting pros 

and cons) procedures.   

Of the 78 actions identified, 95% were considered to be recognized, 4% 

were considered to be selected from multiple options, and 1% was novel actions, 

where coders agreed on the classifications at approximately 94.6% of the time 

(Kaem

dominant mental simulation strategies 

and re

of the rec .  In summary, 

althoug

exhibiting eral weaknesses in terms of coding of 

the de

based on uiring analytical 

pf et al., 1996).  Overall, 78% of the actions taken were implemented 

without further consideration.  When the decision makers did evaluate a course 

of action, they used mental simulation in 18% of the 78 cases, and non-

compensatory strategy (counting pros and cons) of contrasting several options 

only constituted 4% of the 78 cases (Kaempf et al., 1996).  According to Kaempf 

et al. (1996), coding the analytical strategies (comparing multiple options 

concurrently) are difficult since the strategies cannot be easily distinguished from 

each other.  And there are difficulties distinguishing what constitute feature or 

attribute, which might lead to lesser counts of analytical strategies.  Kaempf et al. 

(1996) also conceded “the interview procedure may have been insensitive to the 

types of distinctions needed to categorize the decision strategies”.  The feature 

matching and story building strategies were incorporated into the RPD model to 

describe how expert decision makers diagnose unfamiliar situations to build an 

understanding of the situation.  And the pre

cognition of reasonable courses of action were used as further validation 

ognition-primed decision model (Kaempf et al., 1996)

h Kaempf et al. (1996) replicated the results of decision behaviors 

RPD processes, there are sev

cisions and the reliability of recall by the participants.  As the recall was 

 critical incidents, it might be those decisions req
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proces

could ver

observed by the researchers in those incidents.  

ses were not recalled.  There was no way that the Kaempf et al. (1996) 

ify the actual processes used during those incidents as they were not 

A study on decision model attribution in military command and control 

environments Pascual & Henderson (1997) found the RPD model to be the most 

appropriate model to describe the decision making behavior with 60% of the 

decision making transcripts attributed to the RPD model (11% were considered 

search for dominance structure model (Montgomery & Willen, 1999), 9% were 

considered coping model (Janis & Mann, 1977), 6% were classified as risk 

assessment model (MacCrimmon & Wehrung, 1986), 3% were categorized as 

story model (Pennington & Hastie, 1993a)).  The study by Pascual & Henderson 

(1997) provided yet another retrospective study that provides support for RPD 

model.  Experienced decision makers are used in this case, which might explain 

the use of recognition since they are probably familiar with most of the decisions 

they faced.  But Pascual & Henderson (1997, p. 220) suggested that another 

possible reason for such findings could be due to the relative ease to detect 

recognition-primed strategies than classical strategies since “people verbalize 

serially, and thus cannot easily describe utilizing concurrent evaluation 

processes.”  Coding the strategies is inherently difficult as other models might 

also describe the same behaviors such that RPD model may not be the only 

explanation (Pascual & Henderson, 1997).  Apart from the study by Pascual & 

Henderson (1997), most of the other studies did not investigate impact of 

individual differences of the participants.  Pascual & Henderson (1997) reported 

that “Experience (related to experiential learning of task-specific and task-

analogous methods, training, and “Life Experience”), Pragmatism (Learning 

Style), Activism (Learning Style), and Independence (as measured by California 

Psychological Inventory)” are found to have “impact on strategy usage” (Pascual 

& Henderson, 1997, p. 223).  However, how these four individual differences 

relate to the strategies used was not clearly elaborated by Pascual and 

Henderson (1997).  The studies reviewed so far depend more on retrospective 

interviews, which may be limited by the memory recall of the participants and the 
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mode of reporting, causing more reports on recognition-primed decision behavior 

and serial evaluation of options.  The following two studies used more controlled 

environments to elicit the decision processes within a task context. 

Laboratory-based studies to validate the RPD model predictions were 

conducted using the game of chess (Klein, Wolf, Militello, & Zsambok, 1995) and 

simulated fire ground incidents (Calderwood, Crandall, & Baynes, 1990).  Klein, 

Wolf, Militello, & Zsambok (1995) used chess as a test-bed to compare the 

option generation behaviors of chess players with high (Class A) and medium 

skill (Class C) ratings.  The study investigated the relationships between skill 

level, board (chess scenarios), and context (prior moves till the decision test 

point).  Klein et al. (1995) hypothesized that based on RPD model, higher skill 

chess players would generate feasible moves instead of random moves, would 

generate fewer options since they could use recognition process to generate only 

relevant options rather than many possible options, and the context of the chess 

scenarios would improve the quality of options generated by the chess players.  

In summary, higher class chess players (Class A compared with Class C), who 

had more chess expertise, were found to: 

(a) Generate feasible and acceptable moves as first moves for 

considerations rather than generating random moves;  

(b) Generate fewer moves than less expert players (Class C) although the 

difference was not significant;  

(c) Select stronger moves than lower class chess players (marginally 

significant (p = .09)) as rated by a Grand Master; and 

(d) Have no difference with less skilled chess players in terms of using 

context as prior familiarization in generating chess options (Klein, Wolf, 

Militello, & Zsambok, 1995).   

Klein et al. (1995) suggested that the decision makers could generate 

reasonable initial options, using their experience to guide the option generation 

process, thus demonstrated the RPD model of situation assessment and option 

generation of typical actions.  The behaviors of the skilled decision makers were 

in conflict with normative decision making recommendations of generating a wide 
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range of alternative courses of action to make decisions (e.g. Janis & Mann, 

1977).  Although the final two hypotheses did not reach significance, Klein et al. 

(1995) suggested that evaluative skills might be more important than recognition 

skills in separating players at higher skill levels.  This implies that recognition skill 

was not entirely what skilled chess players rely on.  Chabris & Hearst (2003) 

studied expert chess players in both slow and rapid games found that analytic 

forward search skills are important too, although the expert chess players 

undeniably relied on recognition skills.  Expert chess players were found to 

perform significantly worse when playing rapid chess games compared with 

traditional “slow” chess using a more objective computer-based rating of chess 

performance (Chabris & Hearst, 2003).  This result was contrary to other studies 

that found that expert chess players performed with no significant decrement in 

performance when playing rapid chess compared to slow chess using expert 

subjective ratings (Calderwood, Klein, & Crandall, 1988; Gobet & Simon, 1996).  

Chabris & Hearst (2003) suggested that recognition skill is undeniably important 

in rapid game condition for expert chess players but the forward-search 

evaluation skill has more important roles than previously thought.  The 

differences between the recognition skills of expert and novice chess players, 

however, lend support to the recognition-primed model, where experts can rely 

on rap

FGCs assessing and making decisions in two FGC simulation scenarios depicted 

id recognitional processing (Calderwood, Klein, & Crandall, 1988).  The 

study of chess players may be generalized to other area of expertise, where 

experts may rely more on the recognition skills as per the RPD model for rapid 

decisions, as well as their diagnostic evaluation skills, as in the diagnosis 

process with in the RPD model.  But the cognitive processes of exactly how 

skillful chess players (Grand Masters) played blinded rapid chess with no 

significant decrement from visible rapid chess are still not entirely clear (Chabris 

& Hearst, 2003). 

A simulated fireground study was conducted to investigate how fireground 

commanders (FGC) make decisions in fire fighting (Calderwood, Crandall, & 

Baynes, 1990).  Verbal protocols were obtained from expert FGCs and novice 
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using tabletop audio/ slide projector.  These scenarios have multiple decision 

points and at each decision point, the FGCs were asked to think aloud to obtain 

verbal protocols of their thinking processes.  However, each decision stage within 

each s at static photos were used, rather than a 

continu

 suggesting less use of 

knowle

cenario was static in the sense th

ous, dynamic flow of events as in a real fire, due to the practical inability 

to create identical fire situations for each participant.  The verbal protocols for the 

different decision points were then analyzed for cue types, knowledge types, 

action, contingency, and goals, and comparisons were made between the expert 

and novice groups.  In summary, the study shows that experts had more remarks 

classified as cue deliberation, fireground knowledge, situation assessment 

(summation of cue and knowledge related remarks), action elaboration, and 

goals compared to novice FGCs, whereas novice FGCs had more remarks 

classified as action contingency (plan would only be used if or when a future 

condition is met), action deliberation (action need further elaboration and 

deliberation due to uncertainty about the action), and action assessment 

(summation of action related remarks) (Calderwood et al., 1990).  However, the 

difference between percentage of expert situation assessment and novice 

situation assessment is not that large considering that both groups are after all 

experienced fire fighters (expert situation assessment = 41.8% compared to 

novice situation assessment = 31.1%). It should be noted that both expert and 

novice groups have a higher percentage of cue-deliberation codes compared to 

action-deliberation codes when analyzing the remarks within each group.  

Calderwood et al. (1990), based on the finding, suggested that experts FGCs are 

using more of their experience utilizing the cues and knowledge structures in 

their mental models, to assess the situations; whereas novice FGCs used more 

concurrent evaluation and deliberation of actions,

dge structures.  Calderwood et al. (1990) also found novice FGCs used 

more concurrent deliberations compared to serial strategies (57% vs. 43%), 

whereas expert FGCs deliberations involved more serial rather than concurrent 

strategies (75% vs. 25%).  This study provides evidence to the directional 

difference between experts and novices in quantitative instances of situation 
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assessments in the framework of the RPD model (Calderwood et al., 1990).  

However, the qualitative differences within each experience group in terms of 

situation assessment and action assessment are not very different (both groups 

conduct higher proportions of situation assessment than action assessment).  

Calderwood et al. (1990) also found that situation assessment and action 

assessment are essentially one process, where decision makers tend to cycle 

between the two processes, making it hard to divide the two processes.  This has 

implications to the way the RPD model is structured, where a clear demarcation 

of the flow of processes might not be reflective of the actual decision process.  

Rather, an iterative process may be present between situation assessment and 

action deliberation.    

Although the studies reviewed so far lend support to the recognition-

primed decision (RPD) model, there are several issues that have yet been 

resolved, namely methodological issues, individual differences in cognitive 

abilities, and considerations of competing decision models.  Most NDM studies 

are conducted in field settings, and although they may fulfill ecological validity, 

the developed models and theories can be tentative and lack the rigor of 

controlled studies.  The few controlled laboratory studies in fact did not show 

strong evidence in support of the RPD model, but show only directional support 

to the

challenge the naturalistic decision making 

(NDM)

 differences between expert and relative novice decision makers.  The 

verbal protocols also showed more nuances in terms of the decision processes 

rather than the clean-cut process-based model shown in Figure 1 (p. 21).  The 

following sections elaborate more on the methodological issues and individual 

differences of decision makers. 

3.1.1 Methodological issues 

The lack of laboratory experimentation has been one main criticism that 

behavior decision researchers used to 

 movement (see the commentaries in Bazerman, 2001).  Lipshitz et al., 

(2001) summarized the concerns regarding the rigor of NDM research put 

forward by behavioral decision making researchers: “its (NDM’s) rejection of 
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laboratory experimentation, the difficulty of generating disconfirmable predictions, 

generalizable models, and findings, the questionable reliability of verbal reports, 

and its rejection of formalization” (parenthesis added by author).  Although NDM 

research does not avoid laboratory experimentation (e.g. Calderwood et al., 1990 

and Klein et al., 1995), in general, NDM researchers find the traditional 

experimentation methodology limited for studying how people use relevant 

knowle

al., 2001).  However, the “soft methodology” used in NDM may be 

subjec

dge in making meaningful decisions in complex naturalistic settings 

(Lipshitz et 

ted to unreliable recalls from participants (LeBoeuf & Shafir, 2001).  

Caverni (2001) pointed out that “one can give explanations about how he or she 

behaved that are consistent over time and among experts without explaining 

anything about how he or she behaved in fact (Caverni, 2001, p. 357).”  Without 

observing or checking if those recalled incidents actually occurred exactly the 

way the experts described them, the use of retrospective recall of critical 

incidents makes the data and their implications irrefutable.  Relying on incidents 

recall is one weakness with the NDM research methodology identified by the 

NDM critics (Caverni, 2001; LeBoeuf & Shafir, 2001). 

Another methodological issue is the lack of formalization of the RPD 

model (and other NDM models), arguably due to less emphasis on 

experimentation by the researchers, causing the RPD model to be non-predictive 

(R. Gonzalez, 2001).  For instance, R. Gonzalez (2001) pointed out that it would 

be promising to study how experts become experts, such as finding the time 

course and obtaining the learning curve, building models to predict which 

individuals are more likely to become better experts than others, and learning the 

types of information used by experts.  Formalization, by building predictive 

models, can place more demanding constraints on theory construction and 

testing, making the decision models more predictive and more precise rather 

than relying on fuzzy constructs such as mental models and typicality judgments 

(R. Gonzalez, 2001; Todd & Gigerenzer, 2001).  The usefulness of formalization 

can be demonstrated by a study by Goldstein & Gigerenzer (2002).  An equation 

for predicting recognition performance using recognition heuristic was developed, 

56 



which predicts that knowing less can actually lead to be better performance than 

someone who knows more under certain circumstances (the less-is-more effect) 

(Goldstein & Gigerenzer, 2002).  This counter-intuitive prediction based on the 

equation was tested and verified with computer simulation and human 

performance in recognizing pairs of foreign cities (Goldstein & Gigerenzer, 2002).  

The al 

h  

heuristic, counter-intuit ted giving more rigors 

to the theoretical development of the model. 

experim

 recognition aspect of the RPD model is treated as one of the fast and fug

euristics among others developed as ecological adaptations (Goldstein &

Gigerenzer, 2002; Todd & Gigerenzer, 2001).  By formalizing the recognition 

ive prediction can be made and tes

The NDM research and the RPD model can benefit from laboratory 

experimentation, and “NDM does not eschew controlled laboratory 

experimentation” according to Lipshitz et al. (2001).  However, traditional 

laboratory experimentation may be limited in creating a meaningful context and 

may not be as informative as verbal recalls to form descriptive models of decision 

behaviors.  Nevertheless, laboratory experimentation has many advantages such 

as controlling variables that affect decision making, better conceptualization of 

the decision behaviors, and allow statistical testing of hypotheses (Jungermann, 

2001; Mann, 2001; Roelofsma, 2001). 

Based on the review so far, a laboratory approach was taken in this 

research to provide more controls over the task and the participants.  An 

ental setting that was a mix of naturalistic observation and laboratory 

design would be used to take advantage of both research methodologies.  The 

task involved would be complex and reflective of tasks that are typical of the 

naturalistic tasks used in NDM research.  The decisions were open-ended unlike 

traditional judgment and decision making research of fixed options.  In addition, 

the task was adversarial as defined by the research objectives of this project.  
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3.1.2. Individual differences:  Working memory and attention 

resources 

The lack of cognitive resources to handle concurrent evaluation has been 

a common explanation for why people resort to simpler strategies.  This is 

exemplified in the literature of bounded rationality where the lack of cognitive 

resources causes people to use simpler heuristics instead of the more normative, 

but cognitively intense processes (Gigerenzer & Selton, 2001; Simon, 1955).  

Two of the basic cognitive constructs that have wide influence on the cognitive 

processes are the attention and working memory capacities.  A typical human 

information processing model is shown in Figure 6 (Wickens & Hollands, 2000).  

A brie  

e looked for and channels the resources we used for recognition and 

cogniti

elf-

aware

f review on the theory of human information processing will be given here.  

Information from the environment, machine displays and controls are sensed as 

cues by our sensory organs and perceived as meaningful objects or information.  

This information is temporarily stored and processed in our working memory, 

which is limited in capacity (see Figure 6).  Information from long-term memory 

are retrieved, sometimes rapidly through schemas or long-term working memory, 

during the process of cognition and diagnosis (Wickens & Hollands, 2000).  This 

is where recognition of the cues, and comprehension of information, and 

planning occurs.  The attention of the person can be viewed as a focalization or 

concentration of consciousness (James, 1890/1950).  Attention guides the types 

of cues w

on.  The filtering of cues is also dependent on the experience stored in 

long-term memory.  For example, an experienced operator will look for specific 

cues from a display for diagnosis.  The next stage of the information processing 

after diagnosis is response selection and response execution, which are linked to 

long-term memory or experience in choosing the actions and executing the 

actions (Figure 6).  Note that meta-cognition, or the awareness of our thinking 

processes, are also featured in this model to highlight the importance of s

ness in information processing (see Figure 6, top right). 
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Figure 6. Human information processing model related to decision making 

(Reprinted from Wickens & Hollands, 2000, Figure 8.1, pp.295.  Copyright 2000 

by Pearson Education, Inc.  Reprinted by permission of Pearson Education, Inc., 

Upper Saddle River, New Jersey.). 

 

Attention and working memory are two cognitive constructs that are been 

intensively investigated and theorized by cognitive psychology researchers.  

What exactly are attention and working memory and how they “look” within our 

brains are still fuzzy and debated.  However, much work has been done to 

measure attention and working memory abilities using arguably objective 

measures and provided much insight to these two cognitive constructs.  Question 

of interest here is: do people with different attention and working memory 

capacity use the same decision process, such as the RPD processes? Or will 

those with higher capacities of attention and working memory employ more 

elaborate processes?  Also, how do these two basic cognitive constructs affect 

dynamic decision making performance? 

Attention in general refers to selectivity of processing as “focalization” and 

“concentration of consciousness” (James, 1890, pp 403-404).  Attention is 

commonly divided into selective attention, focused attention, sustained attention, 

and divided attention.  For a more detailed review of attention, please refer to 

Pashler (1998).  Posner & Peterson (1990) proposed three attention networks 

based on different regions of the brain activated by the sources of attention:  
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alerting, orienting, and executive control.  Alerting is defined as achieving and 

maintaining an alert state ready to perceive and process information. Orienting 

refers to the selection of information from sensory input regardless of modality. 

Executive control is defined as the ability to resolve conflict between 

computations occurring in different brain areas (Botvinick, Nystrom, Fissell, 

Carter, & Cohen, 1999; Posner & Dahaene, 2000).  By breaking attention into 

three attention networks, Posner & Peterson (1990) model nicely fits the classical 

classification of attention, where sustained attention (alerting), selective attention 

(orienting), focused and divided attention (executive control) are now related to 

the functional anatomy of the brain.  Recent development of an Attention 

Network Test (ANT) by Fan, McCandliss, Sommer, Raz, & Posner (2002b) 

provides an elegant test to measure the efficiency or capacity of the three 

attention networks.  The ANT were used in this dissertation as a simple attention 

measure. 

Working memory is another cognitive construct that is deemed important 

to the human information processing system.  Working memory is a temporary 

memory storage where mental processes are been carried out (Baddeley, 1986).  

Miller (1956) suggested we have a capacity of seven plus or minus two chunks of 

information in our short-term memory.  Simon (1974) however proposed that the 

magic number is five, whereas a recent review by Cowan (2000) put the pure 

storage capacity limit at four.  Operationally, working memory capacity is the 

number of items that can be recalled in a complex working memory task, where 

participant simultaneously maintains information in an active state for later recall 

and manipulating information for current computation (Daneman & Carpenter, 

1980).   

Conceptually, however, there is no universal definition of working memory 

capacity and researchers proposed numerous models of working memory 

(Miyake & Shah, 1999).  Miyake & Shah (1999) included ten models of working 

memory, including structural model based on Baddeley & Hitch's model (1974), 

and five models based on computational cognitive architectures (ACT-R, SOAR, 
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EPIC, ICS, CAPS2), with other perspectives in working memory.  More updated 

conceptualization of working memory model is provided by Baddeley (2001). 

Recent research has moved toward examining the relationships between 

attention and working memory.  Baddeley-Hitch’s working memory model 

includes executive control as part of the working memory model but executive 

control is vaguely defined as an attention system as well as higher level 

intentional mechanism.  de Fockert, Rees, Frith, & Lavie (2001) found that 

working memory has a role in the control of visual selective attention. 

Participants have to ignore distracter faces while holding a sequence of numbers 

in working memory (de Fockert et al., 2001).  When working memory was highly 

loaded, there were more interference effects due to irrelevant faces, when 

participants tried to classify famous faces.  This demonstrated that attention 

control is perhaps related to maintaining stimulus-processing priorities.  Stimulus-

processing priorities in this case direct attention to relevant stimuli and inhibit 

attention to irrelevant stimuli.  Kane, Bleckley, Conway, & Engle (2001) obtained 

a similar finding except that instead of varying working memory load, they 

measured the working memory span and investigated the difference between 

high span and low span participants.  The attention tasks involved an anti-

saccade task and a pro-saccade task.  In anti-saccade task, the target would 

appear in an opposite position from the cue whereas in the pro-saccade task, the 

target would appear at the location of the cue.  High working memory span 

participants were shown to exhibit better performance in the anti-saccade task 

compared to low working memory span participants, whereas there was no 

difference between high or low span participants in the pro-saccade task (Kane 

et al., 2001).  This appears to complement well with de Fockert et al. (2001) 

results, which showed that high working memory load causes more interference 

from distracter stimuli.  Higher working memory load would reduce the working 

memory remaining and therefore participants have more difficulty in inhibiting 

irrelevant attention shifts.  Similarly, low span participants have less working 

memory capacity and therefore have more difficulty in inhibiting irrelevant 

attention shifts to the anti-saccade cues.  Kane et al. (2001) postulated that 
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working memory is used to formulate attention strategy, to formulate rules to 

control the orienting of the sensory percepts.  Higher working memory span 

participants would have more capacity and therefore more flexibility in controlling 

their attention as opposed to the lower span participants.  Feldman Barrett, 

Tugade, & Engle (2004) reviewed studies in individual differences in working 

memory capacity with respect to dual-process theories in social, personality, 

cognitive, and clinical psychology.  Feldman Barrett et al. (2004) attributed the 

executive control, defined in working memory, playing a big role in many 

cognitive processes, which require the control of attention for activation of 

representation, maintenance and enhancement of existing activation, and 

suppression of unwanted representation.  This is in line with Engle, Tuholski, 

Laughlin, & Conway's (1999) approach.  The control of attention is related to the 

automatic and controlled attention (Egeth & Yantis, 1997).  A summary of the 

studies reviewed by Feldman Barrett et al. (2004) shows that higher working 

memory individuals are found to be able to activate new information despite 

interferences, are less distracted by unwanted information, are able to suppress 

irrelevant information out of mind, can use more processing strategies, are better 

at learning and memory tasks, are better in using what they know to improve 

their performance, are able to solve novel problems, and adapt to new situations 

(Feldman Barrett et al., 2004).  The operational span task (OSPAN) will be used 

to measure working memory resource as a measure of the control executive 

component of working memory (Kane et al., 2001; La Pointe & Engle, 1990). 

Other studies of individual differences in decision performance also found 

that cognitive ability correlates to decision making (C. Gonzalez, Thomas, & 

Vanyukov, 2005; Parker & Fischhoff, 2005; Stanovich & West, 1998).  Gonzalez, 

Thomas, & Vanyukov (2005) investigated the relationships between cognitive 

ability and dynamic decision tasks.  Cognitive ability is measured using the 

Raven Progressive Matrices Test (RPM) as a measure of general fluid 

intelligence and Visual-span test (VSPAN) as a measure of visual working 

memory; the dynamic decision tasks consist of Water Purification Plant (WPP), 

Team WPP, and Firechief microworlds task (Gonzalez et al., 2005).  Gonzalez et 
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al. (2005) found that both the RPM and VSPAN are significantly correlated to the 

three microworld task performances (α =.05) but VSPAN has a high correlation 

coefficient of .82 with respect to the Firechief task where as the correlation 

coefficients for VSPAN and RPM with the rest of the tasks range from .637 to 

.331.  Gonzalez et al.  

case t

onsists of Porteus Maze Test, Vigilance task, Motor 

Restra

ures, and was strongly correlated to DMC overall scores 

(Pears

 tasks, base rate problems, 

 (2005) showed that the working memory measure, in this

he visual span measure (Shah & Miyake, 1996), are reliable predictor of 

performance in dynamic decision making tasks, especially when the task is 

spatially demanding (Firechief task).  General fluid intelligence is also required in 

the performance of complex tasks although not as profound as the working 

memory measure.  Parker & Fischhoff (2005) developed a decision-making 

competence (DMC) measure for measuring decision-making skill in performing 

behavioral decision-research tasks.  The DMC was tested for internal and 

external validities by correlating DMC between its component measures and 

other external measures, such as Center for Education and Drug Abuse 

Research (CEDAR) measures, cognitive ability measures, cognitive styles 

measures, risk behavior measures, and social environments (Parker & Fischhoff, 

2005).  The cognitive ability, in this case, is measured using WISC-R (Wechsler 

Intelligence Scale for Children-Revised) vocabulary test (crystallized intelligence) 

and Giancola, Mezzich, & Tarter's (1998) Executive Cognitive Function (ECF) 

measure.  The ECF c

int task, Stroop Color-Word Task, and three other WISC-R tests (Giancola, 

Mezzich, & Tarter, 1998).  Cognitive ability was significantly correlated to DMC 

component meas

on, r = .50 for Vocabulary, and r = .48 for ECF) (Parker & Fischhoff, 2005).   

Studies by Stanovich & West (1998) found that cognitive ability, based on 

composite score of Scholastic Aptitude Test (SAT) scores, Raven Advanced 

Progressive Matrices, and Comprehension subscale from Nelson-Denny 

Reading Test, correlates with performances of traditional rational thinking and 

classical behavioral decision making tasks.  The rational tasks consist of 

syllogistic reasoning, selection task, statistical reasoning, argument evaluation 

test, methodological thinking tasks, heuristic thinking
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and probability calibration tasks (Stanovich & West, 1998).  In summary, 

Stanovich & West (1998) found that individuals with higher SAT scores generally 

perform

omplex environment since 

multiple events are occurring in continuous time, and different factors are 

o

rove when subjected to certain tasks 

(first person shooter game).  Perhaps cognitive constructs such as working 

memory and attention are not really abilities but skills that one can acquire 

through training.  The debate on whether cognitive constructs such as working 

ed more normatively in compliance with normative theory.  The SAT 

score has been taken as a measure of algorithmic limitations of individuals which 

correlates to performance in the deductive reasoning, inductive reasoning, 

methodological thinking, and heuristic reasoning tasks, indicating that algorithmic 

limitations prevent fully normative performance in such tasks (Stanovich & West, 

1998).  Although the cognitive measure in this case is not the basic cognitive 

capacity constructs (working memory and attention) discussed above, there are 

reasons to believe that higher capacity individuals (based on the SAT scores) 

may follow more normative strategies of concurrent evaluation and statistical 

reasoning (Stanovich & West, 1998). 

From the review so far, working memory and attention resources would 

probably be important to decision making in dynamic, c

required to be remembered and processed, when making decisions within the 

environment.  The reasoning pr cess may also be affected by working memory 

where more normative or compensatory strategies may be used for those with 

higher cognitive capacities (both attention and working memory), to cater to the 

more intensive computations.  However, experience with the complex 

environment in question would also play an important role, since the decision 

makers may make use of schemas and strategies to recognize typical situations 

to make decisions quickly without utilizing much of working memory and attention 

resources for processing.  In this research, working memory and attention 

capacity of the participants were measured to account for their basic cognitive 

abilities.  There is some evidence that shows that the mind is more plastic than 

initially thought of, and studies such as that by Green & Bavelier (2003) showed 

that visual selective attention seemed to imp
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memo ained) is still on-

going.

Theory (Edwards, 1954; von Neumann & Morgenstern, 1953; von Winterfeldt & 

Edwards, 1986). 

Winterfeldt & Edwards, 1986).  Given some alternatives with only a single value 

ry and attention are abilities (inherent) or skills (can be tr

  In this dissertation, working memory and attention were considered 

inherent cognitive abilities of the decision maker, but pre- and post-experimental 

measurements of working memory and attention resources were administered to 

explore the effects of the experimental task on the cognitive measures, to provide 

some insights into the ability-or-skill debate for working memory and attention.  

The cognitive abilities were also considered when examining the decision 

processes used by the decision makers in the adversarial microworld. 

3.1.3. Other competing and complementary decision models 

The cognitive processes used by the decision makers can be elusive to 

obtain since we have no direct means to detect what are going on in the minds.  

The cognitive processes used by the participants would have to be inferred 

through verbal data and physical observations of the participants’ actions.  

However, encoding such data is difficult, as the actions and verbal protocol can 

be interpreted differently and might fit into other decision models (e.g. 

Calderwood, Crandall, & Baynes, 1990; Kirschenbaum, 2001).   This section 

reviews several existing decision models to provide different views from the RPD 

model.  In the process of encoding the verbal and observational data, some of 

the processes used by the participants may resemble other models instead of the 

RPD model.  Some of the models listed here are similar to RPD and can be 

viewed as supportive of RPD model whereas others are different.  The models 

briefly described here can be used for representing the decision maker’s 

behaviors if the behaviors match more closely to the descriptions furnished in the 

following sub-sections. 

3.1.3.1.  Utility theory: Subjective Expected Utility and Multiattribute 

The subjective expected utility (SEU) is the basis of economic decision 

making, and is the foundation of decision analysis (Edwards, 1954; von 
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dimension (e.g. monetary value), the decision makers would have to deal with 

the uncertainties of the alternatives in probabilities, p, and the values or utilities of 

the alternatives, v.  The rational, economic-based decision maker would choose 

the alternative with the highest expected value among the alternatives, where 

each expected value of each alternative is given as: 

∑
=

 usually consists of multiple 

value dimensions, the multiattribute utility theory (MAUT) was developed 

n 

W here are dimensions 

or choosing the best 

alternative.   Each dimension may 

criterion may have fur

ance to the problem, and the sum of the 

=++++=
n

i
iinn vpvpvpvpvpEV

1
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In most practical situation, a decision problem

stemming from the fundamental concept of SEU, for such evaluations (vo

interfeldt & Edwards, 1986).  Briefly, for each alternative, t

criteria that need to be considered when deciding or 

have further sub-criteria, and each sub-

ther branching.  Each criterion has a relative weight, w, as 

a representation of the relative import

weights of the criteria with a particular level of the value tree usually sums to 1 

(similar to probability concept) (von Winterfeldt & Edwards, 1986).   

The overall value or attractiveness of each alternative may then be 

computed by using a simple additive weighted model: 

∑
=

 of X (von Winterfeldt & Edwards, 

1986, p. 263).  There are many techniques of assigning importance and values, 

and di

(Triantaphyllou, 2000), such as pair-wise 

compa

=
n

i
iii xvwXv

1
)()(  

where )( ii xv is the value of alternative X on the ith attribute, iw  the importance 

weight of the ith attribute, and v  is the value

fferent mathematical manipulations can be used to determine an overall 

aggregate for each alternative 

rison method used in Analytic Hierarchy Process (AHP) (Saaty, 1980).  

However, in unaided situations, it is unlikely that decision makers will be able to 

employ the complicated mathematical manipulation.  Decision makers may still 

exhibit multiattribute evaluation behavior if they examine the alternatives by 

breaking the alternatives into categories and weighing the categories by rating 
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them.  This would occur when alternatives are considered concurrently to 

optimize a particular choice.  Concurrent evaluation of alternatives will be 

considered under the SEU/MAUT category. 

3.1.3.2.  Cognitive Dissonance Theory (Festinger, 1957) 

The theory of cognitive dissonance states that contradicting cognitions (or 

when there is a cognitive dissonance) creates an unpleasant psychological 

tension, which in turn drives people to reduce or eliminate the dissonance, either 

by changing their own cognitions (changing their attitude, belief, and behavior) or 

change the reality (making decisions and response) (Festinger, 1957).  

Cognition, in this case, is treated as a “piece of knowledge”, where the 

knowledge can be an attitude, an emotion, a behavior, a belief, or a mixture of 

these, and so on.  In a dynamic, adversarial environment, a series of decisions 

may b

aker may feel more confident about her choice due to postdecisional 

dissonance, although that choice may not be in her best interest.  As the events 

progre

repancies to reduce the dissonance of knowing that previous 

decisio

e required as events changes due to the opponent’s action.  The opponent 

may create a predecisional dissonance to trap the decision maker to commit to a 

particular action and influence the next decision.  After making a decision, the 

decision m

ss in the unexpected direction, the decision maker may just try to explain 

away the disc

n was not sound.  The decision maker would change the overall strategy 

only when the dissonance is too great for a simple attitudinal change to 

accommodate the cognitive dissonance.  A skilful opponent would utilize 

cognitive dissonance to influence the other party into committing an action to 

ensure that she stays in the wrong course of action (Aronson, 1984). The 

decision maker may be observed to make decisions based on dissonances in 

pre- or post- decisional stages due to own doing or an opponent’s plan of 

deception.  Either way, the affect-based dissonance would become the main 

process behind the decision.     
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3.1.3.3.  Social Judgment Theory (Lens Model) (Brehmer & Joyce, 1988; 

Brunswik, 1955) 

Social judgment theory (SJT) is a general framework for the study of 

human judgment instead of a particular theory with testable hypotheses 

(Brehmer, 1988).  Human judgment is viewed as “the integration of information 

from multiple uncertain sources of information (called cues)” under the social 

judgment theory framework (Bre

’s theory of perception (Brunswik, 1955), and uses Brunswik’s 

lens model as an analytical tool for representing social judgment (Brehmer, 

1988).  Using the lens

hmer & Joyce, 1988, p.2).  This concept is based 

on the Brunswik

 model, social judgment theorists can capture the judgment 

policy of decision makers after a series of tasks and decisions.  The Lens Model 

Equation (LME) was developed to capture the judgment policy quantitatively 

(Hursch, Hammond, & Hursch, 1964; Tucker, 1964): 

( )( )22 11 sesea RRCRGRr −−+=  

where ar = Correlation of decision maker’s judgments and the actual outcomes 

eR = Multiple correlation between the cues and the outcomes 

sR = Multiple correlation between the cues and the judgments 

C  = Correlation between the residuals of human and environmental policy 

G  = Correlation between the linearly predictable variance in the task system and 

that in the cognitive system. 

 The SJT framework reflects that the human is an interpreter of cues to 

comprehend the situation (task system), which is similar to the RPD model where 

the decision maker uses the relevant cues to recognize the situation.  However, 

in order to use the LME, the cues, task, and judgment are required to be 

quantified in numerical form, which limits the use of LME in complex situation 

where not every variable can be described in numbers.  Nevertheless, SJT is a 

complementary model to RPD in emphasizing on the relevance and 

interpretation of the environmental cues.         
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3.1.3.4. Cognitive Continuum Theory (Hammond, 2000; Hammond, 

Hamm, Grassia, & Pearson, 1987) 

The Cognitive Continuum Theory (CCT) states that cognition lies on a 

continuum between two poles: “analysis” and “intuition”, and the cognitive 

process to apply is dependent on the task, whether the task requires coherence 

or correspondence respectively (Hammond, 2000; Hammond, Hamm, Grassia, & 

Pearson, 1987).  When a task requires quick processing, cannot be organized 

under an analytical structure, and is more important to have the judgment to 

correspond to the outcome (e.g. prediction of rain corresponds to the outcome of 

rain), the cognitive process should tend towards intuition on the cognitive 

continuum.  Howev

the task coherence is important based on certain principles, theory, or model 

(e.g. judging whether a bridge will collapse), the cognitive process should tend 

towards analysis on the cognitive cont

finding a promising alternative, dominance testing, and dominance 

structuring (Montgomery & Willen, 1999).  The decision maker attempts to 

er, if the task is not time critical, can be easily structured, and 

inuum (Hammond, 2000; Hammond et al., 

1987).  Both analytic and intuitive processes can be highly effective under the 

correct task conditions (Hammond, 2000).  However, when a wrong type of 

process is used (e.g. analytic process on correspondence task), the decision will 

probably fail.  Most tasks are seldom purely analytical or intuition and most 

belong to the quasi-rational category, which is a mixture of analysis and intuition 

cognition. 

Under the CCT, the process used by the decision maker can be a mixture 

of analytical (concurrent evaluation, SEU/MAUT) and intuitive (recognition, RPD) 

processes, depending on the task conditions and how the decision maker sees 

the task.   

3.1.3.5.  Search for Dominance Structure (SDS) theory (Montgomery & 

Willen, 1999) 

The cognitive process of choosing among alternatives, based on the 

search for dominance structure (SDS) theory, consists of four phases: pre-

editing, 
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structu

s of systematic or exhaustiveness.  Further dominance 

structuring would be performed when dominance violation occurs, through de-

emphasizing, bolstering, cancellation, and collapsing of advantages and 

disadvantages of the alternatives (Montgomery & Willen, 1999).  This is an 

iterative process until a dominant alternative is found. 

3.1.3.6.  Differentiation and Consolidation (Diff Con) theory (Svenson, 

1992, 1999) 

In Differentiation and Consolidation (Diff Con) theory, the alternatives are 

differentiated from each other based on the attractiveness of the attributes to 

choose the alternative, using decision rules which are dependent on situation 

and the person in the situation (or “Level” of decision), this is called 

differentiation; and corresponding postdecision processes to support the choice 

and against regret threatening the choice, called consolidation (Svenson, 1999).  

Decision maker is assumed to classify decision problems based on his/her value 

system and decision problems can be classified into four levels, where higher 

level requires more focal thought (Svenson, 1992, 1996, 1999).  Level 1 

decisions are decisions that are routine and does not need assumption of any 

attractiveness representations at the moment of decision.  Klein’s RPD model 

(Klein, 1989) can be classified as Level 1 decisions (Svenson, 1999).  A Level 2 

decision refers to decisions where decision maker refers only to the 

attractiveness of one or few attributes.  Positive or negative emotions are 

sufficient for deciding on an alternative.  In Level 3 decisions, tradeoffs between 

re and restructure the given information of the alternatives, using these 

four phases, to find one alternative that has a dominance structure over the other 

alternatives.  Based on SDS theory, the decision maker will attempt to simplify 

the decision problem by selecting those alternatives and attributes that should be 

included in representing the decision structure, although what process is used to 

select the attributes is not elaborated in the theory (Montgomery & Willen, 1999).  

Decision maker then find an attractive alternative and then test it for dominance, 

to determine if the alternative dominates over the other alternatives.  The tests 

are not fixed in term
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attractiveness of the attributes of the alternatives would be considered.  In Level 

4 decisions, the situation is entirely new and the alternatives or solutions have to 

be y 

(Sv h 

(e.g ry 

naturalistic decision makin  1997). 

Differentiation in Diff Con theory is further categorized into holistic 

differe and structural differentiation.  

Conso

 and monitoring of 

decisio

and selec

means to me.  Diff Con theory emphasizes on the 

attract

recognitio

Bra

ledge.  Several 

memo

Brainerd, 1995); Logan’s theory of automaticity proposed that judgments are a 

created instead of given.  The taxonomy of decision problems used b

enson, 1999) covers the problems examined by traditional decision researc

. Kahneman, Slovic, & Tversky, 1982) as well as more contempora

g research (Zsambok & Klein,

ntiation, process differentiation, 

lidation is classified as structural and rule postdecision consolidation, 

implementation of decision, post-implementation consolidation and monitoring of 

decision, outcome of decision, and post-outcome consolidation

n.  Decision maker would use differentiation to identify superior alternative 

t the alternative with higher attractiveness and use consolidation as a 

monitor the decision through ti

ive representations of the attributes of the alternatives but also cater to 

n-based decisions as described in Level 1 decisions.   

3.1.3.7.  Memory heuristic (Dougherty, Gronlund, & Gettys, 2003; Reyna & 

inerd, 1995) 

Memory is obviously important to decision making as we need to retrieve 

long term memory and encode information in the working memory in order to 

process information.  Dougherty, Gronlund, & Gettys (2003) proposed a broad 

theoretical framework for studying memory and decision making in terms of (a) 

representation, (b) retrieval, and (c) experience and domain know

ry-based theories were reviewed that are used to explain decision 

behaviors (Dougherty et al., 2003).  For example, theory of Probabilistic Mental 

Models proposed that simple memory processes are central to frequency 

judgments and choice (Gigerenzer, Hoffrage, & Kleinbolting, 1991); Fuzzy-trace 

theory posits that reasoning errors are due to the different degrees of gist-like or 

specific verbatim memory representations of the decision information (Reyna & 
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race between memory retrieval and algorithmic processes, where expertise 

increases the speed of memory retrieval of judgments (Logan, 1988); and 

MINERVA-DM model uses memory processes to account for a variety of 

ncy estimation phenomena (Dougherty, Gettys, & Ogden, 

1999).

, 1993a, 1993b) explanation-based model (Klein, 1998).  

Logan’s theory of automaticity (Logan, 1988) and the concept of long-term 

Ericsson & Kintsch, 1995) can be used to explain the 

underlying memory processes used by domain experts in the framework of RPD 

model 

likelihood and freque

   

Figure 7 shows the relationships of several of the memory-based decision 

making models and how they are related to the RPD model (Dougherty, 

Gronlund, & Gettys, 2003).  RPD is classified as nondeliberative mental process 

occurring in highly familiar process although the updated RPD now include the 

(Pennington & Hastie

working memory (

(Klein, 1998). 
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Figure 7.  Relationships of decision making models in terms of familiarity of 

situation and mental efforts (Reprinted from Dougherty, Gronlund, & Gettys, 

2003.  Copyright 2003 by the Cambridge University Press.  Reprinted with 

permission of the publisher.) 

3.1.3.8.  Image theory (Beach, 1998) 

Image theory posits that decision makers use three different schematic 

knowledge structures, termed “images”, for decision framing and decision testing, 

when making decisions (Beach, 1998).  The three images are: 

1. Value image: this refers to the values and principles (morals, ethics, 

and culture) that serve as rigid criteria for right and wrong of any 

decision about a goal or plan. 
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2. Trajectory image: this refers to the decision maker’s goal agenda that 

represents the decision maker’s projection of future and what the 

decision maker wishes to achieve. 

3. Strategic image: this refers to the plans that have been adopted for 

achieving the goals in the trajectory image. 

Decision maker will use the current information of the situation to probe 

the memory for matching and recognizing the current situation.  The relevant 

constituents of the three images are used to form working images of goals and 

plans.  The selected goals and plans are then tested for compatibility and 

profitability for choosing the optimized alternative (Beach, 1998). 

The decision theories or models reviewed in this section are not 

exhaustive but provides a sufficient range for consideration during the analysis of 

the experimental data.  Specifically, the normative comparison models, Search 

for D

3

ominance structure model (SDS) (Montgomery & Willen, 1999), 

Differentiation and Consolidation (Diff Con) theory (Svenson, 1992, 1999), and of 

course the RPD model (Klein, 1998) will be used for consideration when 

comparing the decision models that represent the participants’ decision 

behaviors. 

.2. Objective 

The objective of Study 1 was to investigate the decision processes and 

the decision models that reflect the processes within the adversarial 

environment.  This was to contribute to the validation of recognition-primed 

decision (RPD) model in a simulated adversarial environment (Objective 1).  The 

sub-objective of this study was to explore the effects of individual differences in 

decision processes.   
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3.3. Methods 

3.3.1. Hypotheses for Study 1 

The following hypotheses were generated and tested for Study 1 based on 

revie

1. will use more RPD processes than 

normative concurrent processes.  This is based on the assumption 

the w above: 

Hypothesis  1.  All participants 

that the RPD model is valid in the adversarial decision task.  If RPD 

model is valid, then it will be expected that participants will use 

more RPD processes. 

2. Hypothesis 2.  The decision processes of participants will be similar 

to the RPD model.  The decision processes used by the 

participants should match the RPD model rather than other 

decision models.   

3. Hypothesis 3.  Experienced participants will exhibit a higher 

proportion of RPD processes than novice participants (between 

expertise groups and between the trial sessions).  RPD model is 

based on the recognition process of the decision makers to make 

quick decisions by recognizing situations rather than using 

concurrent comparisons of choices.  The more experienced 

decision makers will be able to make more recognition of the 

processes compared to novice decision makers. 

4. Hypothesis 4.  Higher cognitive abilities participants will exhibit 

more normative concurrent processes than lower cognitive abilities 

participants.  This stems from the classical view that limited 

cognitive resources cause people to refrain from using concurrent 

processes during decision making.  Conversely, it will be expected 

that those with higher cognitive abilities will probably exhibit more 

normative concurrent comparison processes. 

5. Hypothesis 5.  Higher cognitive abilities participants will perform 

better than lower cognitive abilities participants.  This hypothesis 
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assumes that higher cognitive abilities participants will have an 

advantage over lower cognitive abilities participants in processing 

information and therefore make better decisions in the adversarial 

tilizing expectancies, relevant cues, plausible goals, and 

typical

ment that was similar to the NDM environment.  This 

game involves commanding one’s military units to attack and capture an 

environment. 

3.3.2. Research design 

To validate the RPD model, the decision processes used by the 

participants to make decisions in a complex, dynamic environment should 

demonstrate the processes described within the RPD model as shown in Figure 

1 (p. 21).  Namely, decision making starts by first assessing and understanding 

the situation: (a) when the decision maker faces a new, unfamiliar situation 

(novice to the task), the decision maker will use diagnosis based on feature 

matching and story building to assess and comprehend the situation; (b) when 

the decision maker gains experience and is able to recognize the situation, a 

recognition process u

 actions would be used; (c) for situations which are similar but not exactly 

the same as past situations, the actions would be evaluated through a serial 

evaluation process where the actions are modified and mentally simulated to 

ensure feasibility. 

The research design consisted of observations of participants making 

decisions within an adversarial environment against a human opponent.  A real-

time strategy (RTS) game, called the Rise of Nations (RON) by Microsoft® Game 

Studios and Big Huge Games (Microsoft® Game Studios & Big Huge Games, 

2004), were used for the adversarial task environment.  RON served as a 

microworld (Brehmer, 1999; Brehmer & Dorner, 1993) that the decision makers 

would interact with one another and with the microworld’s variables and 

dynamics.  A human player (the experimenter) played against the participants as 

an opponent.  RON was chosen for its adversarial nature as well as its dynamic 

and complex game environ
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opponent’s capital on a map, while defending against the opponent’s attacks on 

four 

riables, namely, Expertise, OSPAN, ANT, and RON Experience.  

rticipants of ea nt expertise leve time strategy (RTS) 

games were recruited to take part in the study. were 

categorized based on participants’ self-reports of their experience in playing RTS 

games in general.  Justifications of the sample size ction 

 were adm

Raz, & Posner, 2002a) and OSPAN tests (F  

4; La P ) to o  efficiency and 

working memory capacities before and after the ex is of 

OVA) account for the effects of these two 

cognitive constructs if the cognitive tests were significantly correlated to the 

or decision ipan tand 

the basic objective and functions of the RON e d 2 

 to an the 

experimenter.   

able 2.  Experimental d  1 

 RO

own capital.  The RON task is elaborated in Section 3.3.4. 

The design of the experiment is summarized in Table 2.  There were 

independent va

Eight pa ch differe l in real-

 Expertise in this case 

 will be elaborated in Se

3.3.2.  All participants inistered the ANT (Fan, McCandliss, Sommer, 

rancis, Neath, MacKewn, &

btain attentionGoldthwaite, 200 ointe & Engle, 1990

perimental trials.  Analys

covariance (ANC would be used to 

game scores  processes.  The partic ts were trained to unders

nvironment and they ha

 opponent, who was practice sessions play against the hum

T esign used for Study

  N Experience (Session)  

 Expertise Cognitive abilities 1 (V1) )2 3 (V2) 4 5 (V3

ANT Expert (RTS 

gamers) OSPAN 

S1-8 S1-8 S1-8 S1-8 S1-8

ANT 

E
xp

e
e 

(E
)

Novice (non-

RTS) OSPAN 

S9-16 6rti
s

 

S9-16 S9-16 S9-16 S9-1

 

Each participant would then play the RON with the same experimenter for 

another five sessions, which would be considered as the RON Experience level.  

Out of the five sessions, Session 1, 3, and 5 had a retrospective interview each.  

This interview consisted of process tracing cognitive probes (Ford, Schmidt, 

Schechtman, Hults, & Doherty, 1989; Kaempf et al., 1996; Woods, 1993) to trace 
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the decision processes used by the participants during each game session.  The 

probes used for the process tracing are listed in Appendix E.  Each experimental 

session was video recorded using a screen capturing software, called Camtasia 

(TechSmith, 2005), to record the participants’ screen activities and anything the 

participants might say during the game.  The video was then played back to the 

participants and the cognitive probes were used to elicit the decision processes 

used by the participants.  The participant and the experimenter could stop the 

video any time and at any point (usually at some decision points in the game) to 

review the decision episode.  At each point when a decision was made, the 

participants were asked what types of process they had used to make the 

decision based on a set of decision processes listed on a handout (see Appendix 

E).  The interview and the video of the game were then recorded using the 

Camtasia for subsequent coding.  For each decision episode, the participant 

would have indicated one particular process Coded from 1a to 1j and 2a to 2c as 

shown in Appendix E.  These codes would be reviewed by the experimenter 

listening and coding the interview videos to verify whether the decision processes 

chosen by the participants were correct.  As the decision processes were 

indicated by the participants during the interviews, the experimenter would only 

code the decision episode with another decision process if there are clear 

evidence from the interview and the actions in the video to contradict the 

participants’ choices.  The conflicts in decision codes were recorded during the 

data coding stage. 

The dependent variables consisted of (a) game performance scores 

recorded by RON and the (b) types and frequencies of decision processes 

exhibited by the participants.  The game performance will consist of: (1) whether 

the participants win the game (“1” for win, “0” for lose), (2) overall aggregate of 

the game performance, (3) skill of player, and (4) time of completion (game time 

when battle is over).  The game performance in this case refers to how much 

points that the participant scores.  The skill of player refers to how well and the 

speed the player navigates, moves, and uses the functions of the game.  The 

componential game scores tabulated by the game engine at the end of each 
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game were collected to compute the overall aggregate of the game score and the 

skill of the participant.  The componential game scores to be recorded are shown 

in Table 3. 

From the componential game scores in Table 3, the relevant scores would 

then be selected to form a more meaningful aggregate of game performance 

score and the skill score of the players.  For example, it might be more 

meaningful to add the Blue Units Killed (enemy units killed by Blue) to the 

aggregate game score but might be more meaningful to minus the Blue Units 

Lost  (

 or game skill of the player, but the time that the player magnifies the 

map (Blue Time Zoomed In) might not mean much in terms of the player’s 

competence with the game control.  The finalized “formulae” to form the 

aggreg

own units lost to enemy) from the aggregate game performance.  Similarly, 

the number of hotkeys pressed (Blue Hotkeys Pressed) might indicate the 

familiarity of the player in using shortcut keys, which could constitute the game 

competence

ate game performance score and skill of player from the componential 

scores in Table 3 would be determined after data collection to analyze which 

scores were meaningful.   
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Table 3.  RON componential game scores displayed by the game for both 

players (Blue and Red, where Blue will be the participant and Red will be the 

experimenter) 
1. Score 2. Military 3. Speed 

Blue(Red) Total Blue(Red) Largest Army 
Blue (Red) Speed (speed of 

moving troops) 

Blue(Red) Army Blue(Red) Units Built 

Blue (Red) Hotkeys Pressed 

(number of times shortcut keys 

were pressed) 

Blue(Red) Combat Blue (Red) Units Killed 
Blue (Red) Mouse Clicks (number 

of mouse clicks) 

Blue(Red) Territory Blue(Red) Units Lost 

Blue (Red) Clicks in Minimap 

(number of mouse clicks in 

minimap) 

Blue(Re
Blue (Red) Clicks in Map (number 

(number of control groups formed) 

  

d) City Blue(Red) Buildings Built 
of mouse clicks in main map) 

Blue(Red) Economy Blue(Red) Buildings Razed 

Blue (Red) Clicks in Interface 

(number of mouse clicks in the 

control interface) 

 Blue(Red) Units Bribed 
Blue (Red) Time Zoomed In 

(percentage of time zoomed in) 

  
Blue (Red) Time Zoomed Out 

(percentage of time zoomed out) 

  
Blue (Red) Control Groups Formed 

Blue (Red) Control Groups 

Activated (number of times the 

control groups activated) 

 

As mentioned earlier, the interview video was coded in Session 1 (V1), 3 

(V2) and 5 (V3) as shown in Table 2.  The occurrences of the types of decision 

processes (RPD processes, concurrent processes, or others) were used to 

determine the number of concurrent evaluation or recognition-primed decisions 

used as the participants gained experience, comparing between V1, V2, and V3, 
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and b

then constructed decision models that represent the decision processes used in 

each session.  These models would then be consolidated to form representative 

decision models to validate if RPD model or other models were more appropriate 

to describe the adversarial decision making processes.  A standard list of 

decision models were provided for comparisons with the processes used by the 

participants, and the experimenter would have to choose which of the provided 

models most represent the decision processes used in each of the sessions.  

The construction form of the models and the list of the decision models used for 

this analysis are shown in Appendix H.  The decision models constructed would 

be used to test Hypothesis 2.  Ideally, the coding of the interview data and the 

decision model constructing were planned to be conducted by independent 

coders to prevent biasness.  Two independent coders were recruited and 

promised compensation but the two coders quitted half-way as the data coding 

were too time consuming for the independent coders and there were not enough 

resources to employ full time coders.  The coding of the interview data and the 

models constructing were therefore conducted by the experimenter.  To prevent 

biasness, the coding and models were reviewed by two independent reviewers 

etween different expertise levels.  Not all game sessions were analyzed 

thoroughly as it would be too copious and too time consuming to conduct 

interview and analyze the interview data.  By interviewing only 3 out of 5 

sessions for 16 participants, a total of 48 interview sessions (in contrast to 80 if 

every sessions involved interviews) were conducted and analyzed.  The decision 

processes used would indicate whether the recognition-primed decision process 

was more prominent or concurrent process was more prominent at the three 

different levels of experimental exposures (at Sessions 1 (V1), 3 (V2), and 5 

(V3)).  In addition, the qualitative analysis would also examine if adversarial 

environment posed a different decision process model compare to the RPD 

model.  Comparisons between the three sessions (1, 3, and 5) were conducted 

using Chi-Square and ANOVA for the frequencies and percentages of the 

different decision processes used during those interview sessions.  Based on the 

frequencies of the decision processes used by the participants, the experimenter 

81 



who were trained with the coding process and were familiarized with th

experiments.  Not all the coded data and constru d models were fully reviewed

by the reviewers as it was very time-consuming. A 25% random samp

e 

cte  

ling was 

ect a sample f the interview codes and decision models after they 

ll complet or th review.  If the reviewers dis g ed with mo  than 2% 

cision c  cod d y the e enter, another 25% of the data would 

her revie  This viewing was to ensure that the video coding and 

odel constructio were a  unbiased as pos

 pilot te ith four articipan two from each expertise group) was 

ucted be ual ls t e th he equ t and ng 

es were adequate.  The pilot test was also used to modify the game 

rio.   

3.3. Par ipant

Participan re rec ited fro  local community and were subjected 

creening onn r to obtain their gaming experience as well as their 

ence with r l-time strategy (RT ame he scre g questio ire 

rmed form re sh Appendix A.  Thos

 tha “pl d more than 00 hours of RTS games” and had 

 their skill “Aver e”, “Good”, or “Extremely Good”, were considered 

terms of the r RT nce while the rest were considered 

.  Particip ts wh  had experie  playing e of Nations (RON) for 

tween 50 to ours o more 00 hours a d ind heir skill 

ge”, “Goo  “Ex r ely Good”, were also considered “Expert” in terms 

ir Expertise level.  The Experts

ced in R  type o decision m king compared to the Novices.  For 

8 pa n e

d to particip  the eriment. 

Participants were administered two cognitive tests, namely the Attention 

Network Test (ANT) (Fan et al., 2002b) and (b) the Operational Word Span Task 

(OSPAN) (La Pointe & Engle, 1990), to determine the attention and working 

used to sel o  

were a ed, f e a re re

of the de odes e  b xp imer

be furt wed. re

m n s sible.   

A st w  p ts (

cond fore act tria o ensur at t ipmen testi

procedur

scena

3. tic s 

ts we ru m the

to a s qu stie ai e 

experi ea  S) g s.  T enin nna

and info consent a own in e participants who 

indicated t they had aye 1

rated  to be ag

“Expert” in i S experie

“Novice” an o nce the Ris  

be 100 h r than 1 n icated t as 

“Avera d”, or t em

of the    in this case were considered more 

experien TS f a

Study 1, rticipants i ach of the Expertise levels (Expert and Novice) were 

aske a  inte  exp
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memory capacity of the participants respec tion 

times were computed from the test to represent the alert, orienting, and conflict 

resolving efficiencies of the attention 

ses to determine the effects of the cognitive abilities on the 

decision making proc

n= 16) as an 

econom

tively.  For the ANT, three reac

networks of the participants (Fan et al., 

2002b).  Based on the sample studied by Fan et al. (2002b), the mean alerting 

effect was 47 msec with a standard deviation 18 msec, the mean orienting effect 

was 51 msec with a standard deviation of 21 msec, and the mean conflict effect 

(also termed as executive control) was 84 msec with a standard deviation of 25 

msec.  In OSPAN, participants were required to recall the sequence of words 

presented in each list of operation-word strings (Kane & Engle, 2000; La Pointe & 

Engle, 1990).  The OSPAN score is the total number of words recalled in 

completely correct order for all the lists.  The maximum OSPAN score is 60.  

Only those participants who score more than 85% accuracy in the OSPAN task 

were considered, as a measure of putting in sufficient efforts during the OSPAN 

task.   

Both cognitive tests would provide quantitative data, which were analyzed 

using regression analy

esses.  To justify the high cost of measuring cognitive 

abilities and performing the decision task, cognitive effects should be of 

significantly large effect size before we would invest large amount of resources in 

measuring working memory, attention resources, and conducting the decision 

tasks.  It was also not practical to have a large sample of high and low expertise 

participants, as most people would be novice to the RTS game and in particular 

to the game scenario used in this experiment. 

As an exploratory study, a small sample size would be used and power 

analysis would be subsequently conducted to determine if the sample size yields 

enough power to obtain reliable results.  A sample size of 8 (n=8) participants 

was chosen for each expertise level (total participants =e*

ical start to conduct the experiment.  The power of the experiment is 

calculated and presented in Table 4 based on the method using Pearson and 

Hartley Charts as described by Keppel (1991, pp.76-85).   
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It can be seen in Table 4 that having 5 participants per cell will have low 

powers even when there are large treatment effects.  A sample size of 8, 

however, will have a reasonable power (.67) to detect high treatment effect 

( 2ω =.30) at reasonable cost (see Table 4).  At medium effect of 2ω =.06 (as 

defined by Cohen, 1977), the study will not be reliable and the power will be too 

low even when 2ω =.30 (power= .45, see Table 4).  However, it should be noted 

that the treatment effect size defined by Cohen is rather arbitrary and may not be 

relevant for this study (Keppel, 1991). A larger effect due to expertise factor 

should be expected in this case, otherwise, the expertise factor would not be too 

significant to cause concern in decision making.  Although higher sample size will 

yield higher power (such as n=10), it would require more effort, time, and funding 

resources to conduct the study and the gain in power is not substantial to justify 

the larger sample size.  In this case, eight participants were used as a 

compromise to give enough power and yet would not tax the resources available.    
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Table 4.  Power analyses for different sample sizes and treatment effects (note 

that 2ω =.06 was considered a medium effect and 2ω =.15 was a considered large 

effect by Cohen (1977, pp.284-288) for behavioral and social sciences) 
Case 1, n=5      
Effect DF  n= 5   
Between   α = 0.05   
E e-1= 1 dfnum= 1 dfdenom= 8
Subj/E e(n-1) 8    
   Treatment effect  
Within   ω2= 0.06 0.15 0.3 
Session s-1 4 Φ= 0.56 0.94 1.46 
EXS (e-1)(s-1) 4 Power = <.32 <.32 0.45 
SXSubj/E (s-1)e(n-1)= 32    
      
Total cen-1= 49    
Case 2, n=8      
Effect Df  n= 8   
Between   α = 0.05   
E e-1= 1 dfnum= 1 dfdenom= 14
Subj/E e(n-1) 14    
   Treatment effect  
Within   ω2= 0.06 0.15 0.3 
Session s-1 4 Φ= 0.71 1.19 1.85 
EXS (e-1)(s-1) 4 Power = <0.35 0.35 0.67 
SXSubj/E (s-1)e(n-1)= 56    
      
Total cen-1= 79    
Case 3, n=10      
Effect df  n = 10   
Between   α = 0.05   
E e-1= 1 dfnum = 1 dfdenom = 18
Subj/E e(n-1) 18    
   Treatment effect  
Within   = 0.06 0.15 0.3 
Session s-1 4 = 0.8 1.33 2.07 
EXS (e-1)(s-1) 4 Power = <0.35 0.45 0.79 
SXSubj/E (s-1)e(n-1)= 72    
      
Total cen-1= 99    
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3.3.4. Laboratory adversarial environment 

A modified version of the Rise of Nations (RON) (Microsoft® Game 

Studios & Big Huge Games, 2004) was used as a microworld for the decision 

task as a simulation of the military command and control environment.  The 

game was used to represent a dynamic, complex, adversarial microworld in 

which decision behaviours could be studied (Brehmer & Dorner, 1993; Gonzalez, 

Vanyukov, & Martin, 2005).  RON is a real-time strategy (RTS) game that let the 

player assumes the role of a “supreme commander” commanding a city and its 

armed forces against an opposite city and its armed forces.  The objective was to 

occupy the opposing city for both players.  RON was chosen as it captured 

aspects of real-world command and control environments where deception, 

bribery, and sabotage could be utilized by the participants in the game 

environment.  It was simpler than a real-world command and control environment 

thus enabling the participants to learn the rules and play the game in a shorter 

period.   

From reviews of the pilot studies, the original Rise of Nations game was 

still too complicated and would take a long time to complete a game, which might 

yield floor effects.  After pilot testing the original scenario, the scenario was 

further simplified to reduce the amount of time needed to complete each game 

session.  The final scenario was designed with a relatively small map with only 

two opposing cities and a fixed number of units at the beginning.  Production of 

troops, resource gathering, and city building functions were disabled to reduce 

complexity.  The types and number of units to use was also reduced to two main 

groups of ground troops and a small number of aircraft were provided to provide 

a modern warfare context without overloading the participants (see Appendix B 

for the

The

as Spy, Gen  units that were provided to allow the 

participan of straightforward attrition 

warfare (see Appendix B for the unit capabilities).  For example, one could send 

two groups of decoys attacking from two fronts while the actual force was hidden 

 types and number of units included). 

re were also special units besides standard infantry and tanks, such 

eral, and Elite Special Force

ts to use adversarial strategies instead 
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using am

the opponent moved to engage the two groups of decoys, the real troops could 

then forced-march (General’s special function) to the city to capture the city while 

invisible unde

strategies to 

(unless near , helicopters, or the Surface-to-

Air Missile th.  

Spy could ial Force could blow 

up bui

 various combat and strategic units enable 

the game to be engaging as well as sufficiently complex to fulfill the role of a 

dynam rld as a test bed for examining naturalistic decision 

making

sta

to 

bui

Na

the

sim

opp

opp imply needed to capture the 

stra

con

bush (using the General’s special functions, see Appendix B).  When 

r ambush mode.  Other special units also allow a large variety of 

be used in the game.  Spy and Elite Special Force were invisible 

the Elite Special Forces, other Spy

 installation) and could be used to obtain information through steal

 be used to bribe opponent’s troops and Elite Spec

ldings very quickly for sneak attack.  With such special abilities similar to 

real-world functions, many adversarial tactics could be devised, similar to real-

world warfare.  The interactions of the

ic, complex microwo

 (NDM).   

Figure 8 shows a screenshot of the game interface.  Each player would 

rt with the same fixed number and types of units and had to rely on these units 

win the game.  The participants did not have to gather resources, build 

ldings, or produce new troops unlike typical RTS games or the original Rise of 

tions game.  In this case, the participants only needed to learn how to control 

 troops, to understand the characteristics of the troops, and play the game 

ilar to a game of chess.  It was not necessary to completely destroy the 

onent’s army to win the game although usually one’s victory is secured if the 

onent’s army is destroyed.  The opponents s

opposite city with one infantry unit to win the game.  This emphasized the use of 

tegies to outwit the opponent rather than to outfight the opponent.  The final 

figuration of the experimental scenario is described in Appendix B. 
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igure 8.  RON interface: City, buildings, and combat units (Microsoft® product 

screen shot reprinted with permission from Microsoft® Corporation.) 

 

The participant had to maneuver the troops within a given map and as 

erent units had different capabilities, the attack required a combination of 

erent troops and their correct positioning.  As the combat units given in the 

inning were fixed, the players had to utilize their troops carefully since 

eless deployment would cause irreplaceable losses.  The game manipulation 

ON was simple with point and click control using a mouse on the main and 

i maps (see Figure 8).  There was also a control interface for individual units 

utilize their abilities (such as bombardment, bribery, and so on.).  A 

ndardized familiarization of the units and the game functions was conducted 

the participants to introduce the game interface and troop functions (see 

pendix C).  This familiarization training involved the experimenter explaining 

 objective of the game, navigation, and control functions for the units, and the 

F

diff

diff

beg

car

in R

min

to 
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for 

Ap

the
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gam
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to 

exp

aro

pos

the

opp

forc

opp

wo

cap

exp

troo  Special Forces; 

(Bu

des

info

we

racteristics of the units based on the training script in Appendix C.  The 

ticipants were able to execute the instructions using the actual game interf

with the enemy set to automatic mode during the familiarization training.  This 

s then followed by two practice sessions before the start of the actual 

erimental trials.  The practice sessions served to let the participants get used 

he controls and the game dynamics. 

The experimenter had a semi-structured script of actions when playing 

inst the participants.  As the artificial intelligence of the RON was not 

ropriate for this scenario (since the scenario was different from the original 

e), a human opponent was needed to simulate an intelligent opponent who 

s also subjected to human failure, but was also a proficient opponent at a high 

el of performance.  However, unlike a programmed script of actions, a human 

yer would be less reliable to perform consistently against the participants.  

refore, a standard set of rules of engagement was used by the experimenter 

start the game with fixed procedures as follows: at the beginning, the 

erimenter would group the units and then send Elite Special Forces and Spy 

und both edges of the map to the enemy city to detect the opponent’s 

itions.  Decoys would be created and sent to the center land bridge to distract 

 opponent.  Then the armored group would always cross the left ocean to the 

onent’s left top corner.  Once the armored group was in place, ambush and 

ed-march would be activated to move the armored group stealthily into the 

onent’s city to attack and attempt to capture the city.  At this time, bombers 

uld be sent in to quickly destroy the city so that the armored vehicles could 

ture the city quickly.  A few general strategies were used to guide the 

erimenter throughout the game.  The experimenter would proceed with main 

ps after checking out the targets with decoys, Spy, or Elite

whenever possible, aircraft would be used to attack key defensive buildings first 

nkers and City) and attack ground troops to reduce their strength or to 

troy units when there were opportunities; Spy would be used to plant 

rmers initially and used to bribe opponent’s forces when the rest of the army 

re engaged with the opponent’s forces; extensive use of multiple decoys to 
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lure

ow

bui

for

wit

par

wit

act

hav

com

wh

wa

situ d microphones were provided for 

 opponent’s units out of stronghold or to deceive the opponent’s in terms of 

n military strength; and using Elite Special Forces to destroy defensive 

ldings (SAM) and City and then capture City with small number of infantry 

ces.  The experimenter would try to play as well as possible to project a player 

h high expertise, but would not capitalize on any information gleaned from the 

ticipants during the interview.  Each game was treated as a separate game 

hout accumulating the experience of knowing how each participant habitually 

ed.  The fixed script at the beginning helped to prevent the experimenter from 

ing an unfair edge of been able to interview the participant later.  For each 

pleted game, the experimenter would write down a synopsis of the game on 

at happened as a self check to make sure the same standard of game play 

s administrated for each session and every participant.  

3.3.5. Equipment 

Equipment used in this study are shown below: 

1. OSPAN computer test from CogLab (Francis, Neath, MacKewn, & 

Goldthwaite, 2004); 

2. ANT computer test (Fan et al., 2002a); 

3. Two sets of Rise of Nations (Microsoft® Game Studios & Big Huge 

Games, 2004); 

4. Two networked connected computers: Windows XP/2000/ME/98 -

128 MB RAM, at least 1.0 GHz CPU Processor, Hard Drive at least 

800 MB, a 3D Video Card at least 16 MB, audio board with 

speakers, Local area network; and 

5. Two licensed copies of Camtasia Studio 3.0 (TechSmith, 2002).  

6. JMP statistical software for statistical analysis. 

The computers were linked using local area network (LAN) and were 

ated in two separate rooms.  Speakers an

sound cues and Camtasia recording. 

3.3.6. Procedures 

The procedures for Study 1 were as follows: 
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1. 

nt, participants signed the informed consent 

form.  A screening questionnaire used (see Appendix A) to determine 

par with Real-time Strategy (RTS) games using a 

scr ues .3.3. and Appendix A).  Eight 

par

e 

familiarization.  In this case, the participants had to move the Elite Special 

Force to the opponent’s city on their own, use the correct control to plant the 

bomb, successfully destroy the city, before they were considered able to use 

the Elite Special Force.  After completing each task successfully, the 

participants would then continue on to the next item on the training list 

(Appendix C).  They were also given demonstrations of the characteristics of 

all the units, for example, the strength and weakness of the helicopters, by 

Recruitment of participants:  Participants were recruited from the local 

community.  Interested participants were given an informed consent form for 

the study and upon agreeme

ticipants’ experience 

eening q tionnaire (see Section 3

ticipants of each required expertise level were selected on a first come first 

serve basis and once the required number was recruited, the rest of the 

participants were politely declined via an email. 

2. Administration of cognitive tests:  Participants who agreed to take part in 

the study were administered the OSPAN task and ANT test, which lasted for 

about 1.5hr.  They were given the same sets of instructions for both tasks 

(see Appendix D). 

3. Familiarization of RON:  After the cognitive tests, the participants were then 

given an introduction to the RON interface and the characteristics of the units, 

buildings, and the objective of the game (see Appendix C).  This 

familiarization training (in Appendix C) was repeated for all participants to 

standardize the introduction to the game.  This was to ensure that they had 

mastered the fundamental controls and could play the game when the actual 

trial starts.  The steps of learning the RON controls were itemized in Appendix 

C and each step had to be correctly performed by the participants before they 

moved on to the next step to ensure complete mastery of the controls and 

individual units.  For example, the participants needed to demonstrate that 

they could use the Elite Special Force to sabotage a building during th
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actually moving them and using them successfully to ensure they master 

 u izat ractive in the sense that the 

rticipants were able to use the units as they would in the actual RON 

environment except that th

according to the trai  lis

participants were considered

understood the usage of eac

not train te ame.  

They were expected to thin

game.  The participants then

any questions regarding the ach practice 

session

the controls after eac  pract

what str ed d

training ining 

use the gam

strategy when playing the 

second practice trial, and if t

on the g cons

4. Playing
session ed a  

varied i pletion

experim as f

sessions involved more than one game session but no more than two game 

sessions.  The participants w

on availability of the experim

would f rd sc

ensure equal game skill app

each game, the experimenter ould adapt to the game situation and would try 

to win the game as much as possible to simulate an intelligent expert 

adversary against the participants.  To ensure that the experimenter was as 

every

pa

nits.  The familiar ion training was inte

e specific tasks and learning objectives were 

ted Apning pendix C.  After the familiarization, the 

 able to use the controls in the game and had 

h individual unit.  However, the participants were 

gies, or the type of plans to use in the ged with game stra

k for themselves how to go about playing the 

 played 2 practice sessions and they could ask 

 controls within the game after e

.  The experimenter would point out the participant’s mistakes in using 

ice.  But the experimenter would not divulge onh

ategies were us

and practice tra

 

uring the practice sessions.  The familiarization 

were to ensure that the participants were able to 

 controls in the e, but not to teach them how have an effective 

game.  When the participants completed the 

he participants did not have any more questions 

ame, they were 

 RON for 5 sessio
s, and eac

idered able to use the controls of the game.  

ns:  Participants then played another 5 game 

gainst the experh play

n time of com

ental session w

imenter.  As each game session

 depending on the participants’ actions, each 

ixed with a 2-hour limit.  Some experimental 

ould then schedule for another time slot based 

enter and the participants.  The experimenter 

ollow a standa ript at the beginning of each game session to 

lied throughout the whole experiment.  During 

 w
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unb  a set of common strategies to 

o record the 

act

sked the 

par

iased as possible, the experimenter had

follow as described in Section 3.3.4.  At the same time, to control for bias, the 

experimenter had to review every game and write a synopsis of each game to 

ensure that the same game plan and the same level of expertise were used 

for each game.  The experimenter also used the synopsis as a constant 

reminder to play as consistently as possible.  In this case, due to the limitation 

of the computer AI to provide an intelligent, human like game play, the human 

opponent (in this case the experimenter) had to use self-reminder and 

constant review of the synopsis as controls to prevent biased game play.  The 

recorded synopsis helped the experimenter to self-check and to ensure as 

consistent game play as possible for every participant.  All 5 sessions were 

recorded with Camtasia to capture the entire game session. 

5. Retrospective interviews:  The decision processes of the participants were 

elicited through process tracing methods (Ford et al., 1989; Kaempf et al., 

1996; Woods, 1993).  A retrospective interview was conducted immediately 

after the RON game to elicit the thoughts of participants when they were 

performing the task.  The retrospective interview was conducted in Sessions 

1, 3, and 5 to manage the amount of data.  Computer screen camera 

software, Camtasia Studio 3.0 (TechSmith, 2002), was used t

ions taken by the participants while they were playing RON.  The recorded 

game was then shown to the participant and the interview was conducted 

based on the actions seen in the video by the experimenter.  Interview 

questions or cognitive probes targeted different aspects of the RPD 

processes, namely situation assessment, situation recognition, diagnosis, and 

option evaluation.  The detailed questions are listed in Appendix E.  During 

each decision episode, when the participants performed some actions, the 

experimenter would ask the interview questions and then a

ticipants to choose the type of processes used by the participants (see 

Appendix E).  The interview together with the game video was recorded using 

Camtasia to record what the participants said during each decision of the 
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game. The audio and video data were recorded and analyzed based on the 

activities as well as the thinking processes of the participants.   

6. Post-trial cognitive tests and questionnaire: The participants were 

administered the OSPAN and ANT tests again upon completion of the 5th 

game session to identify any changes to these cognitive measures.  This was 

to determine if the RON sessions might affect the cognitive abilities of the 

participants.  The post-trial cognitive tests were administered to explore if one 

can be trained to score better in the cognitive tests, as an exploration of 

whether working memory and attention are abilities or skills.  Current stand in 

this dissertation assumes that w

inh

quitted halfway.  No other coders could be found who were suitable or available 

for the coding.  Instead, the experimenter coded the video data and two 

orking memory and attention resources were 

erent cognitive abilities.  Only the pre-experiment cognitive test scores 

were analyzed as the cognitive abilities of the participant.  A post-trial 

questionnaire was administered to get feedback from the participants 

regarding the RON games and their decision making processes.  The post-

trial questionnaire is shown in Appendix F. 

7. Debriefing and compensation:  The participants were debriefed regarding 

the research and were compensated depending on their performance.  If a 

participant won all 5 sessions, the participant would be compensated with 

$40, whereas $5 would be deducted with each lost session to motivate the 

participants to perform well.  The minimum compensation was $15 if the 

participant loses all 5 games. 

3.3.7. Data Analysis 

3.3.7.1. Coding of the verbal data 

The coding of the verbal data was conducted in a stepwise manner and 

consisted of filling up the specific fields corresponding to the interview probes 

(Kaempf et al., 1996).  The detailed procedures and taxonomy of the coding are 

shown in Appendix G.  Two independent coders were initially recruited to code 

the verbal data.  However, the coders found the coding too time consuming and 
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independent reviewers were briefed on the coding and were asked to review the 

coded data.  They were trained to understand the coding process based on the 

procedures listed in Appendix G.  Each coded dataset took about 1 hour to 

review.  Due to the time consuming nature of the reviewing process, only 25% of 

the video data was reviewed to ensure that the coding was impartial.  The 25% 

sampling was used due to the reviewer’s availability and willingness to commit 

the time and effort.  Further reviews would be conducted if the two reviewers 

discovered biased coding of the video data by the experimenter when the biased 

decision episodes were more than 2% of the decision processes.  The decision 

codes used for the coding are shown in Table 5 and are identical to the list of 

decision processes given to be chosen by the participants (see Appendix G).   
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Table 5.  Description of the decision codes 

Decision Short description Detailed description 
Code 
1a Trial and error This was a new action I did not use before and I 

used it without thinking, but wanted to see if it would 
work. 

1b  This was a standard action that matched a situation Recognized action
I was already familiar with and I used it without 
thinking about it. 

1c Default action 
without recognition 

I used this action as a kind of rule of thumb 
whenever I am not sure what was happening. 

1d Serial evaluation This was a new action that I developed from familiar 
actions I encountered before, and I mentally 
simulated how this one action would work.  I only 
worked with one action at a time and I did not 
compare several actions concurrently. 

1e Comparison of 
choices with multiple 
attributes 

This action was chosen by comparing 2 or more 
actions and weighing all the different attributes for 
each action concurrently to derive a superior choice.

1f Comparison of  This action was chosen by comp
choices with one 
most important 
attribute 

actions and weighing only the most important 
attribute for each action concurrently to derive a 
superior choice.  

aring 2 or more 

1g Preplanned with 
serial evaluation 

I planned this action before the game by developing 
from familiar actions I encountered before, and I 
mentally simulated how this one action would work.  
I only work with one action at a time and I did not 
compare several actions concurrently. 

1h Preplanned with 
comparison of 
choices with multiple 
attributes 

I planned this action before the game by comparing 
2 or more actions and weighing all the different 
attributes for each
superior choice. 

 action concurrently to derive a 

1i Preplanned with 
comparison of 
choices with one 
most important 
attribute 

I planned this action before the game by comparing 
2 or more actions and weighing only the most 
important attribute for each action concurrently to 
derive a superior choice.  

1j Others I used other processes that are not listed here. 
2a Feature matching I understood the situation directly by matching the 

features to a previously experienced situation 
without thinking about it consciously. 

2b Piecing events I pieced together the situation by linking the 
sequence of events and explaining them as I went 
along. 
 

2c Others I understood the situation using other processes. 
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3.3.7.2. Analysis of the coded data 

Code 1a (Trial and error) was considered trial and error where the 

ts just s with de 1b (Recognized action) 

 (Serial eva re conside rocesses as Code 1b is similar 

al actions us cognition of tion, while Code 1d is similar to 

the serial evaluation process described in the RPD model, where only one action 

e was ment lated based experience (Klein, 1998).  Code 

1c (Default acti  t -based 

decision, where some specific actions re a  n tic t 

t  w s h g  n  el o.  as

d pr but , gor tand r 

actions used when one was not able to recognize the situation.  Code 1e 

(Comp

gh before the game as a preplanning process but with a 

D 

ed with comparison of choices with 

ultiple attributes) an d with compa  with one most 

portant attribute) were preplanning processes but were concurrent processes 

omparison 

The interview also included questions probing how the participants 

appreciate and understand the situation.  The RPD model (sees Figur

consisted of the direct understanding of the situation by feature matching the 

situation to previously expe uation  by the d rocess w  

participan  trie tiond out ac out .  Co thinking

and 1d luation) we red RPD p

to typic ed in re the situa

at a tim ally simu on past 

on without recognition) in his case was considered a rule

 we lways used whe  the par ipan

w oas n sure of hat wa a nppeni or had othing se to d This w  not a 

tria nl a  error ocess rather a ia spec l cate y of s ard o default 

arison of choices with multiple attributes) and 1f (Comparison of choices 

with one most important attribute) were considered concurrent processes closely 

related to the normative decision model, where Code 1e was an option-

comparison process in which more than one attribute was considered, whereas 

Code 1f was an option-comparison process but only the most important attribute 

was considered instead of more than one attribute (Edwards, 1954; von 

Neumann & Morgenstern, 1953; von Winterfeldt & Edwards, 1986). 

Code 1g (Preplanned with serial evaluation) was similar to RPD process 

except this was pre-planned before the game (Klein, 1998).   The actions to take 

were thought throu

process that was identical to the serial evaluation process described in the RP

model (Klein, 1998).  Code 1h (Preplann

m d 1i (Preplanne rison of choices

im

that follow the option-c normative models (Edwards, 1954).  

e 1) 

rienced sit  and iagnosis p here
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the de

(Preplanned with 

comparison of choices with one most important attribute) out of the total number 

of decisions about actions, for all participants (Hypothesis 1).  

Hypothesis 2 stated that the decision processes of participants would be 

similar to the RPD model.  The decision processes used by the participants 

should match the RPD model rather than other decision models.  Hypothesis 2 

was tested by consolidating the decision models constructed based on the 

decision processes and the decision model selected as most representative of 

the decision processes for each sessions.  The frequency of the types of the 

cision maker pieced together a sequence of events to explain the situation 

to themselves.  Code 2a (feature matching) represents the feature matching 

process of understanding the situation and Code 2b (piecing events) represents 

the diagnosis process, both within the RPD context (Klein, 1998).  Code 2c refers 

to when the participants used other processes apart from 2a and 2b.  As the two 

processes (2a and 2b) seemed to represent mostly how people appreciate or 

understand the situation they face, no other types of processes were listed as 

part of the participant’s list for their consideration.   

3.3.7.3. Testing of Hypotheses 

The types of processes used by the participants were used to test 

Hypotheses 1 and 3.  Hypothesis  1 stated that all participants would use more 

RPD processes than normative concurrent processes.  This is based on the 

assumption that the RPD model is valid in the adversarial decision task.  If RPD 

model is valid, then it will be expected that participants will use more RPD 

processes.  Based on Hypothesis 1, there would be higher proportion of Code 1b 

(Recognized action), 1c (Default action without recognition), 1d (Serial 

evaluation), and 1g (Preplanned with serial evaluation) out of the total number of 

decisions about actions within the game play, compared with the proportion of 

the number of Code 1e (Comparison of choices with multiple attributes), 1f 

(Comparison of choices with one most important attribute), 1h (Preplanned with 

comparison of choices with multiple attributes), and 1i 
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models most representative of the decision processes would be used to 

igher 

rtise groups 

and between the trial sessions).  RPD model is based on the recognition process 

ision makers to make quick decis  rec  s tions ther 

than using concurrent comparisons of c s.  The more experienced decision 

will be able to rec e esses pa o 

e decision makers. ypothesis 3 w s tested by examining the proportion of 

t

that participants belonging to the Expert group would perform better and 

igher proport oc s also expected that when 

re mo d )  woul

processes than when they were less experienced (at Session 1). 

Hypothesis 4 stated that higher cognitive abilities participants would 

 concurrent processes than lower cognitive abilities 

participants.  This stems from the classical view that limited cognitive resources 

cause 

determine which model best represent the participants’ processes.  

Hypothesis 3 stated that experienced participants would exhibit a h

proportion of RPD processes than novice participants (between expe

of the dec ions by ognizing itua  ra

hoice

makers make more ognition of th  proc  com red t

novic   H a

RPD processes versus the proportion of normative processes.  I  was expected 

exhibited h ion of RPD pr esses.  It wa

the participants we re experience  (at Session 5 , they d exhibit more 

RPD 

exhibit more normative

people to refrain from using concurrent processes during decision making.  

Conversely, it will be expected that those with higher cognitive abilities will 

probably exhibit more normative concurrent comparison processes.  Hypothesis 

5 stated that higher cognitive abilities participants would perform better than 

lower cognitive abilities participants would.  This hypothesis assumes that higher 

cognitive abilities participants will have an advantage over lower cognitive 

abilities participants in processing information and therefore make better 

decisions in the adversarial environment.   

Hypotheses 4 and 5 were tested by using backward elimination regression 

analyses of the raw scores of ANT and OSPAN to determine which aspects of 

the cognitive abilities relates to the decision process and performance. Both the 

coded data and performance data were used to test Hypotheses 4 and 5, where 

higher cognitive abilities would expect to exhibit more normative processes 

(using absolute number here) and perform better than lower cognitive abilities.  
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Significant cognitive factors would be used in ANCOVA to adjust and test for the 

expertise and session effects on decision processes and performance. 

3.4. Results 

3.4.1. Participants 

There were 16 participants who took part in Study 1: eight participants 

were classified as experts.  Seven were males and one was female.  Eight 

participants were classified as novices; seven were males and one was female. 

The mean age of the expert participants was 20.63 year old (SD = 2.00) while the 

mean age of the novice participants was 25.63 year old (SD = 3.74).  A two-tailed 

unequal variance t-test was used to test the hypothesis that both expert and 

novice groups were of the same age.  The expert participants were significantly 

younger than the novice participants (t(10.7) = -3.34, p = .0069). 

The cognitive tests results are summarized in Table 6 for the two groups 

of participants.  For the OSPAN task, all participants scored above 86% accuracy 

and their OSPAN scores were all accepted for analysis.  In general, the 

participants are considered high in working memory based on the classification 

by Brumback, Low, Gratton, & Fabiani 

19 to 60 for OSPAN score wa

 

(2005) and Kane & Engle (2000), where 

s considered high span (the ranges of OSPAN 

scores are shown in square bracket in Table 6).   
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Table 6.  Mean OSPAN and ANT scores for Pre- and Post-Experiment 

 
Expertise Pre-Experiment Post-Experiment

Level 
OSPAN 

[min,max] 
OSPAN 

[min,max] 

Expert 39.75 
[23, 51] 

46.25 
[28, 60] 

SD 9.85 11.77 

Novice 33.38 
[25, 43] 

38.25 
[23, 55] 

SD 6.02 9.82 
 ANT Pre-Experiment (ms) ANT Post-Experiment (ms)

 Alert Orienting Conflict RT Alert Orienting Conflict RT 
Expert 27.25 40.75 110.50 509.38 37.86 45.13 90.50 479.88

SD 15.82 17.69 21.00 48.75 14.10 18.25 23.40 30.19 
Novice 34.13 49.50 96.50 530.75 49.38 43.88 82.50 511.63

SD 17.73 26.15 25.35 98.16 33.16 24.75 24.44 93.77 
 

Comparisons between the expert and novice participants were conducted 

using unequal variance t-tests to check if there are differences in cognitive 

abilities between expert and novice. The null hypothesis in this case was that the 

cognitive scores were the same between the two expertise groups.  The results 

of the t-tests are shown in Table 7.  There null hypothesis was not rejected as 

there were no significant differences between expert and novice participants in 

terms of the cognitive test scores.  This showed that the expert and novice 

participants were comparable in term of cognitive abilities.  This was not 

surprising since the participants were recruited from the same population in the 

local community.   

Table 7.  T-test comparisons between expert and novice participants.  H  = No 

differences between experts and novices. 
o

 Pre-Experiment Post-Experiment
 t (df) p T (df) P 
OSPAN 1.56 (11.6) .15 1.48 (13.6) .16 

ANT     

Alert -.82 (13.8) .43 -.90 (9.4) .39 

Orient -.78 (12.3) .45 .12 (12.9) .91 

Conflict 1.20 (13.5) .25 .67 (14.0) .51 

RT -.55 (10.3) .59 -.912 (8.4) .39 
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Using paired t-tests, the cognitive scores were compared between pre- 

and post-experiment measurements, taken before the start of the game sessions 

and the end of the game sessions respectively.  The administration of pre- and 

post-experiment cognitive tests was to explore if the cognitive constructs of 

working memory and attention, measured using OSPAN and ANT, might be 

changed due to the experimental task.  The null hypotheses were that there were 

no differences between pre- and post-experiment measurement of the cognitive 

tests assuming that the RO

abilities.  Based on Table 8, there were differen n pre nd pos

experiment measures of the cognitive namely, O AN was sh  

improved after the experiment, Alerting efficiency was shown to decrease (sinc  

ANT measures reaction time, a higher  lower attention network 

efficiency) after the experiment, and Confli lving efficiency was sho

increase after the experiment.  There wa  in terms of the Orienting 

score (see Table 8).  Recall that OSPAN  me

participant in terms of how many words one can hold in memory while working on 

a simple mathematical problem.  It was a measure of the cutive control of the 

cognitive system.  In the RON scenario  to 

ut, and the ga ssent y taxed 

emory.  The change in OSPAN scores seemed to tentatively 

nt t e sibility of the experimental tasks exercised the working memory 

memory of the participants.   

N experimental task would not affect cognitiv

ces betwee

e 

t-- a

tests, 

score implies

ct reso

s no change

 measures the working

SP own to

e

wn to 

ory of the m

exe

me e

, there were numerous variables

ing omonitor while certain situation was play

lot on the working m

poi

and in turn improved the working 

iall a 

o th pos
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Table 8.  Paired t-tests Comparing Pre- and Po eriment OSPAN and ANT 

scores (two-tailed tests; * denot ant difference at α=.05).   = No 

differences between pre- and post-ex

 Mean ) 

Pre

) 
t(df=15) p d 

st-Exp

SD

es signific

(SD

 

Ho

periment cognitive test scores. 

Mean (

Post 

OSPAN .25 .77) 5.69 36.56 (8.54) 42  (11 2.35 .03* 

ANT      

   Alerting 30.68 (16.62) 43.63 (25.32) 2.08 .05* 12.94 

   Orienting 45.13 (22.04) 44.50 (21.02) -.27 .79 -.63 

   Conflict Resolving 103.50 (23.62) 86.50 (23.48) -4.07 .001** -17.00 

   RT 
520.06 (75.67) 

495.75 

(69.27) 
-3.06 .008** -24.31 

Note.  *p < .05, ** p < .01 

 

For the ANT test, alerting efficiency refers to the sustained attention 

aspect where one could maintain alertness to a changing stimulus.  Orienting 

efficiency refers to selective attention in terms of how well one can switch 

attention from one focus to another, and conflict resolution efficiency refers to 

how well one could divide one’s attention to resolve c ormation (Fan 

et al., 2002b).  The RON game scenario required a lo

information as the opponents was actively trying to confuse and overwhelm the 

other party.  The experiment might exercise the conflict resolving efficiency 

aspect of the attention network showing an improvement in Conflict scores after 

the experimentation.  However, the participants also needed to sustain attention 

t k out for troops coming into view or monitoring changing conditions 

on screen when playing the RON.  It was surprising to find that Alerting efficiency 

actually dropped instead of improving.  It could be explained that the Alerting 

attention network of the participants might be fatigued after the experimental 

onflicting inf

t of disambiguation of 

o keep a loo



session, since the OSPAN and ANT were usually measured after the end of the 

game se ns, and theref a se in e g scores  be 

that a pa of the A fficienc an 

other attention networks in ere 

on the con lict resolution ab

reaction time (RT) showed the overall efficiency of the attention network as a 

whole.  In this case (see Table 8), there was a significant difference between pre- 

and post-experiment scores, and there was an improvement of

from pre- to post-experiment measurements.  It seemed that the overall attention 

network proved after the experimental sessions.  This suggested 

that the overall attention span of the participants were improved after taking part 

in the experiment.  However, the results of the pre- and post-experiment 

cognitive tative, as there were no independent controls to 

test reliability of the cognitive tests.  Nevertheless, an interesting area for further 

exploration was identified in terms of using the experimental tasks as a training 

tool for nitiv r skills (w ing memory and attention).  In this 

case, the results pointed toward possibility of classifying the cognitive abilities 

into cog e skills, if the cognitive tests were assumed to be measuring the 

cognitive tructs. 

3.4.2. Verbal data collection and coding 

For each participant, there were three videos recording the verbal 

response tive probes and their choices of decision 

processes for each decision they made in the game for the three interview 

sessions.  Each video also incorporated the game actions in terms of the screen 

capture of the game when the game video was first used for interviewing the 

participant.  The video was viewed by the experimenter to code the decision 

episodes on a spreadsheet.  The experimenter also had access to the raw game 

screen video for checking on the game actions.  The ultimate goal of the data 

codi re that the decision processes chosen by the participant for 

each des corresponds to the participant’s responses during the 

ssio

rticular aspect 

f

ore causing 

 the game a

 a negative 

ility rather than 

 decrea

ffected 

way, wh

the alerting

 Al rtin

lerting e

the participants emphasized 

 efficiency.  The overall 

.  It might

y more th

 the RT scores 

efficiency im

 test scores were still ten

improving cog e o ork

nitiv

 cons

s of the participant to the cogni

ng w

 de

as to ensu

cision episo
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interview.  During the video coding, the actual verbatim of the participant’s 

responses were not transcribed, but rather, the gist of what was happening and 

the verbal responses of the participants were recorded.  Table 9 shows an 

excerpt of a set of coded data.  The coded data could be cross-referenced back 

to the recorded video to verify the content, which the reviewers were would do 

whenever there was any unclear verbal coding.   

Each row corresponded to the events within the time duration between the 

start time of the current row and the start time of the next row on the 

spreadsheet.  The start time corresponded to the video’s time stamp so that one 

could go back to the interview video to listen and review the exact point where 

the data was coded in the row.  The headings on each column corresponded to 

the types of cognitive probes used in the retrospective interview.  The entries 

were the verbal responses (e.g. “make sure nothing sneaks around”; “Did not 

consider other actions with regard to the helicopter”) or observations seen on the 

video (e.g. “sending helicopters to patrol on each side of the border”) written in 

gist rather than verbatim.  Note that not all the cells had entries, as it was not 

possible to keep repeating all the cognitive probes for every decision episode.  

This was due to the time constraint during the experimental session to try to limit 

each session to a 2-hour limit to prevent overstressing the participant.  The 

participant could also get bored by repetitious questioning and might cease to 

cooperate, and sometimes the deeper probing was required and the questions 

would have to adapt to the situation.  For a short 10 min game video, it usually 

took about 30 to 45 min to go through all the decision episodes with each 

participant. 
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Table 9.  A Sample Excerpt of the Coded Video Data 

Start 
Time 

Actions: What was 
happening on the screen? 

Situation 
Awareness Shifts: 
Was there a 
situation 
awareness shift? 

Situation 
recognition 

Situation assessment Goals 

          Own Opponent
0:05 Sending helicopter to 

patrol on each side of the 
borders. 

  Based on
previous
en sent S
through t
sides. 

 
 exp as 
F 
he 

r
  M

a
ake sure nothing sneaks 
ound. 

  

1:37 Grouping troops based on 
the types. Sent SF one to 
each sides to enemy’s left 
and right corners. 

  Based on the 
training. 

H
g
g
t
t

abit us 
ame e 
roup r with 

he a rate 
his ti

s fro
. Pr
ed t

rtiller
me. 

m pr
evio
he a
y.  S

evio
us gam
rmo
epa

    

3:07 

1 SF each sent to infantry 
and armor to guard 
against spy.  1 in city for 
defense. 1 each to both 
sides for offense.   

From the
example.

 training 
 

 SF out first then 
abotage. 

 
n
g
e
id

2
s

to sc

1
a
a
d
s

SF each sent to infantry 
d armor to guard 
ainst spy.  1 in city for 
fense. 1 each to both 
es for offense.   

4:22 

Moved the infantry in front 
of the center SAM. Armor 
moved to the center 
bunker.           

5:20 
Sent AA and jets to attack 
enemy helicopters.   

Did not expect th
enemy tro
or  th st 
ffe e t e 

and AA. Attack 

e 
ove 

ly. Co
ir forc

ops
at q
o se

 to m
uick
nd a

f
e

ward
ctiv

  enemy helicopters.   



107 

Table 9a.  Continuation of Table 9 
Cues used: Red dots in mini 
map, icons in main map, 
audio warning, text 
message? 

Expectancy What other actions were 
considered? 

Option evaluation: How was an 
action derived? 

 Own Opponent   
 Did not consider other actions 

with regard to the helicopter. 
Planned this before game.  Based 
on previous experience. 
Something learned from different 
game. 

  

 Not comparing. Planned before the game and only 
considered one action. Group 
them into each type. 

  

  Standard move for the SF.   

 my SF to come 
n to defend. Get 

e from be .  
e in the m e and 

   Expected ene
around.  Expected e
troops to com
Expected som
sides. 

hind
iddl

  Standard response to use jets and 
AA for any air units. 
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T  9b.able   Continuation of Table 9 
Diagnosis: 
what process 
was used to 
assess the 
situation? 

Decision 
episode 

Conflict between coder 
and participant: 0 for 
no code by both;1 for 
match; 2 for missing 
participant but coder 
has code; 3 for 
mismatch 

Participant's 
code 

Your Code: Use the 
code definition. 
Please list even 
those you agree 
with the 
participants. 

If there are 
more than one 
decisions or 
decision type.  
Additional Code 

Different 
process 
from those 
listed. 

Code Justification 

                  
  T

th
on

th

1 1 1g   1g     hought through 
is action based 
 previous exp 

before coming into 
e game with one 

action. 
  T

wi

2 1 1g   1g     hought about it 
before the game 

th only one plan. 

  St
ba

tr

3 1 1b   1b     andard action 
sed on 

experience during 
aining. 

    4  (check later row for 
episode 4) 

          

  St

A

5 1 1b   1b     andard action 
that he would use 

A and jets to deal 
with en air units. 

 



The participant’s code for each decision episode was recorded and 

compared to the data coded in the front columns (see Table 9b for the decision 

codes).  The coder would then code the decision episode based on what the 

participant had said (as recorded in each row) and provide justification to the 

coding.  If the coder contradicted the participant, justifications had to be provided 

to show evidence that the participant’s choice was not correct.  Such conflicts 

were noted under the “Conflict” column (3rd Column) in Table 9b.  In cases when 

the video was too long, some decision episodes, which were not as important, 

might be missed during the interview.  These were not realized during the 

interview, but become apparent during the video coding.  Such missing data 

would be coded too in the “Conflict” column as a check on the limitation of the 

retrospective interview procedures.  Table 10 shows the percentages of the 

different conditions that the decision codes were matching, conflicting, or missing 

between the participants and the experimenter.  Overall for Study 1, 73.6% of the 

codes were matching between the participants’ and experimenter’s codes, 

whereas only 4.0% of the codes were mismatch between the participants’ and 

experimenter’s codes.  It should be noted that 12.9% of the decision episodes 

were not coded due to absence of probing during the retrospective interview.  

Either there were insufficient information from the video or previous videos to 

assign the type of decision process for the decision in question.  When there was 

evidence such as identical decisions were observed where a decision process 

was previously established, the experimenter would assign a decision code 

despite that the participant did not indicate their decision process (see Table 10 

Code 2).  Nine and half percent of the 1268 decision episodes were assigned a 

decision code by the experimenter although the participant did not indicate a 

decision code. 

 Having established the number of decision episodes belonging to each 

type of decision after the coding process, the frequency and percentages of each 

type of decision process were compiled for the next stage of analysis.  Two 

independent reviewers reviewed 25% of the video data by randomly selecting 

from the completed coded data.  The reviewers examined the spreadsheets and 
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the accompanied videos to make sure that the coding was representative of what 

was spoken by the participants.  In cases where there were mismatch between 

the participant’s and the experimenter’s codes, the reviewers would have to 

determine if the experimenter’s codes and justifications were reasonable.  Out of 

the 268 decision episodes reviewed by the reviewers, only 1 decision episode 

(.37%) was disputed by the one of the reviewers.  The review result shows that 

overall, the video coding process was unbiased and the experimenter’s coding 

results were representative of the participants’ decision processes.  

Table 10.  Percentages of Coding Conflicts and Other Coding Conditions 

3.4.3. Hypothesis 1 

Coding Conflict Codes Percentage  (%)
(Total = 1268) 

In Hypothesis 1, decision makers were expected to use more RPD 

processes than normative concurrent processes.  This is based on the 

assumption that the RPD model is applicable in the adversarial decision task.  If 

RPD model is valid, then it would be expected that the participants would use 

more RPD processes than normative processes.  The raw decision codes were 

added for all the participants where there were 1005 coded decision episodes.  

The pie chart of the raw decision codes is shown in Figure 9. 

 

0: No decision code from both participant and experimenter 12.9 

1: Matching between both participant and experimenter. 73.6 

2: Participant has no code but experimenter was able to assign a 

decision code 
9.5 

3: Decision code of the participant was different from the experimenter 4.0 
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Frequency and proportion of the raw decisoin codes (N = 1005)

1a (Trial and error), 118, 
12%

1j (Others), 11, 1%

1i (Preplanned with 
comparison of choices 

with one most important 
attribute), 9, 1%

1h (Preplanned with 
comparison of choices 
with multiple attributes), 

21, 2%

1g (Preplanned with 
serial evaluation), 59, 

6%

1f (Comparison of 
choices with one most 
important attribute), 95, 

9%

1e (Comparison of 
choices with multiple 
attributes), 103, 10%

1c (Default action 
without recognition), 96, 

10%

1b (Recognized action), 
364, 36%

1d (Serial evaluation), 
129, 13%

 
Figure 9.  Frequency and proportion of the raw decision codes (Grand Total = 

1005) 

 

From Figure 9, the decision code with the most occurrences was 1b 

(Recognized action) (n = 364) which refers to making decision based on standard 

action that matched a situation that the decision maker was already familiar with 

and the decision maker could use the action without thinking about it.  The next 

most frequent decision code was 1d (Serial evaluation) (n = 129) which refers to 

making decision by developing a new action from experience and mental 

simulation, working on one action at a time without comparing.  Both 1b 

(Recognized action) and 1d (Serial evaluation) decision codes are representative 

processes of the Recognition-Primed Decision (RPD) model where 1b 

(Recognized action)  refers to recognizing a typical situation and recognizing the 

actions to take directly without thinking, while 1d (Serial evaluation) refers to 
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serial evaluation, where an action is evaluated by mental simulation based on 

previous experience and modified and tested mentally to decide on a new action 

(see Figure 1, p. 21).  Code 1b (Recognized action) and 1d (Serial evaluation) 

would be grouped together to form the RPD decision processes for later 

analyses.  

Decision code 1e (Comparison of choices with multiple attributes) refers to 

making decision by comparing two or more actions and weighing all the different 

attributes associated with the actions concurrently to derive a superior choice, 

while 1f (Comparison of choices with one most important attribute) is similar to 1e 

(Comparison of choices with multiple attributes) except only the most important 

attribute was considered among the different options.  Both 1e (Comparison of 

choices with multiple attributes) (n = 103) and 1f (Comparison of choices with 

one most important attribute) (n = 95) were lesser in frequency compared to 1b 

(Recognized action) and 1d (Serial evaluation).  These two decision codes were 

representative of normative decision processes.  In the coding of the decision 

episodes belonging to 1e (Comparison of choices with multiple attributes), it 

should be noted that even though more than one attribute was considered, the 

attributes been considered by the participants were usually non-exhaustive and 

fewer than what would be considered all attributes.  The main distinction between 

1e (Comparison of choices with multiple attributes) and 1f (Comparison of 

choices with one most important attribute) was that in 1f (Comparison of choices 

with one most important attribute) only one most important attribute was 

considered by the decision maker, while in 1e (Comparison of choices with 

multiple attributes) the decision maker considered at least two attributes when 

comparing two or more actions.  Since 1e (Comparison of choices with multiple 

attributes) and 1f (Comparison of choices with one most important attribute) are 

considered normative decision processes and are representative of concurrent 

comparisons of options, these two codes were combined to form the 

“Concurrent” decision process for later analyses. 

The decision codes 1a (Trial and error), 1c (Default action without 

recognition), 1g (Preplanned with serial evaluation), 1h (Preplanned with 
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comparison of choices with multiple attributes), and 1i (Preplanned with 

comparison of choices with one most important attribute) are other decision 

proces

in 

or not.

 familiar actions one action 

at a time.  Code 1g (Preplanned with serial evaluation) is similar to 1d (Serial 

evaluation) except in this case, the serial evaluation was conducted before the 

ses that were not featured in most existing decision models in the 

literature.  Code 1a (Trial and error) (n = 118) refers to making decision by just 

trying out new action that the decision maker had not used before without 

thinking about it.  This decision process was more representative of trial and 

error process where during the game, the participant might just click on any 

available unit and move forward without thinking through or comparing choices or 

knowing how this action would work, but just try it and see if it would work.  

Decision Code 1a (Trial and error) would be referred to as “TrialError” decision 

process for a more meaningful description.  Decision code 1c (Default action 

without recognition) (n = 96) refers to rule of thumb types of decision but in this 

case it was not due to recognizing the situation unlike in 1b (Recognized action); 

rather, the action was used whenever the decision maker was not sure what was 

happening.  To illustrate such a decision from the RON experiment, a participant 

might always pull back all troops to guard the city whenever he was not sure 

what was going on during the game, whether there were enemy forces coming 

  Code 1c (Default action without recognition) does not require the decision 

maker to match the situation to something the decision maker know before, but a 

default action was used whenever there was no recognition of the situation.  

Code 1c (Default action without recognition) would be referred to as 

“DefaultAction” for future reference.  Code 1c (Default action without recognition) 

is in fact a special type of 1b (Recognized action) where a standard action is 

used when the decision maker match the situation to an unfamiliar situation 

instead of a familiar one, and used the standard action for any situation that was 

classified as unknown or not understood by the decision maker. 

Decision codes 1g (Preplanned with serial evaluation) (n = 59) refers to 

preplanning by the decision maker, where the types of action to take was 

elaborated by mentally simulation and developed from
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start of the game.  Code 1g (Preplanned with serial evaluation) is a subset of the 

of the serial evaluation process of the model (see

 task begin.  Code 1g 

d “PreSequential” to represent 

n before the start of the game.  Decision codes 1h 

s with multiple attributes) and 1i 

st important attribute) are 

also preplanned process before the start of the experimental sessions.  Code 1h 

(Prepla

d 1i 

(Prepla

ants in the study. 

 

RPD model in terms  Figure 1), 

but was preplanned and conducted before the decision

(Preplanned with serial evaluation) was rename

sequential evaluation of actio

(Preplanned with comparison of choice

(Preplanned with comparison of choices with one mo

nned with comparison of choices with multiple attributes) and 1i 

(Preplanned with comparison of choices with one most important attribute) are 

the same as 1e (Comparison of choices with multiple attributes) and 1f 

(Comparison of choices with one most important attribute) except that the 

formers are preplanned before the start of the game, respectively.  As 1h 

(Preplanned with comparison of choices with multiple attributes) an

nned with comparison of choices with one most important attribute) were 

relatively fewer (n = 21 and 9 respectively), these two would be grouped and 

called “PreConcurrent” for later analysis. 

Decision code 1j refers to other decision processes not listed in the list of 

processes used for the interview.  There are 11 such cases out of the 1005 

decision episodes.  Code 1j would be renamed as “Others” for future analyses.  

Based on the new nomenclature and the grouping of the decision codes, a pie 

chart is shown below in Figure 10 to illustrate the proportions of the different 

decision processes for all the particip
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Distribution of the Decision Processes (Grand Total = 1005) 

 
Figure 10.  Proportions of the Decision Processes in Study 1 

 

From Figure 10, it can be observed that RPD processes consisted of 

almost half (48%) of the total decision processes used by the participants.  The 

RPD processes were most numerous compared to the other decision processes.  

However, the decision processes used by the participants were more varied and 

not just between Concurrent and RPD processes.  The proportion of RPD 

processes were also lesser than those found by Kaempf et al. (1996), where 

95% of the decision processes were coded as recognized.  Using Chi-Square 

test, it was found that the occurrences of the decision processes were 

significantly different from one another (χ2(7, N = 1005) = 1153.47, p < .001).  

There were more RPD processes (n = 493) than expected (expected value = 

1005/7 = 143.57) based on the Chi-Square test.  However, the number of 

Concurrent decision processes (n = 198) was also higher than expected 

compared to previous studies (e.g. Kaempf et al., 1996).  It was found that RPD 
2processes were significantly more than Concurrent processes (χ (1, N = 691) = 

Concurrent, 198, 20%

RPD, 493, 48% 

TrialError, 118, 12%

DefaultAction, 96, 10% 

PreSequential, 59, 6%

PreConcurrent, 30, 3%
Others, 11, 1%
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125.94, p < .001) when comparing the RPD and Concurrent processes.  Since 

the rest of the decision processes were lesser than the Concurrent processes, 

the RP

 so 

far, H

erimental task. 

Comparing the number of Concurrent processes with TrialError processes 

(χ2(1, N = 316) = 20.25, p < .01) and DefaultAction processes (χ2(1, N = 294) = 

35.39, p < .01), the Concurrent processes were significantly more than the two 

processes when tested pair-wise with each of these two processes.  This showed 

that the Concurrent processes were relatively more prominent than TrialError and 

DefaultAction processes.  There was no significant difference between the 

occurrences of TrialError and DefaultAction processes (χ2(1, N = 214) = 2.26, p = 

.13), which suggested that these two processes were equally used by the 

participants.  The PreConcurrent and PreSequential processes were also 

compared with each other using the Chi-Square test and there was a significant 

difference between these two processes (χ2(1, N = 89) = 9.45, p = .002).  It 

appeared that serial evaluation of one action using familiar actions was used 

more frequently then concurrent comparisons of choices during preplanning 

before the game.  Based on the Chi-Square tests above, RPD processes were 

mostly used followed by Concurrent processes; then equal numbers of TrialError 

and DefaultAction processes were used, followed by PreSequential and finally 

D processes would be significantly more than each of the other processes 

when compared individually.  To check if RPD processes were exclusively used, 

the number of RPD processes was compared using Chi-Square test with the rest 

of the decision processes combined as one group.  It was found that the number 

of RPD processes was not significantly more than the rest of the processes 

combined as one group (χ2(1, N = 1005) = .36, p = .55).  Based on the results

ypothesis 1 was supported where there were more RPD processes 

compared with normative concurrent processes.  However, RPD processes were 

not exclusively used by the participants since there were other processes used 

by the participants that were not described in the RPD model.  RPD processes 

were not more than all the other decision processes combined to show a 

complete domination in terms of the decision processes used in making 

decisions in the exp
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the  PreConcurrent processes, with a small occurrence of other processes been 

used by the participants in deciding on an act

sed for understanding situatio re also d 

e a total of 191 episodes which were 

  Out of the 191, 99 of them were coded as 

osis), and 10 were coded as 2c (others).  

) and 2b (diagnosis) were able to account for 94.8% of 

 nature of the situation.  Only 5.2% (N = 

a and 2  Chi-squar test showe hat 

different among the three codes (χ2(2, N = 191) 

ficant difference between the 

d when trying to appreciate the situation during the 

p = .45).  It seemed that in term of 

RON game, the participant’s processes 

cing events together to explain the situation. 

classified as others in both making 

he situation.  Table 11 shows the other 

hen making decisions.  Decisions were 

sometimes made by recognizing a standard action but this was not without 

thinking.  Instead, the decision maker 

ion.  

The processes u  the n we  code

during the video coding analysis.  There wer

listed as understanding the situation.

2a (feature matching), 82 were 2b (diagn

Code 2a (feature matching

the processes used for understanding the

191) of the processes were other than 2

the processes were significantly 

b. e d t

= 70.12, p < .001).  There were no signi

occurrences of 2a (feature matching) and 2b (diagnosis) showing that both 

processes were equally use

RON sessions (χ2(1, N = 181) = 1.60, 

appreciating the situation during the 

matches the processes described in the RPD model in terms of feature matching 

with previous experiences and pie

Some decision processes were 

decision and deciding on the nature of t

processes used by the participants w

might still be considering the actions and 

thinking of it consciously in their mind.  The second most frequent other decision 

process was to stay the course and did not adapt to the situation.  Two of the 

other processes were related to mistake and correcting mistake.  Sometimes a 

decision might be made without intention and was a mistake.  Moreover, other 

decision might be made to correct mistakes made in the first place.  The last type 

of decision was really a non-decision where there were no more choices left and 

the decision maker could only make one last move.   
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Table 11.  Other decision processes 

Process Description Frequency

Recognition of standard action but not without thinking.   4 

Staying the course despite changes in situation. 3 

Accid

No other choices left hence only ake 1 

entally moved the unit. 2 

Action was related to correcting mistakes. 1 

 one decision to m

 

For other processes used to understand the situation, 4 out of 9 episodes 

was using feature matching process to match a situation with previous 

experience, but not without thinking; instead there were still conscious thinking 

and piecing information together.  This is similar to using 2a and 2b at the same 

time.  The other two processes cited by participants are: (i) did not understand 

the situation at all (n =2) and (ii) was not thinking about the situation (n = 3). 

From the overall frequency count and Chi-Square tests, there were 

evidently more RPD processes been used compared to Concurrent processes 

and the processes used to understand the situation matched well with the feature 

matching and diagnosis processes listed in the RPD model.  Hypothesis 1 was 

accepted because there were a larger proportion of RPD processes been used 

by the participants.  Concurrent processes were used relatively frequently 

compared to the rest of the other processes.  TrialError and DefaultAction 

processes were equally frequent and PreSequential occurred more frequently 

than the PreConcurrent processes. 

3.4.4. Hypothesis 2 

Based on Hypothesis 2, the decision processes of participants would be 

similar to the RPD model.  The decision processes used by the participants 

should match the RPD model rather than other decision models.  To test this 

hypothesis, decision models were constructed for each of the interview session 

based on the coded data described Sections 3.4.2 and 3.4.3.  A list of five 

existing decision models (see Appendix H) were compared to the decision 
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processes used in each session and the experimenter had to select one of the 

models on the list to best represent the decision processes used by participant. 

For the construction of the decision model of each session, the decision 

codes were summed into a frequency table for each session.  The decision 

model was then constructed bearing in mind the number and types of processes 

been used, and the coded verbal data on the spreadsheet (see Table 9) to infer 

the overall process model used by the participant.  The decision model was 

constr

 session and therefore resulting 

in better models of the decision behaviors.  The initial plan was to have 

independent coders to construct the decision models when coding the verbal 

data but due to the same reasons mentioned earlier, the coders quitted halfway 

and the experimenter had to construct all the models.  To ensure that the 

experimenter was as unbiased as possible, the same two reviewers reviewed the 

models as well as the verbal codes.  The models sampled were found to be 

reasonable by the reviewers and none of the models was disputed.  By using 

random sampling and the reviewing of the data and models, there was at least 

some validity and reliability check to prevent the construction of the model to 

become too biased.  However, it should be noted that the model construction 

was inherently subjective even though the construction of the models were based 

on the verbal data collected in the retrospective interviews: the decision  model 

ucted using a process chart concept similar to the RPD model to show the 

decision process flow when the participant made decisions in the RON session.  

Each decision model in this case consisted mainly of the decision processes 

coded in the verbal data and only those reported processes were used in the 

modeling.  However, it should be noted that constructing the decision model 

would depend on how one interpreted the events in the coded verbal data.  No 

two individuals would interpret the events in the same way.  In this case, the 

experimenter who constructed the models had insights in both the RON game 

and the decision making theories.  This could be both an advantage as well as a 

disadvantage since biasness might set in, but the insights might provide a more 

accurate view of what was going on during each
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construction procedure was inherently dependent on the judgment of the person 

constructing the model although model construction guidelines were provided. 

As there were 16 participants in the study and each of the participants had 

three decision models, there were a total of 48 decision models constructed for 

this part of the analysis.  These models were first grouped according to the 

experimental session and compared to one another.  Similar models were then 

grouped together to form different categories of prototypical models.  The 

frequencies of the prototypical models were then counted for each session.   

There were five prototypical decision models consolidated after comparing 

the different decision models.  Table 12 shows the description and the 

distribution of the decision models across the 3 sessions.  The five prototypes 

are shown in Figures 11, 12, 13, 14 and 15 respectively.  From Table 12, 

Prototype 1 has the most occurrences in all the sessions, whereas Prototype 2 

was more frequent in Session 5 (n = 5) but fewer in Session 1 (n = 1) and 

Session 3 (n = 1). 
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Ta

Prototype Decision model 
q Freq 

 

Freq 

ble 12.  Distribution of the Consolidated Prototype Decision models  

Session 1 

Fre

Session 3 Session 5

Prototype 1: Preplanning before the game and 

used those preplanned decisions in the 

beginning.  A variety of decision processes 

was used during the game. 

12 13 6 

Prototype 2: No preplanning before game.  

Used a variety of decision processes during 

the game 

1 2 5 

Prototype 3:  Preplanned before the game 

and using a variety of decision processes 

during the game.  Preplanned decisions were 

used during the game as well. 

3 0 2 

Prototype 4:  Preplanned the actions before 

w

use as left with few actions to take. 

Prototype 5: Preplanning before the game.  

processes during th

the game, which make or break the game 

hen executed.  Few decision processes to 
0 1 2 

Used very simple and few types of decision 

e game. 

0 0 1 

Total 16 16 16 

 

Based on Table 12, most participants had decision models that were 

similar

game 

process of preplanning could be either PreSequential or PreConcurrent 

proces

proces

freque rocesses based on results in Section 3.4.3. 

(see F

prepla ns were not 

used again for Prototype 1.  In terms of understanding the situation, both feature 

 to Prototype 1 (see Figure 10), which consisted of preplanning before the 

and implementing the preplanned actions once the game started.  The 

ses or both.  It was not entirely clear how the participants used one 

s over the other but it seemed that the PreSequential process was more 

ntly used than PreConcurrent p

igure 9 and Figure 10 too).  Once actions were decided, usually the 

nned actions were implemented and those preplanned decisio
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match

preval

to the 

ing and explanation-based (piecing events together) were equally 

ent and were used depending on whether the cues received were familiar 

participants. 

 

Figure 11.  Prototype 1: Preplanning before the game and used those 

preplanned decisions in the beginning.  A variety of decision processes was used 

during the game. 
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The participant might or might not understand the situation.  Standard 

default actions might be developed to deal with uncertain situations whenever the 

participant did not know what happened or had nothing else to do.  If the situation 

was understood, the participant might recognized the situation as something 

typical and match it with a standard action that was familiar.  If the situation was 

not typical, the participant might use a new action without thinking to try out (trial 

and error, 1a (Trial and error)), or a new action was developed based on 

previous experience (1d (Serial evaluation)), or the participant might compared 

different options if the participant had more than one options in mind to compare 

either considering different attributes (1e (Comparison of choices with multiple 

attributes)) or the most important attributes (1f (Comparison of choices with one 

most important attribute)).  It was not entirely clear from the coded data how 

these decision processes (1a (Trial and error), 1d (Serial evaluation), 1e 

(Comparison of choices with multiple attributes), 1f (Comparison of choices with 

one most important attribute)) were selected or what conditions lead to which 

rocess to use.  It appeared from Figure 9 that 1a (Trial and error), 1d (Serial 

evaluation) , and 1f 

(Comparison of choices with one most important attribute) had similar 

freque

p

, 1e (Comparison of choices with multiple attributes)

ncies of occurrence and were not significantly different when tested using 

Chi-Square test (χ2(4, N = 541) = 8.12, p = .087) at .05 level.   

Prototype 2 (No planning before game) (Figure 12) is very similar to 

Prototype 1 except that there is no preplanning processes in this model.  

Prototype 2 (No planning before game) was more prevalent in Session 5 where 

some of the preplanned actions had become standard actions, where the 

participants could start using these actions without thinking about them before 

the game.  In Prototype 3 (Preplanning used during the game) (see Figure 13), 

some preplanned decisions could have relevance during the game or even near 

the end of the game which guided the participant actions based on the thinking 

before the start of the game.  When the situation matches a typical situation that 

was envisaged before the game, the participant would use the preplanned 

actions accordingly (see Figure 13). 

123 



In Prototype 4 (High-risk preplanned actions) (see Figure 14), the 

preplanned actions involved high risks but also high gains (winning the game 

very quickly).  However, if the preplanned action fails, the participants might have 

few units left as a result, and usually the participant did not know what else to do 

next.  Therefore, the decision processes after implementing preplanned actions 

were simpler processes such as trial and error or default actions whenever the 

participant was unclear with the situation.  In Prototype 5 (Simple processes), the 

decision model is similar to Prototype 1 except that less variety of decision 

processes were used.  In Prototype 5 (Simple processes) (see Figure 15), only 

standard actions and comparison of actions considering only the most important 

attribute was used after assessing the situation. 
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Figure 12.  Prototype 2: No preplanning before game.  Used a variety of decision 

processes during the game 

125 



 
Figure 13.  Prototype 3:  Preplanned before the game and using a variety of 

decision processes during the game.  Preplanned decisions were used during 

the game as well. 
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Figure 14:  Prototype 4:  Preplanned the actions before the game, which make or 

break the game when executed.  Few decision processes to use as left with few 

actions to take. 

 
Figure 15. Prototype 5: Preplanning before the game.  Used very simple and few 

types of decision processes during the game. 
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The decision codes and decision models constructed were compared with 

the list of five existing decision models in Appendix H.  The five models are 

namely: 

(a)  Multiattribute utility theory:  where multiple attributes were weighed 

and the best option was chosen among a few choices (see Section 

3.1.3.1). 

ortant 

te was weighed and the best option was chosen among a few 

choi ction 

(c)  Reco nition-pr cision model:  where decisions were based on 

cognit proces e tio e .2)

)  Se  for e h d  m  s

ominant option by iterative dominance testing and dominance structuring 

 trial and error processes, the experimenter 

would 

(b)  Single attribute utility theory: where only the one most imp

attribu

ces (see Se 3.1.3.1). 

g imed de

re ion ses and s rial evalua n (see S ction 1 . 

(d arch Dominanc theory: w ere the ecision aker ought 

d

process (see Section 3.1.3.5). 

(e)  Differentiation Consolidation (Diff Con) theory:  where a situation was 

differentiated to 4 Levels and different decision processes were used 

depending on which level of the decision the situation was differentiated 

(see 3.1.3.6). 

The decision processes used by the participants consisted of RPD 

processes and other processes as shown in the results in Section 3.4.3.  Based 

on the frequencies of the decision codes, whether the RPD processes were more 

dominant (higher frequency) or there were substantial number of other processes 

such as concurrent comparisons and

judge which of the five decision models best represent each session.  The 

choices of the experimenter were reviewed by the two reviewers as they 

reviewed the coded data (with the same 25% sampling).  There was no dispute 

from the reviewers on the constructed decision models and the choices of the 

decision models.  Based on the reviewers’ responses, the constructed models 

and the selection of the decision models were accepted as reasonable and were 

used to test Hypothesis 2. 
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The results of the decision models selection, to represent the decision 

pr s 

base vice 

and expert participants and between the sessions.   

ocesses in each session, are summarized in Figure 16.  Frequency count

d on the types of models selected were broken down according to no

Frequency Counts of Decision Models Coded based on the Decision 
Processes of Participants

3

4

5

6

7

8

9

Fr
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Consolidation

theory
Decisi odels

Mu
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ce

on m

Expert Session 1 Expert Session 3 Expert Session 5
Novice Session 1 Novice Session 3 Novice Session 5

6.  Results of the allo tion of the Decision Models 

experts (n = 8) and novices (n = 6) in Session 1, but the number decreases in 

d novice 

r the Diff Con theory with a corr onding increas f the number  the 

RPD model (see Figure 16).   that very few sessions were 

d multiple choices multiple attributes model and the multiple choices 

te model, and only novices re the ones with these allocation (see 

Figure 16).  The allocation of the ls matched the decision models 

ted in the earlier section (see Ta  12 and Figu , where th  

 

Figure 1 ca

 

There were substantial numbers of the Diff Con theory selected for the 

Session 3 (expert n = 3 and novice n = 5) and Session 5 (expert n = 2 an

n = 3) fo esp e o  of

It should be noted

considere

single attribu  we

 decision mode

construc ble re 11) e variety
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of decision processes used for decision making during the game matched the 

r.  As the parti nts gained experience, ore 

Comparing between the RPD and Diff Con theory among the three sessions, it 

was fo

at .05 level but significant at .1 level, with a higher 

numbe

decision model of the participants at the α 

= .1 level.  Therefore, although a substantial number of RPD processes were 

used, f the participants did not entirely match the RPD 

model.

Diff Con model bette cipa more  m

standard actions were used, which increased the number of RPD processes.  

und that the number of RPD and Diff Con models selected were 

significantly different between the different sessions (χ2(2, N = 43) = 10.57, p = 

.005).  However, when comparing between the total numbers of RPD models (n 

= 16) and Diff Con theory (n = 27) using Chi Square test (χ2(1, N = 43) = 2.81, p 

= .09), it was not significant 

r of Diff Con theory compared to RPD model (comparing between just Diff 

Con and RPD models excluding the other models since they were low in 

frequencies). 

The results so far from the decision model construction and the selection 

of the decision models to match the decision processes showed that the decision 

models of the participants did not match exactly with the RPD model.  Rather, the 

Diff Con model appeared to be rather matching with the decision processes used 

by the participants.  The current analysis however was qualitative in nature since 

non-parametric statistics were mainly used to test this hypothesis.  There was no 

evidence to show overwhelming dominance of the RPD model over the other 

models (such as the Diff Con model) to accept Hypothesis 2.  In fact, there were 

more Diff Con models allocated to the 

the decision model o

  Based on the five prototypes, a consolidated model was constructed as 

shown in Figure 17.  This model includes all the different processes used by the 

participants when performing the decision task in the RON microworld.  It could 

be used to describe the other decision prototypes (see Table 12) by excluding 

parts of the model such as eliminating the preplanning portion to represent those 

who made decisions without preplanning for Prototype 2.  The different decision 

processes used during the scenario could also be excluded to show simpler 

models such as Prototypes 4 and 5.  Notice that this consolidated model had 
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many features of the RPD model as well as the Diff Con model, but it also 

consisted of components not highlighted in these two models: the preplanning 

component, rule of thumb default action when not sure component, and trial and 

error component.  

 

Figure 17.  Consolidated decision model for the RON decision task 

131 



3.4.5. Hypothesis 3 

Hypothesis 3 stated that experienced participants would exhibit a higher 

proportion of RPD processes than novice participants (between expertise groups 

and between the trial sessions).  The RPD model is based on the recognition 

process of the decision makers to make quick decisions by recognizing situations 

rather than using concurrent comparisons of choices.  The more experienced 

decision makers would be able to make more recognition of the processes 

compared to novice decision makers.  To test Hypothesis 3, the performance 

results were first compared between the expert and novice to establish the 

differences between experts and novices.  Then the decision processes would be 

analyzed for expertise and session effects. 

There were four performance variables used to characterize the 

participant’s performance in the game, namely: (1) whether the participants win 

the game (GameWin), (2) overall aggregate of the game performance 

(GameScore), (3) skill of player (GameSkill), and (4) time of completion 

(GameTime).  For GameScore, this was an aggregate of the componential game 

scores.  GameWin was coded “1” for a win by the participant and “0” for a lost 

and was based on whether the participant managed to capture the opponent city 

in the RON.  GameScore referred to the score obtained by the participant during 

the game and was an aggregate of the componential scores in (1) and (2) of 

Table 3.  The GameScore was computed by the following formula: 

GameScore = BlueArmy + BlueCombat + BlueCity + BlueEconomy + 

BlueLargeArmy*10 + BlueUnitsBuilt*10 + BlueUnitsKilled*100 - 

BlueUnitsLost*100 + BlueBldgRazed*100 + BlueUnitBribed*100 

The factors of 10 and 100 were used to give higher importance to some of 

the factors (e.g. BlueLargeArmy) since the raw scores for some factors were 10 

or 100 times of the others (e.g. BlueArmy was in 1000s whereas BlueLargeArmy 

was in 10s).   

The GameSkill score was computed based the componential scores in (3) 

of Table 3.  GameSkill score was computed by the following formula: 
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GameSkill = BlueSpeed + BlueHotkeys + BlueClickMiniMap + 

BlueClickMap + BlueCtrlGpFormed + BlueCtrlGrpActivated 

ll in this case was the aggregate of the speed of troops 

t (BlueSpeed), the num f shortcut keys used, the number of clicks 

er of clic  main map, the number of control groups 

 contr ups been activated during the game.  The 

ically measured the speed of control the player had when 

RON. 

The com nential s ed for G or meSkill were based 

f the scores to represent the game performance score and 

 skill  th an iv m  measures the combat 

the g uch a umb  u  versus the number of 

units lost.  GameSkill in this case measures the proficiency of using the game 

controls such as using control groups to ac

ores for those who won the game 

and completed the game below mean winning time compared to those who won 

the game but took longer than the mean winning time.  There was a small 

overlap where the GameTime score might be higher for those who lost the game, 

but took much longer to lose than the mean losing time, compared to those who 

GameSki

movemen ber o

on mini map, the numb ks on

formed, and the number of ol gro

GameSkill score bas

playing 

po cores us ameSc e and Ga

on the face validity o

the game of e p partici ts ctrespe e aly.  G e reSco

performance in ame s s the n er of nits killed

tivate different groups of combat units. 

The GameTime was an adjusted time index since the original game time, 

which measured the time of completion of the participant, was not indicative of 

performance.  A longer time of completion for losing denotes better performance 

(able to hold on longer than the opponent) whereas a shorter time of completion 

for winning denotes better performance (able to win more quickly).  The 

GameTime was standardized based on the mean and standard deviation of the 

time of completion under each GameWin condition.  For the winning condition, 

the GameTime was computed by (3- (rawGameTime - 1187) / 684.4), where 

1187 was the mean raw game time for completing game and 684.4 was the 

standard deviation.  For the losing condition, the GameTime was computed by 

((rawGameTime - 791.5) / 394.4) where 791.5 was the mean raw game time for 

completing the game and 394.4 was the standard deviation.  The final 

GameTime resulted in higher GameTime sc
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won the game, but took much longer to win than the mean winning time.

18 shows the distribution of GameTime with respect 

  Figure 

to GameWin to illustrate the 

Time Scores between those who won the game and those who 

ame. 

overlap of Game

lost the g
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Figure 18.  Distribution of GameTime with respect to GameWin 

It was expected that the experts would performed better than the novices 

in term of the game performances.  Table 13 summarized the mean and 

standard deviation of the performance scores between the experts and novices.  

It was found that the expert participants won significantly more games than the 

novice participan

GameWin 

ts (χ2(1, N = 80) = 4.31, p = .04).  The expert participants had 

signific ntly higher mean GameScore (M = 9171.08, SD = 2503.37) than the 

novice participants (M = 8695.38, SD = 2765.60) (t(77.2) = 1.73, p = .04 (one-

tailed)).  The expert participants were also found to have higher GameSkill score 

(t(70.9) = 2.60, p = .006 (one-tailed)).  However, the GameTime score was not 

significantly different (t(78.0) = 1.16, p = .12 (one-tailed)) between the experts 

and novices although the experts had a higher mean GameTime (M = 1.39, SD = 

1.78) than the novices (M = .93, SD = 1.76).  The performance results showed 

that the experts in general performed better in terms of GameWin, GameScore, 

GameSkill, and GameTime although GameTime was not significantly different 

between experts and novices.  The experts were chosen based on their self-

a
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rating and their experience in playing real time strategy (RTS) games; the

however, mostly new to the RON scenario used

y were, 

 in the experiment.  But the 

 that the experts still retained an edge over the novices as a 

the RON mance between Expert and Novice 

S GameSkill GameTime 

results indicated

group. 

Table 13.  Summary of Perfor

participants 

 G eWam in Game core 

  n Mea SD Mean SD 

0 8 2503. 7 442.90 1.39 1.78 

Mea SD n 

Expert 2 9717.0 3 38.48 

Novice 1  1 8695.3 .6 9 7.72 .93 1.76 8 2765 0 31 .65 2

 

The mean percentages of esses were computed as the 

depen

.05 (see Table 14). 

rts have 

higher

the decision proc

dent variable for testing Hypothesis 3.  Figure 19 shows the mean 

percentages of the decision processes between experts and novices over the 

three sessions.  From Figure 19, it could be observed that the RPD processes 

had the highest percentages among the other decision processes.  There 

seemed to be an increase of RPD processes from Session 1 to Session 5.  The 

expert participants also appeared to have an overall higher percentage of RPD 

processes than the novice participants did.  A 2X3 mixed factor ANOVA was 

conducted to test the effects of Expertise and Sessions but both factors were not 

significant at α = 

Although the expert group had a higher mean percentage of RPD 

processes (M = 47.85, SD = 17.74) than the novice (M = 40.54, SD = 20.91), the 

differences were not large enough to support the hypothesis that expe

 proportion of RPD processes compared to the novices.  Session 5 (M = 

49.22, SD = 22.73) were also larger than Session 3 (M = 40.62, SD = 20.72) and 

Session 1 (M = 42.75, SD = 14.38) in terms of the proportion of the RPD 

processes but again the differences were nonsignificant too. 
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Mean Percentages of Decision Processes between Sessions and 
Expertise Levels

1

S1 S3 S5

Sess

60 Expert RPD

Novice RPD

Expert Concurrent

Novice Concurrent

Expert TrialError

Novice TrialError

Expert DefaultAction

Novice
DefaultAction
Expert PreSquential

Novice
PreSequential
Expert
PreConcurrent
Novice

rent

50

40

e
ta

g

30ce
n

M
ea

n 
Pe

r

20

0

PreConcur
Expert Other

0

ions

s

Novice Others

age of ecision processes between experts and 

he 3 Sessions (S1, S3, S5 denote Sessions 1, 3, and 5 

respectively) 

or  Conc rocesses perc of the Concurrent 

yzed with a 2X3 mixed ANOVA to test for Expertise and 

effect   T ho N b e Concurrent process.  

e ons n ssion effect was found 

to be signif

participants were exposed to more sessions. 

 

Figure 19.  Mean percent  the d

novices across t

F the urrent p , the entages 

processes were anal

Session s. a  sble 15 w  As the O aVA t le for th

It was found that the rtise  Expe ffect n ignifica t but Se

icant (see Table 15).  Post hoc Tukey-Kramer HSD tests showed that 

Session 1 (M = 21.30, SD = 9.47) had significantly higher percentages of 

Concurrent processes compared to Session 5 (M = 13.97, SD = 10.3), d = 7.33.  

This shows that proportion of Concurrent processes decreased as the 
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Table 14.  Analysis of Variance for percentage of RPD processes 

Source df F P 

Between Subjects 

Expertise 1 .83 .38 

S(Expertise) 14 (775.0)  

Within Subjects 

Session 2 1.60 .22 

Session X Expertise 2 .49 .62 

Session X S(Expertise) 28 (200.1)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < 
.05, **p < .01 

 

Table 15.  Analysis of Variance for percentage of Concurrent processes 

Source df F p 

Between Subjects 

Expertise 1 .0027 .96 

S(Expertise) 14 (274.4)  

Within Subjects 

Session 2 4.63 .018* 

Session X Expertise 2 

Session X S(Expertise) 28 

1.06 .36 

(50.4)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < 
.05, **p < .01 

 

For the other decision processes, analyses of variance were conducted 

accordingly, but Expertise and Session factors were not found to have significant 

effects on TrialError, DefaultAction, PreSequential, PreConcurrent and Other 

processes at α = .05 level.  The ANOVA tables for these processes are shown in 

Appendix I (Tables I1 to I5). 

In summary, there were nonsignificant Expertise effects on the decision 

processes and there were no evidence to show that the experts used different 

decision processes from the novices.  Session effects were significant for the 

Concurrent processes showing that as the experience of the participant 
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increased, due to exposure, there would be less proportion of Concurrent 

processes.  This supported the notion that less experienced decision makers 

tend to

t, less Concurrent processes would be 

s 

esses. 

4 

as ex  that cog ive ab ght h cts on the types of 

proces sed by th  decision makers.  Hypothesis 4 stated that 

rticipants would use more Concurrent processes, as 

ive abilities to handle the Concurrent processes, compared 

ognitive abilities participants. verse  cognitive abilities 

roport simple sion p  such as RPD and 

with the cognitive scores 

t  u  to n e  (OSPAN, ANT Alerting, 

ANT O and ANT RT) were predictive of the different 

decisio

as abilities as was the stand taken earlier (in Section 3.1.2, p. 79) in this 

dissertation.  The pre-experiment scores in this case provided the measures of 

the cognitive abilities of the participants before the experiment and were 

therefore “uncontaminated” measures of the cognitive abilities.  The regression 

analyses here would potentially provide predictions to the decision processes 

 use more Concurrent processes.  In terms of Hypothesis 3, there was no 

evidence to show that experts would use higher proportion of RPD processes 

than novices would.  However, with increasing experience in terms of more 

exposure to the decision environmen

used.  There were no significant Session effects on the other decision processe

apart from the Concurrent proc

3.4.6. Hypothesis 

It w pected nit ilities mi ave effe

decision ses u e

higher cognitive abilities pa

they had more cognit

to lower c   Con ly, lower

would lead to higher p ion of  deci rocesses

TrialError processes.  Backward elimination regressions 

as predic ors ere w s de  test  cog which it blive varia s

rienting, ANT Conflict, 

n processes.  The backward elimination regressions were used to prevent 

under specifying of the regression model, and prevent important variables from 

being excluded from the model as might occur when using the forward or 

stepwise method; while non-significant variables were eliminated, where the 

probability for rejection was set at .05 for a parsimonious model (Myers, 1990, p. 

188).  In this case, only the pre-experiment scores were used for the regressions.  

This assumed that the cognitive scores were measuring the cognitive constructs 
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given the cognitive test scores of a decision maker, if there were significant 

relationships between the decision processes and the cognitive scores.  In this 

case, the pre-experiment OSPAN and ANT scores were assumed to predict the 

decision processes according to Hypothesis 4.  The post-experiment cognitive 

scores were used only as an exploration of whether the experiment task might 

change the cognitive abilities of the participants and were not considered for 

predicting the decision processes and the RON performance (in next section, 

Section 3.4.7.).  Only the significant cognitive scores were reported as the 

backward elimination procedure eliminated non-significant variables with only 

those sig

r Conflict scores, the 

s would use more RPD processes, since the ANT 

on times where higher score (higher reaction time) implied lower 

resources.  This supported the notion that lower cognitive ability leads 

t deci cesses.  In this case, the ANT Conflict 

ell uld disambiguate conflicting information.  

e less able to resolve conflicts would try to use more RPD 

es e  u tte his result supported 

hesis

nificant variables remained. 

The ANT Conflict resolution score was found to be a significant predictor 

of RPD processes (β = .57, p < .001) using the backward elimination procedure 

(note that pre-experiment cognitive scores were used for the all regression 

analyses and the “pre-experiment” term is omitted for ease of reading).  The 

model’s adjusted R2 was .45 (F(1,46) = 39.53, p < .001) which was a rather large 

effect (see Table 16 for the regression model).  Based on the regression 

coefficient of the ANT Conflict parameter, with highe

percentage of RPD processes was higher, which suggested that lower conflict 

resolving efficiency participant

measures reacti

attention 

to more non-concurren sion pro

scores measured how w one co

Participants who wer

process a ths RP esD process ti alized less ntion.  T

Hypot  4. 
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Table 16.  Backward Elimination Regression analysis of the percentages of RPD 

process with ANT Conflict score 
Summary of Fit 
RSquare 0.462
RSquare Adj 0.450
Root Mean Square Error 14.48
Mean of Response 44.20
Observations (or Sum Wgts) 48
Analysis of Varia

DF
nce 
 Sum of Squar ean Square F RatioSource es M

Model 1 8288.1 8288.11 39.53**1
Error 46 9644 209.67 Prob > F

17932 <.0001

 Std Error t Ratio Prob>|t|

.86
C. Total 47 .97
Parameter Estimates 

timateTerm   Es
Intercept  -15.27 9.69 -1.58 0.12 
ANT1_Confl 9 <ic  t 0 0.0.57 1  6.29 .0001**

Note  < .05,

or current process, the ANT overall reaction times (RT) and ANT 

re th u ocess (see Table 17).  

ere ely r o C ren sses (β = .10, p < .01), 

which ts with higher RT scores (lower overall attention 

efficien

 higher Orienting 

efficiency, more Concurrent processes would be expected to be used.  Mixed 

results were obtained here, where Hypothesis 4 was not supported as lower 

overall attention efficiency predicted more Concurrent processes, but Hypothesis 

4 was supported where higher Orienting efficiency predicted more Concurrent 

processes.  The adjusted R2 for the model was of moderate effects at .15 

meaning about 15% of the variances were explained by the 2 predictors in the 

regression model (F(2,45) = 5.15, p < .001).  

.  * p  ** p < .01 

F Con

Orienting were ig s nificant p dictors of e Conc rrent pr

The RT scores w  ivposit e tlated o rncu t proce

suggested that participan

cies) would use higher proportion of Concurrent processes (R2 = .19, p < 

.01).  However, the Orienting score was negatively related to Concurrent 

processes (β = -.24, p = .031), which suggested that with
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Table 17.  Backward Elimination Regression Analyses of percentages of 

Concurrent processes with OSPAN and ANT scores 
Summary of Fit 
RSquare 0.186
RSquare Adj 0.150
Root Mean Square Error 1

1
0.26

Mean of Response 8.26
Observations (or Sum Wgts) 48
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 2 10 5 585.61 42.80 .15**
Error 45 4 10

5 0

a Er R ob>|t|

744.14 5.43 Prob > F
C. Total 47 829.74 .0097
Parameter Estimates 
Term   Estim te Std ror t atio Pr
Intercept  39 783 .083 -23. 13.1 5 -1.78 0
ANT1_Orienting  4 8965 2.23 .031* 
ANT1_ 0.031733 3.19 0.003** 

-0.2 0.10  - 0
RT  0.10 
Note.  * p < .05, ** p < .01 

The Orienting efficiency was found to a significant predictor of TrialError 

processes as shown in Table 18 at .05 level.  In this case, higher Orienting 

efficiency (lower ANT Orienting score) participants were more likely to use less 

TrialError (β = .14, p = .031).  This supported Hypothesis 4 where higher 

Orienting attention participants were less likely to use a simple process such as 

the trial and error process.  However, the model’s adjusted R2 was .097 or 9.7% 

of the variance was explained by the inclusion of the Orienting efficiency (F(1,46) 

= 4.96, p < .03). 
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Table ssion Analyses of percentages of 

TrialEr

18.  Backward Elimination Regre

ror processes with OSPAN and ANT scores 
Summary of Fit 
RSquare 0.097
RSquare Adj 0.078
Root Mean Square Error 8.98
Mean of Response 12.44
Observations (or Sum Wgts) 48
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 1 399.85 399.85 4.96* 
Error 46 
C. Total 47 

3710.84 80.67 Prob > F 
4110.69  0.031 

Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  6.34 3.03 2.09 0.042* 
ANT1_Orienting  0.14 0.061 2.23 0.031* 

Note.  * p < .05, ** p < .01 

For DefaultAction processes, it was found that the ANT Conflict score was 

a significant predictor of the percentage of DefaultAction process (β = -.14, p = 

.04) (see Table 19).  This suggested that participants with higher conflict scores 

(lower conflict resolving attention) w

using more non-concurrent process 

(DefaultAction).  

2

ould use less DefaultAction processes.  

Conversely, higher conflict efficiency (lower ANT Conflict score) participants 

would be expected to use more DefaultAction processes.  This result did not 

support Hypothesis 4, as in this case, participants with higher attention resource 

(Conflict resolving efficiency) were 

 None of the cognitive test scores was significant predictors of the 

PreSequential process, where the cognitive abilities of the participants were not 

predictive of whether more or less PreSequential processes were used.  

The ANT Conflict score was found to be a significant predictor of the 

PreConcurrent processes (β = -.25, p < .001) (see Table 20).  In this case, lower 

Conflict score participants would use more PreConcurrent processes (R  = .408, 

p < .01).  This suggested that those participants with higher conflict resolving 

efficiency would use more processes that are concurrent comparisons during 

preplanning.  This supported Hypothesis 4 where more conflict resolving 
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efficiency participants were expected to use more Concurrent processes during 

preplanning before the game. 

Table ercentages of 

DefaultAction processes with OSPAN and ANT scores 

19.  Backward Elimination Regression Analyses of p

Summary of Fit 
RSquare 0.089
RSquare Adj 0.070
Root Mean Square Error 10.23
Mean of Response 10.12
Observations (or Sum Wgts) 48
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 471.78 471.78 4.51*
Error 46 4810.43 104.58 Prob > F
C. Total 47 5282.21 0.04
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  24.31 6.84 3.55 0.0009**
ANT1_Conflict  -0.14 0.065 -2.12 0.039*

Note.  * p < .05, ** p < .01 

Table 20.  Backward Elimination Regression Analyses of percentages of 

PreConcurrent processes with OSPAN and ANT scores 
Summary of Fit 
RSquare 0.345
RSquare Adj 0.330
Root Mean Square Error 8.16
Mean of Response 5.49
Observations (or Sum Wgts) 48
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 1 1611.34 1611.34 24.19 
Error 46 3063.91 66.61 Prob > F 
C. Total 47 4675.25  <.0001 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  31.71 5.46 5.81 <.0001 
ANT1_Conflict  -0.25 0.052 -4.92 <.0001 

Note.  * p < .05, ** p < .01 

In this section, a series of regression correlation analyses were conducted 

using the backward elimination procedure to determine the relationships between 

decision processes and the cognitive abilities of the participants.  The results 

were mixed.  Conflict resolving efficiencies were found to predict RPD, 
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DefaultAction, and PreConcurrent processes, where higher conflict resolving 

attention participants would be expected to use more PreConcurrent and 

DefaultAction processes, but less RPD processes.  In this case, Hypothesis 4 

was supported, where higher conflict attention ability decision makers would use 

more concurrent processes for preplanning and less RPD processes during 

dynamic decision making.  But it was puzzling for the DefaultAction processes 

since 

sts (OSPAN and ANT) were used assuming that 

this was a simpler process to use and one would expect more conflict 

resolving efficiency would use less of this type of processes.  Other undiscovered 

mitigating factors might cause such a result. 

 Hypothesis 4 was also supported where higher Orienting attention led to 

more Concurrent processes and less TrialError processes during decision 

making.  However, the overall reaction times scores for ANT tests were found to 

predict more Concurrent processes for lower overall attention ability participants.   

In conclusion, there were no conclusive evidence found in this study to 

fully support Hypothesis 4 although there were some evidence to suggest that 

decision makers with higher attention resources might use more concurrent 

process (in preplanning for Conflict resolving efficiency, and concurrent 

processes for Orienting efficiency) and use less RPD processes (for decision 

makers with higher Conflict resolving resources).   

3.4.7. Hypothesis 5 

Hypothesis 5 stated that higher cognitive abilities participants were 

expected to perform better than lower cognitive abilities participants.  This 

hypothesis assumed that higher cognitive abilities participants would have an 

advantage over lower cognitive abilities participants in processing information 

and therefore could make better decisions in the adversarial environment.  

Backward elimination regression analyses were used to test if the cognitive tests 

scores were predictive of the game performance as in Section 3.4.6 with 

probability for rejection set at .05 (see above section).  As in Section 3.4.6, only 

the pre-experiment cognitive te
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this set of the cognitive test scores were measuring the cognitive abilities of the 

participants.   

In terms of GameWin, stepwise backward elimination logistic regression 

analysis was used since GameWin was binary (“0” or “1”).  The logistic 

regression results are shown in Table 21.  Only OSPAN score was a significant 

predictor of GameWin (see Table 21). 

Table 21.  Backward elimination logistic regression analysis for GameWin with 

the OSPAN and ANT scores. 
Whole Model Test 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 5.41 1 10.83** 0.0010 
Full 48.00    
Reduced 53.41    
RSquare (U) 0.10
Observations (or Sum Wgts) 80
Parameter Estimates 
Term   Estimate Std Error ChiSquare Prob>ChiSq
Intercept  4.07 1.22 11.21 0.0008** 
OSPAN1  -0.097 0.032 9.43 0.0021** 
For log odds of 0/1 
Effect Likelihood Ratio Tests 
Source Nparm DF L-R ChiSquare Prob>ChiSq   
OSPAN1 1 1 10.83 0.0010**  

Note.  * p < .05, ** p < .01 

  Figure 20 shows the logistic fit curves for OSPAN with respect to 

irection of the curves show that as OSPAN score increases, the 

probability of losing the game (GameWin = 0) decreases.  This suggested that 

higher working memory participants were more likely to win a game than lower 

working memory participants.  Hypothesis 5 was supported in this case where 

higher working memory participants were more likely to win more game. 

GameWin.  The logistic curve shows the probability of GameWin = 0 as given on 

the Y-axis.  The d
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Figure 20.  Logistic regressions of GameWin with OSPAN score 

For GameScore, it was found that pre-experiment ANT Conflict score was 

a significant predictor (β = 43.21, p <.01) using backward elimination regression 

with probability for rejection set at 0.05 for parsimonious model.  However, in this 

case, the result in Table 22 suggests that higher conflict resolving efficiency was 

related to lower GameScore, which was counter to Hypothesis 5.  The conflict 

resolving efficiency result did not support Hypothesis 5, as in this case, higher 

conflict resolving efficiency predicted worse GameScore. 

Table 22.  Backward Elimination Regression Correlation Analyses of GameScore 

with OSPAN and ANT scores 
Summary of Fit 
RSquare 0.139
RSquare Adj 0.128
Root Mean Square Error 2494.79
Mean of Response 9206.23
Observations (or Sum Wgts) 80
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 1 78107416 78107416 12.55** 
Error 78 485470680 6223983.1 Prob > F 
C. Total 79 563578096 
Parameter Estimates 

 0.0007 

Term   Estimate Std Error t Ratio Prob>|t|
Intercept  4734.34 1292.80 3.66 0.0005**
ANT1_Conflict  43.21 12.20 3.54 0.0007**

Note.  * p < .05, ** p < .01 
Backward elimination procedure for GameSkill showed that Conflict score 

was a significant predictor of GameSkill (β = 3.73, p < .001) (see Table 23).  In 
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this case, with higher Conflict score (lower Conflict resolving ability), the 

participants were likely to have higher GameSkill.  This was opposite of what 

Hypothesis 5 stated.  The conflict resolving abilities in this case predicted a 

worse GameSkill score for those with higher conflict resolving abilities. 

Table 23.  Backward Elimination Regression Correlation Analyses of GameSkill 

with OSPAN and ANT scores 
Summary of Fit 
RSquare 0.152
RSquare Adj 0.142
Root Mean Square Error 203.53
Mean of Response 381.28
Observations (or Sum Wgts) 80
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 1 581003.2 581003 14.03 
Error 78 3231056.7 41424 Prob > F 
C. Total 79 3812059.9  0.0003 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  -4.41 105.47 -0.04 0.97 
ANT1_Conflict  3.73 0.995 3.75 0.0003 

Note.  * p < .05, ** p < .01 

The OSPAN score was predictive of GameTime based on the backward 

elimination regression correlation analysis as shown in Table 24.  Higher OPSAN 

scores predicted better GameTime in line with Hypothesis 5.   
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Table 24.  Backward Elimination Regression Correlation Analysis of GameTime 

 and ANT scores 

RSquare 0.058

with OSPAN
Summary of Fit 

RS

Obs

quare Adj 0.045
Root Mean Square Error 1.73
Mean of Response 1.16

ervations (or Sum Wgts) 80
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Mo 14.33 4.76del 1 14.33
Error 3.01 Prob > F

Parameter Estimates 
Ter

78 234.57
C. Total 79 248.90 0.032

m   Estimate Std Error t Ratio Prob>|t|
Intercept  -0.71 0.88 -0.81 0.42
OSPAN1  0.051 0.02 2.18 0.03

 Note.  * p < .05, ** p < .01 

 and GameTim here 

nd higher time 

ind res o

Hyp mory (higher cognitive ability) would lead 

f GameScore and 

Ga ants scored worse in 

xpected and was 

cou is case did not support 

upported:  It app o 

nd to win more 

gam t resolving effic y, the 

 Hypothesis 

5.  

The results in this section suggested that: 

(a) Working memory was predictive of GameWin e w

higher working memory predicted higher number of game wins, a

ex of completing the game.  The results of OSPAN sco

othesis 5 where higher working me

supp rted 

to more game wins and lasting longer in the game. 

(b)  Conflict resolving efficiency was predictive o

meSkill where higher conflict resolving efficiency particip

the GameScore, and GameSkill respectively.  This was une

nter to Hypothesis 5.  The attention scores in th

Hypothesis 5. 

Hypothesis 5 in this case was only partially s lied t the 

working memory where higher working memory participants te

es and last longer, but for those with higher conflic ienc

GameScore and GameSkill tended to decrease which did not support
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3.4.8. Hypothesis 3 revisited 

Based on the results in Section 3.4.6, several cognitive tests scores were 

predictive of the decision pr

be used in this case. 

 effects were nonsignificant (F(1,12) = .004, p = 

.95).   

ocesses.  This section would test the premise of 

Hypothesis 3 by considering the cognitive test scores as covariates.  By 

controlling for the cognitive abilities of the participants, perhaps the Expertise 

factor might be significant, where experts were expected to use more RPD 

processes compared to novices and novices were expected to use more 

Concurrent processes compared to the experts.  Analyses of covariance would 

It was found earlier that ANT Conflict score was predictive of RPD 

processes (see Section 3.4.6).  ANCOVAs were conducted to adjust the 

Expertise factor after controlling the effects of the Conflict scores as covariates.  

The Expertise effect was still not significant (F(1,13) = .03, p = .87).  In this case, 

as the OSPAN and ANT scores were constant for all three sessions, the 

ANCOVA would not affect the Session factor. 

The pre-experiment ANT Orienting and overall RT score were significant 

predictors of Concurrent processes (see Section 3.4.6.).  ANCOVA was 

conducted for Concurrent processes using the ANT RT and Orienting scores as 

covariates, however the Expertise

ANCOVA for DefaultAction processes was conducted using pre-

experiment ANT Conflict score as covariate but there were no significant effects 

for Expertise (F(1, 13) = .46, p = .51).  For TrialError processes, ANT Orienting 

score was used as the covariate, the ANCOVA showed that Expertise was still 

nonsignificant (F(1,13) = .62, p = .45).  For PreConcurrent processes, the pre-

experiment ANT Conflict score was used as covariate but ANCOVA did not show 

Expertise as a significant factor (F(1,13) = .28, p = .61). 

In conclusion, although a series of ANCOVAs were conducted to adjust 

the expertise factor for covariates of the decision processes, there were no 

significant expertise effects found for the decision processes.  Hypothesis 3 was 

still not supported, as there was no evidence to show that the expertise of the 
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decision makers affects their decision processes despite adjusting for their 

cognitive abilities.  

3.4.9. Post-Experiment Questionnaire Results 

A post-experiment questionnaire was used to obtain subjective feedback 

from the participants on their experience with the RON experiment (see Appendix 

F).  It was found that time pressure, complexity, uncertainty and ambiguity 

affected the way the participants made decisions (13 stated “Yes” and 3 stated 

“No” to questions 1a, 2a, and 3a regarding time pressure, complexity, and 

uncertainty respectively, χ2(1, N = 16) = 6.25, p = .01).   

ied on common sense to deploy quickly while another played more 

In terms of how time pressure affected the way they made decisions, 7 out 

of 13 responded that they did not have time to think through more details and 

options.  Three out of 13 responded that they could not react fast enough to the 

opponent and played more conservatively for fear of unable to return to base if 

attacked.  One (out of 13) participant responded that more tactics that are 

aggressive were used to reduce game time.  One participant could not make 

correct decisions due to insufficient knowledge and one participant responded 

that fast adaptation was required to react to changing events (N = 13).  Time 

pressure might be one of the reasons why detailed comparisons (Concurrent) 

were not used during the game as a substantial number of respondents stated 

that they did not have time to think more thoroughly and compare more options 

(χ2(4, N = 13) = 10.46, p = .03) 

The complexity of the game also affected majority of the participants (13 

out of 16, χ2(1, N = 16) = 6.25, p = .01) in the way they made decisions.  Six out 

of 14 responded that they were overwhelmed initially by the game and were 

confused initially, but got better when they became more familiar.  Four 

participants stated that they had to think more and used more shortcuts, as the 

decisions were more complex, but they were unable to consider all factors.  The 

complexity of the game allowed the participants flexibility to develop more 

strategies (2 out of 14 responses).  One participant responded that the 

participant rel
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strateg

, N = 12) = 8.00, p = .46).  More complex 

plannin

ically with less risk taking as there was no reproduction of troops.  

Complexity of the game appeared to overwhelm the participants initially, but it 

appeared to engage the participants into thinking more although the participants 

were not able to consider all factors.  Compensatory behaviors were used to 

counter the complexity by using common sense to make sense of the situation 

and avoid risks.  

Thirteen out of 16 responded that they were affected in their way of 

making decisions due to uncertainty and ambiguity of the game (χ2(1, N = 16) = 

6.25, p = .01) but only 12 responses were obtained on how uncertainty and 

ambiguity affected their decision making.  Seven out of 12 respondents stated 

that they had to plan for the unknown and had to guess and be prepared for all 

possible opponent’s actions (χ2(3

g was required.  They could not concentrate on their own plans and were 

surprised by the opponent.  Three out of 12 participants responded to uncertainty 

by playing more defensively and were more cautious against opponent’s 

deception.  One participant commenced on own plan and then waited and see.  

Another saw the pattern with more game exposures.  The uncertainty inherent in 

the RON environment caused the participants to prepare for surprises and to use 

more conservative strategies (defensive wait and see) to counter surprises.  

More complex planning was required and more defensive game plan was used.  

It appeared that both complexity and uncertainty caused more complex planning, 

which may be the reasons why there were preplanning processes highlighted in 

the participant’s decision processes.  The presence of an opponent was also a 

factor in causing the complexity and uncertainty where participants had to cater 

to the opponent’s possible moves.  This caused a mixture of needs: to cater to 

time pressure, not all options could be elaborated, therefore needed to use 

simpler decision processes; yet the complexity and uncertainty demanded the 

need to think more deeply and to consider possible deceptions and opponent’s 

actions.  This could be why a more complex decision model was obtained in 

Section 3.4.4 (see Figure 17). 
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When the participants were asked if they were able to consider different 

options at the same time and compare them for superiority (Question 4a, see 

Appendix H), majority indicated “yes” (13 out of 16 responses, χ2(1, N = 16) = 

6.25, p = .01).  The reasons given were: better actions could be derived by 

comparing instead of only considering one action (7 out of 16 responses), used 

comparisons so that there would be no need to think for the same actions in the 

future (2 out of 16 responses), to adapt to the opponent’s plans (1 out of 16), 

could only compare before the game (1 out of 16), and used experience to 

compare rather than thinking deeply (1 out of 16).  For those who stated that they 

were not able to consider different options (3 out of 16 responses), the reason 

given was that there was not enough time to consider the choices (2 out of 3 

responses) and the game environment made it more profitable to make quick 

judgment (1 out 3 responses).  It seemed that comparisons of choices were still 

used, confirming the findings in Section 3.4.3 (20% of Concurrent processes 

overall, see Figure 10) and the participants perceived that comparisons could 

derive better actions. But participants were constrained by the speed and 

dynamic of the environment that they did not have time to consider multiple 

options. 

The participant’s decision making behaviors were also affected by the 

consequences of losing the game (14 out of 16 answered “yes” to question 5a, 

χ2(1, N = 16) = 9.00, p < .01), in the sense that they become more defensive to 

avoid losing too many troops (10 out of 14 responses).  Others learned from 

losing and considered what to do in next game (2 out of 14 responses), set 

priority to protect the city and prevent bribery and then aimed to capture 

opponent’s city (1 out of 14 responses), and just wanted to win but not for the 

monetary rewards (1 out 14 responses).  The defensive game play could be 

some of the default actions that were used by the participants in the game, such 

as defend whenever not sure what was happening, to prevent losing too many 

units compared to attacking.  Those who stated that they were not affected by 

the consequence of losing the game, stated their reasons as they did not expect 

to win as beginner (1 out of 2 responses) and that the failures in winning was due 
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to execution timing not the strategies which were effective (1 out of 2 responses 

for “no” to question 5a). 

Question 6 in the post-experimental questionnaire asked the participants 

to rate the frequency of their activities from 1 to 4, where 1 refers to “I never did 

this”, 2 refers to “I did this occasionally”, 3 refers to “I did this most of the time”, 

and 4 refers to “I did this all of the time”, for a list of statements regarding the 

decision processes they used during the RON experiment.  To simplify the 

reporting of these results, the rating was treated as continuous scale and an 

average was taken for all the participants for each of the questions to give an 

idea of the overall responses to the questions.  Average rating of 1.5 and below 

were considered “I never did this before”, between 1.6 to 2.5 were considered “I 

did this occasionally”, 2.6 to 3.5 were considered “I did this most of the time”, and 

3.5 to 4 were considered “I did this all the time”.  The classification scheme was 

meant

ould 

use de

 to be an approximation to gauge the general trend of the responses for 

each question.  The results for Question 6 are shown in Table 25.  The 

responses in general followed the trend we had observed so far from the video 

coding where it seemed that concurrent processes (Items (a) and (b) in Table 

25), serial evaluation considering one move at a time by mental simulation (Item 

(d) in Table 25), trial and error (Item (e) in Table 25), and preplanning (Items (h) 

and (I) in Table 25) processes were used occasionally with mean ratings ranging 

1.88 to 2.50 (see Table 25).  The results also suggested that the participants 

would use standard moves based on recognition (Item (c) in Table 25) and w

fault moves whenever unsure (Item (f) in Table 25) most of the time (mean 

ratings ranging from 2.81 to 3.06, see Table 25 for more details). Most of the time 

the participants used feature matching (Item (l) in Table 25) and piecing events 

together (Item (m) in Table 25) to appreciate the situation they were in, with 

mean ratings ranging from 2.56 to 3.00.   

It was also interesting to note that overall, the participants indicated that 

they learned from the opponent most of the time (M = 3.44, SD = .73) and they 

understood the situations when making a move (M = 2.69, SD = .60) (see j and k 

in Table 25).  The adversary in this case provided a learning environment for the 
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participants, which might be important when considering training 

recommendations for adversarial decision making.  It seemed that it would be 

more beneficial to have an adversary as a training partner than just book learning 

or self-exploration when it comes to adversarial decision making training.  

in ponses on time pressure, complexity, and 

uncert

ipants fell for the same deceptions 

throug

Judg g from the earlier res

ainty, the presence of the adversary would greatly affect the decision 

making processes as well as learning processes.  For the statement on 

understanding the situation when making a move, this might be a case of social 

desirability or the participants really thought they knew what was happening 

when they made those moves.  Anecdotally, the participants did not really know 

what was happening as many of the partic

hout the five sessions.  There were however other exceptional individuals 

who were novices to the RTS games, but were able to devise intelligent plans 

before the game to attack in unexpected ways to win the game in a short time.  

However, their inexperience with the environment did not guarantee them that 

the same strategy worked all the time as they might execute the moves wrongly 

or at a wrong time causing irreparable losses at the beginning.   
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Table 25.  Post-Trial Questionnaire Results for Question 6 (N = 16). 

Question 6 Mean SD 

a. I considered several actions and examined all the attributes of 

each action to evaluate my moves. 
2.00 .52 

b. I considered several options using only the most important 

attribute to decide which action to choose. 
2.50 .63 

c. I applied standard moves based on recognizing the situations 

without thinking much about the moves. 
3.06 .57 

d. I thought of one new move at a time by simulating it mentally 

based on my experience to determine if this move would work. 
2.06 .44 

e. I just tried out new moves on trial and error basis without thinking 

much about the moves. 
2.06 .68 

f. I used a few standard moves whenever I am not sure what was 

happening or when I did not recognize the situation. 
2.81 .75 

g. I planned what moves to make before coming to the game by 

considering several options and examined all the attributes of 

each action to evaluate my moves. 

2.31 1.07

h. I planned what moves to make before coming to the game by 

considering several options and examined only the most 

important attributes to evaluate which action to choose. 

2.31 .95 

i. I planned only one move before the coming to the game by 

simulating mentally how this one move would work. 
1.88 .81 

j. I learned from the opponent. 3.44 .73 

k. I understood the situations when making a move. 2.69 .60 

l. I developed an understanding of the situation by recognizing 

certain standard features and cues from the game. 
3.00 .63 

m. I developed an understanding of the situation by piecing together 

the events and formed a story to explain what was happening. 
2.56 .73 
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3.5. Discussion for Study 1 

The objec rocesses of the 

participants and to validate if the RPD model was representative of the decision 

ion makers.  At the same time, the cognitive abilities 

of the

ing decision processes were also another finding that was 

not as

ntiation stage of the Diff Con model proposed that there 

were 4

tive of Study 1 was to investigate the decision p

processes used by the decis

 participants were investigated with respect to the decision making 

processes to explore if there were relationships between the cognitive abilities of 

decision makers and the decision processes they used. 

In general, Hypothesis 1 was supported by the results (see Section 3.4.3.) 

where more RPD processes were used compared to concurrent processes or the 

other decision processes used by the participants.   The decision processes used 

by the participants, however, did not fall nicely into just two main categories of 

RPD and Concurrent processes.  There were also quite a substantial proportion 

of Concurrent processes (20%) and lesser proportion of RPD processes (48%) 

compared to Klein’s earlier study (Klein, 1989).  There were also other processes 

that were not expected to be as prominent such as TrialError and DefaultAction 

processes.  Preplann

 well highlighted in most decision making models but was found in this 

study.   

 The variety of the decision processes used by the participants led to the 

rejection of Hypothesis 2, which hypothesized that the participants would use a 

decision model that matched the RPD model.  Although the RPD processes were 

used by most participants to make decisions, the Diff Con model (Svenson, 

1999) was more applicable initially when the participants first played in the RON 

environment.  The differe

 decision levels in which routine actions were chosen without thinking 

(similar to RPD processes) (Level 1), referring to attractiveness of attributes 

(Level 2), tradeoffs and comparisons between attributes (Level 3), and new 

actions were required (Level 4) (Svenson, 1999).  This matched the decision 

processes used by the participants where sometimes comparisons were made, 

sometimes new actions were generated such as by mental simulation or by 
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simple trial and error, and frequently routine standard actions were used.  Both 

RPD and Diff Con were selected when given as a forced choice selection of the 

decision models.  However, to fully describe the decision processes as a 

decision model for the participants, the preplanning aspect of decision making 

had to be captured.  At the same time, there was the tendency of relying on 

some default standard actions whenever there was no understanding of the 

situation, which was not featured in either RPD model (Klein, 1998) and Diff Con 

theory (Svenson,1999).  A more comprehensive decision model was proposed in 

Section 3.4.4 (see Figure 16) to capture the essence of the decision processes 

used by the participants. 

ction process was a rule-based type of behavior that was 

useful

and uncertainty in the RON environment.  The default actions sometimes 

ith helicopters, sending in spies, pulling back forces, creating 

decoys, or ambushing troops whenever the participants had nothing to do 

(meaning opponent was not attacking) or did not really understood what the 

oppon ctions similar to recognized 

standa

recognitio

“Sources 

how a fire fighter made an intuitive decision to evacuate a house only to barely 

escape

Klein’s int

unconscio

actually re pler explanation 

could be t enever the fire fighter 

did not recognize the fire situation?  In this case, the fire fighter did not observe 

the cues as expected for the situati

The DefaultA

 to fill in the “gaps” of uncertainties.  As the post-trial questionnaire 

responses showed: the participants had to be prepared for the unknown and 

tended to be more defensive and conservative to compensate for the complexity 

involved patrolling w

ent was doing.  These actions were safe a

rd actions except that these actions were used when there was no 

n of the situation.  In one interview with fire fighter in Klein’s book, titled 

of Power: How people make decisions” (Klein, 1998), Klein described 

 the collapse of the floor due to unseen fire in the basement.  Based on 

erview with the firefighter, it was found that the firefighter could have 

usly observed subtle cues in the environment and evacuated without 

alizing the danger consciously.  Perhaps another sim

hat a default action of evacuation was used wh

on and applied the default safe action of 

evacuation.  
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The consolidated decision model in Figure 17 was a comprehensive 

model which included all the decision processes observed to be used in the RON 

decision environment, however, there were no clear evidence to show when one 

specific decision process would be used instead of another.  One could propose 

that different decision situation might warrant different decision processes as in 

the Diff Con theory (Svenson, 1999).  The post-trial questionnaire results 

provided some evidence that the conditions of complexity, time pressure, and 

adversarial actions could influence the use of each of these component 

processes (e.g. RPD, Concurrent, PreSequential, PreConcurrent, DefaultAction, 

and TrialError processes).  Further experimentation controlling for these factors 

could 

s did if the expertise effects for RPD model holds true.  The session effects 

for the

m concurrent processes to more preplanning or 

more 

perhaps lead to a better structural model of decision making based on the 

consolidated model in Figure 17. 

Hypothesis 3 was not entirely supported by the data where experienced 

participants, in this case, the expert RTS game players, were not shown to have 

substantially different decision processes.  One could argue that the experts in 

this case might not be real experts in the RON environment yet, which was to a 

certain extent valid, since the game rules were altered for the experimental 

purposes.  However, the performance differences between the novice and 

experts showed that there were superior performances on the part of the experts.  

The expert would be expected to use substantially more RPD processes than the 

novice

 concurrent process, however, did point to the trend that with more 

experience, less concurrent processes would be used.  This does not 

automatically suggest that therefore more RPD processes would be used if the 

participants were given 20 game exposures instead of the current 5.  There were 

other types of decision processes been used by the participants and the 

proportion of RPD processes would perhaps remain at the same level, with the 

decision processes shifting fro

default actions.  There was a trend of more RPD processes with more 

session though (see Figure 19 for the between sessions trend) although it was 

not statistically significant based on the current data.  The cognitive abilities of 
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the experts and novices were found to be the same, which might be one possible 

reason why there were not as much differences in performances.  But the 

expertise effects were not observed even when the ANCOVAs were used to 

account for the cognitive abilities.    

The cognitive abilities of the participants were shown to have mixed 

results on the decision processes.  The different dimensions of the cognitive 

abilities measured by OSPAN and ANT resulted in a more complex picture than 

was hoped for.  The conflict resolving efficiency played a large role in the RON 

environment as the RON decision tasks demanded substantial amount of 

resources to disambiguate information.  The adversarial nature of deception and 

trickery required one to determine if one group of units were real or decoys.  

Higher conflict resolving efficiency predicted more concurrent preplanning 

decision processes and less RPD processes, which supported the view that 

those with higher cognitive ability, in this case, attention ability, would use more 

concurrent processes and less RPD processes.  Similarly, the Orienting 

efficien

 that Concurrent processes were inherently 

cy was related to Concurrent and TrialError processes where higher 

orienting attention resources lead to more Concurrent processes and less 

TrialError processes.  This made sense too as those who were able to change 

focus quickly to any changes in the map, would be able to pay more attention to 

comparisons of choices and used less trial and error.  However, counterintuitive 

findings were found for overall reaction time (RT) measures (which measured 

overall attention resources), where more overall attention resources were related 

to less concurrent processes.  In addition, higher conflict resolving efficiency was 

related to more DefaultAction processes.  These two findings were counter to 

Hypothesis 4: lower attention span participants were expected to use less 

Concurrent processes and probably more DefaultAction processes too.  It should 

be noted too that OSPAN was not found to be a significant factor on the types of 

decision processes, which was counter to Hypothesis 4.  In fact, one should 

expect that higher working memory would lead to more working memory “space” 

to store different attributes of the choices for computing the profitability of the 

different choices.  It might be
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unattractive to the decision makers such that even with more working memory, 

one would refrain from using Concurrent pro ost-trial 

que tionn pp s t that the participants seemed to 

a ate s of er th g an omparisons of choices for 

der ing a on.  itions existed in the RON 

environment such as complexity of ion making environment, the 

uncertainty of variables, and time pressure, which participants found that it might 

not be o ore thinking and comparisons as they had to cater to the 

dynam

ypothesis 5 was supported based on the working 

memory finding.  The attention measures, however, presented an opposite view 

 and GameSkill were lower for those with higher Conflict 

resolving attention resources.  The findings of the attention scores were not 

expected and more investigation might be needed to understand fully how higher 

attentio

sts 

were a

cesses.  However, the p

s aire results a eared to ugges

ppreci

iv

 the benefit deep inkin d c

 superior acti However, other limiting cond

the decis

 p ssible to use m

ic situations.  In conclusion, the data obtained suggested that there might 

be potential cognitive abilities relationship with the decision processes, but the 

directions of the relationships were not so clear at the current moment.  More 

studies would be required to elucidate the cognitive links with the decision 

processes. 

Conflicting results were also obtained when testing Hypothesis 5.  

Working memory (OSPAN) was shown to relate to GameWin and GameTime.  

Those with higher working memory would tend to win more games in the RON 

scenario and last longer.  H

where GameScore

n resources actually lead to a decrease in GameScore or GameSkill. 

Another set of interesting findings was the effects of the RON task on 

cognitive test scores where the scores were improved for OSPAN, ANT Conflict 

efficiency, and ANT overall attention efficiency when measured after the 

experiment.  ANT alerting efficiency was found to decrease when the post-

experiment ANT Alert score was compared with the pre-experiment ANT Alert 

score.  This might be due to possible fatigue as in some cases the ANT te

dministered immediately after completing the RON sessions.  A more well-

designed controlled experiment should be used to verify if the RON task had a 

training effect on cognitive abilities (e.g. recruiting only extremely low and high 
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cognitive abilities participants).  This exploration using the ANT and OSPAN tests 

provided some evidence to suggest that perhaps cognitive constructs such as 

working memory and attention are really skills instead of abilities. 

3.6. Conclusion for Study 1 

sing the 

ise of Nations game scenario and provided a test bed for investigating the 

 proces ecision methods of data collection 

ata analyses o establish e decision processes used in 

n making in the dynamic, complex, adversarial environment were obtained 

for ing the five hy es in this stud

 p alidated in Hypothesis 1, which 

e made u e RPD processes.  However, the 

decision model of dynamic decision mak  found to be more complicated.  

The articipant

x n d o w se ll o

  re ess e 

in ted ee king eq  ine re w ce

 p he ent. ev  re fam w

comple o conduct more 

comparison and thinking.  DefaultAction processes of using standard actions 

whene

Study 1 established the adversarial decision making microworld u

R

decision ses r d used fo  m The aking.  

and d  were als ed and th

decisio

test pothes y. 

The validity of RPD model was artially v

showed that more decisions wer sing th

i sng wa

p s had to consider the opponent’s actions in the dynamic and 

comple enviro m nent, a other pr cesses ere u d e as w to supp rt their 

ne .eds Concur nt proc es wer observed to be substantial, as participants 

dica  that d per thin  was r uired to determ  if the ere de ptions 

on the art of t  oppon   How er, time pressu and un iliarity ith the 

xity of the game offered the participants scarce chance t

ver one was unsure and trial and error decisions were used as well, to 

keep pace with the game and as there was a lack of knowledge to know which 

other actions matched the situation.  A new decision model was developed to 

capture the decision behaviors of the participants in the RON microworld.  This 

model however requires more refinement and testing to establish the conditions 

that govern how one process was chosen over the other. 

The exploration of cognitive abilities on decision making processes 

produced some interesting mixed findings.  More replications and further 

exploration would be needed.  Since this study did not employ experimental 

method in recruiting participants of different cognitive abilities, the effects of the 
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cognitive abilities might be masked by the rather similar cognitive abilities of the 

participants. 

The limitations with the current study were the relatively short time to learn 

the RON game, the difficulty in eliciting the actual processes used by the 

participants, and the long game durations that cost lots of time and efforts to 

code the data.  However, the data obtained were informative for studying the 

decision process and more data might be gleaned from the interview data.  There 

was also a lack of analysis on the adversarial aspects of the decision making 

processes although the adversarial nature was inherent in the RON tasks.  The 

post-trial questionnaire provided some interesting insights such as the 

participants learned from the opponent most of the time, suggested that 

adversary might be used as a better way to train adversarial decision making. 
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4. Study 2:  Roles of common-sense strategies in decision-making in a 
complex adversarial laboratory environment 

4.1. Literature review 

Common-sense strategies can be viewed as templates or schemas that 

guide 

strateg

our everyday decision making (Gordon, 2004b).  War strategies from 

ancient time, such as Sun Tzu’s Art of War (Sun-tzu, 6th Century BC/ 1993), are 

still being adapted into our modern context, and used in varied settings from 

military to politics to business arenas (Li, 2000).  The dual nature of strategies is 

especially interesting in the adversarial context as the strategies can be used as 

schemas to comprehend the situation (when applied to explain the opponent’s 

behaviors) and schemas to guide decision making (when applied to as counter-

ies against the opponent).  Based on the RPD model, strategies can be 

viewed as templates or schemas for plausible goals, cues, expectancy, and 

typical actions for understanding the enemy’s actions as well as planning own 

action (Klein, 1998). 

Common-sense strategies are not well examined in decision making 

research.  Study 2 would examine the role of commonsense strategies in an 

adversarial environment, with the goal of investigating whether commonsense 

strategies were actually used as part of the decision maker’s repertoire of 

experience when they first play RON.  The usefulness of teaching common-

sense strategies would also be examined to determine if reading textual 

information on general strategies would help in dynamic decision making in a 

more specific context.   

The effects of teaching common-sense strategies in a format similar to 

reading a text list of strategies should enhance the use of the common-sense 

strategies, if they are indeed part of the repertoire of schemas used by the 

decision-makers.  However, RPD model suggests that the situation assessment 

is based on pattern matching within the domain (Klein, 1998).  General common-

sense strategies acting as cased-base strategies will not be useful unless there 
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are specific matching cues within the decision environment.  Common-sense 

strategies within a particular context will be more useful than general common-

strategies teaching based on the RPD model.  In this case, a closely related set 

of stra noted 

that this set of strategies were not specifically tied to the RON context, but more 

towards general adversarial environment.  The set of strategies were generic in 

wording and were extracted from the corpus compiled by Gordon (2004b) listed 

in Appendix J.  This set of strategies was warfare related strategies based largely 

on Sun Tzu’s treatise on art of war (Gordon, 2004b). 

4.2. Objective 

The objective of Study 2 was to explore the roles of common-sense 

strategies in decision making in a complex adversarial environment.  The effects 

of training people to familiarize with common-sense strategies were investigated.  

4.3. Methods 

4.3.1. Hypotheses of Study 2 

The hypotheses to be tested in Study 2 are: 

nse 

strategies will perform better than participants without the 

 level 

(novice). 

2. Hypothesis 2. Participants familiarized with common-sense 

strategies will exhibit more variety and frequencies of the common-

sense strategies than participants without the familiarization when the 

participants are of the same expertise level (novice). 

4.3.2. Research design and procedures 

There were two phases involved in Study 2.  Phase 1 consisted of coding 

the verbal interview data from Study 1 based on the common-sense strategies 

listed in Appendix J.  The strategy coding was based on the verbal data obtained 

tegies concerning warfare were used for training, but it should be 

1. Hypothesis 1. Participants familiarized with common-se

familiarization when the participants are of the same expertise
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in the retrospective interviews conducted in Sessions 1, 3, and 5 in Study 1.  This 

was to establish the baseline on the prevalence of common-sense strategies 

when the participants were first introduced to the RON environment until they 

gained more experience after five experimental sessions.  The strategy coding 

was initially planned to be performed by the same independent coders who 

would code the video data, but they quitted due to time commitment issues, and 

the experimenter had to code the strategies by himself.  However, the coded 

strategies were reviewed in the same way as in Study 1 to ensure that the coding 

process was as unbiased as possible.  A 25% random sampling was used as in 

Study 1 for selecting the coded data for reviewing.   

The coding of the strategies relied on the prior verbal coding in the goals, 

expectancy, and the actions elicited from the participants in Study 1 video 

coding.  The coding of the strategies were based on the instructions listed in 

Appendix G where the strategies on the strategy list was first memorized and 

en the coded decision episodes were each compared to the listed strategies to 

determine which strategy was used for ea

might involve several strategies, for exam

aining a new set of participants in common-sense 

strategies to compare with participants in Study 1.  The training material was a 

simple

5 

sessio

th

ch episode.  Some decision episode 

ple, participant might create decoys to 

distract the opponent and at the same time to explore into the opponent’s 

territory.  There was no dispute from the two reviewers on the coded strategies 

and both reviewers found all the coded strategies reasonable for those selected 

data. 

Phase 2 consisted of tr

 text list of the common-sense strategies listed in Appendix J and a short 

description was attached to the each strategy.  Eight novice participants were 

recruited randomly using the same method as in Study 1.  They were then 

administered the OSPAN and ANT tests to measure their cognitive abilities for 

further analysis as in Study 1.  

The participants played the RON game with a human opponent for 

ns identical to the setup in Study 1 (see Section 3.3.) except that they were 

familiarized with the common-sense strategies (see Appendix J) before starting 
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the experimental sessions.  The participants were familiarized with RON interface 

and capabilities of the units, buildings, and the objective of the game, as in Study 

1 (see Appendix C).  They then played the first practice trial of RON against the 

experimenter to practice what they learned. 

The participants then spent about 15 minutes reading the common-sense 

strategies (see Appendix J) and were told that they would be tested for the 

understanding and memorizing the common-sense strategies.  They were then 

given a  wh sed on their 

names u  in he test).  For 

participa wh y had a chance to 

look up orig  tested again for those 

question r all the 

questio

 data were collected in the same fashion as Study 1 using the 

antitative data obtained in Study 2 

er compared with the novices y 1 for testing Hypothesis 1.  The 

ec sses were also c n  a e e c m

n re use cou  be acc nt  as el  Th  ty s a  

q strategies used were co pa  w  th no e participants in 

u  1 of S dy   T s w  u d t tes yp he  2  

u of RTS am  were used here, the data would be 

m vice grou in ud , er participants with strategy 

m pected to hi hi m  v ety  

e  a  p for be r ypo es

 the participants in Study 2 and t

n Study 1 (using th exi ng ta  St y   T le  ill tra  

 y 2.

test ere they were required to define the strategies ba

sing  a multiple-choice test format (see Appendix J for t

nts o made a mistake in any of the questions, the

the inal list for another 10 minutes, and then

s they made a mistake until they got all the correct answers fo

ns.  They were allowed time to think through the strategies before they 

played the second practice session.  This was to allow them to transfer the 

concepts learned from the strategies into specific actions in the RON.   

They would then start the first session of RON against a human player 

similar to Study 1 after the second practice session.  The performance scores 

and the verbal

same equipment (see Section 3.3.).  The qu

w e  in Stud

d ision proce oded as i  Study 1 so th t th  typ s of om on-

se se strategies that we d ld  ou ed  w l. e pe nd

fre uencies of the m red ith e vic

St dy 1 based on Phase tu 2. hi as se o t H ot sis  for

St dy 2.  As novices  g es

co parable to the no p St y 1 wh e 

fa iliarization were ex  ex bit gher frequencies and ore ari  of

th common-sense strategies nd er m tte (H th is 2).  The game 

performance scores were compared between he 

participants i e sti da  in ud 1). ab 26 us tes

the research design for Stud  
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Table 26.  Experimental design tu 2

 N ce es n) 

of S dy  

  RO Experien  (S sio
 Training Factor Cognitive 

abilitie
(V1 2 3 2) 5 (V3) 

s 
1 )  (V  4 

ANT Expert (RTS 
gamers) OSPA  

1-8 1-8 S 8 S
N

S S S1-8 1- 1-8

ANT 

Stu
1

RTS) OSPA  
9-16 9-16 S 6 S

dy 
 

Novice (non-
N

S S S9-16 9-1 9-16

ANT Stu
2 PAN 

17-2 S -24 S 24 S17-24dy 
 

Strategies 
familiarization 

(non-RTS) (T2) 
OS

S 4 S17-24 17 17-

 

The dependent variables are (a) game performance scores recorded by 

se strategies used by the tic nt  A OV  w e ed to 

quencies and types of the strategies 

. 

rtic nt

t uestionnair wit  to et ed ck  

 pe ix ,  t  d bri d d c mp sa

.

t participants recruited for this study where they were all 

eir res ns  o th sc ni  q sti na  (s  

p emale participants in Study ou f 8 art ants) 

 parti an wa  = 3.44).  The 

r ot igni ant

ar  3 ) t  d  r a (

20.63, D tests at .05 level.  

RON identical to those used in Study 1, and (b) the types and frequency of the 

common-sen par ipa s. N As er us

compare the game performances and the fre

used during the game play

Similar to Study 1, pa ipa s were administered the OSPAN and ANT 

tes s, the post-trial q e h an additional section  g fe ba on

the strategy training (see Ap nd F) and hen e efe an o en ted 

after completing Session 5 . 

 

4.4  Results 

4.4.1. Participants 

There were eigh

novices according to th po es n e ree ng ue on ire ee

Ap endix A).  There were 2 f 2 ( t o  p icip

and the mean age of the cip ts s 21.86 year old (SD

pa ticipants in Study 2 were n

ticipants (M = 25.63, SD

s fic ly different from the age of the novice 

p  = .73  in S udy 1 an  the expert pa ticip nts M = 

SD = 2.00) in Study 1 based on Tukey-Kramer HS

The OSPAN and ANT scores of the participants are shown in Table 27.  

The designation “T2“ was assigned to Study 2 participants to denote strategy 

training group in contrast to Study 1 participants.  There were no significant 
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differences between the training groups (Expert and Novice with no training other 

than RON familiarization, and T2 with strategy training and RON familiarization) 

for all the cognitive test scores based on unequal variance t-tests.  This shows 

that the cognitive abilities of the participants were not different between Study 1 

and Study 2. 

Table 27.  Mean OSPAN and ANT scores for Pre- and Post-Experiment 

 
Training Pre-Experiment Post-Experiment

Level 
OSPAN 

[min,max] 
OSPAN 

[min,max] 

Expert 39.75 
[23, 51] 

46.25 
[28, 60] 

SD 9.85 11.77 

Novice 33.38 
[25, 43] 

38.25 
[23, 55] 

SD 6.02 9.82 

T2 38.75 
[24, 54] 

41.63 
[32, 60] 

SD 11.17 10.29 
 ANT Pre-Experiment (ms) ANT Post-Experiment (ms)

 Alert Orienting Conflict RT Alert Orienting Conflict RT 
Expert 27.25 40.75 110.50 509.38 37.86 45.13 90.50 479.88

SD 15.82 17.69 21.00 48.75 14.10 18.25 23.40 30.19 
Novice 34.13 49.50 96.50 530.75 49.38 43.88 82.50 511.63

SD 17.73 26.15 25.35 98.16 33.16 24.75 24.44 93.77 
T2 47.00 45.63 99.88 500.38 38.62 32.88 87.13 485.63

SD 14.56 19.30 22.23 41.26 13.29 12.92 18.07 43.84 
Note. T2 refers to Study 2 participants with strategy training. 

 

The cognitive test scores were compared for pre- and post-experiment 

differences using paired t-tests for the participants in Study 2.  In this case, one-

tailed tests were used, as there appeared to be differences between the pre- and 

post-experiment scores where there were increases in OSPAN and ANT Alert, 

scores, and decrease in ANT Conflict and ANT RT scores as in Study 1.  The 

results of the tests are shown in Table 28.  In contrast with Study 1 (see Table 8.  

Paired t-tests for Pre- and post-experiment cognitive tests), there were no 

significant differences between the pre- and post-experiment OSPAN scores for 

Study 2.  The differences for the ANT Alerting effect, in this case, was nearly 

significant (p = .05) but it was in the opposite direction from Study 1, where the 
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Alerting efficiency improved from pre- to post-experiment measures, while the

Alerting e

 

fficiency decreased for Study 1.  Orienting efficiency was also found to 

prove  2 as opposed to nonsignificant difference for Study 1.  

Con i o improve (p = .04) as with Study 1.  

Whe e for the overall ANT reaction time 

(RT  d seem that Study 2, if there 

wer  efficiencies im ved fr pre

pos p ienting, and onflict solv

effic ested that the stra traini nd 

RON  the attent esou of 

Table 28.  Paired t-tests Comparing Pre- and Post-Experiment OSPAN and ANT 

scores

 Mean (SD) Mean (SD) 
t(df=15) P 

im  for Study

flict ng resolving efficiency was shown t

reas there was no significant differenc

) in Study 2 compared to Study 1.  It woul for 

e experimental effects, the ANT attention pro om - to 

t-ex eriment measurement for Alerting, Or  C  re ing 

iencies.  The results tentatively sugg tegy ng a the 

 tasks seemed to have positive effects on i ron rces the 

participants, but not on the working memory aspect of the participants in Study 2.  

 for T2 participants (one-tailed tests).  Ho = No differences between pre- 

and post-experiment cognitive test scores. 

Pre Post 

OSPAN 38.75 (11.17) 41.63 (10.29) 1.06 .16  

ANT     

   Alerting 47.00 (14.56) 38.63 (13.30) -1.87 .05* 

   Orienting 45.63 (19.31) 32.88 (12.92) -3.12 .008** 

   Conflict Resolving 99.88 (22.23) 87.13 (18.07) -2.01 .04* 

   RT 500.38 (41.26) 485.63 (43.84) -1.44 .10 

Note.  *p < .05, ** p < .01 

 

Five of the 8 participants had to attempt the Strategy Test twice to get all 

the correct answers.  The number of wrong answers ranged from 1 to 5 where 2 

participants gave 1 wrong answer, 1 participant gave 2, 4, and 5 wrong answers 

each.  The results of the Strategy Test were not crucial, as the purpose of the 

Strategy Test was to ensure the participants would know all the different 
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strategies available listed on the strategy list.  It appeared that most of the 

participants find the strategies easy to learn as there were 30 strategies given to 

them in a short duration of 15 min, and only five or less wrong answers were 

given by the participants when given the test.  

4.4.2. Hypothesis 1 

Hypothesis 1 stated that participants familiarized with common-sense 

strategies will perform better than the participants without the familiarization, 

when the participants are of the same expertise level (novice).  This was 

assuming that strategy familiarization would have training effects on improving 

the participant’s performance.  In this case, it should be noted that the 

familiarization was very fundamental, consisting of just reading the strategies and 

their definitions and then taking a test to ensure they remembered the definitions. 

The numbers of game wins were compiled for the sessions as shown in 

Figure 21.  The T2 training group won a total of 13 games out of 40 game 

sessions compared to 11 games out of 40 for the novice group.  There were 

however no significant difference between Novice and T2 for the number of 

games won by the participants (χ2(1, N = 80) = .24, p = .63).  There were also no 

significant session effects when tested between sessions (χ2(4, N = 80) = 5.60, p 

= .23).  The GameScore results between the training groups and the sessions 

are shown in Figure 22.  The GameScore was tested using a 2X5 mixed factor 

ANOVA where the Training factor (Novice and T2) was between-subjects and the 

Session (S1 to 5) was within-subjects factors.  There were no significant Training 

and Session effects at .05 level (F(1, 14) = .09, p = .76 and F(4, 56) = .56, p = 

.69 respectively).  Figure 23 shows the GameSkill score between sessions and 

training levels.  A 2X5 mixed factor ANOVA was used to test for Training (Novice 

and T2) and Session (Session 1 to 5) effects.  Again, there were no significant 

Training and Session effects (F(1, 14) = .004, p = .95 and F(4, 56) = .25, p = .91 

respectively).  Figure 24 shows the GameTime (recall that GameTime here was 

adjusted for GameWin. See Section 3.4.5.).  There were no significant Training 

and Session effects for GameTime as well using a 2X5 mixed factor ANOVA 
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(F o 

interaction effects f

(1,14) = .19, p = .67 and F(4,56) = 1.50, p = .22 respectively).  There were n

or all performance variables.    
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Figure 21.  GameWin between sessions for different Training levels 
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Average GameScore between No Training and Strategy Training
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Figure 22.  GameScore between sessions for different Training levels  
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Figure 23.  GameSkill between sessions for different Training levels 
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Figure 24.  GameTime between sessions for different Training levels 

Hypothesis 1 in this case was not supported by the data.  There were no 

signific

rization when the 

particip ovice).  This was based on the 

assumption

ant differences between the participants with strategy training (T2) and the 

novice participants (no training) for the four performance indices, namely, 

GameWin, GameScore, GameSkill, and GameTime.  It seemed that in this case, 

the strategy training did not improve on the performances of the novices to the 

RON decision environment.  

4.4.3. Hypothesis 2 

Hypothesis 2, it was expected that participants familiarized with common-

sense strategies would exhibit more variety and frequencies of the common-

sense strategies than participants without the familia

ants are of the same expertise level (n

 that with strategy familiarization, the participants would use more 

common-sense strategies than those who were not primed with the strategies. 
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 There were a total of 30 strategies on the original common-sense strategy 

list (see Appendix J).  Based on the strategy coding, seven additional ones were 

added based on the strategies used by the participants.  These seven strategies 

were d

Table 

erived based on observations of the actions and the verbal responses of 

the participants as they were been interviewed during the retrospective interview.  

Table 29 shows the frequency table of the strategies used by the participants 

divided into their respective training levels and sessions.  It was found that none 

of the participants used Strategy 3 (“Irritate your enemy”).  The five most popular 

strategies used by the participants were:   

(a) Know your enemy and know yourself (Strategy 30); 

(b) Engage in battle with an equal enemy (Strategy 9); 

(c) Defend and wait for opportunity (Strategy 12); 

(d) Attack vital targets first (Strategy 5); and 

(e) Choose appropriate weapons for the task (Strategy 32). 

The number of strategies used and the number of different types of 

strategies used by each participant were compiled and these two measures 

would be used to test Hypothesis 2.  Note that in Table 29, Strategy 3 was not 

utilized by the participants.  This was due to the limitation of the game 

environment where insults could not be sent from one player to another to irritate 

the opponent. 

29.  Frequency Table of the Strategies 
    Session 1 Session 3 Session 5  
 Strategies Exp Nov T2 Exp Nov T2 Exp Nov T2 Total 

1 Use deception to control 
enemy actions. 4 3 4 8 2 6 5 7 3 42 

2 Bait your enemy. 2 0 3 3 0 6 1 2 5 22 
3 Irritate your enemy. 0 0 0 0 0 0 0 0 0 0 

4 Occupy the time of your 
enemy. 9 7 4 11 4 6 15 5 10 71 

5 Attack vital targets first. 13 10 24 8 14 13 14 24 11 131 
6 Surround you enemy. 9 4 10 10 8 9 15 5 6 76 

7 Attack when they are 
defenseless or weak. 10 8 9 13 12 11 12 14 8 97 

8 Divide and conquer. 9 5 7 6 8 8 7 10 6 66 

9 enemy. 28 16 38 28 18 29 31 20 30 238 Engage in battle with an equal 

10 Avoid an enemy that is more 5 2 3 2 5 3 6 2 3 31 
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powerful. 

11 Flee an enemy that is much 
more powerful. 13 6 16 8 6 15 16 8 4 92 

12 Defend and wait for 
opportunity. 17 17 11 30 10 14 31 15 19 164 

13 Siege the stronghold of an 
enemy. 9 2 7 6 4 9 11 6 6 60 

14 Reach the battlefield first. 7 14 14 9 12 9 6 8 8 87 
15 Move in uncontested territory. 4 2 5 1 5 3 4 5 2 31 
16 Hold unassailable positions. 8 5 5 14 4 7 17 7 10 77 

17 Enable retreat through 
swiftness. 3 2 0 1 2 0 3 2 2 15 

18 Attack elsewhere to force 
enemy movement. 0 0 0 2 1 1 1 0 2 7 

19 Prevent attacks by presenting 
something unexplainable. 3 2 2 2 1 1 5 1 0 17 

20 Spread enemy defenses over 
large areas. 1 0 2 1 0 0 1 1 3 9 

21 Rouse an enemy to learn their 
plans. 2 0 1 4 1 2 1 2 0 13 

22 Send light troops when speed 
is critical. 14 18 14 5 13 7 6 10 5 92 

23 Leave the enemy a means of 
retreat. 3 2 5 5 2 5 4 4 2 32 

24 Attack when enemy is half 
mired. 3 2 2 2 3 1 7 0 1 21 

25 Position the enemy between 
you and bad terrain. 2 0 0 2 1 0 0 0 0 5 

26 Guard supply lines. 1 0 0 0 0 0 0 0 0 1 

27 Persistently attack to defeat an 
enemy. 11 9 12 12 8 12 17 8 12 101 

28 Block the flow of information. 11 8 10 4 7 9 7 7 2 65 
29 Use enemy officials as spies. 8 5 10 11 3 11 8 9 10 75 

30 Know your enemy and know 
yourself. 41 37 24 49 25 27 54 32 24 313 

31 Protect and secure vital 
resources. 16 8 16 10 12 14 10 13 11 110 

32 Choose appropriate weapons 
for the task. 18 16 16 16 6 20 16 13 7 128 

33 Reg
gar

enerate troops by 
risoning them. 10 3 7 8 1 8 11 4 0 52 

34 Avoid getting drawn into 
enemy's bait or trap. 5 9 6 4 5 7 4 7 4 51 

35 Rush to the enemy city faster 
than the enemy.  8 1 3 11 5 12 12 2 11 65 

36 Surprise your enemy with 
unexpected move. 3 1 3 3 1 5 1 0 5 22 

37 Group all troops into one main 
group for ease of control. 2 0 1 2 0 1 2 0 0 8 

 Total 312 224 294 311 209 291 361 253 232 2487 
  Note.  Exp = Expert, Nov = Novice, T2 = Strategy Training 
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All of the pre-selected common-sense strategies, except Strategy 3, were 

used by the participants in Study 1 and 2.  It should be noted that these 

strategies borrowed from Gordon (2003a) were mostly extracted from the ancient 

Chinese treatise on Art of War by Sun Tzu, a nearly 2000-year-old text.  The 

apparent common usage of these strategies (see Table 29) where all of them 

were at least used once (except Strategy 3), showed the important roles these 

strategies played in helping to cope with the complexity and novelty of the 

decision environment.  It also validated Gordon’s (2003a) assertion that 

common-sense strategies are the currency of our daily wisdom in decision 

making and planning activities.  From Table 30, the strategies for all 3 sessions 

were summed together for each of the participant groups (Expert, Novice, and 

T2) and sorted based on descending order for the Expert group.  The top 10 

strategies were extracted as shown in Table 30.  There were 7 out of 10 

strategies where the T2 group used more than the Novice group (see “*” in Table 

30), compared with 2 out of 10 where the Novice group used more than the T2 

group.  Both Novice and T2 had equal number of Strategy 5 (see Table 30).  Out 

of the top 10 strategies, two of the strategies (denoted by “**”) had the Expert 

having lesser number than the T2 group.  If we assumed that the Expert used the 

better strategies and the top 10 strategies listed below are the better ones that 

helped the Expert, it could be implied then that the T2 group were using more of 

the better strategies than the Novice group.  It was also interesting to note that 

the most popular strategy was “Know your enemy and know yourself”, which was 

one of the key concept listed by Thagard (1992) for characterizing adversarial 

environment.  Thagard (1992) suggests that in an adversarial environment, the 

decision maker needs to construct the mental models of the opponent and uses 

the mental models to infer actions and plan own decisions.  It appeared that the 

result here confirmed the mental process of trying to know the enemy, and to use 

the enemy’s mental model for decision making in the adversarial environment in 

terms of the strategy been used.     
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Table 30.  Frequency table of Top 10 Strategies sorted by Expert combining the 

N

sessions 

 Strategies Expert ovice T2 
30 Know your enemy and know yourself. 144 94* 75 

9 Engage in battle with an equal enemy. 87 54 
12 Defend and wait for opportunity. 78 
32 Choose appropriate weapo

97* 

ns for the task. 50 35 43* 
25 36* 

. 39 
 more powerful. 37 20 35* 

35** 
28 

42 44* 

27 Persistently attack to defeat an enemy. 40 
16 Hold unassailable positions
11 Flee an enemy that is much

16 22* 

31 Protect and secure vital resources. 36** 
5 Attack vital targets first. 

33 
48 

41* 
48 

7 Attack when they are defenseless or weak. 35 34* 
Note. * denotes larger number comparing the Novice and T2 colum

mn was lesser than either o
 

n, ** de Ex
colu ne of the Novice or T2 columns. 

 the different train ro

ther large as can be 

see

notes pert 

The average number of strategies used by ing g ups 

and sessions are shown in Figure 25.  The variances were ra

n in Figure 25. 
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Figure 25.  Average number of strategies used by the different Training levels  
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Comparing the number of strategies used by the Novice and T2 

participants, a 2X3 mixed factor ANOVA was used to test for Training as well as 

Session effects.  There were no significant Training and Session effects (F(1, 14) 

= 1.09

y of strategies used by the 

 in Figure 26.  

mixed factor ANOVA, the Training and Session effects wer d

ing an ss

(1, 14) = 3.06, p = .10 and F(2, 28) = .29, p = .75 respectively).  The 

fac O

ning and Session effects.  It was found that the Training 

ffe s 

.71, p = .50).  The Expert participants (M = 18.58, SD = 

s of eg

participants (M = 13.63, SD = 5.17) but T2 (M 

=16.46, SD = 5.36) was not different from either Expert or Novice using Tukey-

Krame

, p = .31 and F(2, 28) = .06, p = .94 respectively).  Expert participants were 

then included and a 3X3 mixed factor ANOVA was conducted to determine if the 

Experts used more strategies than both Novice and T2 participants.  There were 

however, no significant Training and Session effects (F(2, 21) = 2.28, p = .13 and 

F(2, 42) = .05, p = .95 respectively).  Both tests did not find any interaction 

effects.   

The number of types of strategies used by individual participants were 

compiled and used as an indication of the variet

participants.  The mean numbers of types of strategies are shown

Using 2X3 e teste  for 

Novice and T2 participants.  There were no significant Train

effects (F

d Se ion 

Experts were included into the Training levels and a 3X3 mixed 

was used to test the Trai

tor AN VA 

effect was significant (F(2, 21) = 4.31, p = .02) but the Session e

significant (F(2, 42) = 

ct wa not 

4.61) were found to have a significantly higher number of type

used compared with Novice 

 strat ies 

r HSD tests (α = .05, Q = 2.52).  No significant interaction effects were 

found for the above ANOVAs.  This showed that the strategy training although 

did not have significant effects on the types of strategies been used compared to 

the Novice group, there were still some improvements for T2 compared to no 

training at all.  The strategy training improved the types of strategies used by 

novices in Study 2 (T2) to a level high enough to be considered the same as 

experts. 
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Figure 26.  Mean number of types of different strategies used by participants 

between Training levels and Session levels 

 

The results so far indicated that the strategy familiarization did not have 

much effect on the number and types of strategies used by a novice participant.  

Hence, Hypothesis 2 was not supported by the data.  The number of strategies 

used might not be a good index in this case since the number of strategies used 

might also be affected by the length of the game played by the participants.  The 

numbers of different types of strategies used were not substantially more for 

those with strategy training to differentiate between Novice and T2 groups, but 

the training did have some improvements as there were no T2 and Expert 

differences as well, although the experts used significantly more types of 

strategies than novices did.  

for the effects of cognitive abilities on game performances, number of strategies 

4.4.4. Cognitive tests scores and performance scores 

The participants in Study 2 and Study 1 were pooled together to account 
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used, and the number of types of strategies used.  Those significant predictors 

would be used as covariates to test the performance scores for Training effects 

using analyses of covariance (ANCOVA).  The cognitive scores were analyzed 

using the backward elimination procedure setting the probability for rejection at 

.05 to obtain a parsimonious regression model.  Only the pre-experiment 

cognitive test scores were used as in Study 1, assuming that the pre-experiment 

cogniti

 120) = 5.16, p = .28) effects (see Table 

K2 in A

predictor of GameSkill (β = 1.97, p = .02) (see Table K5 in Appendix K for the 

ve tests measured the cognitive abilities of the participants.   

GameWin was fitted with OSPAN and ANT scores using backward 

elimination logistic regression, with the probability for rejection set at .05.  

OSPAN and ANT Alerting scores were found to be significant predictors of 

GameWin where higher OSPAN scores (β = -.07, χ2 = 8.27, p = .004) predicted 

higher chance of winning a game and higher Alerting efficiency (which implied 

lower Alerting score) predicted higher chance of winning the game  (β = .03, χ2 = 

4.28, p = .04). The logistic regression results are shown in Table K1 in Appendix 

K.  Another logistic regression was used to test the effects of Training, Session 

for GameWin with the OSPAN and ANT Alerting scores included as predictors.  

The logistic fit results were not significant for both Training (Wald χ2(2, N = 120) = 

.73, p = .69) and Session (Wald χ2(4, N =

ppendix K). 

For GameScore, backward elimination regression analysis was used to 

test the effects of OSPAN and ANT scores.  It was found that ANT Alert score 

was a significant predicator (β = -33.40, p = .01) of GameScore (see Table K3 in 

Appendix K).  In this case, higher Alerting efficiency (which implied lower Alert 

score) was related to higher GameScore, where there was better game 

performance.  ANCOVA was used to test the Training and Session effects using 

ANT Alert as a covariate for GameScore (dependent variable).  There were 

however no significant Training (F(2, 21) = .63, p = .54) and Session (F(4, 83) = 

1.15, p = .34) effects (see Table K4 in Appendix K).  

Similarly, GameSkill was fitted using backward elimination regression with 

OSPAN and ANT scores.  Only ANT Conflict score was found to be a significant 
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regression result).  This suggested that lower Conflict resolving efficiency was 

related to higher GameSkill which was counter to the notion that higher cognitive 

ability 

, where higher alerting attention 

efficiency was related to higher GameScore and GameWin.  These were not 

 7), where higher conflict resolving efficiency was 

found 

would lead to better performance.  The Conflict score was used as a 

covariate in ANCOVA for GameSkill, however, there were no significant Training 

and Session effects (see Table K6 in Appendix K).   

There were no significant predictors for GameTime when the OSPAN and 

ANT scores were tested using the backward elimination procedure and therefore 

no ANCOVA was needed to test for main effects of the Training and Session 

factors. 

The analyses of the cognitive tests showed that higher OSPAN score was 

related to more games won by the participants; higher alerting attention efficiency 

was related to higher number of game wins and higher game scores; and lower 

conflict attention efficiency was related to higher GameSkill.  Compared to Study 

1 in Section 3.4.7, the working memory effects were replicated with higher 

working memory was once again shown to relate to higher GameWin.  However, 

the attention results were different in this case

found in Study 1 (in Section 3.4.

to relate to lower GameScore, and GameSkill.  The results for Alerting 

efficiency supported the notion that those with higher alerting attention ability 

performed better in the decision tasks (GameScore and GameWin) as stated in 

Hypothesis 5 of Study 1.  For GameSkill, the results here showed that higher 

attention efficiency in conflict resolving would decrease GameSkill score, which 

was in line with Study 1 findings, where higher conflict resolving efficiency 

decreased the GameSkill score.  This however was counter intuitive and was not 

expected.  Currently, there was no explanation as to why the GameSkill should 

decrease if the person has higher conflict resolving efficiency.  

The findings of ANCOVAs results showed that the Training and Session 

factors were not significant effects on game performances, which implied that the 

findings for Section 4.3.2 still hold:  Hypothesis 1 in this case was not supported, 
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in which those given strategy familiarization did not perform better in the RON 

task. 

For the strategy usage pattern, the novices in Study 1 and Study 2 were 

used to test the effects of cognitive abilities.  This was to determine if the 

nonsignificant training effects between Novice and T2 participants might be due 

to the cognitive abilities as covariance.  The cognitive test scores were tested 

using the backward elimination procedure (probability for rejection at .05) as per 

before to determine which cognitive dimensions were significant predictors.  The 

cognitive test scores were found not predictive of the number of strategies used 

and the variety of strategies used when tested with backward elimination 

regression analyses.  No further ANCOVA was conducted.  

4.4.5. Post-Experiment Questionnaire 

The post-experiment questionnaire results were compiled much like in 

Study 1 but were only for the eight participants under the T2 strategy training 

condition.  Majority of the participants found that time pressure, complexity, and 

uncertainty of the RON environment (Q1a, 1b, and 1c see Appendix F) affected 

the ways they made decisions (6 out of 8 responses for each of the questions).   

Under time pressure, participants were prevented from comparing other 

choices and forced to use familiar actions (4 out 6 responses), participants had to 

sh to repeat their attack in case the opponent recover back (1 out 6 

responses), and had to play in panic defensive mode as the opponent was 

attacking to prevent losing (1 out of 6 responses).  The findings were similar in 

Study 1 where time pressure prevented the participants to consider other choices 

and did not give more thoughts to their moves.  In term of the complexity of the 

game, participants were affected in their decision making whereby: (a) they used 

rules of thumb that had worked since there were too many units and rules to 

consider (2 out of 6 responses);  (b) they grouped similar units together to ease 

the management of troops but usually under-used special units such as Elite 

Special Forces and Spies (3 out of 6 responses); and (c) participant did not know 

what were the best actions and used the wrong moves in the game (1 out 6 

ru
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responses).  The responses suggested that complexity of the game might be one 

of the re ons b, and 

ng the troops into similar functional groups for ease 

of command (divide and conquer strategy). 

ants answered “yes” while the other half 

answe

recogn

as  why some people relied on default actions or rules of thum

used strategy such as dividi

The uncertainty of the game caused the participants to be prepared for the 

unknown and had to think about what the opponent was planning while at the 

same time trying to be less predictable against the opponent (3 out of 6 

participants).  Two of the participants mentioned that they had to play the game 

defensively to compensate for the uncertainty, while 1 participant only looked out 

for troops that could be seen (out of 6 responses).  The findings again were 

similar to Study 1, where participants had to think about what the opponent was 

doing and matched the strategy of “knowing the enemy and knowing oneself”.  

The participants also compensated for the uncertainty of the game by using more 

defensive strategies (defend and wait) to reduce the number of surprises. 

When asked if the participants were able to consider different options at 

the same time, half of the particip

red “no”  (4 out of 8 respondents for each response).  Those who 

considered multiple options did it to maximize their chance of success and 

reduce their chance of losing (3 out 4 responses), while one participant did it to 

learn what work and what did not.  For those who did not use comparison of 

choices, most found it difficult to compare choices due to time pressure (3 out of 

4 responses) and one participant used instinct and gut feeling rather than careful 

weighing of options.  Similar to Study 1, post-experiment questionnaire results, 

there were some who would consider multiple options for maximizing their 

chance of winning, while there was no time for using concurrent processes due 

to time pressure.  It was interesting to note too that 1 participant in Study 2 

mentioned using instinct and gut feeling similar to the RPD process of 

izing without thinking. 

All the participants found their decision making affected by the 

consequences of losing in the game (8 out of 8 responses).  Losing troops and 

games caused the participants to: (a) plan more carefully and smartly to protect 
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troops and played more defensively (5 out 8 responses), (b) tried different 

strategies (1 out of 8 responses), (c) panic when losing (1 out 8 responses), and 

learn the tactics used by the opponents that worked against him (1 out 8 

responses). Again similar results from Study 1 were obtained here, where 

learning from mistake was mentioned and more defensive game plans were 

used. 

Question 6 in the post-experimental questionnaire asked the participants 

 of their decision processes from 1 to 4, where 1 referred to 

“I neve

ON 

experiment.  The analysis here was identical to Study 1, by using the average 

f the general trend towards each statement, and the results of 

the participants’ responses were shown in Table 31. 

to use the comparison of several actions 

occasi able 31) with more tendency towards 

consid

2.13).  Th

on one ac  

2.25, S

compariso

1.  It appe

most of the time unlike in Study 1, but similar to Study 1, participants tended to 

apply 

and (c) re

to rate the frequency

r did this”, 2 referred to “I did this occasionally”, 3 referred to “I did this 

most of the time”, and 4 referred to “I did this all of the time”, for a list of 

statements regarding the decision processes they used during the R

rating as a gauge o

In general, participants tended 

onally (Items (a) and (b) of T

ering the most important attribute when comparing (mean ratings = 1.63 to 

e participants also tended to occasionally use mental simulation based 

tion (M = 2.25, SD = .7) and used default action whenever unsure (M =

D = .7) ((d) and (f) in Table 31), planned using serial evaluation and 

ns before the game (Items (g), (h), and (I) in Table 31) similar to Study 

ared that the participants seemed to use trial and error without thinking 

standard moves based on familiar action most of the time (see Items (e) 

spectively in Table 31).   
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Table 31.  Study 2 Post-Trial Questionnaire Results for Question 6 (N = 8). 

Question 6 Mean SD 

a. I considered several actions and examined all the attributes of each 

action to evaluate my moves. 
1.63 .52 

b. I considered several options using only the most important attribute to 
2.13 .64 

decide which action to choose. 

c.  app ve  r ing th ituat out I lied standard mo s based on ecogniz e s ions with

thinkin  the moves. g much about
3.63 .52 

d. thought w mo by simulating it mentally based 

on my  determine if this move woul rk. 
2.25 

 I  of one ne ve at a time 

 experience to d wo
.71 

e. I just tri oves l and error basis without thinking ed out new m on tria

much s.  about the move
2.75 .89 

f. I us

h

e mov enev  no wha

appe did nize he situa n. 

d a few standard 

ning or when I

es wh er I am t sure t was 

 not recog  t tio
2.25 .71 

g. I planned what moves to ore coming to the game by  make bef

2.13 .83 considering several options and examined all the attributes of each 

action to evaluate my moves. 

h. I planned what moves to make before coming to the game by 

considering several options and examined only the most important 

attributes to evaluate which action to choose. 

2.25 .46 

i. I planned only one move before the coming to the game by simulating 

mentally how this one move would work. 
1.88 .83 

j. I learned from the opponent. 3.25 .46 

k. I understood the situations when making a move. 2.63 .52 

l. I developed an understanding of the situation by recognizing certain 

standard features and cues from the game. 
2.75 .46 

m. I developed an understanding of the situation by piecing together the 

events and formed a story to explain what was happening. 
2.75 1.16

 

The results also suggested that the participants tended to learn from the 

opponent most of the time (j), understand the situation when making a move 

(Item (k) in Table 31), and use both feature-matching and piecing evidence 

together for understanding the situation most of the time (Items (l) and (m) in 
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Table 31).  The responses of the participants were similar to the processes 

reported in Study 1.  Detailed results of the decision processes would be 

presented in Study 3 to compare between different training programs and 

expertise level. 

The participants were asked to rate the strategy familiarization training 

(these

 training program.  The average scores for each 

statement were taken and were shown in Table 32. 

Table 32.  Study 2 Post-Trial

 questions were only applicable for Study 2 and 3 participants but are 

shown in Appendix F as question 9), a rating of 1 to 5 were used to rate if they 

“Disagree” (1), “Somewhat Disagree” (2), “Neutral” (3), “Somewhat Agree” (4), 

and Agree (5) to four statements concerning the training program.  Again, the 

rating was treated as a continuous variable to give a general sense of the 

participants’ feedback on the

 Questionnaire for Question 9 (N = 8)  

Question 9 Mean SD 

The training helped me perform better than I would have without the 

training. 

4.00 .53 

The training taught me more ways of playing the game than when I was 

playing in Practice Trial 1. 

3.88 .83 

Looking back after going through all the sessions, I would rather have the 

training than not have it. 

4.25 .71 

The training I received would be useful for other decision environments 

besides the game environment. 

4.13 .64 

 

Based on Table 32, the participants in general somewhat agreed that the 

training helped them performed better than if they did not have the training.  They 

also somewhat agreed that they were taught more ways of playing the game 

than when they first tried the game in Practice Trial 1 (since the training was only 

administered after the first Practice trial, they could compare the difference 

between with training and without training for the practice trials).  It appeared too 

that they would rather had the training than not and they thought somewhat the 

training might be useful for other type of decision environments. 
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4.5. Discussion for Study 2 

The results indicated that Hypothesis 1 and Hypothesis 2 were both 

rejected where the strategy training condition did not result in better game 

performance and substantial differences in the variety of strategies used by the 

participants.   However, it should be noted too that the strategy training was 

really simple and short, and was not specifically designed to the RON 

ted that by simply reading about the strategies 

 ins o a specific 

ot help

arization ere using more 

strategies

strategi  T2 

ts were no

ws 

benefit the novices.  However, knowing the strategies to use did not translate to 

e

 the 

significantly more v

n

troops into one ma

, but no Nov

ants use

 force

together as a mai

 when

current strategy tr de in future 

training design. 

nother possible reason why training effect was not observed could be 

that th

environment per se.  This sugges

without specific tructions on how to use them or how they apply t

task would n  the trainees very much.  It should be noted that even with 

just a famili  of the strategies, the novices in T2 group w

variety of 

of types of 

 than the novices in Study 1.  The differences in the number 

es between experts and novices were bridged, where the

participan  different from the experts in terms of the variety of strategies 

a meager bused.  This sho ut important trend that the strategy training could 

better performanc .  This could mean that knowing how exactly to use the 

strategies in specific task would be important since the expert used 

ariety of strategies and performed better than the novices in 

Study 1.  For insta t, Strategy 8 (Divide and conquer) and Strategy 37 (Group all 

in group for ease of control) were exact opposite of one and 

another ice participant used Strategy 37 while a couple of Expert and 

T2 particip

e own

d Strategy 37 (see Table 29).  One would have to know when 

to divid s for more effective deployment and when to group all forces 

n force for effective deployment.  The understanding and 

knowledge of  to use which opposing strategies was not included in the 

aining, and would probably be useful to inclu

A

e common-sense strategies were already pretty common among the 

participants where they were using the same strategies whether they were 

187 



familiarized with reading them or not.  This would be in line with Gordon’s 

(2004a, b) assertion that such strategies were the currency of our daily decision 

making and we used them as part of our wisdom.  However, there were 

obviously differences in the knowledge of the strategies since the variety of 

strategies used was more for the Expert group and they were able to perform 

better than the Novice group in Study 1.  

It appeared that the common-sense warfare strategies selected for this 

study played an important role in the decision making processes.  Some of the 

strategies such as “Know your enemy and know yourself” were indicative of the 

decisio

, implicitly, 

the participants would have to form a mental model of what the opponent was 

 also discovered additional strategies that were used in the 

game but was not on the original list of the common-sense strategies.  Such 

strategies together wit

general, they somewhat agree that the training was 

n making process that involved getting to know the mental model of the 

enemy.  In tactical sense, it would involve the participants sending troops to 

discover and find out the enemy’s disposition and situation.  However

doing.  The study

h the strategies usage pattern listed in Table 29 could have 

implications on designing future training system for catering to training common-

sense and specific decision strategies.   

Based on the post-experiment questionnaire, the participant were having 

the same problems involving time pressure, complexity, and uncertainty, where 

they altered their game play to more defensive mode, spent less time comparing 

choices, and relied on standard moves to compensate for the lack of time to 

analyze.  However, they were still able to use comparisons occasionally.  It was 

interesting to note that they tried to learn from the opponent most of the time 

replicating the results from Study 1, where participants had the same feedback 

on learning from the opponent.  This coupled with the popular strategy of 

knowing the enemy and knowing oneself pointed to the uniqueness of 

adversarial environment where the assessment of the situation involved learning 

what the opponent had in mind.  The strategy training was also favorably viewed 

by the participants where in 
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helping them to perform better, although the outcome of the quantitative results 

was not as significant as hoped for. 

The cognitive tests results with respect to performance were partly 

replicated where OSPAN was related to higher GameWin identical to Study 1. 

Study 2 also found that Alerting efficiency improved GameScore and GameWin 

which were not found in Study 1.  Conflict efficiency in this case was related to 

lower GameSkill which replicated the results in Study 1 but was not shown to 

s 

t reliably replicated and the findings were not expected in some 

ases where higher attention did not always predict better performances.  It was 

that the es mig elated to the performances 

her mitigatin   

 cognitive tests  predictive of the participants’ (Novice and T2) usage 

of egies in terms  number of stra s and variety of strategies.  In this 

e, the knowledg  strategies might be more important instead of the 

cog e abilitie u

 Conclusion tud

In Study 2, Hyp  1 w ot ted  r  

The strategy training had meager effect on introducing more strategies to the 

trainee

e shown to be mostly used by the participants 

from S

relate GameScore and GameTime as was in Study 1.  The cognitive test score

results were no

c

possible  cognitive scor ht not be really r

and ot g factors might be more important to the performance scores.

The were not

strat  of the tegie

cas e of the

nitiv s to  the strategy predict sage. 

4.6.  for S y 2 

 both othesis  and 2 ere n suppor by the esults. 

s who were novices to the real-time strategy game environment similar to 

the novices in Study 1.  Nevertheless, the improvement on the variety of 

strategies the participants used was sufficient to diminish the differences 

between expert and novice participants.  The common-sense strategies that 

were selected for the training wer

tudy 1 and Study 2 and it appears that the Experts had used more 

strategies compared to the Novice and T2 groups, although there were no 

statistical significant between T2 and Expert.  This shows that in general the 

participants were well versed with the strategies whether with or without the 

training.  It also implied that common-sense strategies were indeed rather 
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common and played an important role in adversarial decision making or decision 

making in novice environment in general. 

The strategy training manipulation by simply reading the common-sense 

strategies did not increase the use of common-sense strategies nor improve the 

performance in complex decision making.  However, participants did find the 

training somewhat useful.  Strategy training was potentially useful if the training 

could cater to the specific conditions of the environment, as in this case, 

participants had to experiment with the strategies and tactics amid the confusions 

of time pressure, complexity, and uncertainty.  A part task training used by 

Gopher et al. (1989) could help to reduce some of the time pressure, complexity, 

and uncertainty so that better appreciation and knowledge of when to use the 

strategies could be learned when administering the strategy training.   

The lists of strategies extracted in Table 29 could be used for future 

training development.  The strategies were also reflective of the adversarial 

tual study to 

examine how each of these strategies was used.  This would be recommended 

e common-sense strategies in this case was mostly used 

by the participants even for those who were n iliarized with them. 

nature of decision making where the idea of thinking about the enemy’s mental 

model was evidence in the commonly used strategy of “knowing the enemy and 

knowing oneself”.  One limitation of this study was insufficient contex

for future studies sinc

ot fam
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5. Study 3:  Validation of RPD training recommendations 

 nurse training 

(Crand

owever, there are scant data to support the use of such 

trainin

5.1. Literature review 

The issue of decision training has been covered in detail in Section 1.3.1. 

(p. 30).  Training recommendations based on RPD model come in two forms, 

namely, training to think like an expert and training to learn like an expert (Klein, 

1997a).  To train decision makers to think like an expert, training takes the form 

of recognizing pattern, making fine perceptual discriminations, recognizing 

typicality and detecting anomalies, mentally simulating future states and past 

states, improvising and adapting to events (Klein, 1997a).  This form of training is 

called “cue recognition training” where a list of subtle cues are listed in an 

“if….then” format to train novices to recognize cues used by experts.  This is to 

train novices to be able to think like experts.  Examples of such training can be 

found in firefighter training (Klein & Wolf, 1995) and intensive care

all & Getchell-Reiter, 1993).  

Another form of training called the Decision Skill Training (DST) developed 

by Pliske et al. (2001) used a different approach.  This is based on the concept of 

training the decision makers to learn like an expert (Klein, 1997a).  DST focuses 

on decision making game (DMG) which is domain specific scenario featuring a 

decision dilemma for trainee to role-play the decision maker.  The participant is 

given a short time to evaluate his/her next action and would review those 

decisions using decision making critique, decision requirements exercise, and 

postmortem exercise (Pliske et al., 2001) (see Section 1.3.1., pp.43-45).  Further 

elaboration by Klein (2003), on the concept of DST, form three components: (a) 

Decision Making Game, (b) Decision Making Critique, and (c) Decision 

Requirement Table, as general tools for improving intuition and decision making.   

Both cue recognition training and DST are based on the RPD model as a 

theoretical basis.  H

g, as validation of decision training benefits are inherently difficult.  Study 3 

will examine these two forms of training within RON and compare it with Study 1 
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where participants basically learned the RON task on their own through repeated 

exposure.  In order to develop training programs based on cue recognition and 

DST concepts, a pool of “experts” would be needed to elicit the required 

expert  3 would 

involve

players

5.2. 

ill training (DST) based on the 

RPD m

study i

5.3. 

ecognition training, 

participants with common-sense strategy familiarization, and no 

rocedures   

 for interviews using the CDM method (Crandall & Getchell-

Reiter, 1993; Hoffman, Crandall, & Shadbolt, 1998; Klein, Calderwood, & 

MacGregor, 1989) to obtain the critical cues and incidents to develop cue 

ise in the form of useful cues and DMG development.  Study

 the development of the training programs by interviewing the most expert 

 in Study 1 and Study 2 and test if the training methods are useful. 

Objective 

The cue recognition training and decision sk

odel supposed to improve decision-making skills.  The objective of this 

s to examine RPD based training using the RON task (see Chapter 2). 

Methods 

5.3.1. Hypotheses of Study 3 

The hypotheses for Study 3 are: 

1. Hypothesis 1. Participants with DST and cue-recognition training will 

exhibit higher proportion of RPD processes than participants with 

familiarization of common-sense strategies and no training conditions. 

2. Hypothesis 2. Participants with Decision Skill Training (DST) will 

perform better than participants with cue-r

training. 

3. Hypothesis 3. Participants with cue-recognition training will perform 

better than participants with common-sense strategy familiarization 

and no training. 

5.3.2. Research design and p

Expert players who demonstrated superior performances in Study 1 and 

Study 2 were invited
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recogn n

recruited a

to take par

in Table 33

Table  

 

itio  training and DST programs.  An additional 16 participants were 

nd screened as in Study 1.  Only novices to RTS game were recruited 

t in the RON sessions.  The experimental design of Study 3 is shown 

. 

33. Experimental design for Study 3 

  RON Experience (Trial sessions) 
 Training Factor Cognitive 

abilities 
1 (V1) 2 3 (V2) 4 5 (V3) 

ANT Expert (RTS 
gamers)  OSPAN 

S1-8 S1-8 S1-8 S1-8 S1-8

ANT 

Study 
1 

Novice (non-
RTS)  OSPAN 

S9-16 S9-16 S9-16 S9-16 S9-16

ANT Study 
2 fa

S17-24 S17-24 S17-24Strategies 
miliarization OSPAN 

S17-24 S17-24

(non-RTS) (T2) 
ANT Cu

t
e-recognition 
raining (T3) OSPAN 

S25-32 S25-32 S25-32 S25-32 S25-32

ANT 

Study 
3 

De
Training (T4

cision Skills 
) OSPAN 

S33-40 S33-40 S33-40 S33-40 S33-40

 

Expert, Novice, and T2 in Table 33 were based on the data obtained in 

Study 1 and Study 2 respectively

participants

obtaining t

sessions.  The partic

where 8 participants were in each training condition (T3 and T4) (see Table 33)

The participants were administered the OSPAN and ANT tests before and 

after the experimental trials as in St

instructions).  The traini

equivalent to the strategy familia

interface were provided to the partici

Appendix C).  The RON task  

2, with two practice sessions, followed 

against a human play

was administered for each of the traini

procedure used in St

.  Hence, Study 3 only consisted of training new 

 in the cue recognition (T3) and DST (T4) training programs and 

heir performance data and retrospective interview data in the RON 

ipants were randomly assigned to the 2 training conditions 

. 

udy 1 and 2 (see the OSPAN and ANT task 

ng programs were planned to last less an hour to be 

rization.  The usual familiarizations to the RON 

pants prior to playing the RON (see 

conditions were the same as in Study 1 and Study

by five experimental sessions of RON 

er.  After the first practice session, the respective training 

ng conditions.  This was the same 

udy 2.  Detailed of the procedures used for developing the 
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cue-recogn

below.  Th icit the decision process as 

before ly

participant

and ANT ta efore. 

ique, and is a retrospective interview method that is 

suitable to obtain difficult decision situations within the RON environment.  The 

CDM consisted of cognitive probes to aid participants to recall specific cues, 

goals, knowledge, alternative options of actions, and situation assessment of 

critical and difficult decision incidents.  Critical decision incidents were chosen 

since they would be more likely to give extra depth to the difficulties faced by the 

participants and may be more informative.  Two expert participants were to take 

part in the CDM interview.  The process was to let the participants select one 

incident that was challenging where the decisions made in the game might differ 

from someone who was new to the game.  They were given the chance to review 

the video recording of the session so as to help them recall.  Then they were 

asked to recall the incident as much as they could and the experimenter would 

record down the incident.  After the incident recall was over, the experimenter 

would then go through the incident to ensure that a common understanding was 

reached to establish what had happened.  Then the semi-structured interview 

ition and decision skill training (DST) are provided in Section 5.3.3 

e retrospective interviews were used to el

 on  in Sessions 1, 3 and 5, and the decision processes selected by the 

s were compiled.  The participants were then administered the OSPAN 

sks after the end of Session 5 as b

The qualitative and quantitative data were used to determine the training 

effects (Hypotheses 1, 2, and 3).  Performances were then compared between 

sessions to determine the experience effects due to multiple exposures to the 

game.  The performance scores would be used to compare the training 

effectiveness of the training treatments.  Cognitive abilities were investigated 

using the ANCOVA method. 

5.3.3. Using CDM to develop RPD based training 

Klein, Calderwood, & MacGregor (1989) developed the critical decision 

method (CDM) for their naturalistic studies (Klein, 1989; Klein & Brezovic, 1986; 

Klein, Calderwood, & Clinton-Cirocco, 1986).  This method is based on Flanagan 

(1954) critical incident techn
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would start where the critical decisions were probed further using the CDM probe 

questions.  Some CDM probe questions that were used are shown in Table 34 

(adapted from Klein, Calderwood, & MacGregor, 1989).  A standard script was 

developed to ensure that the interview was conducted identically for both 

interviewees (see Appendix M).  The interviews were recorded using Camtasia 

and were then analyzed using contextual analysis. 

Table 34.  CDM probe questions 

Probe Types Probe Content 
Cues What were you seeing? What were you hearing? 
Knowledge What information did you use in making this decision? How 

was it obtained? 
Analogues Were reminded of any previous experience? 
Standard 
Scenarios 

Does this case fit a standard or typical scenario? Does it fit a 
scenario you were trained to deal with? 

Goals What were your specific goals and objectives at the time? 
Options What other courses of action were considered or were 

available? 
Basis of choice How were this option selected/ other options rejected?  What 

rule was being used? 
Mental modeling Did you imagine possible consequences of this action?  Did

you imagine the events that would unfold? 
 

Ex l 
in making this decision?  What training, knowledge, or 

ation might have helped? 

perience What specific training or experience was necessary or helpfu

inform
Decisi much time pressure was involved in making this on making How 

decision? How long did it take to actually make this decision? 
Aiding If the decision was not the best, what training, knowledge, or 

information could have helped? 
Situation 
assessment 

If you were asked to pass this game to another player, how 
would you summarize the situation? 

Errors What mistakes are likely at this point?  Did you acknowledge 
if your situation assessment or option selection were 
incorrect?  How might a novice have behaved differently? 

Hypothetical If a key feature of the situation had been different, what 
difference would it have made in your decision? 
What if it had been a novice, would they have notice 
something different? 

 

For cue-recognition training, cues used by the expert participants in the 

incidents that they recalled, were listed to form the content for the training.  The 

195 



cues were extracted by coding the interview transcript and coded based on the 

rules that the experts (interviewees) used for making decisions.  This training 

conten

h training condition: 

T3 for  condition and T4 for DST condition.  There were 1 

female

The working memory of the T3 group was considered high working memory span 

t included diagrams to show how the cues were identified within the 

situation to allow the trainees to learn to recognize patterns.  Situations that were 

identified as critical might also be used as DMG (Decision Making Games) to 

frame the training within the DMG.  The DST (Decision Skill Training) was then 

designed around the DMG.  The determination of which incident and what cues 

to be collected would be dependent on what a novice might miss when compared 

to someone more experienced. 

Both training sessions were administered after the first practice session as 

in Study 2 strategy familiarization.  The duration of T3 and T4 were targeted to be 

no more than 45 min to be equivalent to the time given for T2 training. 

5.4. Results 

5.4.1. Participants 

There were two groups of participants assigned to eac

cue-recognition training

 and 7 males for each of the T3 and T4 groups.  The mean age of the 

participants were 21.37 year old for T3 participants (SD = .92) and 25.88 year old 

for T4 participants (SD = 4.94) respectively.  Comparing the age of the 

participants across the training level (Expert and Novice in Study 1 would be 

considered “Expert” and “Novice” in the Training factor although the participants 

were not given any training apart from introductory tutorial to RON).  There were 

a significant difference between the Training levels for age using one-way 

ANOVA (F(4, 35) = 4.48, p = .005) where the T4 and Novice  participants were in 

the same group and were significantly older than the Expert group (M = 20.63, 

SD = 2.00), while the T2 (M = 21.88) and T3 (M = 21.38) groups were not 

significantly different from the rest of the Training levels based on Tukey-Kramer 

HSD tests (α = .05).     

The OSPAN and ANT results were obtained and presented in Table 35.  
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as similar to Study 1 and 2.  However, one participant in T4 group had pre-

experiment OSPAN score of 14 which would be considered average working 

memory score (10 and below would be considered low working memory span 

(Brumback, Low, Gratton, & Fabiani (2005) and Kane & Engle (2000)).  

Comparisons between the Training levels for the OSPAN and ANT scores were 

conducted using one-way ANOVA to check if there were differences between the 

cognitive abilities between the participants. 

Table 35.  Mean OSPAN and ANT scores for Pre- and Post-Experiment for T3 

and T5 groups 

 
Training Pre-Experiment Post-Experiment

Level 
OSPAN OSPAN 

[min,max] [min,max] 

T3 38.38 
1, 50] 

42.13 
[30, 50] [2

SD 9.78 6.15 

T4 35.50 40.63 
[14, 55] [20, 60] 

SD 13.04 13.88 
 ANT Pre-Experiment (ms) ANT Post-Experiment (ms)

 Alert Orienting Conflict RT Alert Orienting 
T3 35.50 42.50 108.25 504.88 35.63 43.38 

Conflict 
98.38 .75

RT 
493

SD 15.19 20.93 25.04 41.64 12.01 16.47 14.91 45.66 
T4 

SD 
50.25 42.13 93.75 536.13 45.00 50.25 77.13 509.00
22.00 21.36 31.61 92.98 19.68 11.40 25.09 74.41 

 

ANOVAs showed that there were no significant differences at .05 levels 

between the participants under all the training levels for all the three studies 

(Expert, Novice, T2, T3, and T4).  This suggested that the participants were of 

equivalent cognitive abilities.  The ANOVA tables are shown in Appendix L (see 

Table L1 to L10 in Appendix L).   

The pre- and post-experiment OSPAN and ANT scores were compared 

for the Study 3 participants to determine if the cognitive test scores changed due 

to the experiment.  One-tailed t-tests were used as there were evidence to show 

that cognitive abilities improves after the experiments for attention scores for 

Study 2 and OSPAN scores for Study 1 (see Table 8 and Table 28 for pre and 

post experiment differences in cognitive scores).  The results of the t-tests are 
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shown in Table 36.  From Table 36, only the pre- and post-experiment ANT 

Conflict and ANT RT (overall reaction time) scores were found to be significantly 

different where the conflict resolving efficiency and overall efficiency were found 

to improve after the experiment (t(15) = -2.01, p = .03 and t(15) = -2.75, p = .007 

respectively).  Based on the 3 studies, only ANT Conflict and RT efficiencies 

were consistently shown to improve significantly between pre- and post-

experiment measurement.  Based on the replications, we could confidently 

conclude that the experimental task of RON microworld might improve the 

conflict resolving abilities and the overall attention network efficiencies of the 

participants.  This could be due to the complexity of the game environment that 

required constant resolution of conflicting information, causing an increase in the 

conflict resolving efficiency of the decision makers.  This result mirrored that of 

Green & Bavelier (2003) which shows that first-person shooter computer game 

improves visual attention. 

Table 36.  Paired t-tests Comparing Pre- and Post-Experiment OSPAN and ANT 

s

differences between pre- and post-experiment cognitive test scores. 

 Mean 

cores for Study 3 participants (T3 and T4 combined) (one-tailed tests).  Ho = No 

(SD) 

Pre 

Mean (SD) 

Post 
t(df=15) p 

OSPAN 36.94 (11.23) 41.38 (10.40) 1.61 .06 

ANT     

   Alerting 42.88 (19.79) 40.31 (16.48) -.52 .30 

   Orienting 42.31 (20.43) 46.81 (14.13) 1.16 .13 

   Conflict Resolving 101.00 (28.55) 87.75 (22.76) -2.01 .03* 

   RT 520.50 (71.44) 501.38 (60.16) -2.75 .007** 

Note.  *p < .05, ** p < .01 
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5.4.2. Critical Decision Making (CDM) results 

A total of 5 top participants with the most games won and highest game 

scores were invited to take part for the CDM interviews which made use of the 

critical incident method with progressive cognitive probes.  The participants were 

promised a compensation of $25 for their efforts.  Only two of the expert 

participants were willing to take part in the interview and the interview took about 

2 hours for each participants.  Initially the participants were asked to recall a 

critical decision that they made during any of their games.  Note that the 

participants had only played seven RON sessions including practice sessions.  

The two participants however were not able to remember critical incident freely 

and the game recordings for all the five experimental sessions (Session 1 to 5) 

were shown to them to help them recall.  The participants then chose the 

session, which they thought they made the most decisions that would be different 

from a new player.  Both participants chose Session 5 for reviews, as Session 5 

had the most decisions that would be different from a new player. 

The participants reviewed the whole session, as they could not identify 

which decisions were more critical.  They were allowed to describe freely what 

was happening and told the “story” of the session as if to a person who did not 

know about the game.  This was different from the retrospective interview in the 

regular interview sessions, which the experimenter would probe at every 

ecision.  In this case, the experimenter would only ask more questions for those 

de  

se s 

an is 

time, the video was forwarded to the critical decisions identified as important by 

both th

d

cisions that were critical.  After the description by the participant for the whole

ssion, the experimenter would recite the whole session back to the participant

d then the video recording for the game session was played again, but th

e experimenter and participants.  The participants were asked the CDM 

probe questions using progressive deepening method where the questions on 

Table 34 were asked and any other rules or experience that might be developed 

were further probed. 

The interview was recorded using Camtasia as the participants were 

viewing the incident again for the second time.  This was for convenient as well 
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as the added ability to capture the video to link the interview content to the 

actions in the game.   The verbatim of the interview were transcribed into a text 

document.  The following was an excerpt of the transcription: 
Interviewer:  So what information did you use in making this decision. 

Participant:  I just need to know when the other guy is coming for me, it’s more 

e been to the outside, 

the air force came and took out the helicopters, and I wasn’t in time to get there 

ll 

em back in time either.   

Based

a list and those that were emphasized as 

something a new player would not do or concepts that were repeated frequently 

were used to develop the cue-recognition training content.   

5.4.3. Cue-Recognition Training (T3) 

The cue-recognition training consisted of a self-paced Powerpoint 

(Microsoft® Corporation, 2003) slideshow with pictures of the cues and their 

descriptors, which the participants would read and step through each slide.  They 

were allowed to ask any questions and were asked if they understood the slides 

they went through after the training. 

There were seven key concepts that were deemed important to be learned 

by the participants: 

useful, it is not necessary useful to know if they are outside of my territory, it is 

useful to know if they are inside because I can do other thing like destroy their 

wagons and cause them damage throughout while they are trying to get to me. 

Interviewer:  So how was this obtained, how do you know about this instead of 

going out there to..like much further out than… 

Participant:  From previous games, like I’ve been when I’v

to do anything.  And the jets are a lot faster than the helicopters so I couldn’t pu

th

 on the transcription, key concept and rules for using certain units or 

strategies were coded using ATLAS.ti (ATLAS.ti Scientific Software Development 

GmbH, 2005).  For instance, the excerpt above provided information where the 

participant tried to destroy the opponent’s supply wagon and caused the 

opponent damage while the opponent’s troops moved in his territory (see italics).  

These codes were then compiled into 
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1. Identifications of decoys:  Cues of how an expert distinguished decoys 

were compiled.  This was deemed important by the interviewees as 

they found it important to know which units should be ignored while 

which group was real. 

2. When your Elite Special Force will be killed by enemy special force:  

The Elite Special Forces were fast units and usually another Elite 

Special Force would be used against incoming Elite Special Force.  

However, depending on who attacked first, only one of them would 

survive if they were attacking one another.  Novices usually did not 

know how to use the Elite Special Force effectively and would lose 

their Elite Special Forces unnecessarily. 

3. Dangers imposed by Elite Special Forces:  Interviewees emphasized 

on how they initially underestimated the Elite Special Forces, which 

could be pivotal in destroying the city.  So they were extremely alert to 

look out for the Elite Special Forces and suggested ways to get rid of 

them. 

4. When to use the Fighter jets:  The interviewees learned that Fighter 

for when to deploy the Fighter jets, as they were also a vital target that 

r key concept that the 

jets played an important role in the game and provided rules and cues 

could be vulnerable if not carefully deployed.  This was one key 

aspect that the interviewees felt novices of the game would not know 

initially. 

5. Attacking incoming army:  Steps to attack an incoming army 

effectively were developed by the interviewees, which they mentioned 

as keys to their successes against an equal army.  These steps were 

effective against an attacking army and usually took a while before a 

novice knew how to mount an effective defense. 

6. Attacking the enemy city: Anothe

interviewees mentioned that most new players would not know, was 

how to execute an attack on the enemy city.  The interviewees 

emphasized this as they had mounted unsuccessful attack although 
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they had seemingly more power attacking forces.  They realized their 

mistakes only after losing in initial games. 

7. Cues of attack:  The interviews found out the hard way to look out for 

enemy attacks, as they were initially befuddled due the complexity 

and dynamic nature of the game. 

Figure 27 shows one of the illustrations used in the training to illustrate the 

cues that were useful for identifying decoys.  For the complete training program, 

see Appendix N.  Note that the picture used were actual screenshots of the RON 

interface so that the participants would be able to see the cues as they were.  For 

Figure 27, the blue units would be what the participants used, while the cues to 

look out for were the excess number of enemy units (in red) and the lack of 

damage on own unit although own decoys were been attacked by the enemy 

units.  These cues showed that the huge enemy army were actually decoys and 

could be safely ignored.  The complete cue-recognition training lasted about 45 

min in duration.  The cue-description tables were printed out without the pictures 

and were available to the participants for their review at the start of each 

experimental RON session. 
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Figure 27.  Example of a picture used in the cue-recognition training (Microsoft® 

prod

n in Appendix O.  

The first DMG involved the participant’s

describing the situation in terms of 

what just happened, the states of enemy and own forces, and what decisions 

would the participants exec t 

information would they gather and why they picked their course of action.  Then 

uct screen shot reprinted with permission from Microsoft® Corporation.) 

5.4.4. DST (T4) 

Based on the CDM interviews and coding, two static decision making 

games (DMG) were developed where the games involved difficult decisions that 

a new player might make mistakes in deciding.  These are show

 main army meeting with the opponent’s 

main army in the beginning of a game, and the other DMG involved the 

participant’s army moving down to the opponent’s city and trying to mount an 

attack.  The participants were asked to read one DMG at a time and they had to 

recapitulate what happened in the DMG by 

ute next.  In addition, they were asked wha



they w

ation of other possible decisions, to think like 

an expert so as to improve decision skills.  The participants were then asked to 

fill in their answers given earlier on what reasons that could possibly cause their 

decisions to be wrong.  This was the devil’s advocate’s method to look for 

scenarios and cues that could cause the participants to perform poorly.  The filled 

out Decision Requirement Tables were made available to the participants for 

their reference before the start of each RON session. 

5.4.5. Hypothesis 1 

Hypothesis 1 stated that participants with DST and cue-recognition 

training would exhibit higher proportion of RPD processes than participants with 

familiarization of common-sense strategies and no training.  This was based on 

the assumption that the two training conditions would induce recognition of cues 

and strategies to use during the game.  The data in Study 1 and 2 were reviewed 

by independent reviewers with a 25% sampling of all the coded data in both 

studies.  Only 1 out of 334 decision episodes in the coded data was disputed 

which was only .29% of all the reviewed episodes.  The decision codes that were 

a match between the participants and experimenter as well as mismatches or 

missing for both, or missing for the participants but were filled in by the 

experimenter were compiled in Table 37.  There were only about 3.9% of the 

1900 decision episodes coded in Study 1 and 2 that were a mismatch between 

the participants and the ex

ere told that their decisions turned out to be wrong and they had to think of 

the possible reasons that cause their decisions to be wrong. 

The participants were then asked to fill out the Decision Requirement 

Table as shown in Appendix O.  The participants would try to determine what 

made the decision difficult in each of the DMGs, what kinds of errors were often 

made, how an expert would do differently from a novice.  It was difficult for the 

participants to fill out the Decision Requirement Table as they were not really 

experts themselves, but rather, they were novices trying to imagine what expert 

might do differently.  This process were part of the DST proposed by Pliske et al. 

(2001) to involve deliberate elabor

perimenter.  For condition “0” where there was no 
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codes from both participant and experimenter, these would be unaccounted 

decisio

rcentages of Coding Conflicts and Other Coding Conditions for 

Study 

own choices of which processes they 

used were sufficiently

summed for all the 3 studies.  It was obvious from Figure 28 that there were more 

Coding

n episodes missed out during the retrospective interview.  These were lost 

episodes inherent to the limitations of retrospective interviews since not all 

episodes were effectively explored during the interview as limited by time.  If we 

only counted the episodes that had a decision code assigned, there would be a 

total of 1688 and the percentages for mismatched coding (Conflict Code 3 as in 

Table 37) would be about 4.4%, where 8.4% were codes assigned by the 

experimenter without any codes from the participants, while 87.2% of the 

decision episodes would be a direct match between the experimenter and the 

participants.  

Table 37.  Pe

1 and 2 

 

This suggested that the participants 

 Conflict Codes Percentage  (%) 
(Total = 1900) 

0: No decision code from both participant and experimenter 11.2 
1: Matching between both participant and experimenter. 77.5 
2: Participant has no code but experimenter was able to assign a 
decision code 7.5 

3: Decision code of the participant was different from the experimenter 3.9 

 accurate for 87.2% of the time based on the coded data 

from Study 1 and 2.  To reduce the time and effort of coding the interview data, 

since it took months to code the data for the 24 participants in Study 1 and 2 

(with a total of 72 interview video sessions), the codes chosen by the participants 

were considered accurate enough for the analysis in Study 3.  Assuming only 

4.4% of their choices would be disputed by the experimenter based on the 

experience in Study 1 and 2.  This would mean that the data in Study 3 would be 

reliable at 87.2% since we were relying on the codes chosen by the participants.  

However, we would accept this reliability level as the experimenter ran out of 

resources and time to code all the interview data. 

Figure 28 shows the overall breakdown of all the decision processes 
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RPD processes compared to the rest of the processes (χ2(6, N = 2566) = 

3384.80, p < .001).  In general there were more RPD processes when compared 

individually to the rest of the decision processes used, which were the same as 

the findings in Study 1.  The distribution of the different processes used by all the 

participants has almost the same distribution as in Study 1.  However, comparing 

the TrialError and DefaultAction processes, there were significantly more 

TrialError processes compared with the DefaultAction processes (χ2(2, N = 516) 

= 45.96, p < .01) which was different from Study 1.  It seemed that more trial and 

error processes were used by the participants compared with using default 

actions when in unfamiliar situations.  In terms of the frequency of the different 

processes used by the participants, significantly more RPD processes were used 

followed by Concurrent, TrialError, DefaultAction, PreSequential, PreConcurrent 

processes and lastly the Others category, when pair-wise Chi-Square tests were 

used. 

Overall Distribution of the Decision Processes (N = 2566) 

Concurrent, 465, 18%

TrialError, 335, 13%

DefaultAction, 181, 7%

PreSequential, 158, 6%

PreConcurrent, 67, 3%
Others, 22, 1%

RPD, 1338, 52%
 

Figure 28.  Proportions of the Decision Processes combining Study 1, 2, and 3 
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To test Hypothesis 1, 5X3 mixed factor ANOVAs were used for testing the 

Training and Session effects for each type of decision processes.  Figure 29 

shows the average percentages for RPD and Concurrent processes plotted with 

respect to the Session and the Training levels.  There were no significant 

Training effects found between the different Training levels (F(4, 35) = 1.34, p = 

.27) but there were significant Session effects (F(2, 70) = 4.78, p = .01).  This 

implied that T3 and T4 groups of participants were not significantly different from 

the rest of the participants (Expert, Novice, and T2) in terms of the percentages 

of RPD processes they used.  There were significantly more RPD processes in 

Session 5 (M = 53.44, SD = 21.94) compared to Session 1 (M = 43.74, SD = 

14.61) and 3 (M = 45.08, SD = 18.27) which pointed to the effects of experience, 

related to number of exposures to the RON game, in increasing the use of RPD 

processes (based on Tukey-Kramer tests). 
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Study 3:  Average Percentage of Decision Processes between Sessions
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The Training effects were also not found to be significant for the 

Concu which implied that T3 and T4 

particip

Figure 29.  Average Percentages of RPD and Concurrent processes between 

Training level and Sessions (error bars represent SD for the RPD processes; 

error bars for Concurrent processes were not shown as it was too cluttered) 

 

rrent processes (F(4, 35) = .73, p = .58) 

ants were using the same percentages of Concurrent processes 

compared to the rest of the participants (Expert, Novice, and T2).  Session 

effects were significant (F(2, 70) = 5.27, p = .007) where Session 1 (M = 20.18, 

SD = 11.50) had significantly higher percentages of Concurrent processes 
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compared to Session 5 (M = 14.29, SD = 9.89), d = 5.90, based on Tukey-

Kramer HSD tests at .05 level.  There were no differences between Session 3 (M 

= 17.1

 the average percentages of the TrialError and 

Defaul

) and the rest of the 3 other sessions.  This showed that Concurrent 

processes decreased when the experience level, in terms of RON exposures, 

increased. 

Figure 30 shows

tAction processes.  There were no significant Training and Session effects 

using 5X3 mixed factor ANOVAs (F(4, 35) = .68, p = .61 and F(2, 70) = 1.28, p = 

.28 respectively) for TrialError processes and for DefaultAction processes (F(4, 

35) = 2.15, p = .09 and F(2, 70) = .80, p = .45 respectively). 

Average percentages for TrialError and DefaultAction processes betw een 
Training levels and Sessions
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Figure 30.  Average percentage of the TrialError and DefaultAction processes 
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Figure 31 shows the average percentages of the PreConcurrent and 

PreSequential processes.  There were no significant Training and Session 

effects for both PreConcurrent processes (F(4, 35) = 1.01, p = .41 and F(2, 70) = 

1.67, p = .20 respectively) and PreSequential processes (F(4, 35) = .73, p = .58 

and F(2, 70) = .05, p = .94 respectively).  There were no significant interaction 

effects for all the analyses conducted. 
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Figure 31.  Average percentages of PreConcurrent and PreSequential processes 

sses.  

 

Hypothesis 1 in this case was not supported by the data as T3 and T4 

participants were not shown to use significantly different percentages of decision 

processes compared to the rest of the participants (Expert, Novice, and T2).  

There were however, significant Session effects for RPD processes and 

Concurrent processes, which supported the trend that with higher experience, 

participants tended to use more RPD processes and less Concurrent proce
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The S is 1 of Study 1 and supported the RPD 

model

levels across the sessions.  It can be obs

n = 24, expected value = 15.2) had more game wins than 

expect 2

ession effects supported Hypothes

 in terms of the effects of experience on decision processes. 

5.4.6. Hypothesis 2 and Hypothesis 3 

Hypothesis 2 and 3 stated that T4 and T3 participants would perform 

better than the novices in Study 2 and Study 1, since the two training conditions 

were more elaborate and involved learning to make decisions like experts and 

learning to learn like experts.  To analyze the training effects, 5X5 mixed factor 

ANOVAs (Training as between-subjects and Session as within-subjects) were 

conducted where the Expert were included as well to determine if there were any 

differences between all the participants. 

Figure 32 shows the number of game wins among the different training 

erved in Figure 32 that the T3 and T4 

participants had a sudden jump in GameWin at Session 5.  Comparing the 

GameWin between the Training levels using Chi-Square test, there were no 

however significant differences between the Training levels (χ2(4, N = 200) = 

5.18, p < .27).  This was in contrast with Study 1 where the Experts won 

significantly more games than the Novice participants were.  In this case, T3 and 

T4 participants, who were novices, were performing in between the Expert and 

Novice groups in Study 1, and bridged the gap between the Expert and Novice 

GameWin scores.  Although the GameWin performance for T3 and T4 was only 

meagerly better than the Novice group, there were still sufficient improvements 

for T3 and T4 to be on par with the Experts in terms of GameWin.  When 

comparing the GameWin across sessions using Chi-Square test to test for 

differences between sessions, it was found that Session 4 (n = 20, expected 

value = 15.2) and 5 (

ed (χ (4, N = 200) = 17.23, p < .01).  This showed that as the participants 

become more experienced with more game exposures, their chances of winning 

the game increased.     

The GameScore of the participants are shown Figure 33.  A 5X5 mixed 

factor ANOVA was conducted to test for Training and Session effects for 
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GameScore.  There were no Training effects (F (4, 35) = 1.34, p = .28) but there 

were significant Session effects (F(4, 140) = 3.31, p = .01).  This implied that T3 

and T4 participants were not performing better than the other participant groups 

(Expert, Novice, and T2) in term of GameScore. 

Total number of Game Wins betw een Different Training Conditions (N  = 200)

Expert (Total = 20)

Novice (Total = 11)
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Figure 32.  GameWin between the Training levels and Sessions 
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Average GameScore between Different Training Conditions
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Figure 33.  Average GameScore between Training levels and Sessions 

 

Based on Tukey-Kramer HSD tests, Session 5 was found to be 

significantly better than Session 1, while the rest of the sessions were not 

significantly different.  This implied that as participants gained experience, their 

GameScore tended to increase.  It was possible that with more game exposure, 

the GameScore could get higher eventually. 

Figure 34 shows the GameSkill scores of the participants.  There were no 

significant Training and Session effects for GameSkill scores (F(4, 35) = 1.63, p 

= .19 and F(4, 140) = .91, p = .46 respectively).  There were no significant 

difference between the Training levels and the different Sessions for GameSkill 

performance. 
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Average GameSkill between Different Training Conditions
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o significant 

Tra t there were significant Session effects 

( ession 5 (M = 1.86) was found to be s a

(M = .68) and Session 4 (

T4 participants 

in e other participants (Expert, Novice, 

we essions (Session 4 and 

5) based on Tukey-Kramer HSD tests.  There were no significant interaction 

effects

Figure 34.  Average GameSkill between Training levels and Sessions 

 

The GameTime scores are shown in Figure 35.  There were n

ining effects (F(4,35) = .22, p = .93) bu

(F 4, 140) = 5.02, p < .01).  S ignific ntly 

higher than Session 1 (M = .71) and Session 2 M = 

1.69) was found to be significantly higher than Session 2.  T3 and 

this case did not perform better than th

and T2) in term of GameTime.  However, with more experience, participants 

re shown to perform better in GameTime at the later S

 for all the above analyses. 
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Average Adjusted Game Time between Different Training Conditions

-2

4

5

-1

0

A
d

1

ju
st

ed
 G

am

2e 
Ti

m
e

3

1 2 3 4 5

Session Number

Expert Novice T2 T3 T4

 

Figure 35.  Average GameTime between Training levels and Session 

  

Based on the findings for the game performance scores, there was no 

evidence to support Hypothesis 2 and 3 as the training programs for T3 and T4 

did not produce significant improvements in RON performance scores.  It should 

be noted that both T3 and T4 were also not significantly different from the Expert 

participants in terms of the performance scores such as GameWin.  This implied 

that the training did give enough edge to the novice participants to be good 

enough to compare non-signicantly with the Expert group.  The Session effects 

were significant for the GameWin, GameScore, and GameTime, which showed 
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that with more experience by means of game exposures, the participants tended 

to do better. 

5.4.7. Cognitive abilities and decision processes 

The cognitive test scores were tested using the backward elimination 

regression analyses for the decision processes and the game performances 

where all the participants for the three studies were included.  The probability for 

rejectio

 for the covariates and would 

only be

rcentage of Concurrent processes which 

was co

Concurrent processes.  ANCOVA was conducted for Concurrent processes with 

n was set at .05 and only the pre-experiment cognitive tests were used as 

identical to earlier analyses of the cognitive test scores (sees Sections 3.4.6, 

3.4.7, and 4.4.4).   

For RPD processes, Conflict score was found to be significant predictor of 

RPD processes, where less Conflict resolving efficiency related to higher 

percentage of RPD processes (β = .22, p < .01).  Using ANCOVA, the Training 

effects were not significant using ANT Conflict score as covariate (F(4,34) = 1.42, 

p = .25).  The backward elimination regression analysis for RPD process with the 

cognitive test scores and the ANCOVAs are shown in Appendix P (see Table P1 

and P2 in Appendix P).  It should be noted that the Session effect would not be 

affected by the ANCOVA as the cognitive test scores remained the same for all 

the sessions.  Only Training effects were adjusted

 discussed in the following analyses.  The results showed that participants 

with lower conflict resolving efficiency would use more RPD processes, which 

replicated the finding in Study 1, Section 3.4.6.  Training factor was not a 

significant effect for the percentage of RPD processes. 

For Concurrent processes, OSPAN score (β = -.21, p = .04) and Alerting 

score (β = -.13, p = .02) were found to be significant predictors of the 

percentages of Concurrent processes (see Table P3 in Appendix P).  A higher 

OSPAN score would predict lower pe

unter to the assumptions that higher cognitive abilities individual would 

use more Concurrent processes.  Higher Alerting efficiencies would lead to 

higher usage of Concurrent processes, which supported the finding in Study 1 for 
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Alerting and OSPAN scores as covariates and Training and Session as the main 

effects.  Again, the Training effects were not significant after adjusting for the 

covaria

nces between the 

Trainin

ould use more concurrent processes, 

which 

tes (F(4, 33) = .67, p = .62) (see Table P3 and P4 in Appendix P).  

Therefore there were no differences between the training levels in terms of the 

percentage of Concurrent processes used in decision making. 

For TrialError processes, ANT Alert score was a significant predictor of 

TrialError processes where lower Alerting efficiency was related to higher 

percentage of TrialError processes (see Table P5 in Appendix P).  This 

suggested that decision makers with lower attention abilities in alerting would 

tend to use more TrialError processes, which would be in line with the 

Hypothesis 4 in Study 1.  ANCOVA with the ANT Alert score as a covariate was 

conducted (see Table P6 in Appendix P) but the adjusted Training factor was still 

not significant (F(4, 34) = .22, p = .93).  There were no differe

g levels in term of the percentages of TrialError processes they used. 

Backward elimination regression analysis was conducted for percentage 

of DefaultAction process with OSPAN and ANT scores (see Table P7 in 

Appendix P).  The results showed that only Conflict score was a significant 

predictor (β = -.071, p = .02), where higher conflict resolving participants used 

more DefaultAction processes.  This was counter to the assumption that decision 

makers with higher cognitive abilities w

in this case, the higher abilities in conflict resolving was related to the use 

of more non-concurrent processes.  ANCOVA was conducted using Conflict 

score as a covariate to adjust for Training effects (see Table P8 in Appendix P).  

It was found that the Training factor was significant at .055 level (F(4, 34) = 2.57, 

p = .055) (see Table P8 in Appendix P).  Post-hoc tests using Tukey-Kramer 

HSD tests did not find any significant differences between the training levels but 

T3 participants were found to use significantly less percentage of DefaultAction 

processes compared to Novice and Expert participants using Student’s t-tests 

(see Table P8 in Appendix P).  This suggested that T3 participants might use 

slightly less DefaultAction processes compared to Expert and Novice 

participants.  T3 participants were given cue-recognition training, which might 
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cause the participants to recognize the more typical situations and therefore 

relied less on DefaultAction processes. 

For PreConcurrent processes, only Alerting score was found to be a 

significant predictor (β = .11, p = .01) (see Table P9 in Appendix P).  Lower 

alerting efficiency, in this case, was related to higher percentage of 

PreConcurrent processes.  This was counter to the assumption that higher 

cognitive abilities would lead to more concurrent processes.  ANCOVA was used 

to adjust for Training effect using Alerting score as covariate.  The result showed 

that there were no significant Training effects (see Table P10 in Appendix P). 

The OSPAN and ANT scores were not significant predictors of the 

PreSe

section, it appeared that higher Conflict 

efficiency was related to less RPD processes, which replicated the finding in 

 resolving attention resource was important to the 

RON 

er conflict 

resolv

esses were not correlated to the cognitive abilities.  

Conflic

quential processes.  There was no need to conduct any ANCOVA for 

PreSequential processes.  Due to the small number of decision processes 

belonging to the Others category, no further analyses would be conducted for 

this category of processes.  For all the analyses above, there were no significant 

interaction effects for any of the ANCOVAs. 

Based on the results in this 

Study 1.  It seemed that conflict

task, and with less ability to resolve conflicting information more RPD 

processes were used.  Alerting efficiencies were also related to the Concurrent 

processes where higher alerting resources would predict higher percentage of 

Concurrent process replicating the finding in Study 1 (Section 3.4.6.).  The 

results regarding DefaultAction were also replicated where high

ing efficiencies would predict more DefaultAction processes as in Section 

3.4.6.  Similarly, it was also replicated that PreSequential processes were not 

related to cognitive abilities both in this study as well as in Study 1.  TrialError 

processes were predicted by Alerting efficiency where lower alerting efficiency 

was related to higher usage of TrialError processes, in contrast with Study 1 

where TrialError proc

ting results were also obtained for PreConcurrent processes, where here 

the lower Alerting efficiency was related to higher use of PreConcurrent 
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processes whereas in contrast to Study 1 higher conflict resolving efficiency was 

related to higher usage of PreConcurrent processes.  From the results of both 

Study 1 and the results in this section, only the following conclusions could be 

made based on the replications of the results in both studies (Study 3 and 1): 

(a)  Higher alerting efficiencies lead to higher usage of Concurrent 

processes.  

(b)  Lower conflict resolving efficiencies lead to higher usage of RPD 

processes. 

(c)  Higher conflict resolving efficiencies lead to higher usage of 

DefaultAction processes. 

The Training factor was adjusted to the various cognitive test scores using 

ANCOVAs but so far the results showed that there were no significant Training 

effects.  This suggested that regardless of the expertise or training provided in 

this research project (T2, T3, and T4) the decision processes used by the 

participants were very similar.   

5.4.8. Cognitive tests and performance 

The performance scores were fitted with the cognitive scores using 

backward elimination regression analyses and those significant predictors were 

used to adjust for the Training factor to determine if there were significant effects 

due to the cognitive abilities.  The probability for rejection was set to .05 and only 

the pre-experiment OSPAN and ANT scores were used to standardize with the 

earlier analyses. 

The GameWin score was fitted using backward elimination logistic 

regression with OSPAN and ANT scores but none of the cognitive test scores 

were significant.  This was in contrast with Study 1 where OSPAN scores were 

correlated to GameWin. 

Backward elimination regression analyses were conducted with the 

cognitive test scores for GameScore.  It was found that OSPAN (β = -8.90, p = 

.04) and Alert (β = -19.79, p = .04) scores were significant predictors of 

GameScore (see Table P11 in Appendix P).  The resulting parameter estimates 
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suggested that higher OSPAN scores predicted lower GameScore while higher 

Alert efficiency predicted h uggested that higher 

e in GameScore and 

higher alerting efficiency participants would perform better in GameScore.  The 

OSPA

ake more sense since higher 

atte  

were c  Training factor with pre-experiment 

OS at 

the AN change the effects of Session factor since 

the ing 

factor was adjusted and tested for the ANCOVAs.  Training factor was not found 

to be a

igher GameScore.  The results s

working memory participants would be performing wors

N finding was surprising and contradicted conventional wisdom.  However, 

the alerting efficiency correlation appeared to m

ntion abilities were expected to lead to better game performance.  ANCOVAs

onducted for GameScore to adjust for

PAN and Alert scores as covariates (see Table P12 in Appendix P).  Note th

COVA in this case would not 

 cognitive test scores remained the same for all the sessions: only Train

 significant factor (F(4, 33) = 1.80, p = .15) for GameScore (see Table P12 

in Appendix P).  Therefore, there were no differences in GameScore between the 

different training groups.   

GameSkill was fitted using backward elimination regression with OSPAN 

and ANT scores, where OSPAN and Conflict scores were found to be significant 

predictors of GameSkill (see Table P13 in Appendix P).  Higher OSPAN scores 

would predict lower GameSkill (β = -1.91, p < .01) while lower conflict resolving 

efficiency relates to higher GameSkill scores (β = 2.26, p = .02).  These two 

findings were unexpected as higher cognitive abilities were expected to link to 

higher performances.  ANCOVA for GameSkill was conducted using OSPAN and 

Conflict scores as covariates (see Table P14 in Appendix P).  The adjusted 

Training factor was not significant in the ANCOVA and there were no significant 

differences between the Training levels on the GameSkill scores.   

GameTime was not correlated to any of the OSPAN and ANT scores.  

Therefore no further tests were performed for GameTime. 

Based on the results in this section, the relationships between cognitive 

tests and performance scores were as follows: 

(a) Working memory was not predictive of GameWin and GameTime 

unlike in Study 1 and Study 2 where OSPAN was positively related 
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to GameWin. OSPAN appeared to predict GameScore and 

GameSkill negatively, where higher OSPAN scores related to lower 

GameScore and GameSkill, in contrast with Study 1 (see Section 

3.4.7), which did not support the notion of higher cognitive abilities 

leading to better performance (Hypothesis 5 in Study 1).   

) Alert efficiency was predictive of GameScore positively where 

higher alerting efficiency related to higher GameScore.  This result 

(c) Conflict resolving efficiency was negatively related to GameSkill 

which replicated the finding in Study 1.  It seemed that Conflict 

(b

was not obtained in Study 1.   

resolving tend to cause lower GameSkill score which was counter-

intuitive and was opposite of the initial Hypothesis 5 in Study 1.  

Conflict scores were not predictive of GameScore in contrast with 

Study 1. 

There were no Training effects based on the set of ANCOVAs performed 

in this section, which implied that T3 and T4 participants did not perform any 

differently compared with the Expert, Novice and T2 participants in terms of 

game performances.  The cognitive abilities results for game performances were 

not reliably replicating the results in Study 1 where some results matched those 

in Study 1 but others were contradicting.  Therefore, no conclusive relationships 

were confirmed to relate the cognitive abilities to the game performances.  

5.4.9. Post-trial Questionnaire 

The post-trial questionnaire responses were compiled for the T3 and T4 

participants as per previous studies.  It was found that most of the participants 

were affected by the time pressure of the environment when making decisions.  

Nine out of 12 responded that they had to make decisions quickly and were not 

able to think more thoroughly causing them to made snap decisions, which might 

not be as good decisions.  Two participants responded that they had to play 

based on the opponent and 1 had to change plan slightly if the game was too 

long (out of 12 responses).  The dynamic nature of the RON task prevented the 
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participants from considering their decisions thoroughly and they had to rely on 

snap decisions, which turned out not to be as good.  This trend was observed 

based on the participant’s feedback for all three studies’ post-trial questionnaires. 

Fourteen out of 16 participants found the complexity of the game affected 

the way they made decisions.  Eight out 14 participants responded that they 

could not remember the units’ capabilities and forgot the strategies that they 

could use for better results.  Three of the participants had to rely on 

experimentation by trying out the troops to learn to use the units.  Two 

participants used the complexity to plan more detailed strategies which opened 

up more opportunities.  One participant responded that the complexity of the 

game caused him to be uncertain about the enemy army’s disposition.   For most 

people, the complexity caused them to forget which units to use under what 

specific conditions.  Note that a couple of participants responded that the 

complexity was an advantage more opportunities in detailed and diverse 

planning.  There seemed to have a minority of the participants who actually 

thrived under the complexity of the game.  Similar responses were also obtained 

in Study 1. 

When asked if they were affected by the uncertainty of the game in their 

decision making, 14 out of 16 participants responded yes.  Ten participants out of 

14 responded that they were confused during the game and had to be prepared 

for the unknown and played more defensively.  Two participants responded that 

they sent troops to patrol or explore first before moving or attacking (out of 14 

responses).  Two participants had to rushed their decisions and actions due to 

uncertainty of the opponent’s plan.  By rushing, they could force the opponent to 

react to them instead.  The uncertainties in the game caused the participants to 

made guesses and were sometimes confused with the situation.  The same trend 

was observed when comparing the responses with the earlier studies.  Time 

pressure, complexity of the game, and uncertainty in general caused the 

participants to use simpler processes and prevented them from thinking 

thoroughly.  Many of the participants developed compensatory game plan such 

as playing defensively or rushing to attack, and trying to prepare for the 
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unknown, to adapt to the uncertainties.  The complexity of the game caused 

people to forget about the game rules or unit capabilities, limiting their learning 

and applications of more complex strategies, and caused them to experiment 

more.  This could be the reasons why their performances were not as consistent 

where a see-saw pattern was generally observed in the performances graphs.  

Participants might had one plan that work in one game, and then they 

experimented with other moves in the next which caused them to lose, and they 

resorted to more defensive game plan for the next game and done better and so 

on. 

When asked if they were able to consider several options at the same 

time, 13 out of 16 replied yes, with only 3 replied no.  Most participants would like 

to compare options if time allowed so that they had better decisions and could 

limit their risks (12 out of 13 responses).  The comparisons could be between 

sessions when they learned more about the attributes to allow comparisons.  

One participant mentioned considering one option at a time instead of at the 

same time.  Again, similar desires to compare choices were mentioned, similar to 

Study 1 and 2.  The participants realized the benefits of considering more than 

one option.  However, the comparison required understanding the attributes as 

well, so that their comparisons were good.  Those who replied that they were 

unable to consider several options mentioned that they had not enough time (2 

out of 3 responses) and 1 responded that speed was considered more important 

than careful comparison, and planning could replace decision making in the 

game, by making plans before the actions started.  Preplanning could be another 

way for some participant to plan ahead instead of comparing choices in during 

the game. 

When asked if the consequences of losing the game affected their 

decision making, 14 out of 16 participants responded yes.  Seven participants out 

of 14 tried to learn why they lost and then developed better strategy for the next 

game, and kept using the winning strategy.  Five participants out of 14 played 

more defensively to prevent troop loss.  Two participants were motivated by the 

reward and tried to think of the best way to win.  The responses were somewhat 
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similar to earlier responses in Study 1 and 2.  Learning from their failures and 

continuously tried to do better in the next sessions were cited as one of the main 

ways decisions were made when faced with losing. 

For question 6, the participants were asked to rate the frequency of their 

decision processes from 1 (never did this) to 4 (did this all the time).  The 

analysis was the same as before and the responses of question 6 were 

summarized in Table 38.  It seemed that the participants in general used 

comparison of actions with all attributes only occasionally (Item (a) in Table 38) 

but compared using the most important attribute most of the time (Item (b) in 

Table 38).  Participants were also using standard moves based on recognition 

and default action most of the time (Items (c) and (f) in Table 38) which was 

slightly different from previous feedback that they only used the default action 

occasionally (see Table 31 Study 2 Posttrial questionnaire).  In terms of trial and 

error process and preplanning using both concurrent and sequential processes, 

the responses for question 6 (Items (e), (h), and (i) in Table 38) in general 

reflected the quantitative data where these processes were used occasionally.  

Participants in general learned from their opponent most of the time (Item (j) in 

Table 38, in agreement with earlier feedback in Study 1 and 2.  They were also 

able to understand the situation before making a move and used feature 

matching and piecing of information for understanding most of the time (Items 

(k), (l), and (m) in Table 38). 
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Table 38.  Study 3 Post-Trial Questionnaire Results for Question 6 (N = 16). 

Question 6 Mean SD 

a. I considered several actions and examined all the attributes of each 

action to evaluate my moves. 
1.94 .68 

b. I considered several options using only the most important attribute to 

decide which action to choose. 
2.63 .62 

c. I applied standard moves based on recognizing the situations without 

thinking much about the moves. 
3.06 .68 

d. I thought of one new move at a time by simulating it mentally based 

on my experience to determine if this move would work. 
2.06 .57 

e. I just tried out new moves on trial and error basis without thinking 

much about the moves. 
1.81 .54 

f. I used a few standard moves whenever I am not sure what was 

happening or when I did not recognize the situation. 
2.69 1.01

g. I planned what moves to make before coming to the game by 

considering several options and examined all the attributes of each 

action to evaluate my moves. 

2.25 .68 

h. I planned what moves to make before coming to the game by 

considering several options and examined only the most important 

attributes to evaluate which action to choose. 

2.44 1.09

i. I planned only one move before the coming to the game by simulating 

mentally how this one move would work. 
1.81 .91 

j. I learned from the opponent. 3.31 .87 

k. I understood the situations when making a move. 2.81 .66 

l. I developed an understanding of the situation by recognizing certain 

standard features and cues from the game. 
3.13 .62 

m. I developed an understanding of the situation by piecing together the 

events and formed a story to explain what was happening. 
2.63 .62 

 

In terms of the training programs, the participants seemed to agreed that 

the training helped them performed better than they would have without the 

training (M = 4.61, SD = .83) and they would rather have the training than not (M 

= 4.88, SD = .34) (see Table 39).  The participants somewhat agreed that 
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through the training programs, they learned more ways to playing the game than 

they were playing in the first practice trial (M = 4.13, SD = 1.20). And they 

somewhat agreed that the training they had would be useful in other decision 

environments (M = 4.25, SD = .93).  Overall, it seemed that the training programs 

in Study 3 were well received by the participants. 

Table 39.  Study 2 Post-Trial Questionnaire for Question 9 (N = 8)  

Question 9 Mean SD 

The training helped me perform better than I would have without the 

training. 

4.63 .81 

The training taught me more ways of playing the game than when I was 

playing in Practice Trial 1. 

4.13 1.20

Looking back after going through all the sessions, I would rather have the 

training

4.88 .34 

 than not have it. 

The training I received would be useful for other decision environments 

besides the game environment. 

4.25 .93 

 

5.5. Discussion for Study 3 

Hypotheses 1, 2, and 3 for Study 3 were not supported by the results.  

The cue-recognition and decision skill training did not result in different decision 

processes being used nor better performance for the participants, based on the 

lack of statistical significance.  The lack of differences in the decision processes 

used might be due to the already high proportions of RPD processes used by the 

participants in the earlier studies.  It appeared that time pressure, complexity, 

and uncertainty resulted in more snap decisions (RPD processes) and lower 

proportions of concurrent processes.  Overall, the proportion of RPD processes 

did increase slightly comparing the pie charts in Figure 28 (Proportions of the 

Decision Processes combining Study 1, 2, and 3) with Figure 10 (Proportions of 

the Decision Processes in Study 1), where RPD processes consisted of 52% in 

Figure 28 (Proportions of the Decision Processes combining Study 1, 2, and 3) 

but were at 48% in Figure 10 (Proportions of the Decision Processes in Study 1).  
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The effects of the cue-recognition (T3) and decision skill training (T4) were also 

meager for game performance scores, but it should be noted that there were 

some improvements that were sufficient to close the gap between a novice and 

an expert player as evidenced by the absence of significant differences when 

including the experts into the analyses.  This suggested that the training brought 

participants to a standard that was on par (at least statistically) with the expert 

participants.   

It should be noted however that both training programs were designed to 

be short as in Study 2; they might not cover enough ground for cue-recognition 

and decision skills training.  The participants were also very new to the RON 

environment and some participants mentioned that they finally realized the 

implications of the training after the 5th session.  The training effects might not be 

as apparent due to the constraints of only 5 sessions of RON were used to 

measure the training effects, which might not be enough for the participant to 

appreciate the training materials.  The training programs were also viewed 

favorably by the participants who mostly agreed that the training provided an 

edge for them to play the game.  The static nature of the training could be one 

limitation for both training programs and future training could be more interactive 

to illustrate the training cues and scenarios better. 

The results in Study 3 showed that Session effects were significant in 

terms of more RPD processes in the later session and less Concurrent 

processes in the later session.  This supported the notion that with more 

experience, decision makers would shift from concurrent processes to RPD 

processes as suggested by the RPD model.  Therefore, although the expertise 

effects were not significant in Study 1, 2 and 3, the Session effects were 

replicated in Study 3, where less Concurrent processes were used as the 

participants gained more experience.   

Session effects were also obtained for GameWin and GameScore, where 

more game sessions improved the chance of winning and scoring higher scores.  

This showed that more experience would improve the performance, which 
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matched the subjective feedback from the post-trial questionnaire that the 

participants learned from their mistakes between trials. 

The analyses of the cognitive abilities replicated some of the results in 

Study 1, where higher alerting efficiency related to higher proportion of 

Concurrent processes, and lower conflict resolving efficiency related to higher 

proportion of RPD processes.  These findings supported the hypothesis that 

higher cognitive abilities lead to more concurrent processes and less RPD 

processes.  However, the cognitive abilities were not reliably related to the 

decision processes, where some of the component scores and the working 

memory scores did not always predict the decision processes in reliable 

directions.  It might be that other factors mitigate the usage of the decision 

processes, although the attention measures for conflict resolution and alerting 

efficiencies were reliable predictors of the decision processes. 

Mixed results were also obtained when comparing cognitive abilities with 

the game performance.  The cognitive abilities of the participants were not 

 relationship 

betwee

reliably replicated between the studies to establish a conclusive

n the cognitive scores and game performance scores.  It cannot be 

established that cognitive abilities lead to better game performances in general.  

In fact, higher conflict resolving attention efficiency was shown to decrease 

GameSkill scores in both Study 1 and 3.  

One of the limitations with designing the RPD based training programs 

were the lack of subject matter experts (in this case the Study 1 and 2 top 

participants), since the participants who were interviewed could have been still 

new to the game although they were performing very well in the game among the 

rest of the participants.  Additionally, how the interviewer used the CDM to elicit 

the cues and incidents that could be used for the training were rather subjective.  

How to decide if a particular rule or incident was important was inherently a 

judgment call by the experimenter.  In this case, it helped that the experimenter 

also played the RON game as an expert opponent and that experience helped to 

determine whether the participants were really pointing to the important cues that 

novice players would miss.  The interviewees were not able to recall a specific 
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critical incident from their experience and had to view their recorded game videos 

to help them choose the sessions to review.  This showed that the participants 

did not really have enough repeated exposures to have an incident that was so 

critical and memorable that the participants could remember.  They were still 

relatively new to the RON environment and perhaps did not provide the best 

cues and strategies to be extracted into the training.  The memory recall aspect 

of CDM was an inherent limitation to the method as there were always the 

possibilities of false memory.  In this case, the use of the recorded videos 

actually provided cues for recall and evidence to back up what the participants 

said.   

The other aspect was the coding of the information and transforming the 

information to training content.  It was possible that the training materials did not 

convey all the information that was present in the interview when trying to extract 

the CDM data into training content.  Possible improvement to the training could 

involve more interactive depiction of the cues and scenario to enhance the 

appreciation of the training materials. 

5.6. Conclusion to Study 3 

Study 3 aimed to validate if the RPD based training recommendations 

provided benefits compared to no training and general common-sense strategy 

training.  The results showed that the RPD based training was not as effective as 

hypothesized, although sufficient improvement to game performance was 

achieved to close the gap between expert and novice performances.   

The study tested the method of CDM to create training content by 

interviewing expert participants, which exposed the difficulties to recall critical 

incidents by the expert participants as well as the difficulties in extracting the 

critical cues into training content.  However, the method did yield reasonable 

training programs that were accepted by the trainees and were viewed to be 

useful by the trainees. 

Study 3 provided replications of the results that showed that with more 

game exposures, less RPD process and more Concurrent processes would be 
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used, and the performance would improve.  The cognitive ability in alerting was 

related to more Concurrent processes and the conflict resolving ability was 

related to less RPD processes.  But cognitive abilities were in general not 

replicated to show that they were predictive of game performance in reliable 

ways. 
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6. General Discussion 

6.1. 
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al., 1996)

not fully v  

The adve

was depe

Concurren

DefaultAc PreSequential processes.  In Study 1, 

Hypothesis 2 was rejected where a more comprehensive model, such as the Diff 

Con theory (Svenson, 1992, 1996), was more representative of the participants’ 

decision behaviors.  In addition, a new consolidated decision model was 

Decision processes in adversarial environment 

 three studies presented above were to accomplish the specific 

 of this research project, which were to: 

ntribute to the validation of recognition-primed decision (RPD) model in 

imulated adversarial environment; 

lore the roles of common-sense strategies in decision making in the 

ersarial environment; and  

t the effectiveness of training recommendations based on the RPD 

del. 

 RPD model in this case was evident in terms of the prevalence of 

esses used by the participants in the RON adversarial environment, but 

model was not the most representative model for describing the 

behaviors of the participants based on Study 1.  Study 1 provided 

that RPD processes were most prevalent, which was replicated in 

combining the data of Study 2), therefore supported Hypothesis 1 of 

the RPD process were mostly used by decision makers in the 

l decision making.  However, the data also showed that the decision 

 used by the decision maker were more complex than a dichotomy of 

Concurrent processes unlike previous studies (Klein, 1989; Kaempf et 

, and a direct comparison of a higher proportion of RPD processes did 

alidate the RPD model as the decision model for the RON environment. 

rsarial environment used was dynamic, complex, and uncertain, and 

ndent on the adversary’s actions: this demanded both RPD and 

t processes, as well as other processes such as TrialError, 

tion, PreConcurrent, and 
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generated based on the decision model construction analysis in Figure 17 

(Consolidated decision model for the RON decision task).  The consolidated 

decision model in Figure 17 is reproduced here in Figure 36 for ease of 

reference.  This model will be called “ConPAD” standing for Consolidated 

Processes for Adversarial Decision making. 

 

Preplanning

Implement actions

Assess situation

Standard action

Feature Matching Pieced events 
together to explain

Understand 
situation?

New action without 
thinking by trial 

and error

Planned before the 
game by mental 
simulation and 
working on one 

plan.

Is the situation 
typical?

Rule of thumb 
without knowing 

what was 
happening

One action with 
thinking based on 
familiar action and 
mental simulation

Compare actions 
with numerous 

attributes

Compare actions 
with one most 

important attribute

Planned before the 
game by 

comparing choices 
with all attributes 
or single attribute

Yes

No

Yes

Yes

No

 

Figure 36.  ConPAD model: Consolidated processes for Adversarial Decision 

making model 
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To understand how the decision processes are used in the ConPAD 

model, the feedback from the post-trial questionnaire are used to hypothesize the 

conditions that the decision processes are used by the decision maker in the 

ConPAD model.  The RPD processes are clearly used to speed up decisions, to 

mitiga

that therefore, even when the decision maker 

becom

te the complexity, and to compromise for the uncertainties, whenever it is 

not possible to consider more options concurrently.  So when a situation is 

recognized as typical, or the Level 1 decision situation is met (as in the Diff Con 

theory by Svenson,1999), the standard action is performed and the decision is 

just based on routine action (see Section 3.1.3.6, p. 81).  However, Concurrent 

processes are required to determine the optimal course, to discern the intentions 

of the opponent, and to learn the patterns of the opponent’s actions for future 

reference (as mentioned by the participants).  The Concurrent processes match 

the Level 2 and 3 decisions as described in the Diff Con theory (Svenson, 1992, 

1996, 1999).  The comparison of choices is different in nature from a one-off 

decision task, since in an adversarial environment, the decision maker has to 

keep reacting to the opponent’s actions, and is faced with continuous decisions 

until finally one party loses the game.  To be able to have standard moves and to 

recognize the situation, comparisons of options and in general, thinking about the 

attributes of options are needed.  Therefore, the Concurrent processes 

(comparing actions with all attributes and most important attribute) are still 

important as were shown to constitute a substantial portion of the decision 

making processes used in the RON task.  In fact, especially due to the 

complexity and uncertainty of the adversary’s actions and reactions, the 

comparisons of actions and attributes play an even more important part to 

distinguish options as well as to learn the pattern of the adversary.  The 

Concurrent processes are used to form routine patterns in the dynamic 

environment so that RPD processes can be subsequently used when the same 

situation arises.  It is argued here 

e expert in the adversarial decision environment, the Concurrent 

processes, admittedly might be lesser in proportion, but would still be an 
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important type of decision process used in decision making, since the adversary 

might have new actions that render the situation atypical. 

The participants mentioned using experimenting and playing defensively 

to compensate for complexity and uncertainty in the post-trial questionnaire.  

They learned from the opponent, they learned from their failures, and they 

experimented with their decisions to understand the complex environment.  The 

processes they used resembled the sensemaking concepts espoused by Karl 

Weick (1995), in terms of retrospective thinking, ongoing process, and enactment 

of actions to help understand the decision environment.  Hence it should not be 

surprising to see trial and error as a substantial process of decision making in 

adversarial environments as a means of experimentation (see ConPAD model in 

Figure 36).  The decision maker tries out new actions without thinking to 

experiment, to learn and discover the opponent’s moves and intentions from 

such decisions.  It could be argued of course that the participants were new to 

the RON environment and therefore would rely more on the trial and error 

process.  But one can also argue that in an adversarial environment, where the 

dimensions for decision making are vast, the situation will always be somewhat 

new to the decision maker, no matter how expert one can be, since the 

adversary may have enough decision space to make some unexpected moves.  

So in that sense, trial and error might as well be an integral part of decision 

making in the adversarial environment.  These “trial and error” and “developing a 

new action from familiar actions” processes resemble the Level 4 decisions in 

Diff Con theory (Svenson, 1999) where new actions have to be developed.  But 

how these new actions developed depended on the conditions of time pressure:  

random actions or trial and error might be used if there is a need to react fast 

(e.g. pulling in whatever troops around to defend against an incoming army); 

serial evaluation (as in RPD model) might be used for quick evaluation but when 

there is more time available (e.g. planning an attack while enemy was retreating); 

while comparisons of new actions with other known actions might take place if 

there is even more time available (e.g. enemy had retreated and there seemed 

no more activity from the opponent, one might want to compare whether how to 
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move in for an attack, which can be a new move or just wait in city which had 

been used before).  Which of Level 4 decisions at this 

time ar

as doing).  This was pretty much due to the uncertainties of the actions 

of an i ig

the offensive

situation.  T

decision mo

1998) mod

DefaultActio

process whe
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still set up 
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the oppone

experimente

but thought 

lost games 

complex an

adversary. 

 the processes to use for 

e still speculative and will require further investigation. 

As the complex environment could confuse the participants, as they 

mentioned in their feedback (post-trial questionnaire), they developed rules of 

thumb to cater to uncertain situations: the DefaultAction process, where some 

specific actions were used whenever they were unsure what was happening.  

Such default actions could consist of defensive game play (to cater to uncertain 

opponent’s motive) and exploratory actions (move units to find out what the 

enemy w

ntell ent adversary, where the “safe” actions were generated to fend off 

 moves of the enemy, whenever one was confused or unsure of the 

he DefaultAction process is something that is not featured in most 

dels including Diff Con theory (Svenson, 1999) and RPD (Klein, 

el, but is included in ConPAD model (see Figure 36).  The 

n process in ConPAD can be viewed as a special recognition 

re one recognizes that one does not know what the situation is, and 

 standard, play-safe action for the best chance of success.  However, 

 realized that this process is not due to an understanding of the 

t the opposite of not understanding the situation.  In an adversarial 

t, it may be common that one does not know what is happening.  This 

 experts who are highly experienced, but an intelligent adversary can 

surprises to confuse the experts, if the decision dimensions are 

ough (as in RON).  In a sense, one can argue that there is really no 

n an adversarial environment, who knows every possible actions that 

nt can think of and able to predict all possible moves.  The 

r was surprised by a few participants who were supposedly novices 

of very effective and unexpectedly sophisticated strategies and had 

to the novices due to these surprises.  If the decision dimensions are 

d wide-scope enough, there will always be uncertainties due to the 

 Hence, default actions might be of great importance in the 
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thinking and

explain why

Kaempf et 

preplanned 

scenarios, t

However, on

the RPD re

environment, where one has to have default safe actions to use 

ne is not sure as shown in ConPAD model (see Figure 36).  One 

ding the experimenter in the opponent role was to send decoys to 

articipants’ army whenever the experimenter was not sure what the 

were doing.  This default action was safe yet required no recognition 

ion, but depended on the non-recognition of the situation. 

anning was also another aspect that was not in the RPD model or 

on models but was highlighted by the decision makers in this 

oject.  Preplanning in RON was used to prevent incorrect snap 

s mentioned by one participant to prepare for uncertainty of the 

actions.  By deliberating possible actions, either by comparing or 

ew actions from serial mental simulation, the decision makers can 

planned decisions that they knew were good enough, as they had 

or compared before starting the task.  In a sense, the preplanning 

a coping mechanism as well as a learning process for the participants 

 to learn the complex environment in a short duration.  It should be 

that most of the time, preplanned decisions were executed early in 

en the situation was still clear to the decision makers (i.e. they knew 

t would not arrive yet), and they could implement those actions with 

situation.  However, some individuals were also able to preplan 

last for the whole game, where they executed the preplanned actions 

onditions met their preplanned situation.  This was similar to the 

process in RPD model, except that in this case, the conscious 

 comparison was conducted before the game.  This could perhaps 

 more decisions were classified as recognized in earlier studies (e.g. 

al., 1996), since experienced decision makers might already have 

actions that were compared or developed before the decision 

hat they used similar processes to a recognized action process.  

e should still distinguish the preplanning processes as different from 

cognized actions, since preplanning might require deliberation and 
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s that inherently could affect the way we train decision makers.  The 

Preplanning processes in ConPAD follows this rationale. 

onPAD model in Figure 36 shows that the processes of assessing 

 (feature matching and piecing sequence of events together) and 

dard decisions (when the situation is typical) are pretty much the 

 RPD model.  Therefore, in this sense, the RPD model is very much 

dversarial decision making, except that the other processes 

, trial and error, and rule of thumb for unsure situation) are also 

d substantial in the decision making.  The ConPAD model (in Figure 

lly integrate the Diff Con theory (Svenson, 1999), RPD model (Klein, 

traditional normative models.  In this case, empirical data were 

 the three studies to validate the integration of the RPD 

othe  processes into the ConPAD model.   

tudies had not found expertise effects in decision processes, counter 

gs of Klein (1989) and the assumptions of RPD model.  But the 

cts were detected for the decision processes in Study 1 and were 

hen all the data were considered (Study 1, 2 and 3), which in 

ported the view that with more experience, hence more expertise, the 

cesses would tend to have more of RPD processes than Concurrent 

 This supported the general assumption of RPD model, where more 

 decision makers would use more RPD processes.  One limitation of 

as that the experts recruited in Study 1 might not be really experts.  

valid limitation, since even with extensive RTS game experience, the 

 were altered in the RON, which might not match the skill or the 

els of the general RTS game players.  However, it should be noted 

erts were generally performing better than the novices were.  In 

 games won, the experts won 20 out 40 total games, which was half 

.  So if we assume the opponent they played against was an expert, 

n equal chance of winning and losing which would be fair to say that 

were on par with the experimenter in terms of expertise of the RON.  

processes used by the expert and novice might be due to other 
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replications 
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higher alerti

in which low

efficiency w ng 

efficien w

conflict res

meaning wit

faced with u

ch as perhaps no real expert exists in adversarial environment in the 

But the experience effects (Session factor) validate the prediction of 

l where more experience the decision makers get, more RPD 

nd less Concurrent processes would be expected.   

variable compensation also presented real-world incentives for the 

to play well in the game, where losing each game meant losing 

s in ost naturalistic decision making environments, where failures might 

ge losses of life or vital resources.  The RON game was also 

ompetitive and naturally invoked the players to try to win instead of 

 motivational setup led to a balancing act between the need to make 

s, and the need to make good decisions, where both RPD processes 

rent processes were important.  The Concurrent processes were 

imize the chance of success and minimize the chance of failure.  

s, to prevent the decisions from becoming obsolete due to the 

the events, correct decisions would have to be used as quickly as 

herefore, both RPD and Concurrent processes were used by the 

to ensure they had the best chance of success and winning more 

xploration of cognitive abilities of the participants was mixed in the 

ome of the cognitive measures such as working memory measured 

AN had opposite results when replicated.  But based on the 

of the results, the alerting attention efficiency as measured by ANT 

o be relate to more Concurrent processes when decision makers had 

ng efficiency (or lower Alert score as the ANT measure reaction time, 

er score means higher attention performance).  The conflict resolving 

as related to RPD processes, where those lower in conflict resolvi

cy ould use more RPD processes.  One puzzling result was that higher 

olving efficiency was related to more DefaultAction processes, 

h more conflict resolving ability, one would use standard rules when 

nsure situation.  This was counter to expectation and more studies 
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eeded to investigate this result.  The cognitive tests were also not 

dictive of performance, where conflicting results were obtained 

udy 1 to Study 3 (combining Study 2 data in the analysis).  And 

me of the cognitive measures showed significant prediction of 

, the effect was not replicated in later study.  This suggested that 

er conditions might overrule the effects of cognitive abilities in 

ks.  An interesting finding was the general improvement of cognitive 

een pre- and post-experiment measurements in Study 

gh n t all the cognitive test scores were changing in the same direction for 

dies.  Only conflict resolving attention efficiency and overall attention 

iency were shown to be consistently improved for all the participants 

dies.  This showed that the RON task might have an effect on 

e Conflict resolving attention and overall attention of the participants.  

interesting to test if the cognitive improvement would be obtained for 

p participants with no experimental treatment with equivalent group 

ts.  The results provided support that attention (conflict resolving and 

tion efficiencies) might be plastic and tend to be a skill rather than a 

  Similar results were obtained by Green & Bavelier (2003) where by 

rticipants to first-person shooter game sessions, the participants 

improvement to their attention test scores.  It should be noted that in 

ue that the attention construct is a skill, based on the above results, 

assume that the attention test (ANT) was actually measuring the 

 attention and not some skills related to doing the attention test.  So 

ere should be viewed as a beginning of a conversation to the debate 

ttention is a cognitive ability or cognitive skill. 

ms of the first objective of this research project, RPD model was 

 four counts, (1) where RPD processes were more prevalent and 

more in the adversarial environment, (2) where experience lead to 

rocesses and less Concurrent processes, (3) where RPD model was 

rticipants and was part of the decision model in the adversarial 

t, and (4) attention resources (alerting and conflict resolving) 
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especially w
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ore Concurrent processes and less RPD processes (with 

  However, additional processes were used besides the RPD model 

RPD model was not exclusively representative of the adversarial 

vironment.  Expertise effect was not directly observed where it 

t expert and novice would use mostly the same types of decision 

mon-sense strategies and decision making training 

e second objective, the common-sense strategies were found to be 

nt in the adversarial decision making environment: only 1 out of 30 

nse strategies was not being used by any of the participants.  The 

vari y of different strategies.  There were no differences between the 

iliarization participants and the expert and novice participants in 

e strategies used as well as game performance.  Hence, without 

 participants were already using most of the same common-sense 

Study 2 showed that (1) the simple strategy familiarization training 

y effective in improving the game performance and (2) the training 

ry effective in changing the variety of strategies usage of the 

  However, this could also imply that the common-sense strategies 

valent that the benefit of just being familiarized with the strategies 

enefit much since the participants already know these strategies.  

s, there were some meager effects of the training, where T2 

seemed to use more of the popular strategies used by t

compared with the novices and the differences were bridged between 

novice participants in terms of the variety of strategies used.  The 

tudy 2 had implications to the design of training for using strategies.  

 capitalize on the prevalence of the common-sense strategies by 

g specific uses of the strategies to the decision environment, 

hen the strategies can sometimes be contradicting one another (e.g. 

conquer” versus “group as one for ease of control”).  Obviously, how 
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 terms of decision training, based on the consolidated decision model, 

the findings in Study 2 and Study 3, the following recommendations are 

proposed: 

correct strategies under the correct conditions was very important.  

 be the emphasis when training common-sense strategies.  The 

interview, coding and extracting the common-sense strategies 

method to understand the use of common-sense strategies better.  

lysis of the data would be useful to generate a hybrid training system 

he cue-recognition, decision skill training, and the common-sense 

aining into one. 

, in terms of the RPD based training, the performance was not 

 different by using the cue-recognition and decision skill training.  

ere were some improvements to the performance where the expert-

ction was bridged by the T3 and T4 performance.  Although the 

 margin was not large, it was enough to make the novices recruited 

to perform on par with the expert in Study 1.  Based on verbal 

ring debriefing, some participants mentioned that the training was 

could have been better if they were more interactive.  A few 

mentioned they only appreciated what the cues meant on the cue-

training during the later sessions (Sessions 4 and 5), and the same 

bserved for a few participants for the T4 condition too, where the 

did not link their reasons of losing to the reasons they gave in the 

ant Session effect was found when comparing the GameScore and 

GameWin, where they finally assimilated what they had learned during the 

training.  This finding implies that the format of training might be important too for 

assimilating the training materials.  Both cue-recognition and decision skill 

training (DST) consisted of reading static text and figures, with additional verbal 

interactions with the experimenter for DST (T4 condition), but the training might 

not convey the dynamics of the game cues

In
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1. Decision training should still emphasize comparisons of options and 

consideration of attribute e processes were still essential to 

the decision makers in making decisions in the adversarial 

ing or postmortem, where the decision makers needed to 

develop 

ions as well as default 

ilant decision making might yet prove to be important to 

 should still be used since the RPD process were 

 

 gave only meager 

 text format.  The static text based training used in this 

t in performance level for a nursing training manual 

provements in the medium of training would be required for the 

o sharpen and perfect the execution of these 

 where specific rules and strategies to obtain the 

opponent’s mental model or to deceive the opponent were important to 

s since thes

environment.  These processes were also used outside of the task, in 

preplann

understand why their actions succeeded or failed and to 

standard rules for recognition based decis

actions that could work in unfamiliar or unrecognized situation.  

Training on vig

enhance evaluation of choices (Mann, Beswick, Allouache, & Ivey, 

1989). 

2. RPD based training

prevalent in the decision environment.  Both cue-recognition and

decision skill training should be further enhanced as they were not very 

effective in their current form in Study 3, which

benefits.  More interactive training, perhaps with the actual simulated 

system, would illustrate the cues and concepts in the DMG in a better 

way than

research was not easily assimilated until after certain experience level 

was reached (in Session 4 or 5).  One could imagine the same low 

level of improvemen

where all the cues or symptoms were just text based description 

without actual skin colors to compare with.  This study showed that 

im

fundamental RPD based training to work.   

3. Common-sense strategies were prevalent and therefore should be 

targeted for training t

strategies.  In particular, the adversarial related strategies such as 

“know your enemy and yourself” had implications in the adversarial 

environment,
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adversarial decisions.  Much of the general decision processes were 

generic but the common-sense strategies were in between generic 

rules and specific game rule.  As the complexity and uncertainty of the 

fend and wait 

etimes the correct strategies were used 

ining but strengthen the other aspects.  For example, the common-

ue-

ipants to challenge existing mental models and develop 

6.3. 

decisio nal method of decision 

need t

allow 

providi f options are usually not the goals of 

solutio  

& Zuylen, 2000; Svenmarck & Dekker, 2003), or to integrate multiple sources of 

adversarial environment limit both RPD (fast but might be wrong) and 

Concurrent (detailed and optimal but no time to use) processes in 

decision making, the common-sense strategies (e.g. “De

for opportunity”) might be better rules to be trained with.  Study 2 

showed that strategy training would require more elaboration and 

specific application to be truly useful.  Experience playing with the 

participants showed that som

but were not executed well enough causing devastating losses in 

troops.  Cue-recognition, situation elaboration, and common-sense 

strategies would probably cover the deficiencies of each type of 

tra

sense strategies would provide concepts to counter uncertain 

adversary’s mental models when making a decision, but the c

recognition training would help to determine which specific cues to help 

identify the strategies been used, while the DMG based DST would 

enable partic

specific situational actions. 

Design implications for decision support systems  

In terms of design implications to the decision support system (DSS), the 

n processes observed showed that the traditio

making training and decision processes were not entirely outmoded.  DSS might 

o cater to trial and error experimentation and simulations of options to 

experimentation and guessing by the experimenter.  The concept of 

ng experimentation and simulations o

DSS.  DSS are usually designed to help compute and suggest the optimal 

ns for the decision makers (e.g. Hegyi, Schutter, Hoogendoorn, Babuska,
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information for ease of access to the user (e.g. Marsden, Pakath, & Wibowo, 

You & Pekkola, 2001).  There are some DSS which include functions that 

users to experiment with different input conditions, to simulate their 

ns (e.g. Paolucci, Sacile, & Boccalatte, 2002; Zhuge, 2006).  For instance, 

2002; 

allow 

decisio

Paolucci, Sacile, & Boccalatte (2002) developed a simulation-based DSS for 

as we

scenarios such as different sequences of tanker arrivals, different tank planning, 

helped

and le

Sacile hind 

experi ons.  This 

postula

for the ort in RON, a 

trainees can input different actions as trial and error to simulate the outcomes.  

of the 

there is ample time for testing and experimentation.  Fast-paced environments 

(Svenm

training

essent and applications of operation 

1997).

this study showed that the traditional planning processes required in many 

industries were essential to cater to time pressure, uncertainty and complexity.  

allocation of crude oil in port and refinery tanks, which served both as a training 

ll as decision support tool.  The users in this case could simulate different 

and other parameters, to determine the feasible allocation policy.  This tool 

 inexperienced operators to experiment with different allocation policies 

arned the consequences of these policies in the simulation (Paolucci, 

, & Boccalatte, 2002).  Such a DSS design exemplifies the concept be

the recommendation here: to allow decision makers to use trial and error and 

mentation, to test out their decisions prior to their actual decisi

concept is also in line with the sensemaking characteristic of reenactment as 

ted by Weick (1995).  To illustrate the recommendations, decision support 

 RON task will be used.  For the case of decision supp

computer script can be used to provide a set of standard enemy actions and the 

This will help the participants to understand the situation and the characteristics 

combat units better.  Obviously, such simulation system is only feasible if 

are still tough for such DSS implementations such as in a fighter aircraft 

arck & Dekker, 2003).  But such a simulation tool could be useful for 

 as well as advising the possible pitfalls of the decision maker’s actions. 

 The computation of the “best” options and preplanning tools would still be 

ial, where mathematical optimizations 

research methods help to determine the “best” decision (Weistroffer & Narula, 

  In fact, the preplanning aspect of decision making behaviors observed in 
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Simulation-based DSS is also applicable for preplanning activities.  DSS in this 

hould be able to provide preplanning and simulation of consequences to 

cision planners to tes

case s

let de t their preplans.  In addition, the feedback that 

making

plans bsequently better the 

industr

already common, but this research project provided the empirical evidence of 

the RO

the actions of the units by writing an action script and once the game starts, the 

action ker 

prepla

plans 

makers can develop better plans.  

recom

applica

of the design recommendations based on the RPD model.  Recommendations 

diagno

are sti  decision processes used by the participants in 

these 

oppon

can he presents them as 

decoys on the game interface.  A real-world parallel of such a decision aid is a 

sonar detection system in a submarine to identify enemy submarine versus a 

participants learned from the opponent suggested that adversarial decision 

 would only improve with worthy adversaries who could devise better 

to challenge the decision makers’ decisions, and su

decisions to be made in the future.  This might not be something new to most 

ies where wargaming or devil advocate adversarial games might be 

such behaviors in an adversarial decision making environment.  In the case of 

N, a possible preplanning tool is to allow the decision maker to preplan 

units would automatically move to the respective positions and execute those 

s that were preplanned.  This will cut down the time the decision ma

needs in manipulating the units and changing the screen views to issues those 

nned actions.  A preplanning expert system might be developed to test the 

before the start of the RON and critique the plan so that the decision 

As the ConPAD decision model consisted of the RPD processes, 

mendations for designing DSS based on the RPD model will be still 

ble (Klein, 1989; Means et al., 1993).  Section 1.3.2 provided a discussion 

such as emphasis on situation understanding, support mental simulation and 

sis, and support the recognition processes used by the decision makers, 

ll reasonable based on the

this study.  DSS would have to take in data from the environment and convert 

data to usable format for the participants.  For example, decoys sent by the 

ent in RON were difficult to discern for the participants.  One way a DSS 

lp in decision making is by “sensing” the decoys and 
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whale.  Case-based DSS is another way to convert the environment data into 

 information for the decision maker, to aid situation understanding.  In the 

f RON, a case-based DSS might be de

useful

case o veloped based on the common-

troop movements to the set of common-sense strategies and the DSS can 

The D ows some likely 

strateg ers and 

enviro

strateg y the 

such a em accordingly.  One way such 

rule u another.  This way the decision 

will be

DSS’s

sense strategies.  Pattern recognition algorithms might be used to match the 

provide the strategy of what the opponent was using to alert the decision maker.  

SS can also provide a particular strategy to use and sh

plans for the decision maker to decide when faced with a specific opponent’s 

y.  Such systems however will depend on the ability of programm

engineers to design and develop sensors that can detect the raw data from the 

nment and develop algorithms to match these data with the database of 

ies.  The information presented will have to be easily understood b

decision makers and flow with the decision processes used for understanding, 

s linking the events and explaining th

linking of events can be illustrated in a DSS is to highlight each event and list the 

sed to deduce the events from one to 

maker can follow the reasoning, can understand the DSS reasoning better, and 

 able to trust either the DSS or their own reasoning by comparing with the 

 output. 
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7. Conclusions 

make 

decisio

where  applicable.  However, at the same time, 

and p

advers

follows

 processes used in a semi-

amine decision processes were 

ing the decision processes used 

ipants using the recorded videos reduced false memory 

ds (Ford, Schmidt, Schechtman, Hults, & 

 pitfalls of retrospective interview highlighted by critics of 

o discriminate between decision processes used 

by experts and novices, due to the general novelty of the scenario 

This research set out to answer the general question of “How do people 

decision in adversarial environment?”  It was found that fast, rapid 

ns were needed to cater to the dynamic and fast-paced environment, 

 recognition primed decisions were

comparisons, trial and error, default rules-of-thumb for unrecognized situation, 

replanning were also important processes used in decision making in 

arial environment.  The main contributions of this dissertation are as 

: 

1. Establishing an experimental microworld for adversarial decision 

making research:  The RON microworld provided a platform for 

observing and studying the decision

controlled environment and added to repertoire of experimental 

microworld for dynamic decision making research (Gonzalez et al., 

2005).  The procedures used to ex

tested and found to be useful.  The method of asking the participants 

to decide the type of processes they used also provided an easier 

means of data collection for obtain

by the participants.  The abilities to check back on the actions taken 

by the partic

and provided better quality control on the qualitative data collection 

method.  This method of cognitive probing enhances the current 

cognitive probing metho

Doherty, 1989; Kaempf et al., 1996; Woods, 1993) and avoided 

some of the

such methodology (Bazerman, 2001; Caverni, 2001; LeBoeuf & 

Shafir, 2001).  However, there are limitations to the microworld and 

cognitive probing method.  It is possible that the RON task will not be 

sensitive enough t
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used in the current task.  A larger number of exposures might be 

required, such as twice the current number of sessions to train the 

players to become real experts of the game.  With such a pool of 

subject matter experts, then perhaps a better validation study can be 

participants to a higher level 

control for expertise level.  

-consuming data coding, and labor 

cipant said and what actually happened in the game (3.9% 

ing 

 as one factor 

dological 

r.  The current 

 verifiable data to support the qualitative nature of 

d for 

conducted to examine expertise effects on decision processes.  

Future research might involve training 

of experience and pitting these experts against other experts and 

novices as an experimental condition to 

The current probing method also suffers several pitfalls such as long 

duration of interviewing, time

intensive or effortful reliability control, (either through reviewing or 

independent coders) which can decrease the attractiveness of using 

such a method.  There is also the issue of conflicts between what the 

parti

conflicts between decision codes chose by coder and participants, 

see Table 37 for percentages of coding conflicts and other cod

conditions), and the loss of data due to limitations during the 

interviews, which cannot capture all decision episodes during the 

game sessions.  The subjective nature of semi-structure interview 

also places the interviewer’s skill in interview

contributing to data collection quality.  These are limitations that 

continue to challenge researchers in cognitive probing since the 

thought processes are still essentially opaque.  More metho

improvements would be required to enhance the reliability and 

coding aspects of the cognitive probing method furthe

RON platform provided an adversarial environment that allows 

certain control of the environment and yet still allow for a reasonable 

naturalistic decision making environment.  The ability to capture the 

actions provided

the verbal coding analysis.  This is an improvement to the traditional 

critical incident method used in the Critical Decision Metho
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cognitive task analysis (Crandall & Getchell-Reiter, 1993; Klein, 

Calderwood, & MacGregor, 1989), where the data would not be 

certainties in a more systematic way to further test and 

 

decision processes and strategies usage 

al enhancement to cognitive probing can also be 

retical development of the decision making model:  The RPD 

.  Although the RPD model was 

sion behaviors of the participant.  The ConPAD model 

king especially in the field of 

7; Kahneman, 

 each facet of the multi-facets characteristics of human decision 

ck of specificity on the types of decision processes to be 

verifiable.  Future work might be conducted in this environment to 

control new experimental factors such as time pressure, complexity, 

and un

develop the ConPAD model.  The same cognitive probing method

can be used to obtain the 

of the participants under these experimental conditions.  Further 

methodologic

conducted using the RON task.  Therefore, one major contribution of 

this research project is the provision of an experimental microworld 

for both theoretical testing and methodological testing. 

2. Theo

model was used as a modal model for validation to elucidate the 

adversarial decision behaviors

validated in several aspects (Klein, 1998), it was also found that Diff 

Con theory (Svenson, 1999) might be more representative in the 

general deci

was developed to integrate both models and to include processes 

not described in the two existing models.  This contributed to new 

theoretical development of decision ma

adversarial decision making.  The empirical data supporting ConPAD 

model showed that perhaps decision theorists (e.g. Beach, 1998; 

Edwards, 1954; Hammond, 2000; Janis & Mann, 197

Slovic, & Tversky, 1982; Lipshitz, et al., 2001; Payne, Bettman, & 

Johnson, 1993; von Winterfeldt & Edwards, 1986) are focusing only 

on

making.  The Diff Con theory proposed by Svenson (1999) best 

illustrates the multiple aspects of decision making, which the 

ConPAD model shares.  The main limitation of the ConPAD model is 

the la
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employed by the decision makers although the proportions of what 

processes were used were established.  The exploratory findings of 

common-sense strategies are also not currently integrated into the 

al conditions in which the different decision processes 

ommon-

arch project might be limited.  In this case, the static text- 

pproach might 

 Gopher, Weil, & 

 of the RPD-based training.  Future work might involve 

l 

on of options are used to form 

 

s:  The common-sense strategies 

for decision making.  One main limitation with the current study on 

ConPAD model.  Future work might involve contextualizing the 

decision model with the common-sense strategies and establishing 

the situation

are used.   

3. Training validation and recommendations:  The training of c

sense strategies, cue-recognition training, and decision skill training 

were found to be insufficient in the current format although meager 

improvement was obtained based on the validation work in this 

dissertation.  However, the training and the testing method used in 

this rese

based training might be a factor hampering the transfer of training 

effects.  A more interactive and perhaps multimedia a

have better amplification of the training benefits inherent within the 

strategy familiarization, cue-recognition, and DST training.  A more 

realistic and perhaps part-task approach (e.g.

Siegel, 1989) recommended in previous simulation-based training 

studies should be incorporated for future exploration of the possible 

advantages

improving the delivery of these training concepts to develop the 

training programs further.  Insights based on the ConPAD mode

also suggested the need for training in normative comparison skills, 

which were important since comparis

new patterns for recognition and for optimizing decision making. 

Training recommendations were provided in the previous section. 

4. Roles of common-sense strategie

were evidence in the participants’ usage and provided empirical data 

to validate Gordon (2003b) assertion that strategies were currencies 
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common-sense strategies was the lack of integration of the 

strategies with game context.  This will require more resources and 

nse strategies and perhaps provide insights on 

r specific context could provide further 

ncy decision makers used more Concurrent 

task might be a reason why the fundamental cognitive 

ollands, 2000) 

s (e.g. C. Gonzalez, 

 be sensitive to the cognitive abilities of the 

 efficiency improved compared to pre-

ced the visual attention scores.  These results 

supported the school of thought that perhaps attention is a cognitive 

time not planned for in this study.  But the current data might provide 

enough context data (verbal interview data) to establish the use of 

the common-se

further training recommendations.  Further studies on how these 

strategies were utilized fo

insights to the adversarial decision making environment. 

5. Cognitive abilities of decision makers on decision making:  This 

research project found that lower conflict resolving efficiency 

decision makers used more RPD and DefaultAction processes and 

higher alerting efficie

processes.  However, other cognitive test measures did not predict 

the decision processes reliably.  Cognitive abilities also did not 

reliably predict decision performance in RON.  The complexity of the 

RON 

measures were not as predictive since other components of the 

human information processing system (Wickens & H

were not fully accounted such as long term memory. Although 

previous studies had shown that working memory and attention play 

substantial roles in a variety of real-world task

Thomas, & Vanyukov, 2005; Feldman Barrett, Tugade, & Engle, 

2004; Parker & Fischhoff, 2005; Stanovich & West, 1998), the RON 

task might not

participants.  RON was found to have an effect on conflict resolving 

efficiency where post-experiment attention efficiency for conflict 

resolving and overall attention

experiment measurement.  This finding mirrors the study by Green & 

Bavelier (2003) which shows that playing first-person shooter 

computer game enhan
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skill that can be trained to enhance the cognitive performance, 

assuming that the ANT test (Fan et al., 2002a) actually measure the 

, 

d or not.  Currently it 

e ANT test, which might not be measuring 

s used by the participants, some design 

Study 2.  

g.  The 

g on real-world wargames or wargaming simulators. 

ve 

 real world 1 day 

movement), and the game was short compared to real warfare (10 

attention construct.  However, the results here were limited as no 

control groups were used to check if ANT test was reliable.  The 

results suggested there is reason to explore if cognitive constructs

such as attention, should be considered skills or abilities.  

Experiment that is more sophisticated should be designed to test if 

the attention resources of people can be traine

was not conclusive to determine if the attention scores changed due 

to the construct of attention being a cognitive ”skill” or due to skill 

improvement in doing th

the attention construct.   

6. Design recommendations for DSS:  Based on the insights of the 

decision processe

recommendation for DSS were provided.  These would require future 

validation. The RON test bed would also be useful for testing out 

concepts in DSS since the test bed was useful as a platform for 

examining adversarial strategies as demonstrated in 

Although the RON microworld was limited in simulating real-world 

operational warfare, it captured the essence of applying different 

warfare related tactics that would be useful for decision makin

dynamic nature and economical application (cheap to setup and fast 

to end each game) will be easier for testing the DSS concepts then 

testin

7. Simulation of warfare:  The RON microworld in this case provided an 

economical alternative to simulate warfare concepts and could ha

potential in training real-world military commanders.  Although the 

platform was not representative of the operational aspects of 

warfare, since the units were not operationally realistic (e.g. takes 5 

seconds to move to enemy’s land instead of a
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minutes to less than 1 hour to complete versus a real war which 

might be days or months of battles), however, the RON platform was 

representative of the strategic aspects of warfare (based on the 

 as using the Spies, the Elite Special Forces, and 

h air superiority usually had dominance over the 

 with the right types of infantry 

e troops were 

me in a fast-paced, economic 

strategies for military 

nature  of decision makers in an adversarial 

strateg

recom mance).  

discussed above in their respective section. 

prevalence of usage of the warfare related common-sense 

strategies).  The RON could be used to train commanders to think 

out-of-the-box such

decoys.  The units in RON were modern and were realistic 

representation of the characteristics of modern warfare.  For 

example, air superiority was an important aspect of the RON game, 

where the side wit

game.  Armor units were tougher than infantry but when under 

ambush and fortified position or

(rocket launchers infantry), the armor could be defeated by infantry 

units.  In addition, the strategies involved in using th

closely related to military environment.  The RON in this case could 

allow military commanders to war-ga

manner and with sufficient realism to apply those warfare concepts 

into real warfare.  Therefore, the RON test bed can be a useful tool 

for training and practicing adversarial 

commanders.  

 This dissertation in general fulfilled the goals set up initially to explore the 

 of the decision processes

environment by validating the RPD model, exploring the roles of common-sense 

ies in adversarial decision making, and validating the RPD training 

mendations (which was not very effective in improving perfor

Limitations of this research project and recommendations for future work are also 
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Decision making in dynamic adversarial environment 
Screening Questionnaire 

 

Purpose of this Questionnaire:   
termine your experience level with real time strategy 

mine if you meet our research 
criteria. 

 all questions. 

1. play frequently?   

• This questionnaire is to de
games and other related information to deter

• Please answer
 

What types of computer games do you None 

Game Hours/Week Name (Enter your top 3) 

a.  

b.  

c.  

 

2. Have you ever played a computer game called “Rise of Nations” before?  Yes   

No 

3. Rate your experience in Rise of Nations:  
 I have played less than 10 hours of Rise of Nations    

 I have played between 10 to 40 hours of RTS games  

 I have played between 50 to 100 hours of RTS games  

 ames      

 

4. 

I have played more than 100 hours of RTS g

Rate your skill in Rise of Nations: 
E rxt mely Poor e Poor Average Good Extremely Good 

5.  strategy (RTS) game (Warcraft, Starcraft, 

 

Rate your experience in any real-time
Command and Conquer, etc.), tick one:  

 I do not know what a RTS game is          

 I have played less than 2 hours of RTS games ever    

  of RTS games  I have played between 2 to 40 hours

 I have played between 40 to 100 hours of RTS games  

 

5a. State the name of the RTS game your are rating 

for:___________________________ 

6. gy games: 

I ha rs of RTS games             ve played more than 100 hou

 

Rate your skill in real-time strate
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E rxt emely Poor Poor Average Good Extremely Good 

 

7. We need participants to take part in a series of experiments that involve playing 5 
eal-time strategy games and 2 additional experimental sessions for 

Would you be interested in taking part in our study?   
sessions of r
training and interviews.  

Y  es     No 

 
you) Participant ID: ___________ (provided to 

Age:____________________    Your Gender: Male Female  

 
THANK YOU, WE WILL CONTACT YOU SOON 

ease contact Boon Kee Soh at email: 

 

If you have any questions or concerns, pl

bsoh@vt.edu or Tel: 961 2975
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INFORMED CONSENT FORM 

 
Title of Project:  Application of recognition-primed decision model in a dynamic, 
adversarial environment and the roles of common-sense strategies  
 
Principal Investigators: Tonya L. Smith-Jackson, Ph.D., Boon Kee Soh 
 

You are invited to participate in a research project designed to explore how people make 
decisions in complex, dynamic environment.  We are also examining the relationships 
between cognitive abilities and decision making.  

INFORMATION 

You will first go through a questionnaire which we will use to select suitable candidates 
to take part in our study.  You will be informed by email or phone call if you meet our 
study requirements and you are selected for the second phase of the study.  As we have 
different schedules for conducting trials, it will take some time before we can confirm if 
you will not take part in the second phase of the study.  Once we finalize our 
participants, we will inform you if you are not chosen to take part in the second phase of 
the study. 
 
The second phase consists of completing 1 session of training program, 2 practice trials, 
and 5 sessions of computer game play, each session with a total of 1 to 1.5 hr of a 
complex decision making task.  Some participants will be given a more elaborate training 
while others will be given just a familiarization to the game environment.  The training will 
consist of mainly reading text and graphic information, and in one condition, you may 
have to role play a game scenario.  Only the first 16 participants need not go through 
elaborate training apart from familiarization with the game environment and 2 practice 
trials.  A random process will be used to choose which conditions you are in. 
 
Before starting the experimental trial, you will be administered two computerized 
cognitive tests, called the ANT and OSPAN.  They are used to measure the attention 
and working memory capacities.  You will be required to go through both tests again 
after the 5 sessions of game tasks. 
 
The experimental task is similar to playing a computer game except you will be playing 
with a human opponent.  The game plays on screen will be recorded using a screen 
capturing software.  We will then conduct interviews with you after the game, by 
reviewing the recorded games, to understand how you make your decisions within the 
game.  The interview will be conducted 3 out of the 5 sessions.  Your verbal output 
during interview will be audio recorded for research analysis purposes.   

PURPOSE OF PROJECT 

275 



RISKS 

ted with this research project that are 
utine computer usage.  You will be 

BENEFITS 

erived from knowing that you have contributed to the development of 
ecision theory.  In addition, you can receive the results of this research directly from the 

experimenter after the data have been analyzed.  You can use the contact information 
on the bottom of the form we will give to you.   
 
CONFIDENTIALITY 
The information gained in this research project will be kept strictly confidential.  At no 
time will the researcher release the results of the study to anyone other than individuals 
working on the project without your written consent.   
 

ou will be identified only by a 3-digit study code.  Data will be stored securely and will 

N 

 you are a student in courses where research credits are awarded for participation, you 
ill 

e compensated based on the following scheme: 
mes; 

se 2 games); 
es. 

 
the 5 sessions based on $15 as 

e base rate for 5 sessions (e.g. if you stop after 1 session of game trial, you get 
$15X1/5=$3).   
 
FREEDOM TO WITHDRAW 
You are free to withdraw from this study at any time without penalty.  If you withdraw 
before completing the session, you will be compensated for the portion of the time you 
spent participating in the study.   You are also free to choose to leave questions blank 
that you do not feel comfortable answering. 

APPROVAL 

 been approved, as required, by the Institutional Review Board 
r Research Involving Human Subjects at Virginia Polytechnic Institute and State 

There are no physical or emotional risks associa
bove and beyond those risks occurring with roa

monitored at all times during the trial sessions.     

Benefits can be d
d

Y
be made available only in the context of research publications and discussion.  No 
reference will be made in oral or written reports that could link you to the data nor will 
ou ever be identified as a participant in the project.   y

COMPENSATIO

If
can choose get the credits according to the policy set by your instructor.  If not, you w
b
• $40 if you participate in the five game sessions and win all the ga
• $5 deduction for every game you lose (e.g. you get $30 if you lo
• The minimum compensation will be $15 even if you lose all the gam

 session has been completed. Compensation will be given when the entire research
ompensation will be pro-rated if you did not complete C

th

This research project has
fo
University and by the Grado Department of Industrial and Systems Engineering and the 
Department of Psychology. 
 
PARTICIPANT’S RESPONSIBILITIES 
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It is very important that you keep the activities and information discussed confidential, 
ince others will be participating in this research.  

 
ESTIONS 

ICIPANT’S PERMISSION (General) 

ntact 
the principal investigators, Tonya L. Smith-Jackson at 231-4119 or smithjack@vt.edu  
(519-H Whittemore) or Boon Kee Soh at (540) 961 2975 or email: bsoh@vt.edu. 
 
If you feel you have not been treated according to the descriptions in this form, or your 
rights as a participant have been violated during the course of this project, you may 
contact Dr. David M. Moore, Interim Chair of the Institutional Review Board Research 
Division at 231-4991 or moored@vt.edu.   
 

 

 

 

s

QU
If you have questions, or do not understand information on this form, please feel free to 
ask them now. 
 

PART

I have read and understand the Informed Consent and conditions of this project.  I have 
had all questions answered.  I hereby acknowledge the above and give my voluntary 
consent for participation in this project.  
 
If I participate, I may withdraw at any time without penalty.   
 
 
Signature 
_______________________________________________________________ 
 
 
Date 
 _______________________________________________________________ 

CONTACT 

 
If you have questions at any time about the project or the procedures, you may co
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Breakdown of the units in the Rise of Nations scenario 
 simpler scenario was nA eeded for the experimental microworld, which 

The following units were included in the final game scenario to reflect a 

modern, contemporary warfare setting: 

Table B1.  Units breakdown 
S/No. Unit Type Quantity 

per side 
Description 

was constructed using the Rise of Nations built-in game scenario editor.   

1 General 2 General uses “craft” to perform Forced March (to move troops 
faster than ordinary speed), Entrench (to entrench infantry 
troops in own territory for protection against enemy fire), 
Decoys (to create phantom troops which appear to be real to 
the opponent, but actually do not cause damage to enemy), 
and Ambush (to cause own troops to become invisible).   

2 Elite Special 
Force 

5 The Elite Special Force is invisible when not moving and has 
the ability to detect other invisible units and decoys.  It can 
only be detected by enemy Elite Special Force, Helicopter, 
and SAM installation.  The Elite Special Force can sabotage 
buildings and vehicles causing great damage, snipe individual 
infantry units, and kill spies and informers using the counter-
intelligence function.  The Elite Special Force can also jam 
SAM installation and Anti-aircraft Missile. 

3 Spy 3 The spy can bribe enemy units and can plant informers in 
enemy building.  The informers will allow the player to see 
around the vicinity of the building giving information to the 
player.  Spy is also invisible when stationary but can be 
detected by Elite Special Force, Helicopter and SAM 
installation. 

4 Helicopter 3 Helicopter can move over terrains and does not need to 
return to airbase for refuel.  It is a fast air unit with ability to 
detect hidden units and decoys. 

5 Anti-aircraft 
missile  

3 The Anti-aircraft can attack any air units but cannot attack 
ground units. 

6 Assault 
Marine 

5 The Assault Marine is a general purpose infantry units which 
entrenches when idling. 

7 Anti-Tank 
Missile 

3 The Ant-Tank Missile is a heavy infantry unit that is very 
effective against tank but not very fast or effect against other 
infantry. 

8 Machine 
Gunner 

2 The machine gunner takes a while to set up the machine gun 
but once set up; it is very effective against most infantry 
troops. 

9. Supply 
Wagon 

2 Supply Wagon supplies troops so that the troops will not lose 
health when moving in enemy territory. 

10 Armor 
Cavalry 

4 Armor Cavalry is armored vehicle with rapid speed and rapid 
fire.  It is a general purpose vehicle with medium armor. 

11 Main Battle 
Tank 

3 The Main Battle Tank is a powerful armored tank unit that is 
hard to destroy.   

12 Rocket 
Artillery 

3 The Rocket Artillery is a ground attack unit with very long 
range and can cause large damage to buildings and troops. 

13 Fighter Jet 3 The Fighter Jet is able to fly fast and attack all buildings and 
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other combat units.  It is very effective against bombers, and 
helicopters. 

14 Bomber 3 The Bomber i  an air unit that can only attack ground units by 
bombardmen It is very effective against buildings. 

s
t.  

 
 

The types of buildings consisted of the City (the main objective of the 

game), Airbase, 3 Bunkers, and 3 Surface-to-Air-Missile Installation (SAM).  The 

layout of the buildings and terrain was similar for both opponents.  The Bunkers 

and SAM were at three corners surrounding the city.  The Bunker would fired at 

any ground troop and helicopter and allow troops to garrison into the Bunker to 

heal.  The SAM coul ps.  The City could 

also allow troops to garrison to heal.  Aircrafts such as Fighter Jets and Bombers 

needed the Airbase to refuel and garrison.  If the Airbase was destroyed, the 

Fighter Jets and Bombers would be subsequently destroyed too, when they ran 

out of fuel.  Helicopter could garrison into the airbase to heal but did not need to 

refuel and could exist independent of the airbase unlike the Fighter Jets and 

Bombers.  Bunkers, Airbase and SAM could be destroyed completely, while the 

City would reduce to zero health and would need at least one opponent’s ground 

troop to physically occupy it to consider a successful capture.   

There were mountains, forests, a land bridge, and oceans on the map.  

These terrain features had strategic purposes for the placement and movement 

troops.  Only the highlighter color areas were visible to each respective side, 

other areas were invisible unless a unit was physically there.  One could plan a 

sneak attack by crossing the sea and hiding outside the border until the time was 

right for an attack.  The layout and the terrain of the map allowed many 

opportunities to set up ambush and choke points to direct killing zone.  The game 

rules, unit capabilities, and the map interact to provide a rich and realistic fast 

paced environment.  With the inclusion of a human player, the nature of the 

game scenario matched an adversarial microworld that mirrored the complex 

command and control environment. 

d only attack aircrafts but not ground troo
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OBJECTIVE OF THE GAME 

 

o win the game by attacking the Enemy City until its health is zero and capture it by 
nding in infantry or vehicle units.  Note: You cannot win by just destroying the city 
ith Bombers or Special Forces alone without infantry or vehicle units. 

 

t keys for game functions  

Function Control 

T
se
w

Table C1.  Short-cu

Unit/Building: Disband/ Raze DELETE 
Unit: Garrison G 
Unit: Auto Explore CTRL + E 
Unit: Guard R 
Unit: Patrol Z 
Unit: Move To M 
Unit: Attack To A 
Unit: Forward F 
Unit: Forward (2) CTRL + UP 
Unit: Halt  H 
Unit: Bombard B 
Air Unit: Airstrike A 
Air Unit: Return to Base Y 
Unit: Rotate Formation Left CTRL + LEFT 
Unit: Rotate Formation Right CTRL + RIGHT 
Unit: Formation Step Back CTRL + DOWN 
Unit: Change Formation ALT + F 
Unit: Line Formation ALT + N 
Unit: Refused Formation ALT + V 
Unit: Envelop Formation ALT + W 
Unit: Echelon Right Formation ALT + SHIFT + R 
Unit: Echelon Left Formation ALT + SHIFT + L 
Unit: Raid Stance SHIFT + R 
Unit: Raze Stance SHIFT + Z 
Unit: Defensive Stance SHIFT + E 
Unit: Stand Ground  SHIFT + G 
Unit: Hold Fire SHFIT + H 
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Fa lia

 
own for zoom 

 

2. ele

ft click drag to select multiple units 
 

roup units 

 
 
 

4. 

e (M) and then left click on position 
 Right click to move to position 
 Right click hold to orient and set formation 
 Right click on Mini Map 
 Shift right clicks to move on waypoints 
 Click "Z” button to patrol between 2 points 
 Click Shift Z to patrol on multiple waypoints 

 

 Auto-transport freighter over water 
 But vulnerable against attack when on water 

. Elite Special Force 
 Sabotage building and vehicle 
 ounterintelligence, kill informers 
 Jamming SAM installation 
 Invisible except when moving, within field of view of Sp
 Craft needed to perform tasks  
 Sniping ground troops 

 

8. Spy 
 Turn opponent’s building into informer 
 Bribe opponent’s ground units 

mi rization to Experimental trials 

1. Navigation 
 Scroll with mouse 
 Scroll with arrow keys 

Use Mini-Map 
 Page Up and D

Scroll Wheel for zooming 
 

S ction of troops 
 Left click on single unit 
 Le

Double-click to select same type of units 
 Shift click to add to group 
 Ctrl Number to add g

 

3. Modern Infantry 
Assault infantry 
Anti-tank trooper - against tanks and armored cavalry 
Machine Gunner – against other infantry 
 

Anti-aircraft vehicles 
 Against aircraft only 

 

5. Movement 
 Click mov

6. Sea 

 

7

C
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Group 1: Infantry 
Group 2: Armor 
Group 3: Helicopters 
Group 4: Anti Air missile 
Group 5: Jet Fighters 
Group 6: Bombers 
y

 
 

 
 

Move two Special Forces and 1
Spy around the perimeter. 1 Sp
Force and 1 Spy to center. 
 
Patrol with Group 3: Helicopters
around own territory. Explain
helicopters ability and functions. 
 

 

 

1. Move one Special Force to
Sabotage Airbase and City. 
2. Explain the objectives of game. 
3. Move 1 Special Force to
bunker: explain bunker. 
4. Send the Special Force to
SAM. 
, Special Forces, and Air Units 

 
Use Spy for planting informer.
 
Bribe some troops with Spy 



 r Units 
 tasks 

9. General 

isible to enemy until you attack, create more damage 
ge enemy 

en moving or attacking in enemy’s territory 
 prevent attrition 

1. Garrison 
 City can garrison infantry troops 

 Good against infantry and building 
 

15. Air units: Helicopter, Jet Fighter, Bomber 
 Use as patrol and bombardment 
 Need refuel back in air field 
 Bomber cannot fight against Helicopter and Jet 
 Fighter can attack everything 
 Helicopter never runs out fuel 

 

 

16. Capture a city 
 Ask participant to attack freely 
 Occupy with infantry 

 

   

 

Invisible except when moving, within field of view of Spy, Special Forces, and Ai
 Craft needed to perform

  

 Force March 
 Entrench to for protection 
 Ambush, inv
 Decoy units, do not dama

 

10. Attrition 
 Decrease in health wh
 Use Supply Wagon to

 

1

 Bunker can garrison infantry troops 
 

12. Tanks 
 Powerful except against anti-tank trooper 

 

13. Armored vehicle 
 Faster than tank although weaker 

 

14. Rocket Artillery 
 Long distant bombardment 
 Only ground attack 

Send Gp 6 to
Bunker 
 
Send Gp 5 to a
 
Show how to 
aircrafts. 
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Move Group 2 to Front to 
use Ambush. 
 

h and 
Entrench Gp1. 
 
Decoy Gp 2 and move 
decoy to attack. Explain 
decoys and Attrition. 

Force Marc
 

Garrison Gp 1. 
Explain that not all units can be
garrisoned 
 attack SAM and 

ttack City 

set way points for 



 

Appendix D: Instructions r OSPAN and ANT tests 
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OSPAN INSTRUCTI
 

tas easuring working memory. 

Eac r  
will see
 
Is (9/3)
 

ONS 

This k is used for m
 

h t ial has several parts. Start a trial by clicking once on the 'Next Trial' button. You
 a math problem of the form: 

 - 2 = 1 ? 

 

 problem out loud and then answe
 
Read the math r the question. In this example, you 
would click
 
You will then 

 once on the 'Yes' button because 9 divided by 3, minus 2 does equal 1. 

see a word. Read the word out loud.  

 
 

m and another word.  Read it out loud as before. 

At s
Clic
the 
cor
 

You will then see another math proble
 

ome point, you will be asked to recall all the words from the series.  
k on the buttons that are labelled with words you have just seen in  
order in which you saw the words. Your responses will be counted as  
rect only if you recall the words in the correct order. 

 
 
 
ANT INSTRUCTIONS 
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This is an experiment investigating attention. You will be shown an arrow on the screen 

 to the left o e → or ←).  Your task is to press the 
ey  

key when the central arrow l arrow will be flanked 
t an

 

pointing either r to the right (for exampl
left arrow key on your k board when the central arrow points left and the right arrow

 points right. On some trials, the centra
by two arrows to the lef d two arrows to the right, for example: 

 

 
 
Your task is to respond to the direction only of the CENTRAL arrow. Use your left index 

 the left arrow ke  Please 
make your response as q d 
accuracy will be recorded. 
 

s ("+"  arrows will appear either 
above or below the cros  on the cross throughout the 
experiment.  Please do not 
 
On some trials there will be asterisk cues indicating when or where the arrow will occur.  
If the cue is at the center or icates only that the arrow 

shortly.  If the
trial will occur shortly and where it will occur. Try to maintain fixation at all times.  

ou may attend w
 
The experiment contains f kes about two 
minutes. The other three blocks are experi

e a 
 

exp  
exp

finger for y and your right index finger for the right arrow key. 
uickly and accurately as possible. Your reaction time an

There will be a cros ) in the center of the screen and the
s.  You should try to fixate
move you eyes to the target. 

 both above and below fixation it ind
will appear  cue is only above or below fixation it indicates both that the 

However, y hen and where indicated by the cues.  

our blocks. The first block is for practice and ta
mental blocks and each takes about five 

minutes.  After each block there will be a message "take a break" and you may tak
short rest.  After it, you can press the space bar to begin the next block.  The whole

eriment takes about twenty minutes.  If you have any question, please ask the
erimenter.  If you understand this instruction, you may start the practice session. 
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Appendix E: Retrospective interview probes 
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Retrospective Interview 

1. Ask the participants this list of questions whenever the situation changes 
or every 1 minute when the activity is low. 

2. Then show the participant the decision questionnaire and ask which 
decision type is used. 

3. Ask the participants to explain more and refrain from talking as much as 
possible.  

4. The questions should be asked at every 1 minute although the questions 

The interview probes are given below in Table E1:  

 
be 

Tab

robe type Interview Questions 

can be asked more often depending game play. 
 

To  Participant: 
I am trying to find out your thinking process. These are the questions I will

asking you while you watch your game.   

le E1.  Probe List 

P

Situation assessment How would you summarize wh
What makes you think in this w

at was happening now? 
ay? 

Situ nition Wer ny previous experiences? 
Did you use previous experience here? 

ation recog e you reminded of a

G a
What were your opponent’s goals at this time? 

o ls What were your specific goals at this time? 

C e Wha
poin

u s t information from the screen did you use at this 
t? 

E Wha
What other actions were you expecting from your 

xpectancy t were you expecting to happen at this time?  

opponent? 
Acti Wha e? 

Wha
Did you compare different options? 
How

ons t other actions did you consider at this tim
t other actions were available to you at this time? 

 did you know what to do? 
Option evaluation How was your action selected? 

Did you compare any available actions? 
Wer
mov

y

What rules did you follow? 

e you comparing a few options to generate this 
e? 

Did ou use this tactic as a rule? 
Diag How did you develop an understanding of this situation nosis 

at this time? 
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Plan  y
How did you plan the moves?   

ning Did ou plan your moves before the game? 

How did you know which plan was better? 
 

d e

ore.
2. Any other things you like to add. 
h rview 

The participants would then be asked to indicate the types of decision processes 

 

Ad itional questions were us d to get more information whenever necessary:   

1. Please elaborate m  

Bot  the questions and the answers will be audio recorded during the inte

sessions. 

used for deciding on an action and understanding the situation.  They were given 

the following instruction and processes to choose from: 
 Instructions

1. Please read the following types of decision process
Actions refer to the activities conducted by you d
Attributes of the action refer to elements of the ac

es carefully and select ONE that most represents the episode at this point of the game.
uring the gam
tions.  E.g. A

2. e. E.g. Sending a helicopter to patrol is an Action
3. ttributes could consist of the speed of the helicopter, firepower of the unit, etc.

1. Decision about the action taken:
Did you think through the decisions you were making?

Without thinking

1a. This was a new action I did not use
before and I used it without thinking,

1c. I used this action as a kind of rule of

but wanted to see if it would work.

1b. This was a standard action that
matched a situation I was already
familiar with and I used it without
thinking about it.

thumb whenever I am not sure what
was happening.

With Thinking During the Game

, and I mentally simu
work.  I only worked 

i

1e. chosen by comparing 2 or more 
a

1f.  was chosen by comparing 2 or more actions

1d. This was a new action that I developed from fami
actions I encountered before
how this one action would 

liar
lated

with one
action at a time and I did not compare several act
concurrently.

This action was 

ons

actions
and weighing all the different attributes for each 
concurrently to derive a superior choice.

This action

ction

and weighing only the most important attribute for
action concurrently to derive a superior choice.

 each

With Thinking But I Planned Before Coming to the Game

ame by developin
encountered before, and I mentally simulated how this one action would work.  I
only work with one action at a time and I did not compare several actions

1h. ri
ifferent attributes for each actio  to derive a

1i.
ost important attribute for ea ve

1g. I planned this action before the g g from familiar actions I

concurrently.

I planned this action before the game by compa
weighing all the d

ng 2 or more actions and
n concurrently

superior choice.

I planned this action before the game by compari
weighing only the m

ng 2 or more actions and
ch action concurrently to deri

a superior choice.

None of the above

1j. I used other processes that
are not listed here.

NoYes

 
Figure E1.  Decision process questionnaire 

2a.  I understood the situation directly by matching the features to a previously 
experienced situation without thinking about it consciously. 

2. Decision about the nature of situation: 
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2b.  I pieced together the situation by linking the sequence of events and 
explaining them as I went along. 

 
2c.  None of the above, I understood the ituation using other processes. s
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Appendix F: Post-trial Questionnaire 
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Participant Code: ____________ 
Post-Experiment Questionnaire 

 
Purpo back from you on the processes 
you u sions.  Please consider your 
experience in all five experimental sessions. 

1a. you did not have enough time, 
rushed by the opponent or events) affect the way you made decisions?        

se:  This questionnaire is to obtain feed
sed throughout the experimental ses

 
Overall, did time pressure (feeling that 

Yes No 
If Yes, how did time pressure affect the w1b. ay you made decisions? 

 
 
 
 
 
 
2a. Overall, did the complexity of the game (numerous units, different unit 
capabilities, terrain, and numerous game rules) affect the way you make 
decisions?  

Yes  No 
2b. If Yes, how did complexity of the game affect the way you make 
decisions? 
 
 
 
 
 
 
3a. Overall, did the uncertainty and ambiguity of the game (not knowing what 
the opponent was doing or planning, not able to see all the enemy troops, not 
able to predict what would happen) affect the way you make decisions?  Yes
 No 
3b. If Yes, how did uncertainty and ambiguity of the game affect the way you 
make decisions? 
 
 
 
 
 
 
4a. Overall, were you able to consider different options at the same time, 
compare them to each other based on how profitable (superior) they were to 
each other, and choose one option after completing this process?          
        Yes No 
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4b. If Yes, why did you use this process? 
 
 
 
 
 
 
4c. If No, why not? 
 
 
 
 
 
 
 
5a. Overall, did the consequences of the game in terms of losing your troops 
and losing the game (and reward) affect the way you made decisions?   Yes
 No 
5b. If Yes, why? 
 
 
 
 
 
 
5c. If Not, what affect the way you made decisions? 
 
 
 
 
 
 
6. For the following statements, use the following rating system; write down 
the number in the box given in each statement: 
 
1: I never did this. 
2: I did this occasionally. 
3: I did this most of the time. 
4: I did this all of the time. 
 

 I considered several actions and examined all the attributes of each action 
to evaluate my moves. 

 I considered several options using only the most important attributes to 
decide which action to choose. 
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 I applied standard moves based on recognizing the situations without 
thinking much about the moves. 

 I thought of one new move at a time by simulating it mentally based on my 
experience to determine if this move would work.  

 I just tried out new moves on trial and error basis without thinking much 
about the moves. 

 I used a few standard moves whenever I am not sure what was happening 
or when I did not recognize the situation.  

 I planned what moves to make before coming to the game by considering 
several options and examined all the attributes of each action to evaluate my 
moves. 

 I planned what moves to make before coming to the game by considering 
several options and examined only the most important attributes to evaluate 
which action to choose. 

 I planned only one move before the coming to the game by simulating 
mentally how this one move would work. 

 I learned from the opponent. 
 I understood the situations when making a move. 
 I developed an understanding of the situation by recognizing certain 

standard features and cues from the game. 
 I developed an understanding of the situation by piecing together the 

events and formed a story to explain what was happening. 
 
7. Any process you used in the game that were not listed that you wish 
indicate here? 
 
 
 
 
 
 
8. Any other comments 
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Question 9 was used for Study 2 and 3 only to evaluate the training 

programs. 

 

9.  Rate the Training received before the start of Practice Trial 2: 

1:        Disagree 

2:        Somewhat disagree 

3:        Neutral 

4:        Somewhat agree 

5:        Agree 

 

____ The training helped me perform better than I would have without the 

training. 

____ The training taught me more ways of playing the game than when I was 

playing in Practice Trial 1. 

____ Looking back after going through all the sessions, I would rather have the 

training than not have it. 

____ The training I received would be useful for other decision environments 

besides the game environment. 
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 Codin f the Video 

 

 

 

 

Appendix G: g o Data 
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Instructions to Retrospective Interviews Coders 

3.1. Background  

ed by the participants when pla g a modified real time strategy game 
d the Rise of Nations. 

2. Each participant played 5 s game but would be interviewed 
n 3 out of the five sessions: Sess  1, 3, and 5. 

ed a series of question to determine th pes of decis
ployed when makin ecisions in th es. 

by the actions taken by the participants. 
5. he study was executed in two different phases:   

a. Study 1: 16 participants took part and played the games.  In this 
nly on the 

decision process.  This means that there would be 16X3 = 48 sets 
of video to be coded in Study 1.  

b. Study 2: The same data obtain in Study 1 would be examined to 
determine the strategies used throughout the game. An additional 8 
participants would be trained in familiarizat ommon-sen e 
warfare strategies an bjected to the same interview 
regime in Study 1 (3  participant).  The video data of 
the 8 participants would be coded as in Study 1 but examined for 

the strategies used dur  the game.  N at when 
ting coding in Study the strategies used during the game 

3.2. 
1. Each data set would consist of a video with both visual as well as verbal data.  

The length of the video can last from 15min to 45min depending on the length 
of the game played.  The visual data is from the Rise of Nations game 
interface that shows the game-play of the participant.  The verbal data would 
be questions and answers from an experimenter and a participant.  The 
experimenter will be asking questions about the scene on the computer 
screen and the participants will answer the questions to give an idea of what 
they were thinking when they were playing the game.  These questions are 
listed below: 

 
 
 

1. The main objective of this study 
us

was to investigate the decision process 
yin

calle
essions of the 

o ion
3. The games were recorded and play

then be ask
ed back to the participant who would 

s e ty ion 
processes em g d e gam

4. Each game would have multiple “decision episodes” which were defined 

T

study, the coding of the video data would emphasize o

ion of c s
d would be su

 interviews per

just ing ote th
conduc  1, 
could be coded at the same time to save time.  So in Study 2 there 
would be 8X3 = 24 sets of video to be coded.  

 
Description of the video data 
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Table G1. Probe Questions 

Probe type Interview Questions 
Situation assessment How would you summarize what was happening now? 

What makes you think in this way? 
Situation recognition Were you reminded of any previous experiences? 

Did you use previous experience here? 
Goals What were your specific goals at this time? 

What were your opponent’s goals at this time? 
Cues What information from the screen did you use at this 

point? 
Expectancy What were you expecting to happen at this time?  

om your What other actions were you expecting fr
opponent? 

Actions What other actions did you consider at this time? 
What other actions were available to you at this time? 
Did you compare different options? 
How did you know what to do? 

Option evaluation How was your action selected? 
What rules did you follow? 
Did you compare any available actions? 
Were you comparing a few options to generate this 
move? 
Did you use this tactic as a rule? 

Diagnosis How did you develop an understanding of this situation 
at this time? 

Planning Did you plan your moves before the game? 
How did you plan the moves?   
How did you know which plan was better? 

 
2. These questions were categorized by the probe type to correspond to the 

information required for analysis. Sometimes the questions were restructured 
to suit the situation and sometimes the questions were not asked when the 
participants offered the information that was sought by the questions.  The 
sequence of questions been asked were not based on the table above to 
keep the interview interesting. 

3. The participants were also asked to choose the type of processes used for 
each decision episode.  Sometimes the questions and answer might describe 
a process different from the one that the participants chose. You would 
decide which process was more appropriate. 

4. You would be expected to extract as much information as possible for each 
field listed in the probe type. 

5. We were ultimately trying to understand the processes used by the 
participants and use the information to theorize the decision model that is 
descriptive of the decision process. 
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3.3. Specific Procedures 
Stage 1 for Study 1 

 You can use the dual mon K, in HCI lab or any computer 
you have access to. 

2 T
Y Interview.avi  where X is the 

ber and Y i
3. An Excel template will be  aid the coding of the information.  The 

ere listed
4. Open Window Media Play onitor and Microsoft® Excel 

m
5. Watch the video and reco olumn C 

6. The definition of Actions is the high level activities that the participant 
se of N

selecting the tank unit, marines, and rocket launchers, and then group it as 

participant might select Group 1, move 
 to the t

coordinate and setup an a ed is to 

t have meanin o the game play and not the actions 

7. Situation awareness in this case refers to the knowledge state of the 
 

ed on Endsley’s definition of situation 
any indication that the participant’s 

understanding of the situation changes, 

8. The rest of the fields were answers 
is acceptable if not all the fields were filled with information. 

9. You are free to use Media Player to rewind or forward to record the verbal 
information and time data.  The recording of data would not need to be the 
verbatim of the verbal answers but rather, the essence of what was said 
should be recorded.  

 
Stage 2 for Study 1

1. itor computer, SHAR

. he video would be burned
would be labeled as such: RONX Session 

 on DVD as the video file can be large. They 

participant num s the session number. 
provided to

probe headings w  in the column. See “Video Analysis.xls”. 
er on one m

Spreadsheet on the other onitor for the video and spreadsheet files. 
rd the following items ONLY for Stage 1: C

to N in the Spreadsheet. 

performed in the Ri ations game.  For example, the participant might be 

group 1 on the screen, but 
Army Group 1.  Another example, the 

you should be recording the action as Organizing 

the screen camera op, and send a move command to a particular 
mbush there.  But the Action to be record

Setup Ambush position of 
activities tha

Group 1.  In other words, the Actions are the 
g with respect t

taken in terms of the low level activities to achieve the activities. 

participant, in terms of the
comprehension of their meaning, and the understanding

perception of the situation elements, 
 of the anticipated 

states in the near future, which is bas
awareness (Endsley, 1995).  If there is 

this would be a situation awareness 

to the questions listed in the Table G1.  It 
shift. 

 
1. After noting all the actions and situation awareness shifts, the next stage is to 

code what types of processes were used. 
2. The types of decision processes are listed in the following document: 

“Decision Type Questionnaire Final.doc”. 
3. You are to assign each decision episodes with a number so that each 

episode can be traced by looking up the interview video time marker. 
4. Determine with process best matched the episode by looking at the 

information listed in the columns in front.  The information coded should 
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match the questions asked with target if the participant was actively 
elaborating or thinking through the choices or just decide the decision without 
much thought.  And for processes involving thinking, looked for evidence of 
processing before the game or during the game.  Make sure you justify your 
coding. 

5. For each session of the interview, you would then look through the overall 
processes used by the participant and construct a process model that overall 
represent the decision process used by the participant.  The process model 
questionnaire is completed based on “Decision Models for Coders.doc”. 

 
Stage 3 for Study 2 

1. A list of strategies is provided in Table 2 with each strategy given a title and a 
definition. (Strategy List for Coders.doc). 

2. Review the video and the data coded thus far and determine which strategy 
on the list best match the strategy used by the participants. 

3. In order to correctly code the strategies, you need to memorize the strategies 
as much as possible so that when you looked at the video and the information 
coded, you can name a strategy automatically.  Then you look on the 
“Strategy list for coders.doc” to determine if the strategy definition really 
matches the strategies used by the participant.  

 

Table G2. Strategy list on “Strategy list for coders.doc” 
  Strategies Detailed description 

1 Use deception to control 
enemy actions 

Feign inaction, preparation, disorder, etc. to inhibit 
counterplanning. 

2 Bait your enemy Cause an enemy army to advance by offering a false 
opportunity. 

3 Irritate your enemy Cause an enemy to attack at an inopportune time by irritating 
your enemy. 

4 Occupy the time of your 
enemy 

Reduce readiness of your enemy by providing them with 
distractions. Occupy their time with distractions. 

5 Attack vital targets first Reduce the costs of war by striking targets that are broadly used. 

6 Surround you enemy Surround your enemy when your forces greatly outnumber them. 

7 Attack when they are 
defenseless or weak 

Schedule attacks when the defenses of your enemy are down or 
reduced. 

8 Divide and conquer Cause your enemy to split into smaller groups and attack 
individual the smaller groups with a larger force. 

9 Engage in battle with an 
equal enemy 

Attack when you believe that your force is equal in strength to 
the enemy force. 

10 Avoid an enemy that is 
more powerful 

Avoid attacking an enemy that overpowers your forces. 
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11 Flee an enemy that is much 
more powerful 

Flee when your forces are greatly overpowered by those of an 
enemy. 

12 Defend and wait for 
opportunity 

Have a strong defense in place and wait for an opportunity to 
attack. 

13 Siege the stronghold of an 
enemy 

Overcome the defenses of an enemy by launching a siege of an 
enemy stronghold with specialized siege weapons.  

14 Reach the battlefield first Be more prepared than your enemy by reaching the battlefield 
first. 

15 Move in uncontested 
territory 

Move troops through neutral or uncontested territory. 

16 Hold unassailable positions Position troops in locations that cannot be attacked. 

17 Enable retreat through 
swiftness 

Maintain the opportunity of retreating by being faster than your 
enemy. 

18 Attack elsewhere to force 
enemy movement 

Force out an entrenched enemy away from defenses by 
attacking somewhere else. 

19 Prevent attacks by 
presenting something 
unexplainable 

Act unexplainably to force threatening troops to question their 
plans. 

20 Spread enemy defenses 
over large areas 

Cause an enemy to spread their defenses by enabling many 
points of attacks.  

21 Rouse an enemy to learn 
their plans 

Partially execute a maneuver in order to initiate and reveal an 
enemy counterplan. 

22 Send light troops when 
speed is critical 

Send a light division of troops when speed is more important 
than force. 

23 Leave the enemy a means 
of retreat 

Allow enemies a means to retreat to prevent desparate defenses 
that might cost you heavy losses. 

24 Attack when enemy is half 
mired 

Schedule an attack when the enemy is halfway over bad terrain. 

25 Position the enemy 
between you and bad 
terrain 

Position your enemy between your troops and terrain that is 
difficult to cross. The bad terrain will prevent easy retreat for your 
enemy. 

26 Guard supply lines Protect the territory by which resources travel to your forces. 

27 Persistently attack to defeat 
an enemy 

Multiple attacks will eventually weaken the defenses of an 
enemy. 

28 Block the flow of 
information 

Close frontier passes and stop passages of emissaries to block 
information flow. 

29 Use enemy officials as 
spies 

Have spies high in the chain of command of the forces of the 
enemy. 

30 Know your enemy and 
know yourself 

Gather intelligence of enemy’s forces and know your own 
capabilities. 
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Appendix H:  Instructions for decision process modeling and the list of 
existing decision models 
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Participant Code:  
Coder Initial: 
 
Overall Decision model 
(1)  Based on the interview data for each session, draw a decision model that 
you feel would most represent the participant’s behavior in each session. 
 
Session 1: 
 
 
 
 
 
 
 
 
 
 
 
 
Session 3: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Session 5: 
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(2) Based on the interview data for each session, please indicate which of the 
following decision models most represent the behaviors of the participant. 

 

Session 1: Model Type _____________ 

 

Session 3: Model Type _____________ 

 

Session 5: Model Type _____________ 
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List of Decision Models (Model names were omitted for questionnaire) 

 
Figure H1. Model (a) 

 

Consider one or few Important
attributes and compare the

options

Most Important
attribute(s)

Most Important
attribute(s)

Most Important
attribute(s)

Best Option Selected

Option A Option C or MoreOption B

Decision Starts with 2 or More Options

 
Figure H2.  Model (b) 
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Figure H3.  Model (c) (Reprinted from Klein, “Sources of Power: How people 

make decisions”, 1998, p. 27.  Copyright 1998 by MIT Press.  Reprinted with 

permission of the publisher.) 
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 Start

Pre-editing
-Selecting and evaluating

attributes to simplify decision
and represent decision

Finding a Promising
Alternative

-Attractiveness based on an
important attribute

-Temporary preference
chosen

Dominance Testing of
promising alternative
-Test if the promising

alternative dominates other
alternatives

Dominance Structuring
-tries to justify the promising alternative by:

De-emphasizing disadvantage
Bolstering advantages
Canceling a disadvantage by relating to an
advantage
Collapsing attributes to form a more
comprehensive attribute

Violation of
Dominance

Found?

All relevant
information
evaluated?

Decision
No

Yes

Violation eliminated
or neutralized?

Yes

Is it worthwhile to
continue decision

process?

Give up or
postpone decision

Is it possible to find a new
promising alternative within

current representation?

No

Yes

Yes

No

Yes

No

 
Figure H4.  Model (d) 
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Figure H5.  Model (e) 

 

311 



 

 

 

 

 

Appendix I:  ANOVA Tables for Study 1 
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ANOVA Tables for Section 3.4.5. 

Table I1.  Analysis of Variance for percentage of TrialError processes 
Source Df F p 

Between Subjects 

Expertise 1 .094 .76 

S(Expertise) 14 (118.5)  

Within Subjects 

Session 2 .25 .78 

Session X Expertise 2 .15 .86 

Session X S(Expertise) 28 (84.7)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < .05, **p 
< .01 

 

Table I2.  Analysis of Variance for percentage of DefaultAction processes 
Source df F p 

Between Subjects 

Expertise 1 .13 .97 

S(Expertise) 14 (124.9)  

Within Subjects 

Session 2 .15 .86 

Session X Expertise 2 .84 .44 

Session X S(Expertise) 28 (117.9)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < .05, **p 
< .01 

 

Table I3.  Analysis of Variance for percentage of PreSequential processes 
Source df F p 

Between Subjects 

Expertise 1 .058 .81 

S(Expertise) 14 (94.8)  

Within Subjects 

Session 2 .58 .56 

Session X Expertise 2 .26 .77 

Session X S(Expertise) 28 (87.8)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < .05, **p 
< .01 
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Table I4.  Analysis of Variance for percentage of PreConcurrent processes 
Source df F p 

Between Subjects 

Expertise 1 1.50 .24 

S(Expertise) 14 (215.7)  

Within Subjects 

Session 2 1.25 .30 

Session X Expertise 2 .17 .85 

Session X S(Expertise) 28 (43.2)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < .05, **p 
< .01 

 

Table I5.  Analysis of Variance for percentage of Others processes 
Source df F p 

Between Subjects 

Expertise 1 1.28 .28 

S(Expertise) 14 (60.7)  

Within Subjects 

Session 2 1.85 .18 

Session X Expertise 2 2.25 .12 

Session X S(Expertise) 28 (53.9)  

Note. Values enclosed in parentheses represent mean square errors. S = subjects.  *p < .05, **p 
< .01 
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Appendix J: Strategy list for training and Strategy Test 
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Table J1.  Common sense strategies used for the Rise of Nations game Training 
  Strategies Detailed description 

1 Use deception to control 
enemy actions 

Feign inaction, preparation, disorder, etc. to inhibit 
counterplanning. 

2 Bait your enemy Cause an enemy army to advance by offering a false 
opportunity. 

3 Irritate your enemy Cause an enemy to attack at an inopportune time by irritating 
your enemy. 

4 Occupy the time of your 
enemy 

Reduce readiness of your enemy by providing them with 
distractions. Occupy their time with distractions. 

5 Attack vital targets first Reduce the costs of war by striking targets that are broadly used. 

6 Surround you enemy Surround your enemy when your forces greatly outnumber them. 

7 Attack when they are 
defenseless or weak 

Schedule attacks when the defenses of your enemy are down or 
reduced. 

8 Divide and conquer Cause your enemy to split into smaller groups and attack 
individual the smaller groups with a larger force. 

9 Engage in battle with an 
equal enemy 

Attack when you believe that your force is equal in strength to 
the enemy force. 

10 Avoid an enemy that is 
more powerful 

Avoid attacking an enemy that overpowers your forces. 

11 Flee an enemy that is much 
more powerful 

Flee when your forces are greatly overpowered by those of an 
enemy. 

12 Defend and wait for 
opportunity 

Have a strong defense in place and wait for an opportunity to 
attack. 

13 Siege the stronghold of an 
enemy 

Overcome the defenses of an enemy by launching a siege of an 
enemy stronghold with specialized siege weapons.  

14 Reach the battlefield first Be more prepared than your enemy by reaching the battlefield 
first. 

15 Move in uncontested 
territory 

Move troops through neutral or uncontested territory. 

16 Hold unassailable positions Position troops in locations that cannot be attacked. 

17 Enable retreat through 
swiftness 

Maintain the opportunity of retreating by being faster than your 
enemy. 

18 Attack elsewhere to force 
enemy movement 

Force out an entrenched enemy away from defenses by 
attacking somewhere else. 

19 Prevent attacks by 
presenting something 
unexplainable 

Act unexplainably to force threatening troops to question their 
plans. 

20 Spread enemy defenses 
over large areas 

Cause an enemy to spread their defenses by enabling many 
points of attacks.  
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21 Rouse an enemy to learn 
their plans 

Partially execute a maneuver in order to initiate and reveal an 
enemy counterplan. 

22 Send light troops when 
speed is critical 

Send a light division of troops when speed is more important 
than force. 

23 Leave the enemy a means 
of retreat 

Allow enemies a means to retreat to prevent desparate defenses 
that might cost you heavy losses. 

24 Attack when enemy is half 
mired 

Schedule an attack when the enemy is halfway over bad terrain. 

25 Position the enemy 
between you and bad 
terrain 

Position your enemy between your troops and terrain that is 
difficult to cross. The bad terrain will prevent easy retreat for your 
enemy. 

26 Guard supply lines Protect the territory by which resources travel to your forces. 

27 Persistently attack to defeat 
an enemy 

Multiple attacks will eventually weaken the defenses of an 
enemy. 

28 Block the flow of 
information 

Close frontier passes and stop passages of emissaries to block 
information flow. 

29 Use enemy officials as 
spies 

Have spies high in the chain of command of the forces of the 
enemy. 

30 Know your enemy and 
know yourself 

Gather intelligence of enemy’s forces and know your own 
capabilities. 
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Strategy Training Test 
 
Instructions:  
1. You will be asked a set of 30 questions regarding the strategies you have 
learned 
2. Choose 1 answer that you think best answered the question. 
3. The correct answer will be shown after you answered each question. 
4. You will be asked to read the strategy list again and retake the test on those 
questions that you were wrong.   
 
1. What is the meaning of " Use deception to control enemy"? 
(a) Avoid attacking an enemy that overpowers your forces. 
(b) Feign inaction, preparation, disorder, etc. to inhibit counterplanning. 
(c) Cause an enemy army to advance by offering a false opportunity. 
(d) Force out an entrenched enemy away from defenses by attacking somewhere else. 
 
2. What is the meaning of "Bait your enemy"? 
(a) Causes an enemy to spread their defenses by enabling many points of attacks. 
(b) Be more prepared than your enemy by being faster than your enemy. 
(c) Cause an enemy army to attack at an inopportune time by irritating them. 
(d) Cause an enemy army to advance by offering a false opportunity. 
 
3. By "Irritating your enemy", you are: 
(a) moving your forces to a neutral ground. 
(b) sending decoy troops to cause the enemy to advance. 
(c) causing your enemy to attack at inopportune time by irritating your enemy. 
(d) moving your forces in disorderly manner to inhibit your enemy. 
 
4. What is the meaning of "Occupy the time of your enemy"? 
(a) Move to the battlefield first before the enemy. 
(b) Reduce the readiness of the enemy by distracting the enemy. 
(c) Have a fast retreat route so that enemy's time is occupied. 
(d) Occupy a position where you can attack the enemy while enemy is crossing bad 
terrain. 
 
5. When you "Attack vital targets first", you: 
(a) arrive at the battlefield first to be prepared. 
(b) attack the enemy by surrounding them with overwhelming force 
(c) attack the enemy when their defenses are down. 
(d) attack targets that are broadly used to reduce the costs of war. 
 
6. When do you "Surround your enemy"? 
(a) Surround your enemy when you have smaller forces. 
(b) Surround your enemy when your forces greatly outnumber them. 
(c) Surround your enemy when you have weak defenses. 
(d) Surround your enemy when you are been attacked from the front. 
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7. What is the meaning of "Attack when they are defenseless or weak"? 
(a) You need to know your enemy and your own forces. 
(b) Surround your enemy when your forces greatly outnumber them. 
(c) Reduce the cost of war by striking targets that are broadly used. 
(d) Schedule attacks when the defenses of your enemy are down or reduced. 
 
8. When you "divide and conquer", you are: 
(a) causing your enemy to split into smaller groups to attack each group with a larger 
force. 
(b) dividing your food so that everyone has equal amount. 
(c) conquering your enemy as a whole. 
(d) overcoming the defenses of an enemy by launching a siege. 
 
9. When do you attack? 
(a) When your enemy reached the battlefield first. 
(b) When your forces are greatly overpowered by those of an enemy. 
(c) When you believe that your force is equal in strength to the enemy force. 
(d) When your enemy is retreating. 
 
10. What do you mean by "Avoid an enemy that is more powerful"? 
(a) Surrender immediately to the enemy that is more powerful. 
(b) Flee from the battlefield when the enemy approach. 
(c) Avoid attacking the enemy that overpowers your forces. 
(d) Attack when you believe your force is equal in strength with the enemy. 
 
11. Flee an enemy when: 
(a) You have equal strength as the enemy. 
(b) The enemy is weaker. 
(c) You are stronger. 
(d) Your enemy is much more stronger than you. 
 
12. What is the meaning of "Defend and wait for opportunity"? 
(a) Defend all the time no matter what. 
(b) Have a strong defense in place and wait for an opportunity to attack. 
(c) Defend important targets at all costs. 
(d) Weaken the enemy's defenses by continuously attacking. 
 
13. What is meant by "Siege the stronghold of an enemy"? 
(a) Attack a stronghold by fast light units. 
(b) Overcome the defenses by using specialized siege weapons. 
(c) Overcome the defenses by baiting the enemy with false opportunity. 
(d) Surround your enemy by attacking from the front. 
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14. The strategy "Reach the battlefield first" means: 
(a) Be more prepared than your enemy by reaching the battlefield first. 
(b) Always move through neutral or uncontested territory. 
(c) Move troops through bad terrains to surprise your enemy. 
(d) Protect the territory by which resources travel to your forces. 
 
15. What do you mean by "Move in uncontested territory"? 
(a) Do not contest with the enemy over territory. 
(b) Move into bad terrain. 
(c) Move troops through your enemy's territory. 
(d) Move troops through neutral or uncontested territory where there is no enemy. 
 
16. What types of positions should be held? 
(a) Positions where your troops cannot be attacked. 
(b) Positions where your troops would have to move slowly. 
(c) Positions where your troops cannot retreat. 
(d) Positions that you cannot attack. 
 
17. What do you mean by "Enable retreat through swiftness"? 
(a) Retreat whenever enemy forces approach you. 
(b) Maintain the opportunity of retreating by being faster than your enemy 
(c) Always forced marched your troops at all times. 
(d) Allow your enemy to retreat to prevent a desperate defense. 
 
18. What do you mean by "Attack elsewhere to force enemy movement"? 
(a) Attack at multiple places to spread out your enemy. 
(b) Attack at different places to distract your enemy. 
(c) Attack somewhere else to force an entrenched enemy away from defenses. 
(d) Cause your enemy to move by presenting a false opportunity. 
 
19.What is the meaning of "Prevent attacks by presenting something unexplainable"? 
(a) Act unexplainably to force threatening troops to question their plans. 
(b) Partially execute a maneuver in order to initiate and reveal an enemy counterplan. 
(c) Reduce readiness of your enemy by providing them with distractions. 
(d) Prevent attacks by attacking elsewhere. 
 
20. What do you mean by "Spread enemy defenses over large areas"? 
(a) Spread your defenses over a large area to stop enemy's attack. 
(b) Partially execute a maneuver in order to initiate and reveal an enemy counterplan. 
(c) Attack somewhere else to force an entrenched enemy away from defenses. 
(d) You cause an enemy to spread their defenses by enabling many points of attacks. 
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21. When you "rouse an enemy to learn their plans", you: 
(a) Attack somewhere else to force an entrenched enemy away from defenses. 
(b) Act unexplainably to force threatening troops to question their plans. 
(c) Partially execute a maneuver in order to initiate and reveal an enemy counterplan. 
(d) Attack at multiple points to spread the enemy's defenses. 
 
 
22. When do you send light troops? 
(a) When you need to setup ambush. 
(b) When you have more troops than your enemy. 
(c) When your enemy reached the battlefield first. 
(d) When the need to move fast is more important than force. 
 
23. Why do you need to leave the enemy a means of retreat? 
(a) So that you can have a prolonged war. 
(b) To prevent a desperate defense that might cost you too much. 
(c) The enemy need a second chance to prove their worth. 
(d) You have overwhelming forces that ensure your victory. 
 
24. You should attack when the enemy is half mired because: 
(a) Your enemy is crossing bad terrain and would be more vulnerable to your attack. 
(b) Your enemy is half asleep and would be more vulnerable to your attack. 
(c) Your enemy's force is half destroyed and would be totally wiped off by you. 
(d) Your enemy is not interested to fight you. 
 
25. How should you position your troops? 
(a) Position your troops such that bad terrain is between you and your enemy. 
(b) Position your troops such that enemy is between you and bad terrain. 
(c) Position your troops such that you are between bad terrain and your enemy. 
(d) Position your troops such that you are in bad terrain. 
 
26. Why do you need to guard your supply lines? 
(a) So that enemy has your supply. 
(b) So that you are stationary while the enemy is mobile. 
(c) So that you have your supply to continue your operations. 
(d) So that you have more territory. 
 
27. What do you mean by "Persistently attack to defeat an enemy"? 
(a) Multiple attacks will eventually weaken the defenses of an enemy. 
(b) Attack is better than defense. 
(c) Schedule attacks when the defenses of your enemy are down or reduced. 
(d) Attack when you believe your force is equal in strength with the enemy. 
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28. Why do you need to block the flow of information? 
(a) So that your enemy has no supply to provide for their troops. 
(b) So that your enemy knows that you are a serious opponent. 
(c) So that information about your troops will not flow to the enemy. 
(d) So that you have more troops. 
 
29. Why do you "Use enemy officials as spies"? 
(a) You can use them to get information, supply enemy with false information, and get 
the enemy to fight within themselves. 
(b) You can protect the territory by which resources travel to your forces. 
(c) Spies are nice trophies of war. 
(d) Spies are easily captured by the enemy. 
 
30. What do you mean by "Know your enemy and know yourself"? 
(a) Close frontier passes and stop passages of emissaries to block information flow. 
(b) Partially execute a maneuver in order to initiate and reveal an enemy counterplan. 
(c) Gather intelligence of enemy's forces and know your own capabilities so that you can 
make informed decisions. 
(d) You can have peace talk with the enemy. 
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Appendix K: Statistical tests for Study 2 
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Statistical tests for Section 4.3.4. 
Note.  * p < .05, ** p < .01.  Backward Elimination regression shows only 

significant variables in the regression. The probability for rejection is set at .05. 

Table K1.  Backward Elimination of Ordinal Logistic Fit for GameWin with pre-

experiment OSPAN and ANT scores 
Whole Model Test 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 5.587860 2 11.17572 0.0037**
Full 73.271071 
Reduced 78.858931 
 
RSquare (U) 

0.0709

Observations (or Sum Wgts) 120
 
Converged by Gradient 
 
Parameter Estimates 
Term   Estimate Std Error ChiSquare Prob>ChiSq 
Intercept  2.37981812 0.8944068 7.08 0.0078 
OSPAN1  -0.0721779 0.0245126 8.67 0.0032 
ANT1_Alert  0.02558704 0.0123733 4.28 0.0386 
 
For log odds of 0/1 
 
Effect Likelihood Ratio Tests 
Source Nparm DF L-R ChiSquare Prob>ChiSq   
OSPAN1 1 1 9.68166085 0.0019  
ANT1_Alert 1 1 4.44498683 0.0350  
 
 

Table K2.  Ordinal Logistic Fit for GameWin with Training, Session, ANT Alert 1 

and OSPAN 1 scores 
Whole Model Test 
Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 8.609161 8 17.21832 0.0279*
Full 70.249771 
Reduced 78.858931 
  
RSquare (U) 0.1092
Observations (or Sum Wgts) 120
 
Effect Wald Tests 
Source Nparm DF Wald ChiSquare Prob>ChiSq   
Training 2 2 0.73302182 0.6931  
Session 4 4 5.16027652 0.2712  
OSPAN1 1 1 6.2032139 0.0128*  
ANT1_Alert 1 1 2.30643115 0.1288  
 
 
Effect Likelihood Ratio Tests 
Source Nparm DF L-R ChiSquare Prob>ChiSq   
Training 2 2 0.7290513 0.6945  
Session 4 4 5.35733222 0.2526  
OSPAN1 1 1 6.94497882 0.0084**  
ANT1_Alert 1 1 2.3467598 0.1255  
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Table K3.  Backward Elimination Regression for GameScore with OSPAN and 

ANT scores 
Summary of Fit 
RSquare 0.053862
RSquare Adj 0.045844
Root Mean Square Error 2418.232
Mean of Response 8956.408
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 39283139 39283139 6.7175*
Error 118 690045952 5847847 Prob > F
C. Total 119 729329091 0.0108
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  10162.824 515.1646 19.73 <.0001
ANT1_Alert  -33.39559 12.88499 -2.59 0.0108*
 

Table K4.  ANCOVA for GameScore with Training, Session as main effects and 

ANT1 Alert as a covariate 
Whole Model 
Summary of Fit 
RSquare 0.308094
RSquare Adj 0.2083
Root Mean Square Error 2202.767
Mean of Response 8956.408
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 36 224701927 6241720 1.2864 
Error 83 402731294 4852184 Prob > F 
C. Total 119 729329091  0.1738 
REML Variance Component Estimates 
Random Effect Var Ratio Var Component Std Error 95% Lower 95% Upper Pct of Total
Participant 
Code[Training]&Random 

0.2906793 1410429.8 837745.41 574371.58 7287092.4 22.521

Residual  4852184.3    77.479
Total  6262614    100.000
  -2 LogLikelihood = 1976.2071 
Effect Tests 
Source Nparm DF DFDen Sum of Squares F Ratio Prob > F   
Training 2 2 21 6157758 0.6345 0.5400  
Session 4 4 83 22477848 1.1581 0.3353  
Session*Training 8 8 83 6790528 0.1749 0.9937  
Participant Code[Training]&Random 24 21 83 141042988 . .  Shrunk 
ANT1_Alert 1 1 83 7554888 1.5570 0.2156  
 
SS for Tests on Random effects refer to shrunken predictors rather than traditional estimates. 
S5,T2 9472.605  913.57612
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Table K5.  Backward Elimination Regression for GameSkill with OSPAN and 

ANT 
Summary of Fit 
RSquare 0.046297
RSquare Adj 0.038215
Root Mean Square Error 200.5616
Mean of Response 362.0917
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 230420.4 230420 5.7283*
Error 118 4746543.6 40225 Prob > F
C. Total 119 4976964.0 0.0183
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  160.76667 86.08669 1.87 0.0643
ANT1_Conflict  1.9681466 0.822327 2.39 0.0183*
 
 

Table K6.  ANCOVA for GameSkill with Training, Session as main effects and 

ANT Conflict as covariate  
Summary of Fit 
  
RSquare 0.451356
RSquare Adj 0.371842
Root Mean Square Error 183.5149
Mean of Response 381.275
Observations (or Sum Wgts) 80
 
Fixed Effect Tests 
Source Nparm DF DFDen F Ratio Prob > F   
Training 1 1 13 1.5540 0.2345  
Session 4 4 56 1.5589 0.1980  
Session*Training 4 4 56 0.6751 0.6121  
ANT1_Conflict 1 1 13 5.4176 0.0367  
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Appendix L: Statistical tests for Study 3 (for Section 5.4.1.) 

327 



Results for Section 5.4.1. 
Note. * p < .05, ** p < .01 

 

Table L1.  Analysis of Variance for Pre-Experiment OSPAN with Training factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 222.3500 55.587 0.5306 0.7140 
Error 35 3666.7500 104.764   
C. Total 39 3889.1000    
 

Table L2.  Analysis of Variance for Post-Experiment OSPAN with Training factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 271.3500 67.838 0.5936 0.6695 
Error 35 3999.6250 114.275   
C. Total 39 4270.9750    
 

Table L3.  Analysis of Variance for Pre-Experiment ANT Alert with Training factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 2915.900 728.975 2.4434 0.0648 
Error 35 10441.875 298.339   
C. Total 39 13357.775    
 

Table L4.  Analysis of Variance for Pre-Experiment ANT Orienting with Training 

factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 393.350 98.338 0.2171 0.9271 
Error 35 15850.250 452.864   
C. Total 39 16243.600    
 

Table L5.  Analysis of Variance for Pre-Experiment ANT Conflict with Training 

factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 1711.100 427.775 0.6676 0.6188 
Error 35 22425.875 640.739   
C. Total 39 24136.975    
 

Table L6.  Analysis of Variance for Pre-Experiment ANT RT with Training factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 8271.40 2067.85 0.4291 0.7866 
Error 35 168653.00 4818.66   
C. Total 39 176924.40    
 

Table L7.  Analysis of Variance for Post-Experiment ANT Alert with Training 

factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 1039.900 259.975 0.6477 0.6323 
Error 35 14048.500 401.386  
C. Total 39 15088.400  
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Table L8.  Analysis of Variance for Post-Experiment ANT Orienting with Training 

factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 1283.600 320.900 1.0600 0.3908 
Error 35 10596.000 302.743  
C. Total 39 11879.600  
 
Table L9.  Analysis of Variance for Post-Experiment ANT Conflict with Training 

factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 2074.750 518.688 1.1161 0.3646 
Error 35 16265.625 464.732  
C. Total 39 18340.375  
 

Table L10.  Analysis of Variance for Post-Experiment ANT RT with Training 

factor 
Source DF Sum of Squares Mean Square F Ratio Prob > F 
Training 4 6286.85 1571.71 0.4082 0.8014 
Error 35 134750.13 3850.00  
C. Total 39 141036.98  
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Appendix M: Script for Critical Decision Making Interview 
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Critical Decision Making Interview questions 
 
Step 1: Select Incident 
 
Now that you have experience for the Rise of Nations game, select one incident 
that was challenging and that your decision making might differ from someone 
who is new to the game. 
 
You can review the sessions you played before. 
 
Step 2:  Obtain Unstructured Incident Account 
 
Recall the incident as much as you could. 
 
Record down the incident. 
 
Step 3: Incident retelling 
 
Tells the story back to reach a common understanding of what happened. 
 
Step 4: Time line verification and decision point identification 
 
Use the game videos to verify the incident account. 
 
Identify the decision points 
 
Step 5: Progressive deepening 

 
Table M1.  Probe list 

Probe Types  Probe Content 
Cues What were you seeing? What were hearing? 
Knowledge What information did you use in making this decision? How 

was it obtained? 
Analogues Were reminded of any previous experience? 
Standard 
Scenarios 

Does this case fit a standard or typical scenario? Does it fit a 
scenario you were trained to deal with? 

Goals What were your specific goals and objectives at the time? 
Options What other courses of n considered or were 

available? 
 actio were 

Basis of choice How was this option selected/ other options rejected?  What 
rule was being used? 

Mental modeling Did you imagine possible consequences of this action?  Did 
you imagine the events that would unfold? 

Experience sp  training or experience was necessary or helpful 
ak is decision?  What training, knowledge, or 

What ecific
in m ing th
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inform tion ma ight have helped? 
Decision making much time pressure was involved in making this 

ion? How long did it take to actually make this decision? 
How 
decis

Aiding ion was not the best, what training, knowledge, or 
information could have helped? 
If the decis

Situation 
assessment 

If you were asked to pass this game to another player, how 
would you summarize the situation? 

Errors What mistakes are likely at this point?  Did you acknowledge 
if your situation assessment or option selection were 
incorrect?  How might a novice have behaved differently? 

Hypothetical If a key feature of the situation had been different, what 
difference would it have made in your decision? 
What if it had been a novice, would they have notice 
something different? 
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Appendix N: Cue-recognition training 
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The pictures used in the training are screenshots captured from Rise of 

Nations by Microsoft® Game Studios & Big Huge Games (2004) reprinted with 

permission from Microsoft® Corporation.  The cue-recognition training was 

presented on Microsoft® Powerpoint ™ Slides. 

Identification of Decoys

Decoys can only move on land, so the decoys will move through the center 
land bridge if they are created on the enemy’s land.  

Move Across 
center

Decoys are useful as baits to lure enemy troops away from their positions.Bait

When special forces, helicopters, or SAM sites are near decoys units, the 
decoys will appear to be translucent.

Translucent 
appearance

Excessive number of a specific unit type probably means some decoys are 
present.  Decoys can boost the number of units although the actual units of 
each type are limited.  So for example, if there are 5 anti-air missiles, some 
or all of them are probably decoys since there are only 3 anti-air missiles 
given to each player in the beginning.

Number

Decoys cannot cause damage with their attacks so if your decoys or troops 
are not suffering damage, it means they are decoys.  Conversely, if your 
decoys or troops are damaged, then it is likely the troops you are facing are 
not decoys.

Damage

Decoys are usually not accompanied by supply wagon since supply wagon 
cannot be made a decoy.  Supply wagons usually follow real troops, since 
there are only two supply wagons to protect troops from attrition.

Supply wagons

DescriptorsCue

 

No Damage on 
own units

Excessive number 
of anti-air

 

Decoy units are 
translucent due to 

helicopter

 

When your Special Force will be 
killed by enemy special force

If there is more than one special force target on your special 
force, your special force is likely to be killed. Send your 
special force to run away or garrison in city and bunker to 
prevent being sniped.  Conversely, target enemy special 
force with more than one special force.

Number

Targeting/ ai
you can act

Targeting ico

DescriptorCue

ming icon appears on your special unit before 
ivate your special force sniping function means 

your special force will be killed first. Send your special force
to run away or garrison in city and bunker to prevent being 
sniped.

n

s

 
Figure N1.  Cue-recognition training slides 
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Figure N2.  Cue-recognition training slides (continued) 

Blue bar shows 
the fuel level. 
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Figure N3.  Cue-recognition training slides (continued) 
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Figure N4.  Cue-recognition training slides (continued) 
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The pictures used in the training are screenshots from Rise of Nations by Microsoft® Game Studios & Big 
Huge Games (2004).  Screenshots reprinted with permission from Microsoft Corporation. 
 

Scenario 1 
The game has just begun and you have finished grouping your infantry forces as Group 1 
and armor forces as Group 2.  Two of your Elite Special Forces were moving along the 
right edge across the sea towards the enemy territory.  Your helicopters are patrolling 
near the left SAM installation.  The rest of the Special Forces and spies are near the city 
about to be deployed. 

Suddenly, a large number of red dots appear on the mini map on the center land-bridge.   
They are moving toward the City directly up the land-bridge.  You think that it is a 
frontal attack and you sent your Group 1 and Group 2 to confront the invading forces 
directly.  The enemy forces appear on the main map as the entire enemy army of infantry 
and armor forces.   

 
Your forces fight fiercely with the enemy forces and you send in your fighter jets and 
bombers to provide additional support.  After a while, the enemy forces are totally 
destroyed.  
Questions: 

1. How would you describe the situation at this point? 
a. In terms of what just happened? 
b. In terms of the state of the enemy? 
c. In terms of your own forces? 

2. What would you do next?   
a. In terms of your troops deployment and plans? 
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Scenario 2 
You are preparing your forces and getting ready to attack your enemy.  Scanning the 
mini-map, it seems that there is no enemy red dot in your region.  Enemy armor group 
suddenly appear very near to the left side of your City and trying to assault your City to 
capture it and win the game.  You frantically forced march your troops back to the City 
and fight with all your forces.  You know that this enemy armor group is real as it 
destroys your left bunker and is causing damages to your City. 

With all your forces concentrating on the left side of the City, you manage to destroy a 
large portion of the enemy’s armor and the enemy quickly retreated with only the 
general, 2 anti-aircraft missiles, 1 Tank, and 2 Rocket Artillery.  As your forces are in 
disarray, you do not give pursue.  Instead you organize your troops and are happy to win 
this battle since you think the enemy armor, or nearly half of the enemy’s units are 
destroyed. 

You realize you actually have all your forces intact (including air force), despite some 
damages to your armored forces and infantry forces.  Your left SAM and Bunker were 
destroyed but other defenses are still intact.  You think you should outnumber your 
opponent.  You march your entire army down directly and are now close to the enemy 
center SAM.  

 
Questions: 

1. How would you describe the situation at this point? 
a. In terms of what just happened? 
b. In terms of enemy forces and the enemy’s goals? 
c. In terms of your own forces? 

2. What would you do next?   
a. In terms of your troops deployment? 
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Participant No.:  ___________________  Scenario No:_____________________ 
 

Decision Requirement Table 
 
What makes this decision 
difficult? 

What kinds of errors are 
often made? 

How would an expert make 
this decision differently 
from a novice? Identify 
cues and strategies. 

   
   
   
   
   
   
   
   
   
 
Your decision turns out to be wrong.  What are the possible reasons you can think of that 
cause the wrong decision? 
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Appendix P: Statistical tests for Study 3 (for Section 5.4.7. and 5.4.8.) 
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Results for Section 5.4.7 
 

Note.  *p < .05, ** p < .01. Backward Elimination regression shows only 

significant variables in the regression. The probability for rejection is set at .05. 
 

Table P1.  Backward Elimination Regression of RPDPercent with OSPAN and 

ANT scores 
R-square is the portion of variation attributed to the model, between 0 and 1. Root Mean Squared Error "RMSE" estimates 
the standard deviation of the residual. 
Summary of Fit 
RSquare 0.080687
RSquare Adj 0.072896
Root Mean Square Error 18.1593
Mean of Response 47.42031
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 3415.229 3415.23 10.3567**
Error 118 38911.699 329.76 Prob > F
C. Total 119 42326.928 0.0017
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  25.317426 7.065347 3.58 0.0005**
ANT1_Conflict  0.217174 0.067483 3.22 0.0017**
 
 

Table P2.  Analysis of Covariance for RPDPercent with ANT1_Conflict as 

covariate 
Summary of Fit 
R-square is the portion of variation attributed to the model, between 0 and 1. Root Mean Squared Error "RMSE" estimates 
the standard deviation of the residual. 
 
RSquare 0.431909
RSquare Adj 0.349973
Root Mean Square Error 15.20549
Mean of Response 47.42031
Observations (or Sum Wgts) 120
Analysis of Variance 
The test that the whole model fits better than a simple mean, i.e. testing that all the parameters are zero except the 
intercept 
Source DF Sum of Squares Mean Square F Ratio 
Model 50 18281.394 365.628 1.5814 
Error 69 15953.287 231.207 Prob > F 
C. Total 119 42326.928  0.0388* 
REML Variance Component Estimates 
Random Effect Var Ratio Var Component Std Error 95% Lower 95% Upper Pct of Total 
Participant[Training]&Random 0.3776661 87.319076 48.597458 37.167312 391.81962 27.413 
Residual  231.20706    72.587 
Total  318.52613    100.000 
  -2 LogLikelihood = 949.95077 
Effect Tests 
Source Nparm DF DFDen Sum of Squares F Ratio Prob > F   
Training 4 4 35 1309.8827 1.4164 0.2489  
Participant[Training]&Random 40 35 69 8906.5458 . .  Shrunk 
Session 2 2 69 2211.5176 4.7825 0.0113*  
Session*Training 8 8 69 954.1241 0.5158 0.8406  
ANT1_Conflict 1 1 69 1479.5517 6.3992 0.0137*  
SS for Tests on Random effects refer to shrunken predictors rather than traditional estimates. 
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Table P3.  Backward Elimination Regression of ConcurrentPercent with OSPAN 

and ANT scores 
Summary of Fit 
RSquare 0.076861
RSquare Adj 0.061081
Root Mean Square Error 10.89692
Mean of Response 17.19562
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 2 1156.729 578.365 4.8707**
Error 117 13892.926 118.743 Prob > F
C. Total 119 15049.655 0.0093
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  30.395471 4.580753 6.64 <.0001**
OSPAN1  -0.214894 0.101245 -2.12 0.0359*
ANT1_Alert  -0.134361 0.05463 -2.46 0.0154*
 
Table P4.  Analysis of Covariance for ConcurrentPercent with OSPAN 1 and 

ANT1_Alert as covariates 
Summary of Fit 
  
RSquare 0.548394
RSquare Adj 0.478242
Root Mean Square Error 8.123147
Mean of Response 17.19562
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 51 8253.146 161.826 2.4525
Error 68 4487.015 65.986 Prob > F
C. Total 119 15049.655 0.0003**
Effect Tests 
Source Nparm DF DFDen Sum of Squares F Ratio Prob > F   
Training 4 4 35 177.5928 0.6728 0.6153  
Session 2 2 68 696.1295 5.2749 0.0074*  
Session*Training 8 8 68 864.2989 1.6373 0.1305  
Participant[Training]&Random 40 35 68 4954.3343 . .  Shrunk 
OSPAN1 1 1 68 199.7846 3.0277 0.0864  
ANT1_Alert 1 1 68 145.3901 2.2034 0.1423  
 
SS for Tests on Random effects refer to shrunken predictors rather than traditional estimates. 
 
Table P5.  Backward Elimination Regression of TrialErrorPercent with OSPAN 

and ANT scores 
Summary of Fit 
RSquare 0.061894
RSquare Adj 0.053943
Root Mean Square Error 11.02674
Mean of Response 14.147
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 946.607 946.607 7.7853**
Error 118 14347.503 121.589 Prob > F
C. Total 119 15294.109 0.0061
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Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  8.1798273 2.363658 3.46 0.0008**
ANT1_Alert  0.1536941 0.055083 2.79 0.0061**
 

Table P6.  Analysis of Covariance for TrialErrorPercent  with ANT1_Alert as 

covariate 
Summary of Fit 
  
RSquare 0.434617
RSquare Adj 0.353071
Root Mean Square Error 9.932988
Mean of Response 14.147
Observations (or Sum Wgts) 120
 
Fixed Effect Tests 
Source Nparm DF DFDen F Ratio Prob > F   
Training 4 4 34 0.2157 0.9279  
Session 2 2 70 1.2836 0.2835  
Session*Training 8 8 70 0.7072 0.6842  
ANT1_Alert 1 1 34 2.9873 0.0930  
 

Table P7.  Backward Elimination Regression of DefaultActionPercent with 

OSPAN and ANT scores 
Summary of Fit 
  
RSquare 0.042308
RSquare Adj 0.034192
Root Mean Square Error 8.440564
Mean of Response 7.413867
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 371.3853 371.385 5.2129*
Error 118 8406.6877 71.243 Prob > F
C. Total 119 8778.0730 0.0242
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  14.70259 3.284021 4.48 <.0001
ANT1_Conflict  -0.071616 0.031367 -2.28 0.0242*
 

Table P8.  Analysis of Covariance for DefaultActionPercent  with ANT1_Conflict 

as covariate 
Summary of Fit 
  
RSquare 0.265
RSquare Adj 0.15899
Root Mean Square Error 8.055762
Mean of Response 7.413867
Observations (or Sum Wgts) 120
Fixed Effect Tests 
Source Nparm DF DFDen F Ratio Prob > F   
Training 4 4 34 2.5716 0.0553  
Session 2 2 70 0.7977 0.4544  
Session*Training 8 8 70 0.8458 0.5660  
ANT1_Conflict 1 1 34 5.5087 0.0249  
Least Squares Means Table 
Level Least Sq Mean   Std Error
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Level Least Sq Mean   Std Error
Expert 10.753899  1.7915869
Novice 9.763136  1.7764968
T2 7.307952  1.7688828
T3 4.558711  1.7809152
T4 4.685637  1.7879354
 
LSMeans Differences Tukey HSD 
α= 
0.050 
LSMean[i] By LSMean[j] 
Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Expert Novice T2 T3 T4

Expert 0 
0 
0 
0 

0.99076
2.54329
-6.3328
8.3143

3.44595
2.52501

-3.825
10.7168

6.19519
2.5011

-1.0068
13.3972

6.06826
2.56176
-1.3084
13.445

Novice -0.9908 
2.54329 
-8.3143 
6.33277 

0
0
0
0

2.45518
2.50251
-4.7509
9.66128

5.20442
2.53056
-2.0825
12.4913

5.0775
2.50165
-2.1261
12.2811

T2 -3.4459 
2.52501 
-10.717 
3.82495 

-2.4552
2.50251
-9.6613
4.75091

0
0
0
0

2.74924
2.51556
-4.4944
9.99292

2.62232
2.50832
-4.6005
9.84515

T3 -6.1952 
2.5011 

-13.397 
1.00685 

-5.2044
2.53056
-12.491
2.08246

-2.7492
2.51556
-9.9929
4.49444

0
0
0
0

-0.1269
2.54641
-7.4595
7.2056

T4 -6.0683 
2.56176 
-13.445 
1.30845 

-5.0775
2.50165
-12.281
2.12614

-2.6223
2.50832
-9.8451
4.60052

0.12693
2.54641
-7.2056
7.45945

0
0
0
0

 
 
Level  Least Sq Mean 
Expert A 10.753899 
Novice A 9.763136 
T2 A 7.307952 
T4 A 4.685637 
T3 A 4.558711 
 
Levels not connected by same letter are significantly different. 
 
LSMeans Differences Student's t 
α= 
0.050 
LSMean[i] By LSMean[j] 
Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Expert Novice T2 T3 T4

Expert 0 
0 
0 
0 

0.99076
2.54329
-4.1778
6.15936

3.44595
2.52501
-1.6855
8.57739

6.19519
2.5011

1.11235
11.278

6.06826
2.56176
0.86214
11.2744

Novice -0.9908 
2.54329 
-6.1594 
4.17783 

0
0
0
0

2.45518
2.50251
-2.6305
7.54089

5.20442
2.53056

0.0617
10.3471

5.0775
2.50165
-0.0065
10.1615

T2 -3.4459 
2.52501 
-8.5774 
1.6855 

-2.4552
2.50251
-7.5409
2.63052

0
0
0
0

2.74924
2.51556

-2.363
7.86147

2.62232
2.50832
-2.4752
7.71983

T3 -6.1952 
2.5011 

-11.278 

-5.2044
2.53056
-10.347

-2.7492
2.51556
-7.8615

0
0
0

-0.1269
2.54641
-5.3019
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-1.1123 -0.0617 2.36299 0 5.04801
T4 -6.0683 

2.56176 
-11.274 
-0.8621 

-5.0775
2.50165
-10.161
0.00647

-2.6223
2.50832
-7.7198
2.4752

0.12693
2.54641

-5.048
5.30186

0
0
0
0

 
Level    Least Sq Mean
Expert A     10.753899
Novice A B   9.763136
T2 A B C 7.307952
T4   B C 4.685637
T3     C 4.558711
 
Levels not connected by same letter are significantly different. 
 
Table P9.  Backward Elimination Regression of PreConcurrentPercent with 

OSPAN and ANT scores 
Summary of Fit 
RSquare 0.05261
RSquare Adj 0.044581
Root Mean Square Error 8.500928
Mean of Response 4.429218
Observations (or Sum Wgts) 120
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 1 473.5362 473.536 6.5527*
Error 118 8527.3610 72.266 Prob > F
C. Total 119 9000.8972 0.0117
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  0.2087529 1.822233 0.11 0.9090
ANT1_Alert  0.1087048 0.042466 2.56 0.0117*
 
 

Table P10.  Analysis of Covariance for PreConcurrentPercent with ANT1_Alert 

as covariate 
Summary of Fit 
RSquare 0.579214
RSquare Adj 0.518523
Root Mean Square Error 6.764497
Mean of Response 4.429218
Observations (or Sum Wgts) 120
Fixed Effect Tests 
Source Nparm DF DFDen F Ratio Prob > F   
Training 4 4 34 1.2762 0.2985  
Session 2 2 70 1.6732 0.1951  
Session*Training 8 8 70 1.1124 0.3657  
ANT1_Alert 1 1 34 4.5246 0.0407  
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Results for Section 5.4.8 
Table P11.  Backward Elimination Regression for GameScore with OSPAN and 

ANT 
Summary of Fit 
RSquare 0.043484
RSquare Adj 0.033773
Root Mean Square Error 2477.874
Mean of Response 9285.035
Observations (or Sum Wgts) 200
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 2 54986750.8 27493375 4.4779*
Error 197 1209552026 6139858 Prob > F
C. Total 199 1264538777 0.0125
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  10441.925 444.9471 23.47 <.0001
OSPAN1  -8.898477 4.317393 -2.06 0.0406*
ANT1_Alert  -19.78747 9.600636 -2.06 0.0406*
 

Table P12.  Analysis of Covariance for GameScore with OSPAN 1 and 

ANT1_Alert as covariates 
Summary of Fit 
RSquare 0.436267
RSquare Adj 0.351544
Root Mean Square Error 2156.053
Mean of Response 9285.035
Observations (or Sum Wgts) 200
Fixed Effect Tests 
Source Nparm DF DFDen F Ratio Prob > F   
Training 4 4 33 1.8008 0.1522  
Session 4 4 140 3.3095 0.0126*  
Session*Training 16 16 140 0.4744 0.9558  
OSPAN1 1 1 33 3.5042 0.0701  
ANT1_Alert 1 1 33 1.9102 0.1762  
 

Table P13.  Backward Elimination Regression for GameSkill with OSPAN and 

ANT 
Summary of Fit 
RSquare 0.067177
RSquare Adj 0.057707
Root Mean Square Error 326.5474
Mean of Response 526.5
Observations (or Sum Wgts) 200
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio
Model 2 1512801 756401 7.0935**
Error 197 21006745 106633 Prob > F
C. Total 199 22519546 0.0011
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t|
Intercept  379.99006 98.768 3.85 0.0002**
OSPAN1  -1.902759 0.576958 -3.30 0.0012**
ANT1_Conflict  2.2560841 0.954439 2.36 0.0191*
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Table P14.  Analysis of Covariance for GameSkill with OSPAN 1 and 

ANT1_Conflict as covariates 
Summary of Fit 
  
RSquare 0.525187
RSquare Adj 0.453828
Root Mean Square Error 267.0659
Mean of Response 526.5
Observations (or Sum Wgts) 200
Fixed Effect Tests 
Source Nparm DF DFDen F Ratio Prob > F   
Training 4 4 33 2.2443 0.0855  
Session 4 4 140 0.9139 0.4577  
Session*Training 16 16 140 0.6973 0.7930  
OSPAN1 1 1 33 6.9115 0.0129*  
ANT1_Conflict 1 1 33 1.5928 0.2158  
LSMeans Differences Student's t 
α= 0.050 
LSMean[i] By LSMean[j] 
Mean[i]-Mean[j] 
Std Err Dif 
Lower CL Dif 
Upper CL Dif 

Exp Nov T2 T3 T4

Exp 0 
0 
0 
0 

211.638
110.878
-13.944
437.221

157.086
110.044

-66.8
380.971

-57.927
112.752
-287.32
171.468

-18.537
111.641
-245.67
208.598

Nov -211.64 
110.878 
-437.22 
13.9445 

0
0
0
0

-54.553
109.14
-276.6

167.493

-269.57
114.819
-503.17
-35.966

-230.18
109.048
-452.04
-8.3165

T2 -157.09 
110.044 
-380.97 
66.8001 

54.5528
109.14

-167.49
276.599

0
0
0
0

-215.01
113.077
-445.07
15.0443

-175.62
109.325
-398.05
46.8001

T3 57.9275 
112.752 
-171.47 
287.323 

269.566
114.819
35.9656
503.166

215.013
113.077
-15.044
445.071

0
0
0
0

39.3901
114.825
-194.22
273.003

T4 18.5374 
111.641 

-208.6 
245.673 

230.176
109.048
8.31646
452.035

175.623
109.325

-46.8
398.046

-39.39
114.825

-273
194.223

0
0
0
0

Level   Least Sq Mean 
T3 A   642.87932 
T4 A   603.48923 
Exp A B 584.95185 
T2 A B 427.86621 
Nov   B 373.31340 
 
Levels not connected by same letter are significantly different. 
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