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ABSTRACT
Intelligent agents have the potential to play an important role in
meeting the challenge to provide tools and interfaces for people to
productively interact with the Internet 24 hours a day, seven days
a week (24x7). This paper describes a novel agent-oriented
architecture called ShadowBoard with a novel user interface
called ShadowFace. Both the architecture and interface draw on
concepts from cognitive psychology. The architecture has been
embedded in a software framework called ShadowSpaces, and has
been used to develop a prototype lab manager for booking
services and providing advice to potential users of the Interaction
Design lab at the University of Melbourne. An overview of the
architecture, interface, framework and implementation are all
presented.

Categories and Subject Descriptors
User and Agent Modeling; Agent Architecture; User Interface

General Terms
Algorithms, Design, Human Factors, Languages, Theory.

Keywords
models of mind, agent programming, user-proxy, web services.

1. INTRODUCTION
The vision of the future is pervasive computing. As broadband
access to the Internet becomes pervasive, individuals will require
new levels of interaction with the Internet. It is easy to envision
having a piece of software being on call 24 hours a day, seven
days a week (24x7) to allow individuals to have an effective and
productive Web presence.
Agent technology is an emerging paradigm designed to facilitate
higher level modelling of users needs and capture those needs in a
flexible program. Along with concepts from Psychology, this
paper adapts the agent paradigm to a novel architecture for
building a Digital Self, a continuous representative on the
Internet. Features of the architecture include: decomposition of
roles into a hierarchy of sub-agency; relaxing of the autonomy of

the sub-agents under control of an autonomous agent – the aware
ego agent – which is autonomous in the usual agent sense;
wrapping of external services and agencies, including web
services then utilizing them as if internal sub-agents; application
of ontologies at a localised level.
Features of the methodology include: a generic range of sub-agent
types with enough breadth to harness sub-agencies capable of
servicing both work and recreational interests of a user 24x7;
generic envelopes-of-capability within the generic agent types,
designed to help the system user to identify, collect and organize a
collection of sub-agents into useful groupings for further
discussion, design and implementation of a Digital Self.
The methodology and architecture provide an environment for
rapidly building custom multi-agent applications for a range of
agent-oriented personal devices.
Section 2 of the paper describes an overview of the ShadowBoard
architecture along with some psychological theory about agents as
subselves. Section 3 of the paper presents the associated
ShadowBoard methodology which allows developers to build
agent-based applications realising the ShadowBoard architecture.
Section 4 describes aspects of the software framework that has
been developed including the ShadowSpaces middleware, the
Shadowfaces user interface, and a computation engine based on
constraint logic programming, named CoLoG. Section 5 puts the
concepts together by sketching an example Digital Self that wraps
Web services to support the lab management of the Interaction
Design Lab at the University of Melbourne.The final section
concludes with reflection on progress and speculates on future
research question drawn from this work.

2. THEORY and ARCHITECTURE
Figure 1 below is a graphic overview of the Shadowboard
architecture, collectively representing an individual whole agent
made up of numerous sub-components – the structural
implications are inferred from the theory based on the Psychology
of Subselves psychology, covered extensively elsewhere [3]. In
the centre of the agent is the Aware Ego Agent – the dominant
sub-agent in the whole cluster of sub-agents. In the figure, the
Aware Ego Agent is surrounded by eight first-level sub-agents,
diagrammatically drawn as circles the same size as the Aware Ego

Agent. Five of these example sub-agents are not nested any
deeper (i.e. sub-agents can be clustered recursively), while the
other three have clusters of circles within them, representing a
second-level of sub-agents, grouped into numerous envelopes-ofcapability.

matches the particular specialty better than any internal subagents, an external agent can be called upon as if it were an
internal sub-agent. This process is termed disowning a sub-agent.
In Section 4.4 we use this mechanism to wrap web services as
sub-agents.

Each envelope-of-capability, of which there are arbitrarily eight in
the figure, represent different areas of expertise that a particular
whole agent embodies. As such the whole agent can perform a
number of consecutive and diverse tasks, depending on what goals
via what roles it has taken on in the outer world.

2.1 Sub-Agents as Subselves

Each envelope-of-capability contains a number of sub-agents with
similar capabilities, but each different from it neighbours in some
specialised way. At the two far ends of an envelope-of-capability
are two diametrically skilled agents - in Figure 1 the two are
adjacent, one is white the other is black, separated by a dotted
radial line.
One is the basic reactive sub-agent a purely reactive agent [1],
with a hard-wired rule-action mechanism and no deliberative
capability. The basic reactive sub-agent is usually called upon
within a particular envelope-of-capability when time or other
resources are severely constrained.
At the other end of the scale is an archetypal sub-agent, one that
has maximum deliberative ability used when time and other
resources are plentiful.
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Unlike the autonomous whole agent, the inner sub-agents are
semi-autonomous or even totally subservient to the Aware Ego
Agent - the executive controller within a Shadowboard agent. Subagents may themselves be sophisticated agents capable of their
own semi-autonomous work, or they may be conventional
application programs, expert systems, or even wrapped Web
Services as we shall see further down. This is a significant
relaxation on the need in most MAS systems for each individual
agent to be a fully functioning autonomous agent. This flexibility
in capability is provided within a Shadowboard agent, is attained
by making all sub-agents ultimately subordinate to the Aware Ego
Agent. Our relaxation of autonomy is comparable at some level
with the work of Tambe et al [14] on adjustable autonomy on
their electric elves project.
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The mentalistic notion of a subself at work within the psyche of an
individual, is a metaphor for the sub-agent of a Shadowboard
agent. To broadly place this work in context of research upon
multi-agent systems (MAS) – the closest comparative field of
study - most multi-agent systems can be described as inter-agent
systems. In contrast, the Shadowboard theory and architecture is
an intra-agent system, one enabling the incorporation of many
components that together represent one whole agent, albeit a very
sophisticated one. Such a whole agent built upon the
Shadowboard architecture – e.g. the Digital Self – seen from
without, should be seen as a fully autonomous individual agent,
one compatible with contemporary definitions of agency, such as
that of Wooldridge [17].

Recursive envelope-ofcapability of sub-agents

external agent
(contracted-out)

Figure 1. The Shadowboard Architecture.
The aware ego agent, as well as each of the other sub-agents
(delegation sub-agents) that are shaded as spheres, have
knowledge about the capabilities of sub-agents in their envelopeof-capability. They use this knowledge to select the appropriate
sub-agent to achieve the particular goal that has been sent their
way, from higher up the recursive hierarchy.
When a sub-agent has been found lacking in capability to achieve
a specific intention, or when an external (and available) agent
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Table 1. Shadowboard Sub-agent Types.
The inclusion of sub-agents and envelopes-of-capability of subagents within the Shadowboard architecture, allows it to be
populated with all manner of domain-specific and types of subagents, allowing for an open-ended expansion of capability and
knowledge, depending on an individuals needs.

3. METHODOLOGY
The aim of building a Digital Self, involves building a
comprehensive user-proxy - something much more wide ranging
than a user surrogate. In order to do so for the range and diversity
of individuals that we are aiming to cater for – the mass-market
user - we have begun to formulate a methodology. It begins with
the definition of a generic range of sub-agent types, that are likely
to encapsulate the sorts of envelopes-of-capability any given user
may want to build into their Digital Self. A starting point for them
to accumulate their sub-agents within. This list of Shadowboard
sub-agent types appears in Table 1 above.
Most often these sub-agent types will represent an envelope-ofcapability, which in turn have a range of like-functioned subagents that cover a range of capabilities and degree of
deliberation. Example generic names for sub-agents within two of
the types from Table 1, appear in Table 2 below. Similarly, there
are extended generic names for the sub-agents that can occupy the
other Envelope-of-capability types in Table 1, detailed in [3].

Example 1

Example 2

PROTECTOR

MANAGER

(envelope-of-capability)

(envelope-of-capability)

Safety Officer (archetypal)

Benevolent (archetypal)
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Conciliatory Manager

Risk Analyst
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Environmentalist

Scheduler

Pacifier

Coordinator

Doctor

Recycler

Exit Strategist (reactive)

Decisive (reactive)

Table 2. Shadowboard Sub-agent Types.
It is unlikely that a given individual will have sub-agents of all
these types in their Digital Self. This is the full generic range, the
purpose of which is to help the user identify, collect and organise
a combination of sub-agents into a common grouping, about
which they can discuss issues with other users, or obtain guidance
from further automated processes, as they evolve. Section 5
outlines an example Digital Self, using the Shadowboard
methodology to identify candidate sub-agencies.

have modified as necessary, and added to with new technology
resulting in an integrated cohesive system.

Figure 2. Context of a ShadowSpace.
There are several levels of technology. At the base is a system
called ShadowSpaces an enhancement of earlier technology [5]
which is a dynamic model of the hierarchy of sub-agents which
are later intertwined with logic programming, to enact a Digital
Self. There is an interface system we have named ShadowFaces
(Section 4.2) which the user uses as both: an editor to create and
modify their Digital Self; and as an interface to the running
Digital Self system, receiving notifications, filtered information
and directing decisions that the Digital Self has referred back to
the user for their executive decision when necessary. There is an
underlying language parser and computation system, which uses
constraint logic programming [12] to bind together the various
sub-agents into more powerful configuration, which we have
called the CoLoG language.

4.1 ShadowSpaces - a Dynamic Object System
ShadowSpaces is not unlike the W3C DOM (Document Object
Model), and with some effort could be made to be DOM
compliant [16]. It is used to dynamically maintain a hierarchy of
objects, independent of the way they are instantiated and stored in
the language the systems is created in. ie. Java. See Fig. 2 above.

Further, it should be noted that other envelopes-of-capability
outside this starting range, drawing upon agent ontologies
compiled by other people, can occupy any level within the
recursive hierarchy of Shadowboard. For example Hristozova [6]
specified a range of Middle Agents - Matchmaker Agent,
Recommender Agent, Mediator Agent, Facilitator agent, Broker
agent – which establish, maintain and complete communications
with end agents, in a graduated range of capability. In other
words, the methodology for building a Digital Self, is very much
about utilising third party agents and ranges of agents, as subagents within the Shadowboard architecture framework.

4. IMPLEMENTATION
Enacting the Shadowboard architecture has been hastened by the
use of several existing technologies at our disposal, which we

Figure 3. The ShadowSpace representing a Digital Self.
The ShadowSpace is initialised via a file as depicted on the righthand-side of Figure 3. On the left-hand-side, is the equivalent
runtime object hierarchy within the Java language. In the middle

is the independent ShadowSpace hierarchy of tuples, which
effectively represent a light-weight fingerprint of the objects as
implemented in Java. As one small example of its usefulness, if
for some reason the instantiated objects get dropped from
memory, they are easily re-instantiated via the fingerprint in the
ShadowSpace. As with the W3C DOM model, the ShadowSpace
tree is mutable - able to deal with events that modify the structure
of the tree itself.
The ShadowSpace for a Digital Self has a human-readable
configuration file (which represents a snapshot of the system
state), and a visual rendition in the interface, both of which are
visible in Figure 3 above.

the Finder in Mac OSX), which typically display no more
than about50 items in a typical display.
•

The shape echoes the graphic depiction of the Shadowboard
architecture, reinforcing the system image in the user’s mind
– useful when introducing a new software interface [15].

•

The interface can be expanded to full-screen or reduced
down to the size of a handheld screen (as low as 160x160
pixels), making it an ideal interface for a number of different
consumer devices.

•

It has an eight-way navigational action making it equally
suitable to: the mouse; the keypad, function-key pads, and
game console joystick interfaces – again making it ideal for
24x7 operation via suitability to different types of consumer
devices, each applicable to different locales.

•

The same interface can be used to: zoom, navigate, filter and
get details-on-demand (see Figure 5 below, editing an
Envelope-of-capability).

Figure 4. ShadowFace the Shadowboard Interface.

4.2 Interface - ShadowFace
The interface we have built adopts an agent-metaphor (in addition
to it being an agent technology) rather than the desktop metaphor
– which we consider to be a severely challenged metaphor in the
24x7 space. It is worth noting that throughout the era of GUI
document-centric operating systems (MS Windows, Mac OS), in
common applications such as the humble word processor, there
has been some functionality which followed an agent-metaphor:
In products such as Microsoft Word and Wordperfect, the
find/search and replace functions, follow an agent metaphor style
of operation – as opposed to the direct-manipulation operation of
say, the marking and bolding of text in a document [10].
The Shadowboard interface is based on our technology called
FUN – Friendly User Navigation – which has been evolved into
ShadowFace. It displays three levels of the hierarchy of subagents at any one time, and can be envisaged as a lens that the
user can use to navigate through the recursive structure of the
Shadowboard architecture. See Figure 4 above.
The advantages of this interface are numerous:
•

It has an agent-metaphor rather than the document-centric
interface of the desktop metaphor of most current day
operating systems and many of the applications that run upon
them.

•

Up to 589 individual items in the hierarchy can be displayed
and are selectable at the one time, versus the use of a tree
manager approach (such as Microsoft Windows Explorer, or

Figure 5. Editing the current Envelope of Capability.
There are a number of issues with regard to usability of this novel
interface, which are currently the subject of ongoing HCI
research, to make it increasingly usable to the uninitiated.

4.3 Computation Engine - CoLoG
The computation engine is based on a distributed constraint logic
program called CoLoG that we have developed as a part of the
Shadowboard system. We have derived CoLoG from a Java
implementation of a single threaded logic parser, added some
constraint commands, and then have embedded it into the
ShadowSpaces hierarchy. Each Envelope-of-Capability node
within Shadowboard is capable of its own thread of execution,
and the primary execution in such a node is a CoLoG program.
To understand this computation engine and how it inter-operates
with both individual sub-agents and the envelopes-of-capability in
which they are clustered, it is best to examine a small selfcontained Constraint Logic Program, and observe how it is carved
up within the Shadowboard system in CoLoG. Figure 6 below is
the constraint logic program called Journey. It has single Rule at
the top, one that conjunction (represented by commas) of

numerous Predicates and together with two constraints, both of
which use the >= operator.

capability may hold several alternative rules, the order of choice
guided by a performance-function.

What follows after the Rule is a series of ground terms which
conform to the predicates destination(…), money(…) and
available_time(…), such that: destination(…) represents all
holiday locations for which a traveler may choose, the second
argument is the amount of money it costs, and the third argument
is the number of days the travel/holiday package deal includes;
money(…) represents a number of individuals and the amount of
money each has available; available_time(…) represents the
amount of days each individual has available to travel.

Looking back at the detail in Figure 5, you will see that the
‘Modify EOC’ dialog box, represents the envelope-of-capability
that has program journey as its Predicate Name. The predicate
journey has five terms: Place, Duration, Cost, Desire and Person.
It has a rule called Rule1 – that is an example of the visual
interface for programming CoLog.

Figure 6. Constraint Logic Program – Journey – in CoLoG.
Here are a series of Queries/Goals that the CoLoG program
Journey is capable of answering, expressed in both English and in
predicate logic:
•

Which people could go to Brisbane?
journey(brisbane, Duration, Cost, Desire, Person)?

•

What places could Jill travel to?
journey(Place, Duration, Cost, Desire, jill)?

•

What does it cost to go to Canberra?
destination(canberra, Cost, Duration)?

•

How much time does
available_time(john, Time)?

John

have

to

travel?

The range of queries/goals that this program can answer, is typical
of the flexibility of most logic languages.

Figure 7. Rule is held within an Envelope-of-capability.
A Shadowboard envelope-of-capability holds rules, constraints
and performance functions, with links to appropriate sub-agents
next step down in the recursive hierarchy. See Figure 7 below –
although the Journey example has only one rule, the envelope-of-

Figure 8. Predicate managed by the Travel Sub-agent.
In the CoLoG system within Shadowboard, sub-agents which are
not envelopes-of-capability have a single predicate for which they
get, generate and manage ground terms. Hence, in our example
we have a sub-agent called the Travel Sub-agent, which manages
the ground terms for the predicate destination(Place, Cost,
Duration), as depicted in Figure 8 above.
Note that unlike the standalone example constraint logic program
Journey represented in Figure 6, which is capable of goal driven
processing only, Shadowboard exhibits both goal driven and data
driven reasoning. Ie. The sub-agents are able to source
new/updated ground terms, which in turn trigger the appropriate
envelopes-of-capability to recalculate – which in turn pass their
derived terms up the hierarchy to their parent EOC. Though the
computation engine within Shadowboard uses constraint logic
programming, it is more like a generalised constraint solver in its
operation [12].

4.4 Wrapping Web Services as Sub-agents
The ground terms which are managed by a particular sub-agent,
are not a static set. For example, a sub-agent may generate them
according to its own intelligence. A whole ShadowBoard Agent in
the form of a Digital Self can:
•

accommodate multiple Personal Assistant agents, notification
agents, filtering agents and other agents [11].

•

accommodate application programs, and other lesser
processes – given that the definition of sub-agency in
Shadowboard can be much less that the whole agent, the
Digital Self.

However, for the Digital Self to live up to its grandiose name and
our expectations of it to return quality time to its user, there is a
need for hundreds of third-party sub-agents to make it genuinely
useful in the near term.
The Web Services paradigm of computing, particularly in the
form of SOAP Web Services, via remote procedure calls (RPC)
are of interest to us at this stage, as the primary source of much
external intelligence. Several recent papers document other efforts
to utilise web services within the agent paradigm of programming

[2; 9].There are hundreds of single/limited purpose web services
already available across the internet and that number is
accelerating. In addition, technology toolkits are available which
allow developers to easily implement their own web services.
The Web Services paradigm offer a programmatic interface to
services, many of which were only available previously as
browser-oriented services. Three of the numerous standards are
consolidating:
•

SOAP - Simple Object Access Protocol

•

WSDL - Web Services Description Language

•

UDDI - Universal Description Discovery and Integration

In short, these represent the wiring, description and discovery
stacks respectively, of web services. UDDI in particular, is still
under-developed. However, numerous manually built and
managed directories detail a growing number of services from
which a user can choose, to wrap a Shadowboard sub-agent
around. For example the directories at: www.xmethods.com and
www.salcentral.com.
To give the reader a flavour of what is available, the following is a
short, terse description of a small sample of the web services
listed there: eBay Price Watcher; FedEx Package Tracker;
BabelFish language translation; Stock Quote; Traffic Conditions;
Barnes and Noble Price Quote; Amazon; Currency Exchange
Rate; Whois by IP addresses, domain; Location by IP (longitude,
latitude); Top Music Charts; Business News Feed - by stock ticker
code; Dictionaries; GeoPhones (name and address via phone
number, US) – all callable from user programs.
The format of data that are retrievable from these by SOAP RPC
for example, are lists of values which match a fixed set of
attributes - very much like the ground term tuples that a sub-agent
stores in the Shadowboard computational system. So far we have
built into the ShadowFace interface the ability to define a wrapper
around a known SOAP RPC Web Service. We are now extending
the wrapper functionality to further types including WSDL
described services.
It should be apparent to the reader now, that by wrapping web
services individually within sub-agents we are able to orchestrate
a number of independent web services into a synergy of
capability, via the constraint logic programming enacted at the
envelope-of-capability level via CoLoG.
As the number of web services such as these proliferate, devices
will be able to use such web services to determine many aspects
of the user’s context and other pertinent information – particularly
applicable for mobile device users, and particularly applicable to
the 24x7 Digital Self enacted using Shadowboard.
This ability to orchestrate web services within Shadowboard by
wrapping them as sub-agents and hence folding them into the
internal computational system, is limited only by the number and
diversity of web services available – and that is currently
increasing exponentially.
Until those third party services are plentiful and economic, the
approach we are taking is to implement a number of useful web
services that together facilitate the building a useful Digital Self.

5. EXAMPLE DIGITAL SELF - Integration
of IDEA Lab Web Services
For the first useful implementation of a Digital Self, we have
chosen to analyse, specify and then implement, is one
representing some of the roles and tasks undertaken by the
manager of the IDEA Lab [19], a usability lab at the University of
Melbourne. This will illustrate how the Shadowboard system can
integrate otherwise disparate web services into a collaborative,
dynamic system. First though, it is necessary here to look a little
into the day-to-day operations of the IDEA Lab.
The IDEA Lab is a usability laboratory in which people
(researchers, usability engineers, web designers, students, etc) test
software, web sites, mobile devices and other devices and
procedures, from the point of view of their user functionality. For
example, a web-site usability test involves booking two rooms,
separated by a one-way mirror, with hardware and people on both
sides, performing different but related functions. In the ‘test room’
is the user (‘the subject’), working upon a computer connected to
the web-site being evaluated. The subject is trying to perform a
number of tasks, which the web-site has been designed and built
to do. Focused upon the subject, are a number of video cameras
and microphones and a screen video capture card. Behind the
mirror in the ‘observation room’ there is typically a usability
engineer, and/or members of the web-site design team. They are
monitoring all actions, and the whole session is being recorded to
tape or hard-disk, I.E. the video (multiple cameras) and sound.
Back in the test room sitting beside the user, is a facilitator, a
person who keeps the process flowing smoothly without adversely
affecting the test results.
The IDEA Lab is a large facility with four possible combinations
of test room-plus-observation room, and a multitude of video and
sound recording devices. A typical usability test involves the
sourcing of between 5 and 15 representative users of the web-site
currently being tested, who usually have no previous experience
of the IDEA Lab or its immediate locality. The IDEA Lab hires
the facilities to a number of organisations, including other
university departments and industry.
Managing the whole process of bookings, and orchestrating
people and processes is multivariant and lends itself well to being
augmented with a Digital Self (representing the IDEA Lab
Manager) loaded with an orchestration of web services and other
software agents as necessary.
The tasks and processes in need of agency listed below, have been
teased out using the Shadowboard methodology. Where a
particular agency represents a shadowboard sub-agent type, the
type name is added in square brackets eg [Adviser]. A number of
the web services that enact several of the listed agencies, are
currently available in the OBY1 (Online Booking System V1)
booking system developed for the IDEA Lab [7] In the list below
these existing web services are noted with ‘(OBY1)’ after them.
These tasks and processes are best broken down into the
following temporal divisions:
§

Before Booking

§

During Booking

§

After Booking

However, several tasks and processes from the following list, may
be appropriate across two or more of those temporal divisions.

Before lab booking:
§

Choices of rooms, equipment and experts, many possible
combinations (OBY1).

§

Cost comparisons of IDEA Lab options (OBY1).

§

Cost comparisons with other usability labs.

§

See an appropriate usability test demo video using the
combination of equipment of interest. [Server/Marketer]

§

Retrieve profile information on the experts being considered
[KnowledgeSeeker/InformationAgent].

During lab booking:
§

Coordinate possible schedules of main players (facilitator,
usability engineer/s, designer/s) [Manager/Planner]

After lab booking:
§

Source a number of appropriate test subjects (online bidding
process) [Server/Networker]

§

Advise public transport options to test subjects and others.
Many test subjects are university students and use public
transport. [Adventurer/Traveller]

§

Car parking locations and related advice (street parking is at a
premium nearby) – location, time limits, costs.
[Adviser/ParkingDomain]

§

Food outlet locations available for the test subject and others
to source meals. [Advisor/Café-Restaurant]

§

Nearest ATM/bank terminals. [Adviser/BankingDomain]

§

Online manuals, interactive demonstration and/or self-paced
lesson on the use of selected equipment. [Teacher]

§

Suggested sources for appropriate media types – DV digital
video tapes, CDR, etc – the IDEA Lab is not a media store.
[Adviser/MediaDomain]

§

Advice on how many tapes and other media will be needed for
the booked sessions. [Adviser/Materials]

§

Advice on professional photographers – many lab users use
some content from their testing procedures in the promotion
of the resultant product or service. [Artist/Photographer]

§

§

§

§

§

Many of these individual agencies will be provided via individual
web services. However, the orchestration of these services using
the Shadowboard system, brings new synergies of service to the
user. Once the time schedule of the test subjects is know, the
various adviser agents can customise their advice accordingly. eg.
The public transport advisor can then be automatically refined to
just those services which are relevant to the specific test subject,
booked-in for a specific time period. Likewise for car parking
options. If the person needs to get money from an ATM machine
before catching public transport, the direction of the nearest ATM
can be taken into account when suggesting a tram stop. The
available food outlets can be customised for both time and for the
test subjects prefered type of outlet.
As these auxiliary web services come online and are orchestrated
with the existing services via the Shadowboard system, there are
transactional issues to be addressed in order to maintain the
functional integrity of the operational system.
These transactional issues are explored in research discussed in
Jin & Goschnick [7]

6. CONCLUSIONS
In recent times, since we proposed the Shadowboard architecture
as a blueprint for the resulting technology [4], several agent
architectures and methodologies have come forward with
hierarchies of agent roles as a feature [8,18]. Particularly since
then, several people have questioned our use and continued
emphasis of the Psychology of Subselves as the theory behind the
Shadowboard hierarchy of sub-agents. To paraphrase the
question: ‘Why highlight the psychology when the ends is simply a
hierarchical role structure?’
Part of the answer is that the journey is easily as important as the
destination – particularly so when insights are still being gained.
Numerous insights were derived from the psychology in the first
instance:
•

Advice and booking of onsite mobile caterers. The IDEA Lab
includes one lab large enough to run 30 people seminars on
usability and related topics. [Adviser/Catering]
Access a tutors database. The large lab can be booked for
tutorials and labs which involve a number of supervising
course tutors. [Advisor/Tutors]
Onsite phone numbers and security advice. Because of the
need to coordinate a number of people from different working
backgrounds, usability sessions are often run outside of usual
business hours. [Protector/SafetyOfficer]
Video editing advice. The IDEA Lab includes video editing
equipment, most often used to produce a ‘highlights tape’ –
usually a 5 to 10 minute polished overview, of what was
discovered/encountered during the many hours of testing. The
final distribution of the ‘highlights tape’ can be by tape, CD,
Internet, or other media. Selection of appropriate video file
formats, resolutions and storage sizes, is fertile ground for a
video editing agent/expert system. [Adviser/VideoFormats]

Generate an operational plan detailing sequencing of people,
equipment, timing and location – covering the whole usability
test. [Manager/Coordinator]

•

Computational implications from the Psychology of Subselves
include:
–

Notions of decomposition, of sub-agents without fullautonomy, with an overriding executive controller with
full self-knowledge of the system – the Aware Ego agent.

–

Notions of diversity in both the sub-agents and in their
capabilities – allow lesser applications, such as web
services to be wrapped as sub-agents, without diluting the
theory.

–

Internalising external services and capabilities, for
pragmatic purposes.

–

Learning from external agencies as archetypes and
mentors.

Structural implications from the Psychology of Subselves
include:
–

Hierarchy of sub-agency equating to a hierarchy of roles.

–

Application of numerous ontologies at sub-levels of a
model.

–

Storage of ground terms at the sub-agent level, is akin to
the memory storage/retrieval of war-stories that are
associated with a sub-self/role in a personal history.

In addition, the psychology continues to guide the developing
Shadowboard methodology:
§

While the Shadowboard architecture and its implementation
have already been shaped by the Psychology of Subselves, the
evolving methodology briefed in Section 4 above, is still
being guided by the psychology.

Now that the development is well advanced, and the working
prototype is being enhanced, new questions are coming to the fore
with respect to fertile ground for future research.
We would like to address the following research questions in the
near future:

[5] Goschnick S.B. SlimWinX Technology, Executive
Overview, Internal document, Solid Software Pty Ltd, 1996.

[6] Hristozova, M. Middle Agents. Presentation, Agent Lab,
Department of Computer Science, University of Melbourne,
2002.

[7] Jin, T. and Goschnick, S.B. An Agent-based Transaction
Model in Web Services. Submitted to: Web-services and
agent-based engineering, workshop at AAMAS 2003.

[8] Juan,T., Pearce,A.R. and Sterling, L.: ROADMAP:
extending the gaia methodology for complex open systems.
AAMAS 2002: 3-10.

[9] Kuno, H. and Sahai, A. My agent wants to talk to your
service: personalizing web services through agents. In
Proceedings of the First International Workshop on
Challenges in Open Agent Systems, 2002.

•

Will the use of the implemented software validate theories of
the analytical psychology?

•

What are the consequences of externalising aspects of Self?

•

To what extent will the Digital Self be able to teach, lead and
otherwise influence the real Self?

[11] Maes P. and Kozierok R. Learning Interface Agents. In

What can people learn about Self, from this model of Self
with augmented functionality?

[12] Marriott, K. and Stuckey, P.J. Programming with

•

[10] Lewis, M. Designing for Human-Agent Interaction. AI
Magazine, pp. 67-78, Summer, 1998.
Proceedings of AAAI Conference, 1993.
Constraints: an Introduction, MIT Press, 1998.

It is now obvious to us that the cross-fertilisation between the
fields of Computer Science and Psychology are only at the
beginning.

[13] Rao A.S. and Georgeff M.P. An Abstract Architecture for
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