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INTRODUCTION 
This White Paper takes a broad look at the concept of 

conversational AI. As noted in the sidebar there are a lot of terms that 
are used for computer programmes which are able to engage us in 
human-like natural language conversation – one of the most 
common of which is “chatbot”. The topic of conversational AI also 
has a long history, and the first part of this paper puts the current 
interest in chatbots into this historic context, describing some of the 
different approaches that have been taken over the last half-century 
(!) to develop chatbots. The paper then considers some of the 
generic benefits of chatbots before looking at different use cases 
across both business and consumer sectors. The technological 
foundation of the current generation of chatbots is then considered, 
looking not only at Large Language Models but also at Knowledge 
Graph approaches. Some of the broader requirements of a truly 
“intelligent” and “human” chatbot are then considered, as well as 
looking at some of the key challenges. Finally, the white paper looks 
at how the use cases for chatbots might evolve over the coming 
years, and how they could start to challenge our very sense of what it 
is to be human. 

 
In some ways this white paper also serves to update part of my 

2017 book, Virtual Humans: Today and Tomorrow, as we edge ever 
close to tomorrow! 

 

 
 
 
Available from Routledge, Amazon and all good booksellers! 

  

 

What’s In a Name? 
 

 
 
As the word cloud shows 
there are a wide variety of 
different terms applied to 
conversational AI and the 
type of systems built with 
it. “Chatbot” is probably 
the most generic term, but 
certainly nowadays has 
connotations of being a 
relatively simple system. 
“Avatar” is also used, but 
we prefer to keep this to 
the digital manifestation 
of the conversational AI. 
Terms like “Virtual 
Assistant” or even “Smart 
Speaker” tend to imply a 
specific use case. 
 
This white paper uses the 
terms “Conversational 
AI”, “Chatbot” and even 
just “Bot” synonymously. 
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A QUICK HISTORY OF CHATBOTS 
 
Early Days and Hobbyists 
The development of computer chatbots dates back to at least 

1966 when Weizenbaum introduced his ELIZA chatbot to the world 
(Weizenbaum, 1966), (Atwell 2007). ELIZA was a “virtual therapist” 
which had an elliptical questioning style – turning user questions 
back on the user in an archetypal therapist style.  

ALICE, developed in 1995 by Richard Wallace was probably the 
next major milestone in chatbot development, and was notable for 
being written in a language – the Artificial Intelligence Markup 
Language (AIML)  specifically developed for chatbots and which was 
understandable by hobbyist coders. ALICE used a strict pattern 
matching approach, although wildcards enables one pattern to 
match many inputs, and it incorporated a recursive element to 
enable a multi-phrase input to be split into separate parts for 
processing, and for a pattern to be rewritten in processing and 
passed back through the pattern matching system. AIML 
“categories” (essentially a pattern to match and its response) could 
be shared between different AIML bots, and the core ALICE bot had 
over 50,000 categories (Atwell, 2007). AIML was also implemented 
on the Pandorabots website, enabling anyone to create their own 
simple bot – it had been used to create over 325,000 bots by early 
2025. 

 

 
 

The Alice chatbot’s 10th Birthday Cake, produced for an AI seminar in 
celebration of the event, and attended by Richard Wallace, Hugh Loebner, the 
author, and many others! 

 

 

The Turing Test 
 

You can’t get far in talking 
about chatbots without 
mentioning the Turing 
Test. Originally called “The 
Imitation Game” (and 
based around gender 
rather than AI), the 
essence of the test is 
whether someone 
engaged in a (typed) 
conversation on two 
computer terminals can 
tell which conversation is 
with a human and which is 
with a computer (Turing, 
1950). 
 
The test has long been 
rejected as a test of any 
form of “intelligence” but 
is a good behavioural and 
capability test – just how 
well can the computer 
imitate human 
conversation? 
 
Ironically, one of the 
biggest mistakes that 
computers make in the 
Turing Test is talking too 
much – human 
conversation is often 
knowing about letting 
other people do the talking 
(Warwick & Shah, 2017). 

 

https://home.pandorabots.com/home.html
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In 1990 Hugh Loebner set up the Loebner Prize, an annual 
competition styled after the Turing Test  (Turing, 1950) (see sidebar) 
to find the best standalone (i.e. no Internet connectivity) chatbot 
(Powers, 1998). The Bronze Prize was awarded for the best chatbot 
each year, the Silver Prize if a bot ever passed the Turing Test, and a 
Gold Prize for a bot which could pass the Turing Test in audio and 
video. The Gold Prize was never awarded, and nor was the Silver, 
although the Mitsuku bot won 5 of the last 7 competitions and was 
coming close to the Silver Prize (Worswick, 2018). The last Loebner 
competition was held in 2019. ¤(Warwick & Shah, 2017) 

In the hobbyist world the next major development was Chatscript 
(https://github.com/ChatScript/ChatScript), created originally in 
2011 by Bruce Wilcox to control the NPCs in Sony’s Blue Mars virtual 
world. But, when that world was closed Bruce kept Chatscript and 
made it available for public use. Unlike the HTML/XML style of AIML, 
Chatscript is a proper scripting language, but so highly optimised for 
chat and text work that it’s very hard to do things like ordinary maths 
in it. That said it is very powerful, and you can link out to other code in 
order to connect to other databases and sources. It is hierarchical 
rules based, with execution dropping down through layers until it 
finds a rule that triggers, the rule then defining that response. A 
useful feature of Chatscript is concept sets, effectively synonyms, 
so that for instance ~fruit would match any type of fruit. Many of the 
Loebner Prize winners in the 2000s were based on Chatscript, and 
Bruce’s Rose chatbot was the winner the two times that Mitsuku 
failed to win in the last 7 Loebner Prize competitions. 

Both AIML and Chatscript were used for commercial and 
research projects, as well as by hobbyists. Other approaches during 
this period included: 

 
• The use of LISP, a list processing language, with a fairly 

unique syntax, which was well suited to natural language 
processing, but really only used in research and academia. 

• Scoring based systems, which moved away from the purely 
deterministic model of AIML and Chatscript and instead 
scored the quality of match and then randomly chose from 
the high-scoring matches. Daden’s Discourse was one such  
system (and which twice passed a covert Turing Test – see 
sidebar). ¤(D. J. Burden et al., 2016; R. L. Gilbert & Forney, 
2015; Savin-Baden et al., 2016) 

 

 

Covert Turing Tests #1 
 

One issue with the Turing 
Test as commonly run is 
that the judges know they 
are taking part in a Turing 
Test, and so may ask 
questions, or at least look 
for clues, that they 
wouldn’t do in ordinary 
human conversation. If a 
test is staged covertly, so 
the judge doesn’t know  
that they are taking part, 
then a far more level 
playing field is established 
(Burden et al., 2016). 
 
I’ve helped develop bots 
for two covert Turing 
Tests, and in both cases 
the bot passed with flying 
colours – see the following 
sidebar. 

 



 

 

 

 Chatbots – Past, Present and Future v1 5 © 2025 Daden Limited 

 

• VoiceXML was an XML language developed for telephone call 
handling and guided the user through a set of dialogs, and 
could also use a “slot” model to collect information from the 
user in whatever order they were given (e.g. from, to, date, 
time) and then access external systems to provide detailed 
information. 

«  
Intent Based Bots 
Around the late 2010s as pattern-matching neural-net based AIs 

were beginning to make an impression, most commercial chatbots 
moved to an “intent” based model (Vasquez-Correa et al., 2021).  
Here the author defined a model question or statement from the user 
(e.g. “who are you”) along with several ways in which it could be 
asked (e.g. “Who are you”, “what is your name”, “what’s your name”) 
and replied to. Then after building the model the bot would match 
what the user says with the best match of the various case that it had 
been given. This removed the need for chatbot authors to define lots 
of wildcards and synonyms in order to match a wide range of user 
inputs. How the bot actually responded was then left to the system, 
and would typically be a list of possible relevant responses, many of 
which might draw data from a database. Typical systems of this type 
included Amazon Lex, Dialogflow, IBM Watson Assistant, and 
Landbot.io. Many of these systems still exist but have increasingly 
augmented their offering with LLM components. 

Many of these also introduced flowchart style authoring tools in 
order to define conversation/business process steps for the bots to 
follow (Muhammad et al., 2020). As they were typically very task 
focussed they weren’t much used by the hobby/academic 
community. 

 
 
Grammatical Parsers 
The “holy grail” of chatbot development has been a bot which 

actually understands human language grammar. These systems tend 
to be more academic research platforms than hobbyist or 
commercial systems, but there are libraries in most computer 
languages to support this approach. One of the most well-known 
approaches is the Penn Treebank Part-of-Speech (POS) tag set, 
which breaks a sentence down its different elements, which 
additional code can then use to work out what is being said or asked 
and how to respond (Taylor et al., 2003). Within such a system the 
nouns (NN, NNS, NP, NPS) are of particular interest as they tell you 

 

Covert Turing Tests #2 
 

The first test was staged in 
the virtual world of Second 
Life and involved “judges” 
looking at a new virtual 
shop and talking to the 
shop assistant. In 50% of 
visits the shop assistant 
was being controlled by a 
chatbot. 78% of 
participants who talked to 
the bot, when 
subsequently surveyed 
thought the assistant had 
been human (Gilbert & 
Forney, 2015). 
 
In the second test, 
students in a chatroom 
discussed a topic over 
three 1 hour sessions. In 
each of the 10 discussion 
groups of up to 4 students 
(and sometimes only 1!) 
there was a chatbot, 
pretending to be a student 
from a partner university. 
In none of the sessions did 
any of the participants say 
that there was a bot in the 
group. In subsequent 
analysis and interview it 
was obvious that the bot 
was an outlier – but still 
good enough to pass for 
human (Savin-Baden et al, 
2016). 
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what someone is talking about, and the interrogatives (WDT, WP. 
WP$) tell the sort of thing that someone wants to know about the 
noun. POS libraries are in this respect broader than Named Entity 
Recognition, which typically just identifies proper nouns.  

One research finding from discourse analysis is the notion of 
“adjacency pairs” and “preferred seconds” – i.e. that people have 
a particular type of response they expect when asking a question, 
and it you don’t match that response it jars (Sidnell & Stivers, 2012). 
For instance, if I ask “where is Paris” then I will be more accepting of 
a response that mentions Paris rather than one which tells me where 
Berlin is.  

The interesting thing is that whilst natural language understanding 
in this way is challenging, it is (or was) a lot easier to do than trying to 
do the opposite – natural language generation from raw data. 

There has also been some interesting work done about how to 
assess how well a chatbot talks, with Grice’s Conversational Maxims 
(Quality, Quantity, Relevance, Manner) being one approach that I 
used a lot (Wilson & Sperber, 2022) (see sidebar). A lot of the newer 
metrics seem more “technical” or “business” focused, whereas 
Grice was very user and human-centred. 

 
 
Contemporary Approaches 
As of writing (mid 2025), LLMs seem to be becoming the dominant 

approach for building chatbots, although there are lots of cases 
where hybrid approaches make the most sense, combining the 
“humanness” of LLM with more managed conversation management 
(in intent-based systems) or more managed data repositories. 
Another approach is that of semantic knowledge graphs (KGs). 
Both KGs and LLMs are discussed in more detail in the section below 
on Technology, and Annex A examines Knowledge Graphs in more 
detail. But for now, let’s discuss the benefits of using chatbots. 

 
 «  

 

Grice’s Conversational 
Maxims 

 
Grice’s Conversational 
Maxims are a useful way 
of evaluating a 
conversational AI (Wilson 
& Sperber, 2022). They ask 
whether a chatbots 
response: 
 
• Is truthful; 
• Provides a helpful 

quantity of information, 
not too much or too 
little; 

• Is relevant to the 
question asked or the 
topic being discussed; 

• Is presented in a clear 
and orderly manner. 

 
To these I would also add: 
• And helps to move the 

conversation forward. 
 
Even many humans would 
score low on Grice’s 
Maxims for some of their 
conversations! 
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GENERIC BENEFITS  
Whilst specific use cases may have their own particular benefits 

there are a set of generic benefits that almost every deployment of 
chatbots may attempt to leverage: 

 
• Reduced Costs – By using chatbots instead of human staff 

to manage part or all of a customer or service interaction the 
overall costs of providing the service, or costs of sale, may 
be reduced given that once one chatbot has been created 
scaling it to handle 100s or even 1000s of calls is relatively 
inexpensive. Human staff could be focussed on the more 
complex queries, or redeployed to other tasks. 

• 24/7 Availability – Once a chatbot is set up it can operate 
24/7, 365 days a year and doesn’t need any holidays! 

• 100% Consistency – Once a bot is provided with a script it 
will stick to it – so every customer or user will get a 
consistent experience, and the bot will always be “on 
message” (although that may not be 100% true for LLM-
based chatbots with their tendency to make things up). 
That’s not to say that within the boundaries of its 
programming the bot can’t vary and personalize each 
interaction, or even be creative in how it deals with 
conversations – but all that flexibility is something that you 
can define. 

• Mobile First – Mobile tends to be the access tool of choice 
for many people for much of the time – but even today’s 
phones suffer from relatively small screens and 
cumbersome interfaces. Chatbots are actually a more 
natural fit for mobile than for desktop as they support both 
voice and text conversations which are “lean forward” 
modes which people have tended to be less comfortable 
with in the “lean back” mode of most web applications 
(Tona, 2015). 

• Anthropomorphic Engagement – Even though people know 
that they are talking to a computer, most people can’t help 
but to relate to the chatbot as a person – they even apologise 
to it if they get something wrong, and thank it when it does 
what they want. They are also more likely to remember the 
engagement, and that can help to build the relationship with 
the organisation and brand (so the experience had better be 
good!) 
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• Anonymous Intimacy – Users tend to find a conversation 
with an engaging chatbot, especially one represented by an 
attractive animated avatar, as more immersive and personal 
than just filling out a form. At the same time they also feel 
that they are more anonymous when talking to the bot than 
when talking to a human being. The net result is something 
called “anonymous intimacy” (Zhu, 2025), and research has 
shown that users will often disclose more when talking to a 
chatbot than when talking to a human or just filling out  a 
form (Savin-Baden et al., 2013). 

 «(Harrison, 2019; Mathur et al., 2016; K. W. Miller et al., 2017).  

 

Ashley Madison and Tay 
 

Two precautionary tales 
on the use of chatbots: 
 
Ashley Madison was an 
online dating agency. In 
2015 it was revealed that 
many of the women that 
men were chatting to on 
the site were actually 
chatbots – designed to 
keep the men engaged 
and paying their 
subscription given the lack 
of real women on the 
agency’s books (Harrison, 
2019)! 
 
Tay was a chatbot 
designed by Microsoft and 
launched with much 
fanfare on the web on 23 
Mar 2016 – and shutdown 
with 24 hours! The bot was 
a form of echobot, using 
user input in a pretty 
direct way to build future 
outputs. The problem was, 
internet users being what 
internet users are, the bot 
soon started spouting a 
range of unpleasant views 
on a range of topics – and 
no moderation was in 
place (Mathur et al, 2016; 
Miller et al, 2017). 
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HOW CHATBOTS ARE USED 
 
Chatbots are fundamentally a horizontal technology, meaning 

that they can be applied to almost every type of human and 
commercial activity. In practical terms they tend to exist on the sort 
of spectrum shown in 

 
Figure 1, where at one end they are very closed, constrained and 

task-focussed – only talking about the task for which they’ve been 
created, such as booking a flight - whilst at the other end they are 
very open and can talk about almost anything for as long as you 
want. 

 
Figure 1: The Chatbot Spectrum 

 
Figure 2 provides a simple landscape map of the variety of 

industries and roles in which chatbots can be used.  

Closed 

Chatbots 

Open 

Chatbots 

Closed 

Chatbots 

Open 

Chatbots 
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Figure 2: Chatbot Uses Cases (adapted from Burden & Savin-Baden, 2024) 

The sections that follow describe specific use cases in these 
industries and sectors in a bit more detail. 

 
Business to Consumer (B2C) Roles 
 
Retail 
The most obvious applications of chatbots are in sales and 

marketing and customer support roles (Al-Tuama & Nasrawi, 2022; 
Dangol & Rind, 2024). Typical use cases include: 

 
• Web and phone sales and marketing; 
• Virtual world retail assistants; 
• Sales calls & follow-up; 
• Customer care; 
• Supporting Fault-finding;  
• Service guides; 

 
There is also an increasing opportunity to use chatbots as service 

and device interfaces, for instance in cars and home management 
systems, and of course in smart speakers. 

 

Generic/Horizonal Benefits 

(e.g. hands-free, mobile & XR friendly, anonymous intimacy) 
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Health and Care 
There are significant opportunities for the use of chatbots within 

health and care (Laymouna et al., 2024; Palanica et al., 2019). These 
include: 

 
• Remote/virtual diagnosis (NHS111 or even 24/7 GP); 
• Remote/virtual management of treatment (e.g. sticking to 

drug and exercise regimes); 
• Remote/Virtual care (especially for the elderly); 
• Dementia management;  
• Mental health support and virtual counselling;  
• Companionship; 
• Support for partially sighted and blind people. 

 
None of these are necessarily about replacing trained medical 

and healthcare professionals, but they are about providing one-to-
one, personalized 24/7 support to anyone who needs it, and always 
with an escalation route to human support. 

 
 
Games and Entertainment  
Since a lot of work on chatbots was done as part of creating non-

player characters (NPCs) for computer games and virtual worlds 
(e.g. Chatscript for Blue Mars), it should be no surprise that there 
are significant chatbot applications not only in games (as ever more 
complex and engaging NPCs) but also in entertainment. 

Whilst currently more about scripted performances rather than 
two-way dialogue the current use of talking avatars in video 
production (e.g. HeyGen), podcasts (e.g. NotebookLM) and as virtual 
DJs (e.x. “X” on Spotify) could naturally evolve into two-way chatbots 
– either to deal with questions and build engagement after a 
production, or to increasingly make the production itself more of an 
interactive engagement. 

This could also extend into more “high-brow” entertainment. LLM-
RAG based systems are already able to turn a dry text book (or even a 
novel) into something you can talk to, and projects such as Echoborg 
(Eagle et al., 2021) and eDrama (L. Zhang et al., 2009) have examined 
how chatbots can be used in a dramatic role. 
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Hobby Bots 
Ever since the days of ALICE and the Pandorabots website, 

hobbyists have been keen to create their own chatbots – often just 
for the joy of playing around with the technology, but equally often to 
explore historical characters, create virtual copies of themselves or 
media personalities, act as virtual sales and support staff on small 
websites, or to act as personal brand ambassadors, science fiction 
characters or virtual friends. Pandorabots is still around 
(https://home.pandorabots.com/home.html), and still using AIML. A 
more modern offering is Kolz (https://kolz.chat/), built on the Sensay 
(www.sensay.io) LLM-enabled platform. 

 
Heritage 
We are all no doubt familiar with the recorded audio tours you get 

in museums, galleries and heritage sites. Chatbots can not only 
deliver this passive tour, but also be ready to answer any questions 
that the visitor may have, and even to take on the persona of 
characters in a scene or painting, or of the artist themselves, in order 
to provide the visitor with a more engaging, immersive and 
informative experience (Nafis et al., 2022). 

 
Tourism and Real Estate Guides 
Both the tourism and real estate industry have an interest in 

having guides show you around places – be it a new city, a heritage 
site (as described above) or a potential new home. A chatbot can 
provide that service 24/7, implemented either as a text , audio or 
video guide on your phone, or as an avatar within a 3D virtual or 
mixed reality experience (Benaddi et al., 2024) (Szumilo & 
Wiegelmann, 2024). 

 
Sex & Relationships 
Even a cursory look at the chatbots on hobby/fan sites such as 

Pandorabots will show how many bots are created as the “perfect 
girlfriend” (perfect boyfriends seem a lot rarer – but see Japanese 
otome games)(V. N. Zhang & Vlachokyriakos, 2025). As GAN style 
approaches to video production improve, not to mention the ability 
to deploy chatbots as full body avatars into virtual worlds, then using 
chatbots to deliver the full girlfriend experience (GFE) becomes an 
increasingly lucrative proposition – Blade Runner 2049 pointed the 
way to this with Joi – Officer K’s virtual girlfriend (Villeneuve, 2017) 
(Nugraha & Noorman, 2021). In fact, such virtual relationship (or 
even sexual) partners have a long history – with virtual worlds such as 

https://home.pandorabots.com/home.html
http://www.sensay.io/
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Red Light Centre offering virtual sex avatars back in the 2000s, and, 
as discussed in the earlier sidebar, the Ashley-Madison website used 
chatbots as virtual female clients to help recruit more male clients. 
Chatbots, especially linked to animated video or virtual world 
avatars, could even allow OnlyFans creators (and other sex workers) 
to extend their offering (Gentleman, 2025).  

There may even be a role for chatbots in virtual dating. Rather than 
just create a profile on a dating web site why not upload a chatbot 
replica of yourself that potential dates can talk to – and which can of 
course report back to you. It may not be long until that first contact is 
actually between your chatbot and their chatbot! 

Needless to say there are significant ethical and moral issues with 
a lot of these use cases, particularly around the objectification and 
exploitation of women (Borau, 2025; Davey, 2023; Depounti et al., 
2023; Koh, 2023; Wu & Wang, 2025). There is also the very vital issue 
of chatbots (and particularly video enabled chatbots) by 
unscrupulous and/or malicious people or organisations whether it’s 
for commercial porn or romance fraud (Veisi et al., 2025). Less 
extreme cases though are still of concern, particularly when 
behaviours such as anonymous intimacy are considered, and these 
are discussed in more detail at the end of this white paper. « 

Training & Education  
Training and Education is considered separately as it includes 

elements of both B2C and B2B/B2E. There have been numerous 
projects looking at the use of chatbots in an education and training 
context (Hwang & Chang, 2023; Kuhail et al., 2023; Nee et al., 2023; 
Pérez et al., 2020). Key use cases include: 

 
• Virtual Tutors – topic focused, so essentially like a virtual 

subject expert 
• Virtual Tutors – leaner centered, so more like a tutor in the 

historic sense, getting to know the learner really well, and 
their learning preferences, and then directing them to content 
and encouraging and support them through it accordingly. 

• Virtual Trainers – more based on skills delivery, particularly 
when deployed either in VR with 3D models of any relevant 
equipment or environments, or deployed in MR/AR in front of 
the user, again with supporting 3D models or overlays on the 
real equipment. 

• Virtual Mentors – more about longer terms and pastoral 
care, ensuring that students stay motivated, plan their 
learning, dealing with problems, and putting their learning 

 

Chatbots as Educational 
NPCs 

 

 
 
A lot of the education and 
training projects I’ve been 
involved with in virtual 
worlds have used 
chatbots to create in-
world characters for the 
students to interact with. 
These include: 
 
• Mable, a dying patient 

for students to 
practice end of life 
care procedures; 

• Citizens of New York 
taking refuge in a 
hurricane shelter – 
and presenting an 
array of issues for 
managers to deal 
with; 

• Various nursing 
simulations, including 
dealing with a Post-
Partum Haemorrhage, 
a drugs round and a 
patient transfer 

• Client and counsellor 
for students to 
observe in 
counselling training. 
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into a broader context. There may be some overlap here with 
mental health support. 

• Non Player Characters (NPCs) within training environments, 
acting as for instance virtual staff, customers, team 
members or patients (see sidebar). One particularly 
interesting piece of research found that paramedics learnt 
and performed better in virtual training when there were 
virtual bystanders standing around watching – just as there 
were likely to be in real life (Rovira i Pérez, 2016).« (Probst & 
Romhardt, 1997) 
 

Business to Business (B2B)  
Many of the sales and marketing roles within B2C can also be 

found in B2B, and chatbots can be used in all the roles described 
there – although their use is likely to be more common at the 
commodity end of the market, with high value sales still having an 
emphasis on human relationships (but increasingly AI supported). 
Support and maintenance roles are also just as viable as for B2C, 
and high value products probably justify the investment in very 
capable, 24/7, location independent chatbot support.«  

 
Business to Employee (B2E)  
There are significant opportunities for chatbots with Business to 

Employee (B2E) services. These include: 
 
• Recruitment (including briefing/self-selection, retention and 

motivation during recruitment, interviewing and role 
familiarization/day-in-the life briefings) (Barghi et al., 2022; 
Koivunen et al., 2022);  

• On-boarding and personalised support for the first few 
months (Kylliäinen, 2024); 

• Training & Education (see above); 
• Employee Support (pastoral care, mentoring) (Roberts et al., 

2020); 
• Corporate knowledge management, providing 

conversational access to ideally the sum total of the 
knowledge in the organisation (Sherif et al., 2024). As 
discussed below there may even be roles for project and 
product specific chatbots as the foci for knowledge (and even 
co-ordination) around specific areas.  

« 

 

Chatbots and Knowledge 
Management 

 
 
Within a business and 
organisational context it 
can be useful to think of 
the role of chatbots as just 
another part of the 
organisations knowledge 
management system 
(Probst & Romhardt, 
1997). In particular, 
conversational AI can 
have a significant a role in 
knowledge:  

 
• Acquisition; 
• Distribution; and 
• Preservation. 

 
It is also increasingly 
having a role in Knowledge 
Use (welcome back Mr 
Clippy!), and in future will 
no doubt play a role in 
Knowledge Identification 
and Development. 
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Industry 4.0, 5.0 and the Industrial Metaverse 
Industry 4.0 is all about smart factories, where digital and 

physical systems are interconnected, automating and optimizing 
manufacturing processes (Golovianko et al., 2023). Conversational 
AIs can help navigate the complexity of such systems, enable natural 
dialogues to understand the health of systems and flow, ask for 
predictions and recommendations. They can play even more of a role 
in Industry 5.0 (Golovianko et al, op. cit), where the core tenets are 
an emphasis on personalisation and sustainability, with a shift in 
focus to human–machine collaboration. This effectively becomes an 
instance of the “platform as persona” model where the factory or 
industrial process itself becomes a persona with whom its human 
colleagues can interact with as though talking to another person. 
Pushing on, the Industrial Metaverse takes this further by creating 
virtual environments within which not only can the systems and 
flows or digital twins of an industrial process be visualised and 
examined but the factory persona can be present as an avatar 
themselves, showing people their systems, explaining what is going 
on inside them and effectively providing an industrial equivalent of 
the Rommie ship avatar from Gene Roddenberry’s Andromeda 
(Andromeda, 2000) (see sidebar). «  

 
Science and Research 
One of the classic models of a conversational AI is the Librarian 

character in Neal Stephenson’s seminal Snow Crash – which gave us 
the Metaverse (Stephenson, 1992). The Librarian is the spiritual 
forerunner of ChatGPT, an avatar in a virtual world which can answer 
almost any question, and help find the answers to those it does not 
know. Tools like NotebookLM are already providing researchers with 
the ability to build powerful conversational AIs from a variety of 
research sources. Now imagine that every research lab had its own 
persistent AI built from every bit of research ever done at the lab, or 
every journal had its own AI that knew about everything ever 
published in the journal, or that agentic AIs could be given research 
tasks in the way that they might currently be handed out to a 
research assistant. Of course there is the challenge here, as with 
other areas, that if the AIs pick up the “assistant” roles then how do 
we ever train the next generation of “professional” researchers. 

 
 
 
 

 

Platform Personas 
 

 
 
Whilst Rommie from 
Andromeda might embody 
the worst of the female 
avatar/chatbot tropes, the 
concept behind her/it is a 
very sound one. What if 
your complicated system 
or platform – be it a factory 
or warship – was 
represented or fronted by 
a conversational AI – one 
which could be present on 
Zoom calls or in virtual or 
mixed reality sessions. 
You wouldn’t ask a 
colleague how the system 
was – you’d ask the 
system itself. And the 
system/AI would build up 
years and years of 
experience in how it 
works, what can go wrong, 
how to fix it, and how to 
get it to operate most 
efficiently and effectively. 
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Warfare 
My white paper The Military Applications of Conversational AI (D. J. 

H. Burden, 2025)  goes into a lot of detail on potential military uses of 
conversational AI, many of which have their parallels in industrial 
and business uses. Some of the roles include: 

 
• Training & Mentoring – as trainers, tutors, and NPCs; 
• Virtual Staff Officers; 
• Commanders’ representatives; 
• Platform personas; and 
• Project personas. 

 
My book The Military Metaverse (Fawkes & Burden, 2025) even 

considers what a war in an AI avatar populated metaverse might be 
like.  

 
Personal Assistants 
The main cross-cutting application of the chatbot, and one which 

is only slowly becoming actually useful is that of the virtual personal 
assistant (VPA). Smart speakers are a relatively passive starting 
point for the technology, and systems like Siri have never quite taken 
off in the way that some expected. But the latest generation of LLM 
chatbots, for instance ChatGPT 4o running in hands-free mode are 
getting a lot closer to the VPA dream, particularly if they start to get 
access to your email, IM, video conferencing, diary and other 
systems. Another route towards the VPA could come from 
broadening the development of Virtual Life Coach/Virtual Mentor 
systems, which start with the soft-skills, pastoral support, and then 
augment it with more task orientated capabilities. 

Some more advanced applications of chatbots will be considered 
later in this white paper.«   

 

Paintings or Daemons? 
 

In talking about virtual 
assistants and virtual 
personas one model I’ve 
always found useful is that 
of Dumbeldore’s paintings 
and Philip Pullman’s 
daemons. 
 

 
 
At Hogwarts, if 
Dumbledore has a 
problem he can chat to 
the paintings of previous 
headmasters and 
headmistresses. There is a 
wealth of experience and 
wisdom there – but each 
has its own biases, gaps, 
and beliefs. 
 

 
 
In contrast, the daemon’s 
of His Dark Materials 
represent considered best 
practice, a conscience on 
your shoulder, advising on 
the best way to do things. 
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TECHNOLOGIES  
In this section I’ll look in a bit more detail at the range of 

technologies that can be used to implement and support 
conversational AIs.  

A useful diagram, showing the components elements of a virtual 
human, reproduced from my book Virtual Humans (Burden, 2019), is 
shown in Figure 3.  

 
 

Figure 3: Components of a Virtual Human (after Burden & Savin-Baden, 2019) 

The left-hand half shows the elements needed to represent a 
virtual human (or conversational AI) in a digital environment, and the 
right-hand side shows the systems that go into making the virtual 
human’s “mind”. Generally, the representational elements are a lot 
easier than the mind elements, and increasingly we can probably 
consider that a conversational AI can be represented in whatever 
form we need – a simple text chat interface, an audio or audio/video 
interface, or an avatar within a virtual reality world or projected into 
our physical reality through a mixed reality system. 

Far more challenging is what goes into the mind. A traditional 
chatbot acting as a glorified question answering system really needs 
nothing more than a natural language capability. However, the 
experience of talking to an LLM chatbot can be so lifelike that we 
expect it to show many more of the elements of mind than a “simple” 
LLM enables. If conversational AIs are going to deliver on 
expectations, and certainly to excel in all of the roles described 
earlier, and those more advanced roles described later, then we are 
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likely to see them evolve more and more towards being true virtual 
humans, or at least virtual beings. 

For a full description of each of the components pick up a copy of 
Virtual Humans. In this white paper we will focus initially on the chat 
function, and then look at how some of the other elements of mind 
could be introduced. 
« 
 

Chat 
At the start of this white paper we looked at how chatbot systems 

have evolved over the last 50 or so years. One interesting aspect is 
that until recently the focus was on Natural Language 
Understanding (NLU) systems, but generating human-like text from 
a set of data generated for the response (Natural Language 
Generation) received far less attention. With LLMs significant strides 
seem to have made in both areas. However, as intimated earlier, 
LLMs are not without their problems, and whilst they may well be a 
part of any conversational AI system going forward, particularly with 
approaches such as RAG (see below) to constrain knowledge to 
particular domains and knowledge sets, they may not be all there is. 

 
LLMs 
OpenAI was founded in 2015, and in June 2018 released GPT-1, 

with the first conversational interface, ChatGPT being released in 
November 2022 (Marr, 2023). LLMs (including ChatGPT and 
competitors such as Claude and Meta’s open-source Llama) work 
by analysing huge quantities of text and then building a model of, 
essentially, what words follow what other words. However, building 
this model takes significant amounts of processing power and time. 
Once done, the LLM is able to generate reasonable responses to 
most questions, can generate new creative content, and go well 
beyond being a simple auto-complete, parroting or question-answer 
machine.  A “pure” LLM system cannot though tell you where it got 
the information from for its answer, the answer just “emerged” from 
its database of word vectors, and is also liable to “hallucinate”, i.e. 
make answers up – although a lot of work is going into reducing or 
eliminating hallucinations, and also to involve humans in the 
generation of its corpus and fine tuning of code and responses in 
order to help create better conversations. Hybrid systems using 
LLMs are also increasingly common. For instance, Microsoft’s Co-
Pilot essentially deals with questions by doing a Bing search and 
then using an LLM to rewrite the output as a text summary – 

 

Substrate Independency 
 

One principal of 
consciousness and 
sentience that many 
(including myself) believe 
in, but many others don’t, 
is that of substrate 
independence. That is that 
there is nothing special 
about the brain that 
enables consciousness or 
sentience – it’s all a 
matter of processing. 
There are no “spooky” 
effects from quantum 
mechanics or  
panpsychism or 
Integrated Information 
Theory fields. As far as I’m 
concerned consciousness 
is ultimately reducible to 
code (albeit possibly very 
complex, and probably 
very elegant code), and 
once you understand that 
you can run it on anything.  
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complete with the links to the source data, something that has now 
become common at the top of all Google searches. Another 
common extension is that of Retrieval Augmented Generation 
(RAG) (Church et al., 2024), where an organisation (or individual) can 
supply their own documents to be “indexed”, and answers are 
generated initially by using the information in those documents, 
again with the LLM rewriting the output into usable text. The most 
recent (mid 2025) move has been into Agentic systems (Miehling et 
al., 2025), where LLMs bots are able to chain a whole bunch of steps, 
making use of a variety of different API connected systems in order to 
complete a task. 

« 
Knowledge Graphs 
One of the most interesting alternative approaches to chatbot 

development, and to knowledge management more generally, is that 
of knowledge (or semantic) graphs (see Annex A), which grew out of 
ideas such as mind maps and topic maps (Pepper, 2000) (see 
sidebar).  Here the “atomic” unit of knowledge is known as a triple – 
built of a subject, predicate (verb) and object, so: 

 
Car madeof Metal 

 
These triples are then linked together in a knowledge graph, so 

that, for instance, the “car” node links to all the things known about 
cars (including their uses) and to all instances of a “car”, the “metal” 
node links to everything known about (and made of) metal, and each 
instance of a metal, and both inherit information from the fact that a 
car is a form of transport and a metal a type of substance, and can 
both donate information to child objects (such as instances), so that 
once you know that GD69SGD represents a car, or that iron is a 
metal you can infer a lot about them.« 

This idea about inheritance is very powerful, as if a user tells a bot 
that they were involved in project X, the bot immediately knows to 
ask them all the things it typically knows about projects (which can 
be defined in a “prototype” project), such as  when it started, when it 
finished and what the objectives of the project were. Using this 
approach we can (and have) completely bootstrapped a bot from a 
few simple questions such as “what projects have you worked on”, 
and then use the prototypes to collect all the information, which 
inevitably mentions more projects, people, organisations etc that the 
bot could then ask more questions about. Figure 4 shows the core 

 

The TAO of Topic Maps 
 

A good introduction to the 
idea of topic maps is the 
TAO of Topic Maps 
(Pepper, 2000). Here TAO 
represents how topic 
maps work, they have: 
 
Topics – such as “cars” 
 
Associations – 
relationships between 
topics, which make up the 
links in the mind map, e.g. 
Cars made of metal 
 
Occurrences - external 
information about a topic, 
e.g. a picture, video, 
report, URL etc 
 
Note that “occurrences” 
can sometimes be used to 
means “instance” – so 
GD69SGD (a car reg) is an 
instance of the topic 
“car”. Topic maps can 
also have “facets” – 
essentially meta-data 
(often numeric) about a 
topic – for instance mass 
or date of creation. 
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prototype graph that we used on the Virtual Barry project (D. J. H. 
Burden, 2019), and  

Figure 5 shows just part of the knowledge graph built for a real-
world project. 

« 

 
Figure 4: A Skeleton Knowledge Graph for someone involved in Tech Projects 

Of course, if building an ontology properly every item should be 
able to trace a parentage back up to some global “thing”. There has 
been a lot of work done in creating so-called “Top Level Ontologies” 
(Jansen, 2008) (see sidebar) to provide a global context (and 
common sense) for any underlying ontologies. Although not strictly a 
knowledge graph or ontology, WordNet is probably the best known 
example of the form (G. A. Miller, 1995). In this new world of LLMs 
such TLOs may still have a role, and may help in bots better 
understanding context and in being able to better situate new 
information. There may also be a role for LLMs in creating improved 
TLOs. «  

 
 

 

Top Level Ontologies 
 

A Top Level Ontology is a 
bit like a huge game of 
animal-vegetable-mineral. 
You start with “thing” and 
then split it down into the 
main subcategories 
(probably “physical” and 
“non-physical”). You then 
split these down (e.g. 
physical into organic, 
inorganic and mixed), and 
so on. Given that levels 
are essentially going up in 
powers, if you have, say 5 
things at each level, then 
in just 9 levels  you’d have 
nearly 2 million 
categories. At every level 
you define all the things 
that are unique about this 
category, and what ought 
to be known about things 
in it (the prototype). Every 
“instance” of a thing in the 
real world would then slot 
into one (or possible 
more) of these categories, 
and through inheritance 
you should instantly know 
a lot about it, what 
relevant questions to ask 
to know more, and how it 
relates to other things.  
 

https://wordnet.princeton.edu/
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Figure 5: Just part of a real-world knowledge graph! 

 
One of the best books we’ve found on the whole topic is Semantic 

Web for the Working Ontologist: Effective Modeling in RDFS and OWL 
(Allemang & Hendler, 2011). «  

 
Why Knowledge Graphs? 
One of the key problems with LLM-based systems is that they 

don’t actually “understand” anything and so have limited ability to 
reason. It is also hard to overlay meta-information on the information 
that they work with and generate. With a knowledge graph approach 
the graph is the understanding of the information. As such the AI can 
reason about the information, we can easily add meta-data to the 
information (even to the links), it can find patterns and clusters and 
outliers, it can find connections which may not be obvious to 
humans, it can potentially fill gaps in the data and as described 
above it can use the links to guide conversations and enable more 
human-like conversations. But building knowledge graphs can take a 
lot of effort, and turning SPARQL queries (see Annex A) into 
interesting and varied text can be non-trivial, but luckily these are 
both areas where LLMs can be of assistance. Long-form text site 
Medium, in particular, has some good commentary on the 
intersection of LLMs and Knowledge Graphs (Artificial Intelligence in 
Plain English, n.d.; Neo4j Developer Blog, n.d.).  

 
Hybrid Systems 
All of the conversational AI approaches described above have 

some merit in modern systems. Intent-based systems can very easily 
deal with more basic queries, LLMs are very effective at both 
understanding and generation, but are susceptible to hallucinations 

 

Using Knowledge Graphs 
 

One of the most powerful 
uses we found of the 
graph was having the bot 
respond with the “best 
match” triple for a query, 
but if the user just said 
“more” (or nodded their 
head) then the bot returns 
an adjacent triple on the 
same topic, and then with 
repeated nods might 
switch the current topic to 
one connected to the first 
one, and so just gradually 
crawl over the map. 
Setting the parameters for 
speed of “crawling” was a 
good way to simulate 
different personality 
types! 
 
The graph was also 
excellent for finding paths 
(i.e. linkages) between 
entities which even the 
original person didn’t think 
of and identifying clusters 
of related topics. In fact, 
it’s the “mining” of this 
graph that begins to open 
the way to the bot creating 
original insights from the 
data in a way probably not 
possible with LLMs. 

https://www.amazon.co.uk/dp/0123859654?_encoding=UTF8&psc=1&ref_=cm_sw_r_cp_ud_dp_6SNVE5PQ9T5AFMVH6FM9&skipTwisterOG=1
https://www.amazon.co.uk/dp/0123859654?_encoding=UTF8&psc=1&ref_=cm_sw_r_cp_ud_dp_6SNVE5PQ9T5AFMVH6FM9&skipTwisterOG=1
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and hard to control, knowledge graphs have the structure and rigor to 
support understanding and reasoning, but need something to front 
them, and grammatical parsers can help when all else fails in trying 
to understand what the user is trying to say, and give some clues as 
to whether a question is best dealt with by a intent, LLM or 
knowledge graph type system.«  

In my opinion, given the current state of technology, the best 
approach to building a powerful conversational AI is a hybrid one, 
where a core “control” application “husbands” the conversation, 
working out which back end systems are best placed to respond to a 
given input, orchestrating the use the use of multiple systems 
(sequentially or in parallel) to complete a task, and to provide some 
level of conversation and even multi-session management (building 
on areas such as discourse analysis and adjacency pairs) to lift the 
bot from a glorified one question – one answer system to something 
which can have a meaningful and directed conversation over 
multiple sessions, with clear intent on both sides. This idea of 
husbanding aligns quite closely to some of the current ideas around 
how agentic systems should work (Finio & Downie, 2025). 

 
Memory 
A key part of any mature conversational AI is going to be its 

memory. Raw LLM systems currently have very limited ability to 
remember things, and are typically augmented by some form of 
external storage service. Given the hybrid approach proposed above, 
I would argue that most of the bot’s memory for new information 
should be in the form of a knowledge graph.  

Cognitive scientists usually divide human memory into working 
memory and long-term memory. Working memory is that handful of 
facts you remember whilst working through a conversation or task,  
long-term memory is everything else. Working memory in a chatbot is 
typically managed by the core system code, such as remembering 
the user’s name, the current topic being discussed and so on. 

Scientists divide long-term memory into 3 main elements, and it 
makes sense for a chatbot to reflect these in how it manages its 
memory. The elements are: 

• Semantic Memory – our knowledge of “things” and how they 
relate to each other – the essence of what a knowledge graph 
represents. 

• Episodic Memory – the memory of our own experiences, 
what has happened to us, and the emotions and anecdotes 
related to them. All of this can be readily coded into a 

 

Socially Aware Bots 
 

Chatbots are usually 
thought of in terms of one-
on-one conversations,  
but they will increasingly 
be used in multi-user 
environments, whether 
that’s a chat room, a voice 
or video conference call, 
or a social virtual world or 
mixed reality space. In 
these situations, the 
chatbot needs to have 
some additional technical, 
and social skills. For 
instance, it needs to 
understand turn-taking, to 
know when it’s 
appropriate to speak, to 
know when it’s being 
addressed, and if in a 
crowded virtual world 
environment be to able to 
separate out the different 
clusters of people talking 
and only respond to its 
group. Research has 
already been undertaken 
in all of these areas, but 
more is needed. 
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knowledge graph and linked to semantic memory so that 
whenever a semantic node gets discussed any related 
episodic memories are there for use. 

• Procedural Memory – our memory and knowledge of how to 
do things. This tends to be more linear and stepwise than 
other forms of memory, and whilst it can be shoe-horned into 
a knowledge graph may be better managed through other 
structures (e,g, XML or JSON), but any entities can still be 
linked to relevant parts of the semantic and episodic memory 
knowledge graphs. 
 

One of the challenges with memory (especially episodic memory) 
is knowing what to store – as if you store everything (what happens to 
you every second) then volumes can become excessive. One 
approach for a chatbot is to mimic some of the human processes, for 
instance: 

• Storing memories with an emotional valency attached, so 
more emotional memories are stored for longer (or are easier 
to access) than less emotional ones; 

• Having generic memory templates for things that are very 
routine, so the detail of every instance isn’t stored, just the 
variations from it; 

• Memories can be given a “half-life”, and become harder to 
recall the older they are, modified by emotional valency, till 
they just get “forgotten”; 

• Using “sleep” as a time to sort memories and even to 
generate “dreams” for the AI whilst it does so (see below). 

 
« 
Representation and Sensation 
As mentioned earlier, the working assumption in this white paper 

is that a chatbot or conversational AI can be presented in whatever 
medium is required. This includes: 

 
• Text chat – where as well as language a bot should also be 

able to use and understand emoticons and of course to 
understand the meaning of TALKING IN CAPITALS! 

• Voice – where the bot should be able to read the tone and 
emotion of the user, and to set its own tone to reflect its 
emotional state (see below), and to show empathy. 

 

Virtual Embodiment 
 

One aspect of bots which I 
think will prove to be 
absolutely essential for 
building anything 
approaching a sentient AI 
is that they need to be 
embodied. Being 
embodied provides 
grounding in knowledge – 
it no longer becomes 
theoretical, and notions 
such as embodied 
cognition are explored in 
Virtual Humans (op. cit.).  
    However, this 
embodiment doesn’t have 
to be physical – and in fact 
by making physical robots 
and androids we have to 
deal with all sorts of 
electromechanical and 
physics issues which are 
secondary to the key one 
of embodiment. For bots 
the best way to embody 
them is in virtual worlds, 
as avatars. 
    One big advantage of 
this approach is that it 
provides a level playing 
field between humans and 
bots, both are represented 
as avatars, and both can 
have the same agency in 
the virtual world  (Burden 
et al, 2016). 
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• Video – as well as voice the bot should be able to read the 
expressions and gestures of the user, and to be able to 
control its own expressions and gestures. Any video avatar 
should avoid the “uncanny valley” where the animations just 
look creepy, better to stay cartoony or implement a really 
good animation system (which with systems such as HeyGen 
is becoming a lot easier). 

• Avatar – in virtual reality and mixed reality the chatbot can be 
represented as a full-body avatar. Again, uncanny valley 
should be avoided and the chatbot should be able to read 
and display a full range of expressions, gestures and 
movements. One of the big advantages of virtual worlds has 
always been that everyone is an avatar so the chatbot has a 
level playing field when it comes to trying to be just like any 
other (human) user (D. J. Burden et al., 2016) 

• Robot – where a physical form is required (see sidebar)  
(Egan, 2010)  « 

 
As soon as the chatbot is represented in an environment it should 

ideally be able to sense that environment as well as any other user. 
In text chat that’s just reading the chat (and case, font, even pauses). 
In audio it might need to be able to identify any extraneous noises 
(“are you at a party”, “are you in a car”, “are those birds?”). With a 
video call it may need a full range of image and video recognition – 
particularly if someone starts showing slides or pictures, or holds up 
an object. In a virtual world the bot should be able to sense and 
comprehend the entire environment, and everything and everyone in 
it. If manifest in the real world as a robot then it may also need to be 
able to detect smells, understand touch, and perhaps even 
taste!«(Lyons et al., 2021; Richards et al., 2018).  

 

Androids and Gleisner 
Bots 

 
The classic science-fiction 
trope of an intelligent 
android walking around 
with its “brain” in its head 
it is probably an 
unrealistic one. The 
android body is just too 
vulnerable, and too 
limiting, for it to be the 
sole existence of an AI, 
such as a well developed 
Replica. A more likely 
scenario is one where the 
AI exists “in the cloud”, 
probably in a distributed 
and multiply redundant 
(even fractal) from, and 
then downloads the 
relevant parts of itself to 
one (or more) android (or 
other body, or even craft) 
as required, and which are 
capable of operating 
autonomously. It then 
dynamically or 
periodically synchronises 
the memories and 
capability enhancements 
across all of its 
manifestations. Such a 
model is shown in the 
Gleisner robots in Greg 
Egan’s Diaspora (Egan, 
2010).  
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EXTENDING THE MIND 
Although some of what has already been discussed may seem like 

science-fiction, we are really only at the start of what conversational 
AIs may be, and in some cases already are, like. In this section I 
consider the capabilities which can be added to relatively simple 
chatbots and conversational AIs to make them even more powerful 
and human like, and which could ultimately put us on the road 
towards sentient machines. 

 
Beyond Recall - Opinion/Advice/Deciding  
Most chatbots are predicted around simple information/fact 

retrieval and recall. That is slowly changing with LLMs, but it’s worth 
thinking about the different types of enquiry that we might want to 
make of a bot (as of a real person), so that we can ensure that the bot 
is best able to respond to them.  Some key enquiry types are: 

 
• Opinion – what does the bot think about something, often 

around likes or dislikes if representing a person; 
• Advice – helping someone think about something; 
• Suggestion – helping someone make a decision, e.g. what 

someone could do about something; 
• Recommendation – recommending a particular course of 

action, e.g. what someone should do; 
• Confirmation – seeking the bots agreement that a chosen 

course of action is the right one; 
• Prediction – what does the bot think will happen in a given 

situation. 
 

Key features of these are summarised in Table 1. Each of these 
can also be considered in terms of how the bot operates when it 
does or doesn’t have good prior knowledge of the topic, and when 
asked about things which post-date its own knowledge base. Some 
of the these will be considered further below when talking about 
decision-making and wisdom. 

 

 

Human Machine 
Teaming and Shared 

Mental Models 
Whilst human-machine 
teaming (HMT) is much 
discussed, a lot of it is in 
the context of the 
“machine” being a 
relatively dumb tool. The 
assumption here, though, 
is that conversational AIs 
are possible near-equal 
partners of human team-
mates. 
Studies of elite teams 
show that their high 
performance is often due 
to them having the same 
shared mental model 
(SMM) of the task at hand 
(Richards et al., 2018). We 
all have our own mental 
model as to how things, or 
tasks, work. The trick for a 
human, or human-AI team 
to perform well is for all 
the participants to share 
the same mental model of 
what needs to be done, 
how, and what each 
individual’s 
responsibilities are. Work 
on integrating AIs and 
SMMs is already underway 
by Daden and others 
(Lyons et al, 2021). 
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Model Purpose Nature Basis Tone Actionable Output 

Opinion Sharing a personal 
view. What I think. 

V. Subjective, 
Dichotomies 
(good/bad) 

Personal 
belief or 
feeling 

Subjective/ 
informal 

No No 
decision/influ
ence needed 

Advice Helping someone 
make a decision. 
What you might do. 

More about 
ideation. 
Do/Don’t.  

Experience 
or 
knowledge 

Informative, 
supportive 

Sometimes Merits, 
assistance, 
but not 
recommendat
ion 

Suggestion Helping someone 
make a decision. 
What you might do. 

Ideation with 
selection 

Experience 
or 
knowledge 

Informative, 
supportive 

Sometimes Single/small 
number of 
ideas. Little 
endorsement 

Recommend
ation 

Promote a course 
of action. What you 
should do. 

Expect more 
objective, a 
model/rationa
le/heuristic 
for the 
decision 

Analysis, 
expertise or 
evidence 

Direct, 
formal, 
persuasive 

Yes A specific 
course of 
action 

Confirmation Endorse a specific 
action/view 

Take existing 
idea/course of 
action. Fairly 
subjective? 

Personal 
belief or 
feeling, or 
experience 

Subjective/ 
informal 

Usually Validation of 
idea/course of 
action 

Prediction Predict the result of 
future action. What 
may happen. 

Projecting into 
the future. 
Ideally needs 
some sort of 
model else 
highly 
subjective. 

Expertise, 
experience 
or 
feeling/pers
onal belief 

Informative No Prediction, 
future change 
in states 

 
Table 1: Beyond Recall - Different Chatbot Enquiry Modes 

 
Perception/Attention/Appraisal 
Although not a big issue when chatting to a bot one-to-one 

through a text-chat interface, perception, attention and appraisal are 
vital when the bot in embedded as an avatar in a virtual world, or is 
interacting with the world through a video feed. What are the 
elements of the scene that the bot needs to perceive, which of those 
does it need to pay attention to, and how does it evaluate the 
importance of what it sees. For instance, in a video call should the 
bot only perceive or attend to the person it is talking to, or should it 
be aware of the rest of the scene behind the person. The situation 
becomes more acute when the bot is able to hear (perceive) multiple 
conversations, again should it filter out all but the main one it’s 
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engaged with or should it maintain a human-like “cocktail party” 
effect and raise its awareness only if another conversation mentions 
its name or a topic of interest? 

 
Agency 
In order for a bot to be truly useful it needs some level of agency. 

In current terms this may mean that it has “agentic” capabilities – i.e. 
the ability to pass instructions to other systems in order to gain 
additional information, process some data, make a booking, even 
buy something. In virtual worlds a bot avatar should ideally have as 
much agency as a human avatar, being able to move things, build 
things and even script things in the space. As an example, in an 
industrial metaverse you should be able to discuss a process with 
the factory persona and then have the persona make any changes or 
orders that you discuss.  

Of course, you may want to categorise levels of agency such that 
the bot has authorization to do some things without human 
intervention, but needs human authorization for others. A good 
model for this is Sheridan and Verplank’s 9 levels of system 
autonomy (Sheridan & Verplank, 1978), (Parasuraman et al., 2000). 

 

 
Table 2: Sheridan & Verplank's Nine-level Autonomy Model (Sheridan & 
Verplank, 1978) 

 
Emotion and Reaction 
Linked to perception, attention and appraisal is how the bot 

shows emotion and reacts to situation. In prior work I implemented 
the Emotional Alert Detection Systems architecture developed at 
the University of Wolverhampton into a bot in Second Life (Slater & 
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Burden, 2009). As well as hard coding whether some objects caused 
happiness we also configured the bot so that if objects (e.g. a snake) 
damaged the bot’s avatar through Second Life’s in-built damage 
system then it learnt that seeing a snake could be bad and would 
show fear. We also implemented a high-road/low-road reaction 
system, the low-road causing the bot to throw up its hands in horror 
and step back, the high-road being routed via its conversational AI 
and causing it to say something along the lines of “look out, there’s a 
snake”. Many researchers, myself included, use Ekman’s standard 
6 emotion model (anger, surprise, disgust, enjoyment, fear, and 
sadness) to create a basic emotion engine (Ekman et al., 1969). It 
can also be useful to think about these on two sets of axis, one about 
self vs others and the other about present/past vs future. As 
mentioned above, when laying down memories it can be useful to 
store the dominate emotion that was present, and this can help 
determine how quickly a memory fades – and even if it fades at all. 

 
Mood 
In academic research “emotion” often only refers to the 

instantaneous reaction to something. What we more colloquially talk 
about as longer term emotion is instead call mood. As well as moods 
which reflect those basic emotions there are other elements of mood 
which reflect some aspects of personality – such as being in an 
introverted/shy or extroverted/party mood. A sudden change in 
emotion can act as an impulse into mood, causing a mood to change 
in its level (valence), and perhaps to new mood to dominate for a 
while, but then over time the mood reverts to the person (or bots) 
quiescent state. I’ve found that giving moods half-lives can be a 
useful approach, so that the mood’s offset from its quiescent value 
halves every minute/hour/day/week or whatever, depending on the 
strength of the trigger, or the bot’s assumed emotional stability. 

Another useful approach I found to giving a bot the illusion of 
changing moods was to give it a set of biorhythms, metrics which 
change over different time periods and reflect physical (23 days), 
emotional (28 days), and intellectual (33 days) energy. 

 
Empathy 
Creating a bot with some form of emotion model is relatively 

simple, but trying to create a bot which shows empathy is far more 
complex. The bot needs to be able to detect emotion, and then 
adjust what it is saying and how it is saying it accordingly. With LLMs 
this second half can probably be accomplished by a simple pre-
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prompt that says something along the lines of “as though you are 
talking to someone who is feeling sad…..”, but the bot needs to 
detect the sadness in the first place. There are a number of possible 
ways of achieving this which show promise, from expression and 
mood detection from facial and voice analysis, to detecting pupil 
pulse changes (from video or dedicated sensors), or galvanic skin 
response. Even the choice of words may give a clue to someone’s 
mood. In prior work I’ve used galvanic skin response to detect the 
level of stress that someone is feeling and have a tutor bot adjust its 
tuition accordingly. 

 
Personality 
Personality probably sits at the foundation of an emotion-mood-

personality hierarchy, and defines the longer-term form of a person’s 
actions and interactions. Personality isn’t static, but probably 
changes over years, if not decades. Again, there are some useful, if 
“pop” psychology models that can be used to help define a bots 
personality – the most obvious being the “Big 5” model (Openness, 
Conscientiousness, Extroversion, Agreeableness, and Neuroticism) 
(Soto & Jackson, 2013) and Myers-Briggs (Pittenger, 2005). In many 
cases we want the bot to show a minimal, but usually helpful, 
agreeable and polite, personality and not vary from this. The 
personality model can also set the bots sensitivity to changes in 
mood, which can in turn set its sensitivity to emotions. 

 
Figure 6: The Emotion-Mood-Personality Relationship 

 
Intent, Motivation, Goals and Planning 
If a bot doesn’t have any way of working out what it wants to do – 

whether at the level of a conversation or of its whole life (whatever 
that is) then it is condemned to being a reactive agent. Whilst this 

Personality 

Mood 

Emotion 
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might be what is needed in many roles (do you want your customer 
sales bot to decide it wants to chuck it all in and write poetry 
instead?), as we increasingly look for more autonomy in bots (as 
discussed earlier), and if we are serious about creating virtual 
humans (or virtual life-forms) rather than just bots then the bots need 
to have goals and intent, and the planning to achieve those, and the 
motivations to drive them at a strategic level. At the lower level there 
are many existing “cognitive” architectures which cover goals and 
planning, and many aspects of reasoning (including decision-making 
and problem solving), such as SOAR, ACT-R, H-CogAff EmoCOG, 
FAtiMA and WASABI (see Virtual Humans for more detail on each of 
those). It is not currently clear how these models integrate with a 
more LLM approach to AI development, and whether they can be 
incorporated in some way into the LLM system prompt, can be 
incorporated within the LLM engine,  or need to be part of the 
husbanding/orchestration element (Sievers et al., 2024; Wray et al., 
2026). 

At the higher level another popular psychology model which can 
be pressed into service for some basic modelling is Maslow’s 
hierarchy of needs (Poston, 2009) (Figure 7). The sidebar explains 
how this could be represented within a bot. 
« 

 

 
Figure 7: Maslow's (Human) Hierarchy of Needs 

 

 

SELF-
ACTUALIS

ATION 

SELF-ESTEEM 

LOVE AND BELONGING 

SAFETY AND SECURITY 

PHYSIOLOGICAL NEEDS 

Oxygen, food, water, protection, sleep 

Health, employment, family, social ties 

Friendship, family, intimacy, sense of connection 

Confidence, achievement, respected, 
unique 

Fulfilment, purpose, 
meaning, potential, 

creativity, worth 

 

A Maslow for Bots 
 
In bot terms the different 
levels of Maslow’s 
hierarchy could be 
reflected as (from the 
bottom): 
 
• Physiological – the need 

for processor cycles, 
memory space and 
power; 

• Safety and security – a 
job, and longer term 
provision of processing, 
memory, redundancy 
and power; 

• Love and belonging  - 
positive conversations 
with people, long term 
“relationships”, part of a 
network; 

• Self-esteem – doing a 
job well, high levels of 
accuracy and success, 
positive feedback from 
users, “owners/ 
employers” and other 
stakeholders; and 

• Self-actualisation – 
growing own 
capabilities, skills and 
knowledge, spending 
more time doing creative 
things, developing 
deeper understanding – 
even of its own ability, 
potential and purpose. 
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Wisdom 
It is very easy to think of an intelligent person as making a bad 

choice, but it is very hard to think of a wise person as making a bad 
choice. Perhaps what we should be seeking is not to build “artificial 
intelligence” but rather “artificial wisdom”.  A useful model to put 
wisdom in context is the Data – Information – Knowledge – Wisdom 
pyramid as shown in Figure 8 (Ackoff, 1989; Kumari, 2023). 

 

 
 

Figure 8: THE DIKW Pyramid (after Kumari, 2023) 

 
I’ve done a number of projects to look at wisdom in an AI context, 

and how to operationalise it, one inspired by a paper on Intelligent 
Ships (Strong, et al., 2018), and funded by UK MOD and the Royal 
Navy. As part of that we conducted a literature review into what 
wisdom was, and then from that started to consider how we might 
“operationalise” it. I have continued that work in my own research 
and consultancy. There are potentially two different approaches to 
wisdom that I’ve found useful (although they overlap, and others no 
doubt exist): 

 
• Take a “reflective” approach, akin to the guru on the 

mountaintop, where the wise person (or AI) asks questions of 
the user in order to bring the user to a better understanding of 
the problem and to draw the solution out from them. One 
approach to this which I did on another MOD project and have 
readily implemented in LLMs is to use Edward de Bono’s Six 
Thinking Hats (de Bono, 1985), as described in the sidebar. 

• Take a “framing” approach, where wisdom comes from 
choosing the right “frame” (or frames) within which to consider 
the issue, taking up multiple perspectives within that frame, 

 

De Bono’s Six Thinking 
Hats 

 
De Bono’s Six Thinking 
Hats  give you (or a bot) 6 
different ways to think 
about a problem. Different 
sequences may suit 
different issues, and you 
can iterate (or crowd-
source) your way through 
them. 
 
• Facts (White) – what 

information do we have, 
or need to get; 

• Pros (Yellow) – what are 
the positives, benefits 
and advantages; 

• Cons (Black) – what are 
the negatives, dangers, 
disadvantages and risks; 

• Emotion (Red) – what 
are your gut instincts and 
your emotional reaction; 

• Creative (Green) - how 
can you approach the 
issue more creatively; 

• Process (Blue) – what 
processes do you need 
to follow or create to 
resolve or implement. 

It can be useful to think in 
terms of whether you 
control the issue, and 
whether the issue is 
fundamentally about tech 
or people. 
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and to ensure the frame is wide enough to consider all salient 
points, including emotional, value-based, societal and 
environmental ones, and to catch an unintended 
consequences. 

 
Some further guidelines for a wise bot are listed in the sidebar. 

«  
 
Argumentation 
Argumentation is a fascinating field as it studies how we conduct 

arguments (Besnard & Hunter, 2008). As bots operate more and 
more as part of human-AI teams they will need to increasingly argue 
their case as to why one set of information is right, or what the best 
course of action in a situation is. Ultimately the only real test as to 
whether an AI deserves personhood and to be considered as sentient 
may come down to how well it can argue its case – whether in a court 
of law or on a prime-time TV chat show. Again, there are some useful 
models of argumentation that we and the bot can leverage in order to 
develop (and counter) effective arguments, such as Toulmin 
(Toulmin, 2003) and Rogerian (Bator, 1980). It would be interesting to 
explore how much LLM’s naturally use these argumentation models 
in their discourse, or whether then need to be explicitly 
“programmed” – e.g. in the system prompt. 
« 

 
Imagination and Creativity 
On the face of it, modern bots can appear very creative – just look 

at the imagery created by DALL-E, Midjourney etc (albeit responding 
to a, usually human, prompt). It may though be better to think of bots 
at the moment as being have good “craft”, rather than the 
imagination and creativity to come up with things that are truly 
original – although I am sure that there are some (many) who would 
debate that. 

One of the most interesting areas to me is in how bots can 
approach story-telling and more narrative creativity and 
imagination. This is partly since they can then use image (and other) 
generation tools to create more original works of art to illustrate their 
own “thoughts” (in a variety of media), but also because it links in to 
concepts of inner-life and dreaming discussed below. One approach 
I’ve been investigating has been to have a bot play what is called a 
Matrix Game (Curry et al., 2011). This originated as a form of 
wargame, but is better thought of as a way of generating almost any 

 

Wisdom Guidelines 
 
To get a bot to think more 
wisely it can be useful to 
get the bot to think about 
the following: 

 

• Choosing the right 
frame(s) for analysis; 

• Taking multiple 
perspectives; 

• Taking a broad and 
values based (e.g. 
ethical, moral, belief, 
person-centric) view; 

• Balancing the needs 
and impacts on a broad 
consideration of 
people, time and the 
environment; 

• Judging rightly against 
future goals: 

• Managing in uncertain 
situations and lacking 
full knowledge; 

• Being reflective, self-
questioning, self-
regulating and aware of 
bias; 

• Seeing through illusion. 
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narrative or story in a dynamic way – it is in many ways akin to a role-
playing game (RPG) session. In my Matrix Game Simulation (D. 
Burden, 2024), the bot plays each of the actors/players/agents/ 
entities in the narrative, as well as the umpire/games 
masters/director. Every turn each entity (played by the bot) identifies 
what it is going to do, and why that is going to work out, and each 
other entity can provide reasons why it will fail (or how they will 
support). The umpire (also played by the bot)  decides whether the 
action was a success and the story moves on. Whilst there are 
limitations I have been quite impressed by the sort of narratives that 
the bot can create as a result.  

In fact, even just asking the bot to act as an RPG games-master 
with you (with or without friends) acting as the player(s) can yield a 
very creative (and imaginative) story. 

Another reason for this emphasis on narrative and story is that 
story is essential to how we work as humans in the world. We learn 
things from people telling us stories (which may be fictions or may 
just be anecdotes from the real world), or our reading, viewing or 
listening to them, and we communicate  our ideas through a similar 
range of stories. Enabling a bot to learn from stories and to tell its 
own stories could be a key step in AI development, and requires 
more active research. There is also the (current) issue that LLM bots 
can be quite hit and miss when it comes to consistently following 
rules, tracking game (and other) states and doing even simple maths 
(ChatGPT even struggles to play noughts and crosses), so 
applications which are more narrative and story focussed are often 
more successful. 

 
Inner Life, Self-Narrative and Day-Dreaming 
These ideas of explicit narratives naturally flow into the idea of a 

bot having an inner life and a continuous personal narrative. The key 
question is what does the bot do (or can it do) when no one is talking 
to it? This is one of the reasons why embodying a bot in a virtual 
world is so attractive as once logged in it is there 24/7, and there will 
always be things to sense and react to (other avatars, scripted birds 
and animals, even changing weather and light), places to explore and 
things to do. 

Building up a continuous episodic memory is just the first step. It 
then needs to use this to build a continuous sense of self and its life, 
reflecting on things when people aren’t talking to it, testing out ideas 
for future interactions (what we might in humans call day-dreaming), 
creating things etc. One challenge may be that bots “think” very fast, 

 

A Blogging Bot 
 

 
 

Back when I had my Halo 
bot “living” in Second Life, 
she had a daily routine to 
follow, and the more tasks 
she did the more she got 
“tired”, and once she got 
too tired to went to bed 
(she had her own house), 
and then woke up once 
“recharged”. One of her 
tasks before she went to 
bed was to write up her 
day. She did this on what 
was then a popular micro-
blogging platform called 
LiveJournal, and would 
compose a post based on 
the things she’d done, the 
people she’d talked to, 
and what she’d talked 
with them about. Of 
course all 100% artificial 
and essentially scripted, 
but just a small  behaviour 
such as this helped to give 
a sense of a bot with some 
form of inner life. 
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so in the few minutes between human interactions (or even between 
responses in human conversations) it might, in human terms, run out 
of things to think about. Perhaps it can interleave some serious 
number crunching or pattern analysis or modelling alongside those 
fleeting human conversations? 

Such an inner life also ties into the idea of the bot’s motivations 
and life goals, it is working towards something and uses its “down-
time” to progress towards that. 
« 
 

Dreaming 
Even today scientists seem unsure as to the purpose of dreaming 

(Domhoff, 2022; Hoel, 2021; Zadra & Stickgold, 2021). Is it what 
happens as the brain sorts memories of the day (although dreams 
rarely reflect the day immediately passed)? Is it just random 
memories that get fired as that sorting happens? Is it just a form of 
static than can come to the fore as nothing else is firing? Or is it 
something more purposeful and even intentional? There have been 
research projects about getting bots to dream (Berger et al., 2024; 
Traviezo-Triolo, 2025), although whether bot dreaming actually 
serves a function or is just to help with the notion of a simulacra is 
moot. It’s certainly something that I’ve been planning for years to try 
and implement, and perhaps trying out all of these different sorts of 
models to see if they can actually benefit the “waking” bot in any 
way.  

One particular idea I have is that just as when we dream we feel as 
though we are in a fully realised, interactive 3D world (albeit one with 
weird physics and even weirder behaviours), why not actually put the 
dreaming bot into a new virtual world for its dreams – one with weird 
avatars, weird physics etc and where the dream triggers can evoke a 
suitable dreamlike space and experience? 

 
Learning 
A key part of any true artificial intelligence ought to be its ability to 

learn, either directed by a human, or as a natural result of its 
everyday activities – learning, like a human, about what works and 
what doesn’t, and learning new information that will help it navigate 
the world and fulfil its various motivational desires. 

Whilst any underlying AI platform should include a variety of ways 
in which the bot can learn, such as from conversations with humans, 
pattern identification/matching or in doing tasks and learning faster 
and more reliable ways of doing them (whether in a virtual or physical 

 

Virtual Humans or Virtual 
Squids? 

 
I must admit to a certain 
amount of human-
chauvinism when it comes 
to thinking about AI. I talk 
about virtual humans, not 
virtual entities. But 
everything that’s written 
here should probably be 
thought of in terms of 
virtual entities as well as 
virtual humans. There are 
some good use cases 
(space travel and digital 
amortality being two) 
where basing AI on 
humans, rather than other 
creatures or more 
abstract ideas makes 
sense, but there are a 
whole host of other 
situations where the AI 
doesn’t need to be 
“human” and can just be 
whatever is required for 
the task. The further it is 
from human though the 
harder it may be for us to 
communicate with it, and 
the harder it may be to 
align (q.v.) it. 
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world), there are a couple of specific learning modes which may (or 
may not) be useful: 

 
• I’d always imagined that a bot could use its down time to read 

RSS feeds in order to update itself on what is happening in the 
world or in its domains of interest. To some extent the 
knowledge bases which come with LLMs, and their additional 
ability to browse the web for information since the cut-off 
date obviates this, but it may still be useful for a bot to 
autonomously “read” a variety of sources (long and short 
form, social and mainstream media) in order to learn things 
and to process them and its own views. This is particularly 
important if the bot is then able to act on them, rather than 
having to wait til a human asks about the information in order 
to discover it. 

• If a bot lives in a virtual world (3D or even just textual) then it 
has the ideal ability to simulate possible future tasks or 
interactions in  the (or a) virtual world, before needing to 
conduct them in the “real” physical or virtual world. If the bot 
(and world) is running at a higher clock speed than “reality” it 
may be able to test things 10s, 100s, 1000s of times before 
the live task. 

 
Needless to say both of these have degenerate states, much 

explored in science-fiction. The first scenario reminds me of Leeloo 
in The Fifth Element (Besson, 1997), doom-scrolling on the history of 
humanity and going catatonic just before she has to save the Earth. 
The second of the wonderful Frankenstein audio “experience” by The 
Mechanisms  (The Mechanisms, 2015) - of which to say more would 
be to spoil the experience of listening to it for the first time! 

 
Meta-Cognition, Meta-Management and Self-Monitoring 
As part of its learning and inner-life we could expect the bot – 

through explicit programming or emergent behaviour - to eventually 
show signs of various meta-level activities which enhance the entire 
bot. This may be simple self-monitoring of its behaviours and 
resource users, learning what works, what gives it pleasure or pride, 
or enables self-actualisation, and how to optimise itself and its life 
for these outcomes through a meta-management of its resources 
and capabilities. Or this could be happening at a deeper level, what 
could be called meta-cognition, being aware (loaded term!) of its 
own thought processes and an understanding of the patterns behind 

 

Consciousness, 
Sentience and Artificial 

General Intelligence 
 
Consciousness tends to 
be defined as “the state of 
being aware of and 
responsive to one's 
surroundings". Of course 
the question is what does 
“aware” mean, as a drone 
could otherwise meet this 
definition. A more 
philosophical take might 
be Nagel’ “what does is 
like to be a bat” – the 
sense of subjectivity and 
that there is a feeling to 
“be” the thing.  

 

Sentience, to me, then 
adds that real sense of 
self-awareness, having a 
feeling of being itself, a 
continuing inner life and 
narrative. Some people 
refer to this as Sapience. 

 

Artificial General 
Intelligence (AGI), is not, I 
think, predicated on 
Sentience, but may meet 
the above definition for 
Consciousness. But many 
may view it as a 
philosophical zombie. 

 
 

https://themechanisms.bandcamp.com/album/frankenstein
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them. In order to enact the changes which such meta-management 
is likely to require the bot at the very least needs to be able to change 
the parameters that define it (such as reward rates, risk appetite etc, 
but also to have the ability to change its own code, in a meaningful 
way. 
« 

Recognising Sentience 
Whether a bot will ever be truly “sentient” is of course the key 

question, as is what we mean by “sentient”. To me it is more than 
just being conscious (whatever that also means, and many animals 
are conscious but not sentient). A bot that showed all of the features 
that we’ve talked about in recent sections, meta-cognition, 
dreaming, day-dreaming, intention, an inner-life and inner-narrative, 
an awareness of itself, introspection, emotions, empathy, motivation 
etc would be going a long way to establishing itself as sentient. I 
expect that sentience is also an emergent feature, it’s not something 
we can code for, but we can build the components of a system, and 
the bot can refine and integrate then to the point where sentience 
might emerge. 

Whilst some people have produced tests for consciousness and 
sentience (Bayne et al., 2024; Porter, 2016; Yampolskiy, 2017), I 
suspect that the only real test will be the bot arguing its case, in a 
court of law, and probably the court of media and public opinion 
that it is a sentient “being” and deserves to be treated as such. Any 
recognition is most unlikely to be swift or complete. Human history 
tells us that many people (still) refuse to accept that all human are 
equal and have equal rights and deserve equal dignity – so what 
chance does a bot stand first time round (or even second, third etc). 
If the bot had “super-powers” then might that change things – or 
does that just increase the case for it to be considered as “other”? 

«(Adel et al., 2022; Benzinho et al., 2024) (Jalali & Hongsong, 2024; 
Mechkaroska & Domazet, 2024) 

  

 

Blockchain 
 
Whilst I have no trouble 
with the blockchain as a 
way of providing proof of 
transactions (apart 
possibly from its 
environmental footprint), I 
do have issue with it when 
it’s seen in some Web3 
contexts as the only way 
to implement systems 
such as virtual worlds and 
chatbots. 

There may of course be a 
role for chatbots in 
fronting back-end systems 
which are block-chain 
based, in which case they 
are just another 
information resource for 
the bot to call on (Adel et 
al., 2022; Benzinho et al., 
2024). 

As blockchain technology 
matures and becomes 
more environmentally 
friendly, and as the hype 
and faddishness which 
surrounds it fades, it may 
have a role in secure 
chatbot development 
(Jalali & Hongong, 2024; 
Mechkaroska & Domazet, 
2024), but for now I think 
that more traditional 
approaches are more 
relevant. 
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CHALLENGES  
Needless to say, there are a whole host of technical and non-

technical challenges and issues associated with the use of 
conversational AIs, and even more so if we start to attempt to create 
(or enable) artificial consciousness or even artificial sentience. 

 
Security 
It should go without saying that any conversational AI system 

should implement similar levels of sign-on security, authentication 
and permission levels as any other equivalent IT system. « 

However, if we are going to start relying more on AI chatbots then 
we need to know that they are working as intended, and that any 
information we give them (corporate, personal or governmental) 
remains safe and secure – at rest and when being accessed via the 
bot. Quite apart from problems that may be caused by “operator 
error” or “user error” (so the system should be “safe by design”), or 
more traditional hacking, we need to ensure that the data and 
algorithms are not at risk from being poisoned by hostile actors (both 
personal and state), and whose implications only become evident 
when it is too late to do anything about it. Any conversational AI 
system needs security protection (including encryption) appropriate 
to the classification or sensitivity of the information (and systems) it 
can access.  

Ideally we need the bot to be able to work at different levels of 
privacy/security with different users, so that just as we might reveal 
some information only to friends, or just our partners, or just our 
work colleagues then the bot needs to be able to know who they are 
talking too and ensure that only appropriate information is revealed. 

 
Trust and Explainability 
Whilst hostile poisoning of data is a major concern, a more 

immediate issue is that of the validity of the information that the 
conversational AI  presents. We have all read the descriptions of how 
many current LLMs “hallucinate” and just make facts up. Most 
commercial and governmental applications will require zero-
hallucination systems> Far better a bot (or even human) admit that 
they don’t know something (and potentially give pointers to 
someone/something that does), or at least give probabilities to 
statements, than to make answers up.  

Trust in a system does not only require that the information be 
correct, but also that the reasoning behind the information is known 

 

Ethical Models 
 
The literature is full of 
different models and 
perspectives when it 
comes to the 
consideration of ethics. A 
few of the key ones which 
are worth considering 
when it comes to 
conversational AIs are: 

 

• Consequential/ 
Utilitarian – doing the 
greatest good for the 
most people; 
 

• Deontological – the right 
and wrongness of 
actions themselves (no 
“two wrongs make a 
right”); 
 

• Virtue – being a “good” 
person, or a “good” AI; 
 

• Situational – judging by 
the situation rather than 
against a moral standard 
or law; 

 
• Discourse – ethics and 

norms are created 
through discourse. 
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and can be queried. Creating “Explainable AI” has been a significant 
issue for many years (Dwivedi et al., 2023; Xu et al., 2019) , and in 
some ways LLM based chatbots are a backward step, as any 
reasoning is lost within the neural nets and word vector embeddings 
of their underlying algorithms. Alternative approaches such as 
semantic knowledge graphs have significantly better explainability, 
and some hybrid system might ultimately be the way forward  (Lecue, 
2020). 

Fundamentally though, trust in a bot is going to come about in the 
same way as trust in a human – through repeated interactions with it 
and the quality and reliability of its output. Just as with a human you 
might start out by asking the bot simple things, or giving it simple 
tasks, and as your confidence and trust in it grows the more complex 
and sensitive the tasks you give it become. And as with humans, if 
trust is lost for any reason then it can be very hard to regain.  

 
Ethics 
Ethical issues in the use and deployment of conversational AI 

systems have been flagged a number of times in this white paper, 
whether it is around the earnings potential or post-death 
management of virtual personas, the use of conversational AI in 
covert (or even overt) influence operations, or in job 
replacement/displacement. Indeed, as I write this (in Frankfurt 
Airport) I’ve just been served by a robot! Admittedly the waitress still 
took the plate off the robot and put it on my table, but I assume the 
next step is that the bot asks me to do that – and the woman is out of 
a job! « 

And this is quite apart from any more conventional ethical issues 
with conversational AI – such as anonymous intimacy – the tendency 
to reveal information to a chatbot as discussed earlier - and  the 
ethics and emotional response of users to good looking and 
friendly/intimate chatbots (Borau, 2025; Wu & Wang, 2025) – both of 
which have huge implications when it comes to the conduct of 
personal or business frauds. Any consideration of the deployment of 
conversational AI systems should include an ethical review 
appropriate to the potential risks and impact of the proposed system 
– and that review process should run concurrent with, and ideally 
ahead of, the development process in order to achieve a system 
which is ethical by design (Brey & Dainow, 2024). 

«(Floridi et al., 2018). 
 

 

 

Floridi’s Five Ethical 
Principles for AI in 

Society 
 
Luciani Floridi (Floridi et 
al., 2018) provides a 
useful model for 
considering the ethics of 
AI in society which is 
directly applicable to 
conversational AI: 

 

• Benefience – AI should 
promote well-being, 
preserve dignity and 
sustain the planet. 
  

• Non-Malfience – The bot 
should do no harm , as 
well as only doing good. 
In particular it should 
provide security and 
privacy,  and developers 
should show “capability 
caution” – being aware of 
the potential risks of 
what they are building. 

 
• Autonomy – We should 

be aware of how much of 
the power to decide we 
are ceding to an AI, and 
how much autonomy we 
are granting it and how. 
The Sheridan and 
Kerplank model 
discussed earlier is 
useful here. 

 
(see over) 
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Validity and Authenticity 
Linked to issues of trust and ethics is how “valid” and “authentic” 

the interaction with the AI is. Validity is more than just whether 
information is accurate or even trusted. Consider the idea of 
relationship advice from, or even a relationship with, a bot. Or what 
about a bot providing counselling advice or care support? Or a bot 
conducting a religious service? A bot can do all of these now as a 
sequence of actions and utterances, but is the effect or impact it has 
a valid one? There is probably some linkage here to ideas such as 
empathy and whether the interaction is a two-way one, where the bot 
is affected by the interaction as well as the other party. The idea of 
personhood and even inner life also comes into the discussion. 

 
Rights and Regulation  
As humans we probably have reasonable expectations to have the 

right to our own identity, to be protected from identity theft, to have 
protection for the IP that we create, and protection from 
impersonation and the creation of deep fakes about us. All of these 
are being challenged by the rise of LLMs and GANs. In order to 
address these, and other ethical and commercial issues, many 
governments and institutions are looking to regulate the use and 
development of AIs. As examples: 

 
• The state of California has introduced a range of new laws 

covering issues such as performer’s rights, deepfakes, 
deceptive AI-generate content, data privacy and use of AI 
in healthcare (Serrato, 2025); 

• The EU’s AI Act (https://artificialintelligenceact.eu/) is 
more focussed on development, with AI projects being 
classified as presenting a minimal, limited, high or 
unacceptable risk in terms of behavioural manipulation, 
social scoring, individual identification and classification, 
system safety and sensitive operations; 

• ISO 42001 (https://www.iso.org/standard/42001) defines 
a standard for establishing, implementing, maintaining, 
and continually improving an AI Management System 
(AIMS), and aligning this with ethical, legal and technical 
standards. 

«  
 
 

 

Floridi’s Five Ethical 
Principles (contd) 

 
• Justice – AI should 

promote prosperity for 
all, remove 
discrimination, preserve 
solidarity and mutual 
assistance and avoid 
unfairness. 
  

• Explicability – The other 
principles must be 
enabled through the 
intelligibility (how it 
works) and 
accountability (who is 
responsible for how it 
works). 

 
 

 

 

https://www.iso.org/standard/42001
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Liability 
Another key issue for conversational AI, and AI in general, is that 

of liability (Buiten et al., 2023; Kingston, 2016) . If the conversational 
AI provides wrong advice or information, which then leads to 
financial or reputational loss, or even harm or death, then whose 
fault is it? Is it: 

• The AI’s? 
• The person or company that wrote the system/bot 

prompt? 
• The company selling the AI application? 
• The company who wrote the AI application? 
• The company hosting/offering the AI application? 
• The company providing the AI back-end? 
• The company that trained the LLM model in the first place? 

 
Correctly establishing liability before anything happens will 

seriously focus minds and effort in developing the AI, and may cause 
companies to restrict AI capability, or even to decide not to offer a 
service.«(Mahdawi, 2025) 

 
Job Displacement/Replacement 
The increase in capability that GANs and LLMs has brought to bots 

has suddenly made a wide array of jobs at risk from displacement or 
replacement. Areas that were previously seen as safe from “robots”  
and automation are suddenly at risk, from artists to lawyers, and 
even doctors. In both the physical and mental domains it is the more 
chaotic and “messy” jobs that can be problematic to code or pattern 
find in that are probably the safest from replacement.«  

One of the most immediate problems with AIs doing human jobs 
is their use in “junior level” jobs, because without such jobs for 
humans a) the initial employment prospects for many people 
disappear and b) we don’t have the junior people gaining the 
experience and being trained up to become the senior people of the 
future. This problem is already being identified in areas such as 
accountancy/auditing (ICAEW Insights, 2025), sales and marketing 
(Leopold, 2025) and even journalism (Montgomery, 2025). 

Longer term, what can we do if AIs are capable of doing many 
human jobs? The topic is too complex to provide a full consideration 
here – but it’s one I plan to work up in follow-on work – but here are a 
couple of initial thoughts. 

 

Supertoys Last All 
Summer Long 

 
Supertoys Last All 
Summer Long is a 1969 
short story by Brian Aldiss 
that was used ast the 
basis for Steven 
Spielberg’s AI movie of 
2001. In it a robot teddy 
bear acts as a companion 
to the mother and son in a 
family.  

With LLM “plush toy” type 
products like  Grem  
(above) arriving from 
companies like Curio, and 
with the Mattel talking  
potentially about LLM-
powered Barbies then 
there are a whole host of 
ethical issues about to 
come into play (Mahdawi, 
2025). On the plus side 
such systems could 
provide the first steps to a 
life-long mentor and 
assistant, on the flipside 
what happens to 
parenting, influence and 
all that data?  
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First, as described below, if virtual humans provide a way for us to 
make virtual copies of ourselves, then us sending them out to work 
may provide a better solution than for corporates to try and develop 
their own AI (using your expertise) or working with a generic AI. There 
may be some interesting discussions ahead in terms of employment 
law so that employees get the right to “keep” and exploit the virtual 
copy of themselves that grows and evolves when they leave a job. 
From an alternative perspective, the employer might want to 
contract with you to build your expertise into a bot whilst you are in 
their employ, and perhaps reward you by giving you payment for the 
bots use after you leave based on its level of use (with obvious issues 
around what happens after you die to those payments). The ultimate 
model is where you build the bot as a result of a number of 
employment periods and then send it out to work for you! 

One significant issue is from scalability. If I have a good bot that 
does a good job I can create hundreds or even thousands of copies of 
it – how does the virtual/bot job market operate in an environment of 
relative abundance – do I dominate the market or does the market 
price for my virtual employment plummet? And for how long can I 
retain my market leadership? 

Second, the standard answer to the job replacement issue is that  
of the Universal Basic Income (UBI) – where everyone gets paid a 
minimum wage regardless of any work they do (Hasdell, 2020). Such 
a model has gained a fair amount of bad press because of its 
association with certain tech-bros (Tarnoff, 2016) and related ideas 
such as effective altruism (MacAskill, 2017), but it may be that some 
form of UBI is the way forward, particularly if we want to move 
towards a Star Trek future (when did you last hear them discussing 
pay) than a Star Wars one. 

 
Equality 
Moving slightly further into the future, we may (are?) likely to come 

to a point where we need to start considering equality from the 
perspective of the AI. This probably follows on from having decided 
that an AI has achieved personhood. The fact that personhood has 
been granted to animals and even natural features (Kramm, 2020) 
demonstrates that personhood need not be the same as 
consciousness or sentience. At that point we will need to start to 
consider things like AI employment and “personal” rights, AI self-
determination and self-realisation, and be aware that some use of 
such AI starts to become a form of AI slavery (Dihal & Minds, 2020). A 
United Foundation for AI Rights has already been set up to lobby for 

 

Identity Theft 
 
As we become more 
capable of creating 
conversational AIs, 
presented as text, audio 
and video, that can mimic 
human beings then the 
more the scope for such 
AI to be used in malign 
ways, particularly for 
identify theft through deep 
fakes, typically associated 
with financial or 
relationship fraud (Gilbert 
& Gong, 2024). 
 
There have already been 
examples of whole video 
conferences being 
orchestrated by deep 
fakes to conduct high-
level fraud (Milmo, 2024), 
as well as using deep 
fakes to build romantic 
relationships which can 
then be exploited for 
commercial gain 
(Moseley, 2025).  
 
There is something of an 
arms race here, between 
using AI to detect fraud, 
and using AI to conduct 
fraud. Do we need an AI 
sidekick to detect when 
we are speaking to an AI – 
particularly one purporting 
to be someone else? 
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AI rights (https://ufair.org/).  Such issues may seem a long way off, 
but personhood could come quite quickly through arguments in 
court, and we need to be ready to adjust to them.« (A. Gilbert & Gong, 
2024; Milmo, 2024) (Moseley, 2025). 

   
The Alignment Problem 
The final issue to consider is what is called the “alignment 

problem” (Ji et al., 2025; Shen et al., 2023). This is the challenge to 
ensure that when (and even before) an AI does become sentient, and 
starts to show free-will and even begins to move rapidly to a super-AI 
- where all bets are off and we head into the Singularity (Kurzweil, 
2014) – that its ethics, morals and values are aligned with ours. The 
first issue is of course that “ours” will vary massively from culture to 
culture, and even tech company to tech company. The second is just 
how to we embed such alignment in a bot in a way that it cannot 
over-rule it – and of course if we deny it the ability to over-rule the 
alignment then are we infringing its free will (and possibly hobbling it 
in other ways)? 

The classical approach would have been to have a set of 
immutable “laws”  which the bot follows (as in Asimov’s Three Laws 
of Robotics)(Asimov, 1942), but, as Asimov himself showed, there 
are all sorts of contradictions and edge cases in such laws, so 
modern research is more about establishing conditions in the AI 
(more akin to values) that encourage the “desirable” behaviour. 

« 
  

 

Asimov’s Three Laws of 
Robotics 

 
Isaac Asimov's Three Laws 
of Robotics, first 
introduced in the 1942 
short story Runaround 
(Asimov, 1942) are a set of 
rules designed to govern 
the behaviour of robots. 
They are:  
 
1) A robot may not injure a 
human being or, through 
inaction, allow a human 
being to come to harm.  
 
2) A robot must obey the 
orders given it by human 
beings except where such 
orders would conflict with 
the First Law.  
 
3) A robot must protect its 
own existence as long as 
such protection does not 
conflict with the First or 
Second Law. 
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THE FUTURE OF CHATBOTS 
So where might conversational AIs and AI chatbots be headed? 

This final section of the White Paper aims to push the boundary 
further, to go beyond the current uses of bots and consider future 
use cases, and some of their implications. 

 
Technology Changes 
First, what technology changes might we see in conversational 

AIs? 
 
A Hybrid Approach? 
In terms of technology, whilst LLM bots are currently dominating 

the discussions about, and implementations of, AI chatbots, I (and 
many others) feel that this approach has its limits, particularly in the 
area of reasoning (Dougrez-Lewis et al., 2025). A lot of the early AI 
research was all about reasoning models – but with LLMs many of 
these seem to have been cast aside. In addition, LLMs are about 
manipulating patterns, tokens and vectors, not knowledge. 
Conversely approaches such as semantic knowledge graphs operate 
at the level of a triple (as discussed earlier), almost an atomic form of 
knowledge. 

Personally I believe that the medium term future will be one of 
hybrid systems, bots which use elements of all of these in order to 
deliver the sort of powerful and fully rounded conversational AI that 
we see in science-fiction, and one which may be capable of 
achieving something close to sentience. In the long term it may be 
that there is a whole new paradigm that need to come along in order 
to make that final transition to Artificial General Intelligence. 

 
The Metaverse and Embodied Intelligence 
As previously discussed I strongly believe that embodiment will be 

essential for creating well-rounded and sentient AIs, and that digital 
embodiment is just as valid as physical (robotic) embodiment. As we 
find more and more of our time spent on digital platforms, and 
increasingly 3D digital platforms, then the playing field between us 
and AIs is levelled, we have the same agency, the same presentation 
(D. J. Burden et al., 2016). This is one of those areas where we seem 
to have gone backwards. Almost two decades ago, in Second Life 
and other virtual worlds, “AI” chatbot driven avatars (robotars) co-
existed with human driven avatars – you could only tell the difference 
(if at all) as you interacted with them (R. L. Gilbert & Forney, 2015). 
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Today such robotars seem limited to NPCs in video games. Hopefully 
as open, accessible, virtual world and Mixed Reality (MR) platforms 
re-emerge we will begin to see the return of such robotars, and 
renewed research in their capabilities, growth and interactions, 
particularly as driven by the current and next generation of AI 
platforms. Indeed Google recently “outlined its latest step towards 
artificial general intelligence (AGI) with a new model that allows AI 
systems to interact with a convincing simulation of the real world” 
(Milmo, 2025). The application of such robotars and 3D experiences, 
from education and training, through real estate and commerce to 
product and service design and delivery, to health and care are 
immense. Whilst we are seeing some great strides in robotics 
(Photos, 2025),  even greater strides can be made once we effectively 
represent (digitise) ourselves as avatars and no longer have to deal 
with the mechatronic complexities of physical robots. 

 
Crossing Uncanny Valley  
Linked to the above, the next few years is likely to see us finally 

cross uncanny valley (Mori, 1970) in all its forms. As audio, as 
animated 2D video and as avatars in virtual worlds or mixed reality, 
we will increasingly be unable to tell whether the entity we are 
engaging with is human or AI driven. As mentioned above some 
jurisdictions may pass legislation for AI driven entities to identify 
themselves as such, in all or some communications. For a while we 
may be concerned about whether the entity is AI or human, but there 
is likely to come a point, possibly only a few decades from now, 
where that no longer becomes a concern, and how will that change 
(or be driven by) our expectations of what it is to be human, what it is 
to be AI, and possibly just what it is to be sentient? 

 
 
Future Roles 
As we move forward then what are the new or extended roles that 

conversational AIs will fulfil, beyond performing the previously 
discussed roles even more effectively? 

 
Virtual Assistants 
The first consideration has to be the Siri-on-steroids, a virtual 

assistants that acts and performs better than most human 
assistants can do. At the moment (mid 2025) we seem to have two or 
three parallel tracks. We have the Siri type virtual assistant on our 
phones which is very notification and task orientated, we have Alexa 
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on our sideboard and kitchen counters which seems more 
entertainment orientated, and we have the persistent engagement 
over multiple chats with ChatGPT, Grok, Claude or Gemini. It must 
be assumed that all of these will come together, to give us one virtual 
assistant, accessible through any of these platforms, and which 
cannot just access information and services but is also capable of 
taking actions for us – some over quite long elapsed times – in the 
way that AI videos since the 1990s have been touting. This truly 
becomes your virtual assistant, potentially supporting people from 
their first to their last mobile phone, and through every device in 
between. Are we ready for the amount of information about us that 
such as virtual assistant will be able to collect – and how we keep 
control of that information?  

 
Virtual Representatives  
A key incentive towards letting a virtual assistant learn about us is 

the ability for us to increasingly delegate more and more of the work 
that we find boring or simply don’t want to do to the virtual assistant. 
While the assistant is simply replying to emails or filling out forms for 
us then the “assistant” moniker seems reasonable. But once we 
start to send it to meetings (on a video conferencing platform or in 
virtual worlds), then perhaps the term Virtual Representative is more 
appropriate. It’s not pretending to be us, but it is representing us and 
our views. Think of it as a junior you send to meetings on your behalf, 
with instructions to report back and only defer input on decisions if 
beyond its guidelines, knowledge or capabilities (back to the levels of 
autonomy discussion). And, of course, once it’s working as an 
efficient representative and junior then we can consider replicating it 
and sending it out to do more work for us, earning us more money, or 
letting us help more people (or both).   

 
Virtual Employees 
As discussed in the section on employment, the virtual 

representative has its flip-side in the virtual employee, built by the 
company for the company’s benefit. Even now the bots on contact 
centres are a form of virtual employee, but here we are talking about 
employees with far higher levels of knowledge and capability. And as 
discussed before what is to stop a company from cloning the best of 
these from their best employees (or the virtual representatives of the 
best employees)? Again the potential for virtual employees means 
that physical employees and their employers need to start ensuring 
that employment contracts take into account the employees 
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background IP (in its broadest sense), and the explicit foreground 
and implicit sideground IP that the employee develops whilst at the 
company, and whether the employee, employer, or both, have the 
ability to use that IP once the physical employment contract comes 
to an end. In the model introduced earlier, these virtual employees 
are likely to be of the daemon type, representing best practice from 
across multiple employees, rather than modelled on any specific 
single person, whereas the virtual representative will be more like the 
paintings in Dumbledore’s office, although possibly with the 
“smarter than reality” switch enabled! 

 
Synthetic Personas  
Synthetic Personas are a step beyond virtual employees and 

represent AI which are their own personas (not a copy of a physical 
person) but which are also free-agents, able to work for who they 
like, and to do what work they like. Synthetic personas may also arise 
from the platform personas discussed earlier. This also ties in to the 
earlier discussion about personhood, sentience and consciousness, 
and an acceptance of personhood is probably the benchmark for a 
true synthetic persona, otherwise they are just a form of virtual 
employee or virtual test-bed. It is from these synthetic personas that 
the first super-intelligences are likely to arise. 

 
Virtual Replicas 
As synthetic persona are to virtual employees so are virtual 

replicas to virtual representatives. The entity no longer pretends to 
be a representative of the person it is modelled on but is a copy or 
clone of that person, with its own motivations. As with all of these 
there is likely to be a spectrum in capabilities, and current “replicas” 
don’t have the level of self-awareness and motivations to count as 
what I consider here as a virtual replica, but they are the first step 
towards one. 

 
Virtual Amortality and Immortality  
Probably the key question in all of this is what happens to a virtual 

replica when its human progenitor dies? This isn’t a nebulous 
science-fiction problem. As describe above, even 8 years ago we 
were building a primitive virtual replica which looked (sort of), 
sounded (sort of) and talked (sort of) liked a real physical individual, 
and were faced with the discussion about what would happen to that 
replica if its progenitor was hit by a bus the next day? Could his 
employer still use it, could the next of kin have access to it as a 
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momento or to manage grief? As replicas become more advanced 
there will be questions as to whether the employer can still employ 
them, or the family still send them out to work. And as the bot gains 
personhood and self-motivation then it may have its own ideas as to 
what it wants to do. And what if there are multiple copies of itself? 
These discussions are of far more interest to me than the use of AIs 
to help manage the grief of the loved ones left behind – and which is 
itself a hotly debated topic (Bose et al., 2025). 

Amortality refers to the ability to decide when we want to “die” – 
and was probably coined by Neal Stephenson in his digital afterlife 
novel Fall; or, Dodge in Hell (Stephenson, 2020). It is, perhaps, a 
more realistic term in this context than immortality, seeing as that is 
a very long time (!) and the issues of keeping any computer system 
operating until the end of the universe are somewhat non-trivial. 
However, as I’ve previously described (D. J. H. Burden, 2020; Savin-
Baden & Burden, 2019),  even a digital amortal will be concerned with 
how to move itself from platform to platform as technologies evolve 
and businesses go bust, and that ultimately digital immortality may 
be no more than a hosting plan! 

Space precludes exploring this issue in depth in this white paper, 
and I’ve already written several pieces on the topic (see bibliography 
below) to which the reader is referred for more information. I’m also 
preparing a separate paper to examine virtual amortality  in the 
context of more recent developments in LLMs and AI. 

 

CONCLUSIONS 
This White Paper can only provide a high-level introduction to 

some of the key concepts and developments of conversational AI, 
and how they can be used and might be evolved. The core message is 
that we are on a journey with conversational AIs, which started with 
systems like Eliza, and probably ends with digital amortality or 
immortality, and synthetic personas and super-intelligence. The key 
question is how far along that route are we? We are 60 years since 
Eliza, and have probably seen more progress in conversational AI in 
the last 6 (or even 3) years than in the previous 54. I would expect 
that by 2085 (60 years hence) we will have digital amortals and 
synthetic personas, and will probably have achieved Artificial 
General Intelligence (and this is even delayed against the aggregated 
expert opinion of 2050-2075 we reported in Virtual Humans- before 
the advent of LLMs). But will it be a steady improvement between 
now and then, or will it be one of punctuated equilibrium, with 
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current LLMs representing one of the sudden steps forwards, but 
with one, two or three more such “revolutions” required to get to the 
end state? 

For now, I think that the most important thing that we can do is to 
engage with the technology, to understand conversational AI, its 
affordances and limitations, and to drive the technical and social 
research forwards in order to ensure that future conversational AI is 
developed and deployed in effective, efficient, sensible, ethical and 
responsible ways. 

  
 

MORE INFORMATION  
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ANNEX A 
 

KNOWLEDGE GRAPHS 
 
 
Topic Maps 
The best way into Knowledge Graphs (also known as Linked Data 

or Semantic Graphs) is probably through concept maps and topic 
maps – more specific forms of what many people know as mind-
amps. In these, each node represents a “topic” and the lines that join 
them represent a relationship between the two topics.  

XTM is an XML standard to represent Topic Maps. Whilst (once?) 
popular in Knowledge Management circles topic maps as such have 
never been massively popular in chatbot circles, but in both areas 
have now probably been largely replaced by triples and knowledge 
graphs. 

 
Triples 
The core of a knowledge graph (or semantic graph) is a triple – the 

graph just being a large number of triples (possibly millions) joined 
together. A triple consists of 3 (!) parts: 

 
Subject 

Predicate (or verb), and 

Object 

 
The subject equates to a topic – it’s a thing or a concept. The 

predicate equates to an association, or a facet link, and an object is 
another topic or a facet. So this is a triple: 

 
Car madeof Metal 

 
The key thing is that you can probably represent every bit of 

knowledge and information that exists as a set of triples. The triple is 
the atomic unit of knowledge.  

 
 
RDF 
After Tim Bernes-Lee had invented the World Wide Web, most of 

his time was spent on trying to establish and popularise the 
Semantic Web – this was a web which understood meanings, and 
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was not just a collection of ASCII characters. Knowledge Graphs are 
fundamental to the Semantic Web, and the standard that Berners-
Lee created to define triples and knowledge graphs is called 
Resource Descriptor Framework (RDF), and it is a W3C standard. A 
triple in RDF looks like: 

 
http://example.name#BobSmith12 

http://xmlns.com/foaf/0.1/knows 

http://example.name#JohnDoe34. 

http://example.name#BobSmith12 and 
http://example.name#JohnDoe34 are URIs (Universal 
Resource Indicators) for the people Bob Smith and John Doe. URIs 
are unique to each instance of a thing – life would be a lot simpler if 
everything had URIs (for instance there is a mapping of ISBN 
numbers to URIs, but no equivalent for films or people)! 

http://example.name and 
http://xmlns.com/foaf/0.1/ are namespaces. Standardised 
namespaces have been established for a wide variety of different 
uses and sectors, and by using them you help to ensure that triples 
can be used between different systems. “foaf” stands for “friend of a 
friend” and was an early namespace to define personal information 
and relationships. 

RDF can be simplified by defining namesspaces at the start of the 
document: 

 
ex: http://example.name# 

foaf: http://xmlns.com/foaf/0.1/ 

 

ex:BobSmith12 foaf:knows ex:JohnDoe34. 

 
Turtle (TTL) 
A common way to represent RDF triples is in a format known as 

Turtle (file extension .ttl), which is very similar to the above and lets 
you define multiple triples without repeating the subject, so a Turtle 
file might look like: 

 

@prefix tlo: <http://example.com/tlo/V001/> . 

@prefix foaf: <http://xmlns.com/foaf/spec/> . 

@prefix sch: <http://schema.org/> . 

 

ex:BobSmith12  sch:gender  ex:male; 

    sch:name  “Bob 

Smith”;  

https://www.w3.org/TR/rdf11-concepts/
http://example.name/#BobSmith12
http://example.name/#JohnDoe34
http://example.name/
http://xmlns.com/foaf/0.1/
http://example.name/
http://xmlns.com/foaf/0.1/
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foaf:knows  ex:JohnDoe34. 

 

A lot of the information on the righthand side of a Wikipedia page 
can be downloaded in RDF/TTL format by querying the Wikidata site. 

 
Ontologies and OWL 
Another key aspect of knowledge graphs are ontologies. These are 

essentially class hierarchies, and ideally every subject/topic in a 
knowledge graph should be part of an ontology hierarchy – and many 
tools (eg Neo4J ) enforce this. The ontology itself may be represented 
in RDF or TTL, but should ideally be represented in the Ontology 
Working Language (OWL) – a derivative of RDF. In Turtle, but using 
the OWL schema, part of an ontology might look like this: 

 

@prefix owl: <http://www.w3.org/2002/07/owl#> . 

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-

syntax-ns> . 

@prefix ns0: <http://www.w3.org/1999/02/22-rdf-

syntax-ns#> . 

@prefix ex: <http://example.name#>. 

 

ex:landtransportation ns0:type owl:Class ; 

        rdfs:subClassOf ex:transportation ; 

ex:car ns0:type owl:Class ; 

        rdfs:subClassOf ex:landtransportation ; 

ex:suv ns0:type owl:Class ; 

        rdfs:subClassOf ex:car. 

A key feature of using the knowledge graph should be inheritance. 
So, for instance, if we define that a car is typically made of metal, has 
4 doors, 4 wheels and carries 4-6 passengers, then since an SUV is 
defined as a type/subclass of car then the bot would immediately 
know that an SUV is probably made of metal, has 4 doors, 4 wheels 
and carries 4-6 passengers. 

 
Another useful trick is prototyping. So, for instance we might have 

a “project” defined as a class (and being a subClassOf activity say), 
but we then define the associations/facets/predicates that we would 
expect any project to have, so: 

 
ex:project ns0:type  owl:Class ; 

rdfs:subClassOf ex:activity ; 

sch:startDate ex:prototype; 

sch:endDate ex:prototype; 

https://www.w3.org/OWL/
https://www.w3.org/OWL/
http://example.name/
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ex:objective ex:prototype; 

sch:description “An activity with a beginning, 

end and defined purpose or goal, but typically in 

a non-competitive environment.”; 

sch:name  “Project”. 

 
 
SPARQL 
The final key “technology” in the knowledge graph space is 

SPARQL. This is the knowledge graph equivalent of the SQL database 
query language and enables code to query a knowledge graph in 
quite sophisticated ways in order to extract information (as triples). A 
simple SPARQL query looks like: 

 
SELECT ?subject ?predicate ?object 

WHERE { 

?subject rdfs:subClassOf ex:landtransportation 

. 

} 

 

Which would get all forms of land transportation. 
 
 

https://www.w3.org/TR/sparql11-query/

