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Abstract There is an ongoing need to computationally model human tactical

decision-making, for example in military simulation, where the tactics of human

combatants are modelled for the purposes of training and wargaming. These efforts

have been dominated by AI-based approaches, such as production systems and the

BDI (Beliefs, Desires, Intentions) paradigm. Typically, the tactics are elicited from

human domain experts, but due to the pre-conscious nature of much of human

expertise, this is a non-trivial exercise. Knowledge elicitation methods developed

for expert systems and ontologies have drawbacks when it comes to tactics mod-

elling. Our objective has been to develop a new methodology that addresses the

shortcomings, resulting in an approach that supports the efficient elicitation of tacti-

cal decision-making expertise and its mapping to a modelling representation that is

intuitive to domain experts. Rather than treating knowledge elicitation, as a process

of extracting knowledge from an expert, our approach views it as a collaborative

modelling exercise with the expert involved in critiquing the models as they are con-

structed. To foster this collaborative process, we have employed an intuitive, dia-

grammatic representation for tactics. This paper describes TEM (Tactics Elicitation

Methodology), a novel synthesis of knowledge elicitation with a BDI-based tactics

modelling methodology, and outlines three case studies that provide initial support

for our contention that it is an effective means of eliciting tactical decision-making

knowledge in a form that can be readily understood by domain experts.
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1 Introduction

AI has been central to the computational modelling of tactical decision-making

for over 20 years; early applications include air combat [10], and more recently,

autonomous live-fire robot targets [6]. Previously, we have argued that these efforts

have all been at the implementation level, and that tactics need to be represented at

the design level in order to facilitate maintenance and sharing amongst developers,

as well as comprehension by domain experts [7]. As part of that work, we proposed

TDF (Tactics Development Framework) as a means of addressing this shortcoming

and extended agent-oriented software engineering approaches such as Prometheus

[14] to better handle the demands of tactical modelling.

Whereas TDF allows models of tactics to be captured, it does not support the

elicitation of those tactics, and this is a challenging and important aspect that has not

been addressed until now. In this work, we propose a methodology for the elicitation

of tactical decision-making that maps directly to TDF concepts.

In theory, tactics can be automatically generated if the domain can be sufficiently

well formalised. However, this is not practical in complex, real-world domains, and

so the dominant approach to tactics modelling is to study domain experts. Unfor-

tunately, eliciting knowledge from experts is a non-trivial exercise. The so-called

knowledge acquisition bottleneck was recognised very early on as a key problem in

the construction of intelligent systems [8]. Pioneering work on the knowledge acqui-

sition problem was performed predominantly by those developing expert systems—
computer models that were intended to be comparable in domain-specific compe-

tence to human experts.

Our experience, collaborating for over 20 years with military analysts modelling

tactics in areas such as undersea warfare, air combat, tank battles, and special

forces, suggests that knowledge elicitation continues to be a very significant prob-

lem. Across these groups of analysts, various techniques are employed, e.g. Cogni-

tive Task Analysis [4], with varying degrees of success. It is difficult to critique

these approaches collectively because they tend to be idiosyncratic, with a wide

range of elicitation objectives and products. However, what they do have in common

is the absence of a well-defined representation language for tactics that is readily

understood by domain experts. The elicitation products tend to be static and result

in an informal snapshot of the knowledge elicitation sessions that quickly becomes

divorced from the tactics models. It is very difficult for domain experts to critique

the resulting tactics implementation, because all they can do is observe the behav-

iour without a straightforward means of mapping that behaviour back to the elicited

tactics.

Our research objective is to develop a methodology that supports the efficient

elicitation of tactical decision-making expertise and its mapping to a tactics repre-
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sentation that is intuitive to domain experts. To this end, we have developed TEM

(Tactics Elicitation Methodology), which advances the state of the art in knowl-

edge elicitation to better handle the demands of tactics modelling. Rather than treat-

ing knowledge elicitation as a process of extracting knowledge from an expert, our

approach views it as a collaborative modelling exercise with the expert involved in

critiquing the models as they are constructed. To foster this collaborative process, we

have employed an intuitive, diagrammatic representation for tactics. We argue that

knowledge elicitation is intimately bound to the target conceptual framework. For

example, elicitation methods that work well when building an ontology may need to

be quite different to those that suit a diagnostic expert system. The former is likely

to focus on teasing out the fine detail of conceptual structures, whereas the latter

will be more concerned with cues and problem-solving methods. Likewise, tactics

elicitation focuses on particular factors such as the events that trigger the adoption

of goals, the methods used to achieve those goals, and the conditions that indicate

that a goal should be dropped in favour of a more pressing one.

This paper makes several contributions to the field of behaviour modelling in

intelligent systems: (i) it offers a novel synthesis of knowledge elicitation with a BDI-

based tactics modelling methodology; (ii) it focuses knowledge elicitation on the

aspects that are important to tactics modelling; and (iii) the elicitation methodology’s

application to three domains is evaluated.

2 Background

Military science definitions of the term, tactics, tend to emphasise their adversarial

nature. More generally, tactics can be viewed as the means of achieving an imme-

diate objective in a manner that can be adapted to handle unexpected changes in

the situation. Tactics are distinguished from strategy in that the latter is concerned

with a general approach to the problem, rather than the means of achieving a more

short-term goal. A submarine commander’s use of stealth to approach a target is a

strategy, whereas the particular method used, for example hiding in the adversary’s

baffles (a blind spot), is a tactic. Tactics are concerned with the current, unfolding

situation—that is, how to deflect threats and exploit opportunities to achieve victory.

This view of tactics, as the means of achieving a short-term goal in a manner that

can respond to unexpected change, seems to be common to all definitions, whether

in military science, game theory, or management science.

2.1 Knowledge Elicitation

Over the years, a significant proportion of the effort to construct intelligent sys-

tems has adopted a knowledge-based approach. In contrast to general problem-

solving methods, the knowledge-based approach relies on encoding a large quantity
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of domain-specific knowledge. This was motivated by the observation that expert

human performance achieves its efficacy by applying domain-specific strategies and

knowledge to the problem at hand. The computational modelling of expert compe-

tence came to be known as knowledge engineering, with the term knowledge elici-
tation being used to denote the initial process of extracting the knowledge from the

expert before encoding it in a suitable knowledge representation language.

Practitioners generally agree that the elicitation of expertise is a challenging

endeavour. Musen identified a number of reasons [11]; perhaps the most significant is

that expert knowledge is largely tacit. It is generally agreed that knowledge compila-
tion [12] is central to the human cognitive architecture’s ability to efficiently process

large amounts of information as smaller, composite items that functionally expand

working memory. The downside is that it is difficult, if not impossible, for experts to

decompile such knowledge to understand the basis of their decision-making. Con-

sequently, experts can be inaccurate when recounting their thought processes, and

may unintentionally fabricate reasoning steps in order to bridge the gaps in their

conscious understanding of their own decision-making [9].

2.2 BDI and the Theory of Mind

Our experience of eliciting tactical knowledge from experts, in domains including air

combat, infantry tactics, air traffic flow management, and undersea warfare, suggests

that the outcome is greatly influenced by whether the experts find the conceptual

framework in which the knowledge is cast to be intuitive. Experts are better able

to describe their reasoning if the emerging tactical model corresponds to how they

think they think. In the field of cognitive science, it is generally accepted that human

beings employ a theory of mind to explain and predict the actions of others, as well as

to provide a narrative for their own reasoning processes. According to the intentional
stance [5], we attribute intentions to ourselves and others, and believe them to arise

from a combination of our beliefs and desires.

Through the work of Bratman [2] on practical reasoning, this philosophical per-

spective gave rise to the BDI paradigm, a modelling approach that has been popular

for many years in the multi-agent systems community. It has been claimed that the

BDI paradigm is a good folk psychology model of human reasoning, i.e. a model of

how we think [13].

The BDI model is a particularly parsimonious conception of rational agency,

characterising agents as reasoning in terms of their beliefs about the world, desires
that they would like to achieve and the intentions that they are committed to. Apart

from its intuitive appeal to domain experts, it is a powerful computational abstrac-

tion for building sophisticated, goal-directed, and reactive reasoning systems, and

consequently is well suited to tactics modelling.

Put very succinctly, a BDI agent performs a continuous loop in which it updates its

beliefs to reflect the current state of the world, deliberates about what to achieve next,

finds a plan for doing so, and executes the next step in that plan. Each time around
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this cycle, it effectively reconsiders its options, yielding goal-oriented behaviour that

is also responsive to environmental change.

Our research objective is to develop a tactics elicitation methodology that is eas-

ier to master than Cognitive Task Analysis, and offers an intuitive representation of

decision-making—one that is compatible with experts’ intuitions about how they

reason tactically. With this in mind, we have developed a BDI-based elicitation

methodology.

2.3 Tactics Development Framework (TDF)

TEM targets TDF, a BDI-based tactics design methodology founded on agent-

oriented software engineering principles. In TDF, the tactical environment is repre-

sented in terms of the important percepts received, actions performed, and the actors
the system interacts with. Methods of achieving goals using plans are encapsulated

in terms of tactics. These in turn are encapsulated by the missions that the system

can undertake. The other concepts that are relevant to TEM are messages passed

between agents, scenarios outlining the different ways that a mission can play out,

the roles embodied by the system, and the data maintained by the system.

TDF divides modelling into three major stages: (i) System Specification of system-

level artefacts, (ii) Architectural Design of the internal structure of the tactical sys-

tem, and (iii) Detailed Design of the internals of the agents in the system. In addi-

tion, tactics design patterns span the three stages, providing a reusable template

from which new tactics can be built. TDF has been used to model undersea war-

fare, Apache attack helicopter tactics, UAS decision-making, and infantry tactics.

Further detail on the methodology can be found in [7].

3 Tactics Elicitation Methodology (TEM)

TEM’s artefacts all map directly to the corresponding TDF concepts (apart from

TEM’s concept maps, which TDF does not include). Some of the TDF artefacts have

been renamed so that they are more meaningful to domain experts within the context

of knowledge elicitation, namely mission becomes vignette, agent becomes charac-
ter, actor becomes environmental entity, scenario becomes storyline, and data is

now belief.
The TEM artefacts are as follows: (i) Concept Map—a diagrammatic graph-

like structure that informally represents concepts and their interrelationships; (ii)

Vignette—a succinct description of a tactical situation, as per [3]; (iii) Tactic—

specifies how to achieve a goal in a situation that might change in unexpected ways,

and comprises a goal/sub-goal structure, the methods used to achieve goals, and

the conditions under which goals are adopted, dropped, suspended or resumed;

(iv) Storyline—a specification of the key cues and decision points that occur as
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the vignette unfolds; (v) Goal Structure—a goal/sub-goal hierarchy; (vi) Plan—a

method of achieving a goal, or responding to an event; (vii) Character—a behav-

ioural entity embodying some combination of tactics, goals, and plans; (viii) Team—

an aggregation of characters and/or teams; (ix) Role—functionality assigned to a

character or team; (x) Percept/Action—a character receives information in the form

of percepts and affects its environment by performing actions; (xi) Environmental
Entity—source of percepts or the target of actions; (xii) Belief—each character or

team has a set of beliefs that defines its declarative knowledge.

3.1 TEM Steps

TEM is an interview-based elicitation methodology, as this is the most efficient

method in terms of time and resources [4].

The following account is necessarily abbreviated to fit within the confines of this

paper, but all of the steps are included, if not in great detail. The examples are based

on a study [1] in which an HVU (High Value Unit) is protected by four destroyers

(Screen Ships) from attack by a submarine.

TEM comprises six sequential steps that are repeated until the requisite informa-

tion has been acquired: (i) Scope Requirements; (ii) Expand Modelling Objective;

(iii) Construct Storylines; (iv) Populate Concept Map from Storylines; (v) Develop

TDF Design; and (vi) Plan Next Session.

3.1.1 Scope Requirements

∙ Elicit Stakeholder Objective. If required, interview the stakeholder to determine

the question to be answered by the modelling exercise, for example, ‘How many
screen ships are required to protect an aircraft carrier from submarine attack?’.

∙ Elicit Modelling Objective. The stakeholder objective is usually not sufficiently

specific for the purposes of modelling and needs refining to derive the modelling
objective—ideally a testable hypothesis relating independent to dependent vari-

ables. If the modelling objective can be expressed quantitatively, determine the

MOEs.
1

∙ Study Background Material. Ensures interviewer has sufficient grounding in the

domain to efficiently interview the domain expert.

∙ Scope Interview Sessions. Purpose is to determine how much time is available,

and to plan the sessions so that the stakeholder objective is adequately addressed.

1
An MOE (Measure of Effectiveness) is a quantitative impact assessment, e.g. ‘Dollar value of air-
craft carrier damage saved per screen ship deployed’. In simulation applications, the values for a

dependent variable are typically aggregated across multiple simulation runs to yield an MOP (Mea-

sure of Performance), e.g. ‘average dollar value of aircraft carrier damage’. The MOE combines

the MOPs into an impact statement.
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3.1.2 Expand Modelling Objective

The modelling objective is central to the TEM process and is used to ensure that the

elicitation does not drift off into interesting but irrelevant detail. This step results

in a concept map representation of the modelling objective properties and related

attributes, such as independent variables, dependent variables, and MOEs. This step

comprises three activities:

∙ Create a concept map with the modelling objective at its root.

∙ Link MOEs to the modelling objective in the concept map.

∙ Add any modelling objective preferences to the concept map, e.g. variables that

define the optimality of a given solution.

The concept map is a graph that acts as a shared diagrammatic representation

of the domain. It does not constrain the interviewer to a particular set of artefacts,

and this notational freedom is instrumental in fostering rapid elicitation. However,

structure is added to the concept map after each elicitation session, by identifying

relevant TDF artefacts (Fig. 1 shows part of a bushfire concept map after the TDF

artefacts have been identified).

3.1.3 Construct Storylines

∙ Elicit Relevant Vignettes. Prompt the domain expert for vignettes that he/she has

personal decision-making experience of, and that address the modelling objective.

Identify those vignettes that are most likely to provide useful information about

the modelling objective. Add the selected vignette(s) to the concept map. Where

appropriate, employ diagrams to document the spatial layout of the key entities in

the vignette, for the purposes of discussion with the domain expert.

∙ Generate Relevant Storylines. The domain expert selects the vignette that reveals

the most about the modelling objective, and recounts a related storyline, for which

he/she was the primary decision-maker. Failing this, the domain expert should

generate a hypothetical storyline.

∙ Verify Selected Storyline. Verify that the storyline addresses the modelling objec-

tive before too much time is spent eliciting the details. Establish that the outcomes

(as characterised by the MOEs) will depend upon the identified dependent vari-

ables. If the relationship between the storyline and modelling objective is not con-

vincing, choose a new storyline. If the domain expert cannot come up with a more

effective storyline, select a new vignette.

∙ Fill Out Storyline. Map out the key decision-making cues and decision points in

the storyline. Link the storyline to the vignette in the concept map. Elicit missing

information and significant storyline variations that will be needed to build the tac-

tics, i.e. (i) key decision points, (ii) the goal being tackled in each episode of the

storyline, (iii) conditions that need to be maintained during storyline episodes, (iv)

goals adopted/dropped/suspended/resumed and the conditions under which this
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happens, (v) the name of the tactic adopted to achieve the goal, (vi) other courses

of action considered, (vii) actions performed as part of the tactical approach, (viii)

significant roles/characters/teams involved in the storyline, (ix) communications

between characters, teams, and environmental entities, (x) timing information (rel-

ative and/or absolute) that relates to the events in the storyline.

3.1.4 Populate Concept Map from Storylines

This step’s purpose is to identify concepts that arise from the storylines and elicit

further detail about those concepts. To do so, label concepts in the storyline that

relate to goals, tactics, roles, teams, characters, key conditions, and domain-specific

terminology. Figure 1 shows an annotated concept map from a firefighting case study

(with actions, beliefs, goals, percepts, plans, and roles).

3.1.5 Develop TDF Design

This step occurs after the elicitation session is over.

∙ Develop Storyline Diagrams. Results in a diagrammatic representation of each

storyline, to be used in subsequent elicitation sessions, and as input to the TDF

design process. Figure 2 shows an example of an episode of a storyline (a storyline

can be made up of a number of episodes).

MO: How does mix 
of small/large 

tankers affect MOE?

goals

 dynamically 
update CoA if

PERCEPT: wind 
changes 

unexpectedly

PERCEPT: 
unexpected spot 

ACTION: check for 
crews on wind 
change side

 balance 
defence vs. 

offence

 defence

 make defensive 
lines on roads 

 clear channel

 back burn channel
 bulldoze trees and 

soil along road

roles

time limit on task 
completion

typically < 10 mins

 behaviour analyst

Incident ControllerIncident Control 
Centre (campaign 

level)

 generate 
battleplan

progress

 predict risk 
areas

 predict 
dangerous 

events

 consider 
weather 
changes

 consider water 
availability

 assign strike 
teams to 
sectors

dynamically: 
reassign if 

conditions change

 inform those at 
risk

ACTION: SMS 
civilians

ACTION: phone 
civilians

Generic

Goal

Plan

Belief Percept

Role

Action

Legend

Fig. 1 Part of bushfire concept map (after artefact classification)
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Navigate to rendezvous point

set course for 
rendezvous 

point
at rendezvous

not at rendezvous

travel

Event impacting
navigation

Consider 
surprise 
attack

consider 
rendezvous 

change
STG direction

change

within sonar range
of screen ship

Fig. 2 Navigate to rendezvous (example storyline episode)

∙ Develop Initial TDF Design. This involves identifying and labelling TDF arte-

facts in the concept map and storylines (goals, plans, roles, percepts, etc.), using

a palette of predefined TDF icons. Underspecified concepts are highlighted so

that they can be addressed at the next elicitation session. An initial TDF design

is constructed as outlined in the System Specification, Architectural Design, and

Detailed Design stages, described fully in [7].

3.1.6 Plan Next Session

This step identifies missing information so that gaps can be filled during the next

elicitation session. It comprises the following activities:

∙ Work through any artefacts that were marked as underspecified while developing

the initial TDF design.

∙ Verify that there is sufficient information to build a goal structure for each of the

decision points in the storylines.

∙ Verify that there is enough information to build the plans required to achieve the

goals.

∙ Identify missing artefacts, for example, percepts that are needed to discriminate

between alternative plans for achieving a goal.

∙ Identify areas of focus for the next elicitation session.
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4 Preliminary Case Studies

The evaluation of knowledge elicitation methodologies continues to be a problem-

atic and challenging endeavour. An extensive discussion of the issues can be found

in [15]. Impediments include the difficulty of accessing a large enough sample of

domain experts for statistical significance, the lack of homogeneity in domain expert

opinions, how to quantify coverage and depth of knowledge elicited, and how to com-

pare the content of disparate knowledge representations. Although it would be fea-

sible to conduct a quantitative evaluation using a restricted and formal board game,

such as chess, this would be unenlightening with respect to the domains TEM is

designed for. TEM targets dynamic, real-world domains and so focuses on eliciting

the goal-directed and reactive aspects of decision-making that rely on complex and

varied contextual cues and broad repertoires of tactical actions. With these caveats in

mind, a preliminary evaluation of TEM was performed, using three distinct domains

to broaden the coverage: (i) firefighting of bushfires, (ii) undersea warfare, and (iii)

the League of Legends real-time, multi-player tactical game.

4.1 Bushfire Tactics (Pilot Study)

The objective of the initial evaluation of TEM was to investigate its efficacy. The

domain expert had many years of experience fighting bushfires, both on the ground

and from the control centre. After a number of knowledge elicitation sessions,

totalling 5 h, a TDF design was produced from the elicited storyline and concept

map. The domain expert judged the design to be a clear and accurate representation

of the elicited firefighting tactics. He volunteered that he found the whole process to

be very rewarding and was highly motivated to provide accurate and detailed infor-

mation about tactical alternatives because he felt that he fully understood how his

expertise was being represented and so felt ownership of the models as they were

being developed. This feedback provides encouraging support for TEM’s collabora-

tive approach to elicitation.

4.2 Undersea Warfare Tactics

The undersea warfare environment is characterised by a high degree of uncertainty

about the true tactical situation. Situation awareness is time consuming to acquire

and often unreliable, and this makes it difficult to predict the outcome of a partic-

ular course of action. Many factors have to be considered when trying to eliminate

hypotheses, and this, taken together with the high level of uncertainty, makes it diffi-

cult to elicit the submarine commander’s tactical knowledge. An analyst, attempting

to elicit and build a model of submarine commander decision-making, is faced with
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a very wide and potentially confusing array of options, and this was the original

motivation for developing TEM.

A number of 90-min undersea warfare tactics elicitation sessions were conducted

over the course of three consecutive days, amounting to about 18 h. Six domain

experts took part in the sessions, which focused on submarine evasion of heli-

copter(s) equipped with dipping sonar. Some of the experts had extensive knowl-

edge of the performance of active sonar, which is highly relevant to the modelling

objective (dipping sonar is active, not passive), and one of the domain experts, a sub-

marine commander, had direct experience of operating against helicopters with dip-

ping sonar. The two interviewers had experience of informally interviewing domain

experts, and one had been an observer in the bushfire elicitation sessions. Neither

had any experience leading a TEM session, and relied solely on reading the TEM

documentation beforehand.

The interviewers provided general feedback on TEM, but due to security consid-

erations, were not able to provide us with the concrete products of the elicitation

sessions. They reported that:

∙ the methodology was straightforward and very successful in guiding their elicita-

tion of the requisite information;

∙ the methodology should include a step recommending diagramming of the spatial

layout of the problem;

∙ the methodology’s focus on working immediately from the vignettes/storylines

was vital because the domain experts resisted discussing abstractions, preferring

instead to discuss specific instances;

∙ the elicitation sessions exposed novel information that was not in any written mate-

rial about the domain;

∙ the storyline mechanism was very effective in eliciting key perceptual cues, deci-

sions, and sequences of actions; and

∙ the identification of tactical goals was instrumental in the elicitation of alternative

courses of action.

The feedback from the interviewers and domain experts was overwhelmingly pos-

itive, and the interviewers reported that the methodology was easy to follow, and the

outcome was successful. There were two recommendations for change: (i) add a

methodological step for creating one or more diagrams of the spatial layout of the

tactical situation, and (ii) emphasise the need to begin with concrete vignettes and

storylines, rather than abstract questions about the domain.

4.3 League of Legends Tactics

The final case study applied TEM to the elicitation of League of Legends tactics,

and apart from investigating the efficacy of the methodology, it focused on the com-

prehensibility of the resulting TDF designs.
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League of Legends
2

is a fast-paced, multi-player, online strategic/tactical game,

with tens of millions playing it daily. Each player takes on the role of a summoner
who controls a champion. Each game comprises two teams of five players, with each

team battling the other to destroy their nexus. The League of Legends domain is

particularly rich, with a wide range of characters possessing very different capa-

bilities, many classes of weaponry, only partial situation awareness, team tactics,

and frequent unexpected changes in the tactical situation. Although the tactics are

goal-directed, there is a large reactive component and a good player must be able to

respond quickly to significant changes, based only on partial information about the

situation.

Three domain experts took part in the study; one was interviewed over the course

of seven 90-min sessions, and the other two assessed the comprehensibility of the

resulting TDF tactics diagrams. All three experts have a world ranking in the top

few per cent of the League of Legends Elo rating system, but none of them were

familiar with TEM or TDF. During the storyline phase, TEM helped elicit cues for

adopting and dropping goals, with some complex interactions between achievement
goals and maintenance goals (the latter are goals that are eligible for adoption when

their maintenance condition is violated).

Comprehension was assessed by giving the two experts, who were not involved

in the elicitation sessions, a two-page introduction to TDF’s goal diagram notation,

13 goal diagrams representing some of the elicited League of Legends tactics, and

a questionnaire comprising ten questions. The questions probed understanding of

the meaning of the diagrams and how to change the diagrams to produce a different

tactical outcome. One of the diagrams included a deliberate omission, which both

experts were able to identify; they were also able to provide suggestions on how to

extend the tactics to handle a wider range of cases. The expert used for the elicitation

sessions assessed their level of comprehension as high, with a mean score of 85%

correct. Their high scores were very encouraging, given that they had no previous

exposure to TDF.

5 Discussion

This paper introduced TEM, a new approach to tactics elicitation that targets the

BDI-based framework, TDF. The BDI paradigm was chosen because it is intuitive

to domain experts, and the literature suggests that it maps well to their theory of mind.

A major contribution of this paper is TEM’s specific methodological steps and how

they focus the interview process on the information required to build BDI-based

tactics, namely roles, characters, teams, goals adopted/dropped/suspended/resumed,

tactics, key decision points, and so on. The central role played by the modelling

objective is another important contribution of this work to tactics modelling because

it ensures that the elicitation process remains focused on the desired outcome,

2
http://leagueoflegends.com/.

http://leagueoflegends.com/.
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thereby ameliorating a common problem in knowledge elicitation—that of drifting

off point and wasting time on interesting detail that ultimately does not contribute

to the requirements of the study. This was a significant factor in the efficiency of the

elicitation sessions in the three case studies.

The evaluation of TEM, though preliminary, was quite broad in scope and pro-

vides some confidence in the efficacy of the methodology. The bushfire case study

revealed a few important deficiencies in the original methodology, and these were

addressed before the undersea warfare case study. The undersea warfare study pro-

vides initial support for our claim that TEM is easy to learn and apply effectively; one

of the two interviewers had only been an observer in the bushfire case study, and the

other had no experience of TEM but had many years of experience in eliciting and

modelling tactics for undersea warfare. His feedback on the effectiveness of TEM is

particularly encouraging (see the five points at the end of Sect. 4.2). The League of

Legends case study provides support for the claim that the TEM/TDF combination

produces models that are easily understood by domain experts that were not part

of the elicitation sessions. TEM’s emphasis on collaboration between the modeller

and domain expert is an important contribution of this work. The domain experts in

the case studies all expressed that they found this aspect highly motivating and that

they felt confident that the resulting models were a valid reflection of their tactical

expertise.

A key contribution of this work is the fact that the elicitation methodology is

closely tied to an effective and intuitive tactics modelling framework (TDF). This

helps keep the sessions focused on the desired modelling products and provide con-

tinuity from elicitation, through to modelling, and ultimately implementation. We

believe that, after two years of development and evaluation, this work is now suffi-

ciently mature to warrant wider dissemination to those building intelligent decision-

making systems that need to be based on human expertise. However, further work

remains.

5.1 Further Work

This research has ongoing support from our undersea warfare sponsor, and now has

funding from a different sponsor to investigate its application to team-based air com-

bat tactics. Wider adoption of TEM would be greatly facilitated by the provision of

appropriate tool support, and tool development is now underway. The case studies

were conducted by adapting publicly available BPMN and concept mapping tools,

but this is less than ideal because they are not sufficiently tailored to TEM, and there

is no integration with the TDF tool. Our TEM tool development will support the

construction of concept maps and storylines. Linking the TEM tool with the TDF

tool will provide an opportunity for verification and validation of the elicitation and

design artefacts, as well as TDF-generated code. Artefacts identified in the concept
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maps and storylines could be linked to their counterparts in the TDF design; sto-

rylines could also be mapped to TDF plan diagrams. Integration of this sort would

help with traceability from elicitation right through to the behaviour that results from

running code.
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