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1. Getting Started

Writing a thesis is hard work and getting started is perhaps the
most difficult part. A research degree focuses on you becoming an
expert in a particular topic and adding to the body of scientific and
engineering knowledge on that topic. However, research is also
concerned with learning, and especially with learning to work
independently and being able to develop your own understanding
of any given topic. Starting with very little, where do you begin?
The following are some pointers on how to get started.

Your supervisor will have provided you with an outline description
of your research topic. To begin with, and to test your
understanding of this outline, you should try to expand on the
problem statement. In your own words, try describing informally
exactly what the final system should do, what data it will take as
input, what data it will produce as output, and how these input and
output processes are accomplished. Next, try to say exactly how
output. Describe why this problem is relevant. Say why it is
important to solve it. What are the consequences of finding a
solution? What does solving this problem mean?

Your supervisor will suggest some initial reading: journal papers,

conference papers, book chapters. Read them all.

Arm yourself with a pen and write a short synopsis of every paper
and book chapter you read. Write down the key message (one or

two sentences) and the main ibution (one or two ).

It is also worth writing down one or two quotes from the paper if
they provide some important insight into the topic. This is hard
work. Don’t underestimate it but do be aware of how important it is
to do it. The very act of writing helps crystallize ideas. Remember:
summarize every paper you read. Don’t be tempted to copy the
paper abstract: the point of the exercise is for you to express your
understanding of the paper in your own words. This is a necessary
part of the learning experience. You won't learn if you don’t write it

down in your own words.
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5etting Started



Research is Difficult

* Become an expert in a particular topic

* (Contribute to the body of scientific and
engineering knowledge

* Learn to work independently




Understand the Problem

* |n your own words, try describing informally
exactly what the final system should do

* |nputs, outputs, transformations

* Why this problem is relevant?




Start Reading

* Initial reading
* Journal papers
* (Conference papers

* Book chapters




Start WRITING

* WWrite a short synopsis of every paper and
book chapter you read

— Key message [one or two sentences)
— Main contribution (one or two paragraphs]
— One or two quotes from the paper

— Assumptions, principles, techniques
[these are organizing attributes]

* \Whriting helps crystallize ideas

* Don't copy the paper abstract

* You won't learn if you don't write it down
IN your own words



Start Writing

* Talk to your supervisor & colleagues

— The goal of your work

— The central problem

— How you are going to solve it

— How other people have solved it

— What difficulties they encountered

— Why their approach isn’t as good as the one you are
trying to use

* \Write down these ideas

— Use a pen and paper first
— Type the notes later
— Give a short presentation to your group



Start Listening

e (50 toseminars

* (5o to talks being given by other students

* (5o to all group meetings

* Research is a social activity



How to Eat an Elephant?

Start Simple

Carve up the problem

Solve a simple version first

Solve the complicated version next

Structure your research goals

— an essential but fairly easily achieved goal
— a desirable but somewhat harder or risky goal

— the ideal goal, something that would represent
a real breakthrough



Work Hard

* (Genius is 1% inspiration and
99% perspiration

* You can't get a Ph.D. or M.Sc. without a lot
of hard work

— early mornings
— late nights

— frustration

— fatigue

— & sometimes depression




Formalize

R(s) 1/3 * As early as possible, you need to try to
V(s) = K(s) (1 T aR(s)) formalize the problem you are working on

vs. * You will need to get a grounding in the

background theory first
t2 d3x 2 d3y 2
=1 g Z 9
oo () (5

(One third power law vs. minimum jerk law for modelling biological mation)



Learn about Tools

You need to become and expert in two
different domains

— The problem domain

Theoretical issues by which we can model and solve
the problem

— The solution domain

— The tools that will enable you to implement the
solution



Moving Along



Make Notes

Keep a logbook of all work in progress

— Thoughts

— Ideas

— Notes of meetings with your supervisor
— Results

— Theoretical developments

— (Calculations

— References
— Anything that is relevant to your work



Believe in Your Own Ability

* You will have to spend many hours
every day, often with no reward,
chipping away at the problem,
hoping for progress

* To get through this, you need to
believe in your own ability



Believe in Your Problem

* Believe that the topic you are working
on is worthwhile

* |f you are not convinced that solving
this problem matters, find another
topic

* You should enjoy your PhD / MSc!



Practice, Practice, Practice

Research Is not a
spectator event:

It Is a contact sport!



Framing the Research Question

* Re-scope, if necessary
* PhD: ask and answer a hard question

* |f the answer is not convincing, get a
better answer or a different question



Jump Start Your Day

Before your leave work,
set yourself a task for the morning
that is easy [and productive])




Dealing With Criticism

 You will have to take a lot of criticism

* Being wrong and being ignorant is

“Remember, though, if we
normal

can't criticize ourselves,

meone else will sav '
someone else will save us * Ignorant does not mean stupid.

the trouble.” It means lacking knowledge

Drew McDermott, Artificial Intelligence Meets Natural Stupidity,

ACM SIGART Newsletter, No 57, pp. 4-9, April 1976. * CPItICISm IS a pOSItlve act,
not a negative one



Don’t Give Up!
* Take mini-holidays (10 minute ones!)

* Don't think about the problem all the
time!!!




Be Prepared for Inspiration

~ Here as he walked by:=
on the 16th of October 1843
1| Sir William Rowan Hamilton
in a flash of genius (hscovered‘
|| the fund amental for mula for
{{ quater mon m u[tlphcatlol g
' i*= j’= R’= ijR = ~1 SS—-.
{/ & cutit onastone of thjs bnd.'

* Inspiration strikes at strange times!

* Keep pen and paper handy,
just In case!

(or a pen-knife]



Get Yourself a Theory

* The great power of science and
engineering Is that it allows us to predict
how systems will behave

* To be able to predict something, though,
you must have a model: an abstract
formulation.




Get Yourself a Benchmark

* The hallmark of good engineering is to

— assess the system’s performance

@DD@@D& — compare it to that of other similar systems
SiCompeine
v (v * |deally, you should identify some
— uantitative metric by which to
v [V <emem q y

. compare the systems



Reading



Recursive Reading

Read the initial set of papers
They will refer to other papers

Get the main (relevant) papers cited and
read these

These refer to other papers ...

Recurse until you achieve closure



Three Levels of Reading

* Shallow Reading
* Focussed Reading

* Deep Reading




Shallow Reading

* Mainly background material providing
the context to the research

* The topics are relevant to your work
but not directly related

 Often it is sufficient to read just the
abstract, introduction, and conclusion

* \Write a one- or two-line summary of
the main issue addressed.



Focussed Reading

Directly relevant and provide, for example,

— alternative ideas on the topic of your
research

— Component technigques

These papers should be read thoroughly,
perhaps twice

Write a one-paragraph summary

These papers will typically go in your
literature survey



Deep Reading

* Some papers (10-30) will be absolutely
central to your work [e.g., competing
models]

* Read them several times to really
understand them

* Work through some examples

* Probably have to refer to other papers or
text-books to understand some of the
concepts described




Deep Reading

* Write a 1-2 page summary

— If they contain mathematical results,
you should include these

— Explaining each term and the
importance of the results

* After many careful readings, you should
know as much about the topic as the
author

* A good test of your understanding of a
paper is to see if you can give a short
presentation on it and explain it to other
people in your group



Build a Bibliography

For everything relevant you read, insert
the full citation of the paper or book
chapter in your bibliography so that you
can refer to it in your subsequent writing

Make sure you keep a complete citation
Index

— Title of the article

— Authors

— Name of the conference/journal /book
— Volume and number

— Page numbers

— If it's a chapter in a book and the author of the
chapter is different from the editor of the book,
you need to record both sets of names.



Variety
* The reading in’ phase of the project can last quite a long time
(there’s a lot of reading and writing to be done]

* |t can help to overlap with some of the other early tasks

— Learning about the solution domain



Reading Means Writing

* To fully understand anything that you read, you must write it up in
your own words

* |f you can’t express or speak about a given idea, then you haven't
truly understood it in any useful way.

* Whriting is an essential part of understanding



Writing

Clarity, clarity, clarity



Writing
* \Writing is not easy

* The discipline of writing

— the physical act of writing:
— the process of assembling ideas and getting them down on paper

* The style of writing

— elegance and simplicity:

— the power of your writing to communicate an idea



Good Writing Discipline

* Keep records

— Notes on papers you read

— Notes on software you develop
— Notes on ideas you have

— Notes on tests you run

* \Writing these notes serves several purposes

— It helps to crystallize ideas and clarify them

— It helps the learning process

— It makes sure you don’t lose or forget any important points.

— It also acts as a basis for subsequent writing: for reports and papers



Good Writing Discipline
* Make writing a way of life!

* You should allocate a large proportion of your day to writing

* \Writing should be an integral part of your working day



Good Writing Discipline

Use pen and paper
Write things down long-hand
Later on, write these notes up more neatly and in a more organized fashion

Once you get good at this, you can go straight from long-hand notes to typed
document

but it's very helpful at the beginning to first create an intermediate long-hand
version.



Good Writing Style

Effective writing is difficult

It takes practice and a willingness to revise your work, many times

Read good writing

— Several previous dissertations
— Conference papers

— Journal papers

— Magazine articles



Good Writing Style

The popular scientific press, e.g., Scientific American or New Scientist,
employs a particularly simple and effective form of written expression

— Try to emulate their style

— For a model of clarity in scientific writing, read
https:/ /www.nobelprize.org/nobel_prizes/medicine/laureates,/ 2014 /advanced-medicineprize2014.pdf



Good Writing Style

Why is writing well so difficult?
The goal of writing is to convey a message to the reader
Writing and reading are sequential processes

You have to construct the meaning of your message, in a linear time-line



Good Writing Style

However, the meaning you intend to convey may emerge from many sources,
not all related in a nice orderly fashion

This creates a problem for the writer:

how to order the messages contained in each sentence effectively



Good Writing Style

* Use short sentences and make sure the sentences are complete

— A complete sentence has a subject followed (usually] by a verb, and then an object

* Simple sentence

“Cognitive systems can adapt to changes in the environment.”



Good Writing Style

* Use short sentences and make sure the sentences are complete

— A complete sentence has a subject followed (usually] by a verb, and then an object

* Richer sentence

“Cognitive systems can adapt autonomously to unexpected changes in the
environment”



Good Writing Style

* Use short sentences and make sure the sentences are complete

— A complete sentence has a subject followed (usually] by a verb, and then an object

* Include subordinate clauses
(which will normally have a subject-verb-object structure of their own)

— "Cognitive systems can adapt autonomously to unexpected changes in the
environment, especially those that the designer did not anticipate.”



Good Writing Style

* Remember that, if you remove all the extra supporting words,
you should be left with a valid sentence.

It's a good idea to check all your sentences this way



Good Writing Style

* (5ood writing strikes a balance between short sentences and longer
more descriptive ones

* Full stops mean pauses

— too many pauses and the text sounds disconnected
— too few and it can be hard to follow the story line

* Strike a balance but favour brevity over complexity



Good Writing Style

Pictures and diagrams

— Make sure each one has a self-contained explanatory caption
— Never refer to a picture or diagram in the main text without saying what it is

— Never say

“Figure 2.3 shows the results of the noise test”

— Instead, say

“Figure 2.3 shows the results of the noise test. These results demonstrate the robustness of
the system to Gaussian noise with a standard deviation of 1.5 or less.”

— If you have copied the figure from a book or article you must cite the source



Good Writing Style

* Make the paragraph your unit of construction

— Each paragraph should bind one or more sentences about a specific subject or idea

— If the subject or idea changes, start a new paragraph

* Omit unnecessary words. They distract the reader.
— Don’t write "This is a system the performance of which is very adaptive”.

— Instead, write “This is an adaptive system”.



Good Writing Style

* \Whrite in a way that comes naturally

— Speak the sentence
— If it sounds correct, trust your ear and use the sentence
— If it sounds unnatural, rewrite it

* Avoid fancy words; they don’t impress anyone



Good Writing Style

* Be clear in your expression

— Write clearly
— Whrite concisely
— Write precisely

* You have a message to convey

— Make sure you know what it is
— Keep it in focus throughout
— Don’t stray from the key point you are making



Good Writing Style

* Present your argument in a structured manner

— Ensure that what comes first depends as little as possible on what comes later

— Ensure that what comes later builds on and adds to what you have just stated

* |f the idea you are trying to convey is getting lost in a sea of words and phrases,
draw a line through the sentence and start again.



Good Writing Style

To learn how to write a good dissertation or paper

— Read other good dissertations or papers

— Practise your own writing



Good Writing Style

Don’t take short-cuts
Explain what you mean

Don’t leave the reader to struggle trying to figure out the real meaning of your
carefully constructed but complicated sentence

She may conclude there is none

Explain all acronyms the first time you use them



Good Writing Style

e | et information flow

In each sentence, lead your reader from familiar information to new information

* Place material you want to emphasize at the end of the sentence.



Good Writing Style

Be brief
This isn’t easy

“| have made this [letter] longer, because | have not had the time to make it shorter”
Blaise Pascal, "Lettres provinciales", Lettre XVI, 1657.



Good Writing Style

Revise and rewrite

Make an attempt, and then be prepared to revise it, repeatedly
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The CRAM Cognitive Architecture for Robot Manipu
Everyday Activities

Beetz, G. Kazhoyan, D. Vernon, nxA. N. Other,

Institute for Artificial Intelligence, University of Bremen, Germany.

Abstract

| e2np
This paper desgribes a hybrid robot cognitive architecture, AM, that enables robot agents
to accomplish everyday manipulation t e é
) out everyd s
cation, (ii) the generati f ¢ 4 havior, (111) the abili to mako decisions based
on knowledge, experience, and prediction, (iv) the ability to reason at the level of motions,
and (v) the ability to lain actions and the consequen these actions. W plore the
ions of the CRAM cognitive model: implicit-to-explicit manipulation,

generative model geheralized ion plans. We d be the structure and components of
the cognitive archi i ; i I by which CRAM transforms a generalized
action plan for some cz of under- dttPI mined action into a low-level parameterized motion
plan. It does this by using l\nowledge and reasoning to identify the parameter values that m

e the likelihood of s fully accomplishing the 166}@3%@(1 action. We demonstrate the
ability of a CRAM-controll 5 to ce g y eryday ac i
kitchen environmen ; setting a table for a medl and tidying up afterw

ableware in a dishw er. Fir

plan, implicit-to-explicit manipulation.A rn:' Coim\u\

1 Cognitive Architectures
k,\w!bu u)‘ L!b HL\ Secall 0"0)
The concept of a e architecture arises from o years ch in various strands
of cognitive science, a discipline that embraces ne ence, cognitive psychology, linguistics,
emology, philosophy, a: rtificial intelligence, among others. The primary goal of cog-

nitive science is to explain the underlying proces in the f()r;1
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exploit the knowledge representation and reasoning of symboli p >‘1‘0‘1('} 5 wi ‘ dn\(v oy 3
representation and infe s T sub eyl




An Overview of Different Options
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Abstract
.rd ol

This 1)1'{1 presents the nptym\ for the design and implementation of the situation model frame-
work and its mn;.,mt]nu/ﬁﬁ the CRAM cognitive it Two options are presented, one
symbolic, based on internal simulation using the Unreal Engine, and one sub- bolic, be
multi-modal associative memories implemented with deep convolutional

(Y w’—”\ PSS vramay ,.;a:@\_t!::gwmﬁq

Lo haysma M,w—r——’—j’— =

1 The Situation Model Framework
introduced by Schneider, Albert, and Ritter (

E ndmﬂ hov\ cognitive behaviour, in general, and flexible context-sensitive
s realized in hum’mq anuuals‘ and machines. The-long-

algorithm level and the hardware or wet
models, fully devt el(»p( d, can be viewed at tln e le\e

ntation, and process. As such, it sets out in

A de it

- on which to base and build such a theory, -

Zd['r 5 s ituati are (three -cutting themes. First, action
‘zr]\'—f(“m P on. Cont: act 5 see the process that integrates the

many different ((nnpon@x of an intelligent systems and lies at the heart of flexible context-
sensitive cognitive behaviour. Second, compls haviours can emerge by
behaviours. Third, perception, memory, and action are tig
task by prioritized control mech: , i.e. attention.

i Yenns An important feature of the s 'tnatlon model hdmowoll\ is the ability to create 11ch smmtlon
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Abstract

We begin by a
play in driving the fourth indu:
the digital tr f
ing the importance of socio-culturz

mg?c:nrml role that Al and robotics

al revolution in / and
African economies, highlight
actors in achieving the
trust, a
tion depends. We explain why this is particular
case of social robotics where culturally competence is pivotal
iples of the culture-specific

eptance, and widespead adoption on which innova-
/ true in the
for success and we provide
derived from social and cultural norms in
countries. We conclude by unwrapping the concepts of di-
sity, equity, and inclusion, and we expL\in how Lhe—need
fer cultu;
GA

Keyword. human-robot interaction, culture

sensitivity inclusion

1 Socio-cultural Factors Underpin the
Fourth Industrial Revolution in Africa

Al is having an increasingly positive impact in Africa in
many sectors such as energy, healthcare, agriculture, public
services, and financial services [26]. It has the potential to
drive economic growth, development, and democratization,
reducing poverty, improving education, supporting health-
care delivery, increasing food production, improving the
capacity of existing road infrastructure by increasing traffic

flow, improving public services, and improving the quali

of life of people with disabilities [28]. Al can empower wor
ers at all skill levels to make them more competitive [4, 22].
pecifically, Al can befsed to augment and enhance human
| skills, not to replage’or displace humans, and to do so at all
| levels, empowering av LragL or low skill workers to fit bet-

sponsibilities.

Al forms the foundation of the Fourth Industrial Revo-
lution, Industry 4.0 [31]. Countries around the world have
prepared Al strategies to ensure they are net-leﬁt—behmd The
scope of these strategies is extensive, embr cing the research
and development necessary to advance/ the-upabdu.%af Al
i disciplines, the strategies for promgting innovation, and
ensuring that-this-is done-in-an-ethjat-nranmer [15]. While

/most of the effort to develop and exploit Al happens in devel-
oped countries, there is increasing awareness of its relevance

%
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to developing countries| ], with some countries, such
as Rwanda, creating national Al strategies [2] and hosting
a World Economic Forum Centre for the Fourth Industrial
Revolution (C4IR) [11]. South Africa also hosts a World Eco-; |
nomic Forum Centre for the lourth Industrial Revolution | {
(C4IR) [’1‘1}’1\1"1 ica, a continent vyrt‘h 34 countries, launched
a ten year plan in 2022 for the digital transformation of its
economies [1].
The Fourth Industrial Revolution and digital transforma-
innovation, something that is not as straight-
forward as it might seem. [Rose] distinguishes between cre-
ativity, invention, and innovation. Creativity can lead to the
invention of a novel idea or artefact but innovation carries
the creativity and inventions into wider use: the diffusion
of that invention and its widespread adoption, leading to
substantial social change in the practices of a community of
people. He captures this in a beguilfingly simple equation:
“innovation = invention + exploitation + diffusion”, where
the invention is commercially developed and exploited, and,
dopted in a wider community of users.
sful innovation also depends on infrastructure. [Rose]
notes that m\\mfnﬁtructure is the unnoticed precondition
for technology innovatior gTI\There are two forms of in-
frastructure, the phy>1cal and the social. The physical infr
tructure might 1nclud6the availability of electrical power,
communications net ks, or internet connectiv 1W, some-
thing that is taken for granted in developed count¥ies but
which cannot always be assumed in developing countries. Of
equal importance is thé social infrastructure which includes
the social conventions that govern people’s behaviour and
the practices they find acceptable and unacceptable. Social
infrastructure heavily impacts on whether or not an inven-
tion is adopted and becomes an innovation that can yield
benefits for the local community. Ageis, Social infrastructure
includes trust and people’s sense of what is trustw orthy.
[Hofman et al.] define trust as “the expectation that a
service will be provided or a commitment will be fulfilled”,
emphasizing the importance of expectation in their definit;
Expectations are grounded in the socio-cultural experience
of those whose trust is required. \
The importance of the cultural context in building trust is
emphasized by [Lee and See]. They define culture as “a set of
social norms and expectations that reflect shared educational
and life experiences associated with national differences or

tion requir




distinct cohorts of workers”. An awareness of these social

norms and expectations, and the socio-cultural background

from which they arise, is crucial to the development of trust

fany new technology, includin based

products and servi ctension to their diffusion
and adoption Suh w Gooad oty

Culture can be characterised in many ways. Hofstede iden-

x dimensions in which an understanding of cultural

should be addressed [17-19]. Others highlight the dif-

ays that cultures pe e time and space, noting that

concepts of time in the st and in Africa differ significantly

[5]. Witheut wanting—te—fall-into-the trap-of generalising

across-a-multitude of culturesand-ignoringethnographic

an say-that time-in-Afriea-has-traditionally

gular or irregular—in

hese factors

have a bearing on how technology, generally, and informa-
tion technology, powered by Al in particular, can support
an individual or a local community in Africa and whether
or not that support, no matter how well intended, will be

accepted, trusted, and adopted. Lack of trust can severely

and negatively impact the adoption of these servi

products, fatally undermining tt
ticipated benefits

thermore, Al and robot.
.2 explainability, transparency, lack of bias, all of which
THave theirowa influence on whether or not produc
services that use Al will be trusted and adopted.

The consequence of this argument is that, if developing
countries in Africa are to reap the rewards of adopting Al
innovation needs to be founded on the socio-cultural factors
that impact on trust, which is essential for adoption and the
realization of the benefits of the technological invention.

To summarize: socio-economic development in Africa
must be sensitive to people’s culture for it to be success-
ful [27]. Concerning the role of Al Virginia Dignum drives
this home when, in Responsible Al in Africa [14], she says
“research and development of Al systems must be informed
by diversity, in all the meanings of diversity, and obviously
including gender, cultural background and ethnicity” [13].
While the overarching agenda of the inclusive digital trans-
formation of Africa is widely recognized to have the potential
to be a positive disruptive influence many aspects of the lives
of African citizens, the transition from recognition of poten-
tial to realization of benefits is not a straightforward matter.
The transition depends on turning technological invention
into innovation, requiring widespread adoption [30]. How-
ever, adoption, especially of A, depends on trust [3], which,

in turn, depends on social and cultural sensitiviy [24].
Aow
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Competent Social Robotics

The need for artificial intelligence technol to be cultur
y competent and capable of interacting effectively with
humans is perhaps best exemplified by the field of social
robotics, a field that is growing quickly. The global social
robotics market was valued at USD 1.98 billion in 2020 and
is expected to reach USD 11.24 billion by 2026, registering a
compound annual growth rate (CAGR) of 34.34% during the
26 [29]
people in a variety of wa

period of 2|
Social robots ser: and oper-
ate in everyday environments, often in open spaces such as
hospitals, exhibition centers, and airports, providing a
tance to people, typically in the form of advice, guidance,
or information. The people interacting with the robot have
no special training and they expect the robot to be able to
interact with them on their terms, not the robot’s. There are

First, it means that social robots need to be able to interpret
the intentions of the people with whom they are intera
Thi ifficult to achieve because humans do not necessar
articulate their specific needs explicitly when they inter:
with social robots (or, indeed, with other humans). As [Sci-
utti et al.] note, “the ability of the robot to anticipate human
behavior requires a very deep knowledge of the motor and
cognitive bases of human-human interaction”. Furthermore,
humans use a variety of ways — spatial, non-verbal, and ver-
bal — to communicate their needs, desires, beliefs, intentions,
and emotions. These are heavily influenced by social and
cultural norms. e Bestnede

Second, and conversely, humans have expectations of
the robot’s behavior and they have a distinct preference
for robots that exhibit legible and predictable behavior [32].
Since people make predictions based on what they are used
to, robot behaviors must be tuned to the socio-cultural con-
text in which they are operating and their spatial, non-verbal,
and verbal communications must reflect the social and cul-
tural norms of their interaction partners

A culturally competent robot requires at least five ele-

i) cultural knowledge representation, (ii) culturally

sensitive planning and action execution, (iii) culturally aware
multimodal human-robot interaction, (iv) culture-aware hu-
man emotion recognition, and (v) culture identity assessment,
habits, and preferences [8], as well as intention recognition
and some capacity for forming a theory of mind [34].

Ideally, culturally competent robo combine top-down
and bottom-up approaches based on the predetermined pro-
files of a cultural group and the cultural profiles derived from
the behaviors of individuals, respectively [23].

Culture-specific knowledge, i.e., knowledge of cultural
and social norms, must be encapsulated in a knowledge on-
tology for use in a knowledge representation and reasoning
system when selecting culturally sensitive robot behavior
and recognizing culturally dependent human behavior [10




ial Robotic
Equity, and

In short, social robots must be culturally competent to be T'able 1. African Culture-specific Knowled

effective 23] and therefore social robotics must embrace o [ [P AN e ]

cultural diversity if their are to be widely adopted 1 An appropriate greeting should precede interactions ‘

2 | The younger interaction partner is expected to initiate
3 Diversity in Cultural Competence greetings

i
While there are studies on cultural differences in the accep 3 i The younger interaction partner is expected to bow when ‘{
tance of robots in the West and East, e.g., [7, 8, 21], similar | greeting an elderly person or when rendering a service |

1 ‘ Interrupting a human interaction partner is considered

studies of the cultural factors that impact of acceptance in

|
|
. *‘
Africa have not been reported [6]. The recent survey by [25]) ¢\ | rude. 1y Somdurt O~
|
|
|
|
[
|
|
|

Gisdng obje I;;.\])mm)ng and even waving with the left |
hand is considered rudé.)Humanoid robots should be
right-handed by default. A social robot should adjust its

orientation in order to hand over an item with its right

.“ briefly mentions Egypt, Tunisia, Libya, and Sudan but only
t, | contrast perceptions with the Gulf region when interacting
with an Arabic robot
This highlights the need to identify culture-specific knowl-
re through ethnographic research. hand
The specific factors that underpin effective human-robot Language is a valued aspect of culture; native languages
should be used for verbal interaction
Africans are more receptive when they feel they greye
spected. Robot behaviors and modes of speech shofildkgn

vey a sense of respect for the interaction partner.

interaction include spatial interaction (proxemics, localiza-
tion and navigation, socially appropriate positioning, initi-

ation of interaction, communication of intent), nonverbal

interaction (gaze and eye movement, deictic, iconic, sym-
Most African countries display friendliness through phys

bolic, and beat gesture, mimicry and imitation, touch, pos-
contact i.e., touch. However, a robot should ask for

ture and movement, and interaction rhythm and timing),
and verbal interaction (speech, speech recognition, language ? ot

permission before touching.
understanding, speech generation) [6]. These spatial, nonver- should-ask—cz 2

before-a

bal, and verbal interaction factors must be adjusted to reflect 3
A robot should either respond with a friendly smile when

the traits that would make social robots effective in Africa.
It is important to recognize that there are many different touched or i by touching its user during
cultures in Africa, with many different norms for deictic, | a conversation
iconic, and symbolic manual gesturing, ell as gestures Africans are energetic people who like rhythmic move
involving eye gaze, head tilt, eyebrowg; "ﬁﬁhdy posture, ment -l—he*,—kf\ﬁ dancing to higidy rhythmic beats, and:
generally. Similarly, there are many different ways in which fhey easitf embrace anyone that exhibits an appreciation
spoken language can express nuances of meaning by modu- | of rhythm. Humanoidfobots beh \MRNM "’%‘J‘
lating amplitude and timbre. f;,,ﬁ'\l{l- e e ¥ wo | When communicating information, it is appropriate to
W Hewing-identified-the verbal and non-verbal soc ‘} and intermittently keep eye contact; lack of eye contact de
cultural norms of human interaction that are prevalent in | picts disrespect as it shows divided attention during the
different countries in /\fricg,they can then be encapsulated interaction, WAL an elde
in the behavioral traits-of social robots so that these robots 2 | In someAfrican countries such as Kenya, making eye con
engage with African people in a manner that is consistent ct‘during a conversation is considered vesy disrespectful.
with their expectations of acceptable — respectful — social & To increase the acceptance of humanoid robots in such
interaction, rather than using inappropriate or insensitive ° gountries, eye contact and gaze must be minimized during
social behaviors and modes of interaction from the West or . ‘interaction
the East. : &
lpml\“)\ Amhnt is expected to take a subordinate role.~ L) W
4 Interaction in Africa Opting to go first in an interaction is sometimes cor i:i

Thi / 3 i : ered rude.
While much more‘ethnographic research issequired, Tables e —

1 and 2 present some preliminary findings’sn the cultural

factors that impact on the acceptance of social robots in

Africa, the preferred behavioral traits that are considered ap- / Socuyleg ol e
propriate for human-robot interaction in Africa, and design e
patterns for culturally-sensitive social interaction in human- 5 Unpacking Diversity, thitys & Inclusion
robot interaction, tuned to the preferences of African people. We conclude be considering the 9943] implications of a dis-
\i’\"- base the design patterns on the eight design patterns cipline of culturally competent social robotics that fully en;-
for sociality in human-robot interaction proposed by [Kahn braces diversity, equity, and inclusion. To do this, we need
etal].y Moy .},\ I "&"1‘« ated bo s Qm,mw‘( to unpack what is meant by theseAterms,
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»L‘dg

Mi‘ﬂwu)m w S
N W"Bi‘»/ﬁ




Table 2. Africa-centric Design Patterns for Social Robots,

adapted from [20]

|1
mtml

| Introduction

Reciprocal

Turn Taking

Didactic

} C. : o
| ‘sommunication

1
|

Personal Interests

from Mistal
)
<

Physical Intimacy

-~

Claiming Unfair Treatment

(o 'Wrongful Harm

es{gn Pattern :
he robot must acknowledge the
| presence of the person
The robot should exhibit def:
| erence by bowing or kneel-
| ing when encountering someone
[ from the older generation
| The robot should greet first
‘ “Good morning, Sir” or “Good af-
‘ ternoon, Madam” are more re
spectful greetings than “Hello”
or “Hi” which are are used with
peers and subordinates.
Personal and intimate distances
should be respected during inter
action
The robot should rcspvotful[y
give the initial turn
to the human interaction partner.

one is disrespectful

For deictic gestures, the robot

should use its [p@t hand. @14 uk-

Gesture with an open palm

rather than pointing a finger.
obot should avoid trying

to share personal history since

it will be perceived to be inau-

thentic.

The robot should focus on and

highlight its functional useful-

ness.

The robot should explicitly say

“Please come along” to remove

any ambiguity of intention.

The robot should not walk too far

ahead when showing the w:

The robot should apologize pro-

fusely.

The robot should slightly bow

when introducing itself and af-

ter it makes a mistake.

In general, men should not be

hugged.

Women must be hugged care-

fully so as not to offend.

Personal space should be entered

only with prior consent.

Do not pass in between two peo-

ple that are interacting.

To enhance the perception that |

the robot is being respectful,

the robot should not be aggres-

sive by claiming unfair treat-

ment.
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Diversity concerns the many different dimensions in which
people differ. Gender, sexual orientation, race, culture, socio
economic status, traditions, education, age, religious and
thnicity,

spiritual beliefs, nationality, experience, physical

ability: these are just some of the s that characterize
diversity. Diversity creates opportun
understanding of the individual contribution that a person
this by breaking down

for greater mutual

of each background can make. It do
barriers — typically manifested as preconceptions and bias
and exposing what is special and positive in each and-every-
individual. In a sense, diversity is a means to an end: a way
of tapping into everyone’s potential and using that potential
to empower everyone else through mutual respect.

Realizing this makes it easier to understand the concept
of equity. In contrast to equality, equity is less concerned
with treating everyone equally and more about doing what is
necessary to allow each person to make their special individ
ual contribution and to participate just as much as everyone
else. Equality is passive; equity is active. It is the act of em-
powering, the process that leverages the potential latent in
diversity. Without equity, the power of diversity cannot be
realized. . L’L % h_;hm\.;)

By themsolves, diversity and equity create the necessary
conditions/but Carl't guarantee that these conditions will
lead to the positive interaction between each person in that
environment. This is what inclusion means: that each person
feels they belong in that environment and that their place
in that environment is valued. It is not enough that they are
present and empowered, but that they are visibly, openly,
and transparently valued by everyone else. Naturally, this is
a reciprocal process and, therefore, it can only be achieved
by mutual respect for the perspectives of others. This is the
essence of empathy. It necessitates that each individual ac-
tively adopts the perspective of others and sees the value
in it, irrespective of whether or not she or he agrees with
it, at that moment in time. Eventually, exposure to these
perspectives brings about a greater and a deeper understand-
ing, and a more harmonious, effective, and fulfilling way of
interacting with one another. Inclusion is the psychological
prerequisite of mutual empathy that allows diversity and eq-
uity to function effectively in creating a better, richer, more
enlightened mode of interaction. This is neatly summarized
by the poet George Eliot (the pen name of Mary Ann Evans):

The highest form of knowledge is empathy,

for it requires us to suspend our ego and

live in another’s world.

unlnnd N

This is the essence of a"thcory of mind, where someone, or
some social robot, takes a perspective on the needs, desires,
beliefs, intentions, and emotions of others, understanding the
manner in which these are modulated by socig} and-cultural
nesnrs: [\m_ d ‘\f\Ju\ o
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Culturally Competent Social Robotics for Africa

A Case for Diversity, Equity, and Inc lusion in HRI

The development of culturally competent social robots

that can achieve this level of understanding of their interac-

tion partners would not only acilitate effec

e human-robot

interaction by leverage cultural and social norms but it would

also contribute to the empowerment of the individuals with
which the social robots are interacting by recognizing and
aluing the importance of those individua s’ cultural heritage.

This, in a nutshell, is the pract
of diversity, equity. and inclusjon jn huby

al and p: ed jmportance

fobot ikterd

tion.
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well as catering for the need to factor some entpepy into the system con uration to facilitate
adaptivity and ensure that unexpected enepgy drains are not Mlhl\llll])]ll‘ Clearly, all th
ideas would need to be fleshed out and ir g ses r wi ¢ et out in the
draft. I'm unsure of the difficulty of gffat challenge but at least it might be worth e
any case, an energy-specific time-d¢€pendent value system will be needed, along with mechan
to optimise the robot behavigrfs with respect to that value system. There may be many other,
more pl:ul.\\hl.v. options. Syt Mo trthy

Our aim is not to devglop a we of minimizitg instantaneous energy € xpenditure, beesese

S 43k .
Fhere will inevitably \?t'\ Vllations which it is imperative to expend energy haungey-such-ss-in the

cagp-et-emergenctes. There 57 also be situations where short-term energy €x xpenditure may
result in long-ternr energy savings. A gree algorithm for energy expe: mlmnw by minimizing
77‘(. . wark e 5 ‘ 8 ) SRS g
16 (1:es afe) ¢ nditure may not lead to a safe or optimal strate L €
anategeus-to-the-ability of humans fori i + T

cognitive-developarert.

based sensors, this is could be well w; rsuing (richmar and others make a compelling
se for their energy efficiency - er annis raises are important: we’'d need to

minimise the risk is 1at \In consortium has all the requisite expertise and experience

in this area.
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which they carry them out re sflects their value systems.

Value systems have both an intrinsic and an exteific element, related to constitutive au-
tonomy and behav. joral autonomy, respectively€In turn, this means that the value system is a
function of current and predicted future states, mediated through exteroception (the current
and predicted future state of the world), proprioception (the current and prediced future state
of the phys \m\ alv of the 1::1)&) and interoception (the current and predicte (l(
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nction of the safety (or ) associated with an action, the energy expenditure of L/)
'd thenmoe ety -
1d the urgency of the action required to go from the current state to the goal state
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Passive observation of third-party demonstration, Cooperation, recognizing the goals of a

elements are related to theself-organization of the syste he,regulation of its
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autonomic and metabolic state, t

rather than genetic

third pary and facilitating their achievement. Collaboration, sharing goals and intentions with
a third t arty and working together through joint action to achieve them.
All
intentions of the third party, often referred to as theory of mind.
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t maintains the essential [metabolic
wutonomic] variables within physiological limit Ross Ashby, 1960, p. 58.
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The Vilue system takes eight inputs, as follows. {
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MotTon spe gency level (i.e., tolerance to instantaneous en-  Maws
ifety cost, indicated by uncertainty of successful (5&’.. e
completion of motion) Cokamatla
urrent system energy level Predicted system energy level
Curre 3 s 2 R p
'“L\A valu s,le»

Merit value over motion timescale Merit value over action timescale Merit value over task C=S

Current subsystem energy levels Predicted subsystem energy levels
The value system produces four outputs, as follows.

timescale Merit value over behaviour timescale (TV VNN
_— ; 5 & : 5 =

The value tem provides input to the action selection process along with the motion and Sectsd V)UO\JH
action specifications. In turn, the action selection process identifies the selected motion and < fa Sk
action. The action selection process uses an action selection policy that is adapted over time

e 0 3 " 2 ¥ 5 ~e

on the basis of experience, both e ernal (i.e., policies learned by observing the actions of other “T'T""
agents and the success of its own actions) and internal (i.e., policies learned by observing the
robots metabolic history, i.e., by interoception).
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cooperation and on ones own, requires communication/langus setDal and non-verbal, senso-
/" rimotor interaction. especially as complexity increases (think deelopmentally: we communicate
to infants/toddlers the mostefficient /economic frugal and safe* way of doing something, out of
achieving a goal). wTH explong co-
| operation among conspecif g. to
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1l experiments fand corresponding use cas YdemonStrations /seenaries) will inv6{ea:/1. Learn
how to achieve a goal that requires a r:in;jv action undertaken by the learner alone Learning
how to achieve a goal that requires an action sequence undertaken by the learner alone 3. Learn-
ing how to achieve a goal that requires a single action undertaken through cooperation among
conspecifics 4. Learning how to achieve a goal that requires an action sequence undertaken
through cooperation among conspecific ,Se : ingd: ot [
approaches? is takes ack ;
Mol
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2 Psychology and Development

The development of an autonomous agent is driven by motives and value systems l 2

are social motives and exploratory motives, reflegting, loosely, the psychology of development
espoused by Vygots and Piaget, r tively 4, 5, 6]. Both motives function from birth
and provide the driving force for action throughout life.

The social motive focusses on finding comfort, security, and satisfaction through interaction
with others, allowing the agent to learn new skills apd”acquire knowledge about the world
about the world from the experience of others. ItAS manifest from birth in the tendency to
fixate social stimuli, imitate basic gestures, and-¢hgage in social interaction. The social motive is
so important that it has been suggeste “without it a person will stop developing altogethe
Social motives also include a strongaéed to belong, a drive for self-preservation, and the need
for cognitive consistency with ot

There are at least two exploratory motives, oneA0 do with the discovery of novelty and
regularity in the world and the other to do with inding out about the potential of one’s own
action capabilities. Infants are visually attragted to new objects and events but after a while
they cease to be attracted. Infants also hgx@ a strong motivation to discover what they can do
with objects, especially with respect tertheir own sensorimotor capabilities and the particular
characteristics of their embodimep#” Effectively, infants have a strong motivation to discover
the affordances of objects arot them.

The motivation to seek new ways of doing thipgs is very strong and it can override ways
of doing something that has already become egfdblished through previous development. This

? sometimes you get worse at doing something

\ specific goals that

drives development in infants but rgther the discovery of new modes of interaction with the

world in which the infant is embedded: the acquisition of a new way of doing something through
exploration [8, 9].

In developing new skills and in learning how to act and interact, prospection comes to the
fore. Actions are initiated and executed by a motivated subject and they are defined by the
goal of the action, not the spe movements by which the goal is achieved. More vspv(.'lxxll
they are guided by prospective information [10]. For example, when performing manipulation MMM
tasks or observing someone else performing them, people fixate on the goals and sub-goals of Sawt
the movements, e.g. the point where an object is to be grasped, the target location of object,
and the support surface, not on the body part . the hands or the grasped object. In other
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T'he phased aspect of development is part icularly relevant in the manner in which infants
and children come to understand the intentions of6thers and to help them achieve their goals.
It takes several years for human infants to deyelop the requisite abilities

During the first year of life the progressive acquisition of motor skills facilitates the de-
velopment of an ability to understand the intentions of other agents, initially by anticipating
the goal of simple movements and eventually understanding more cginplex goals. During this
period, the ability to infer what another agent is focu ssing their Attention on and the ability
to interpret emotional expressions begins to improve substantjdlly. Around 14 to 18 months
of age children begin to exhibit instrumental helping behaviofr, i.e. they displ pontaneot
unrewarded helping behaviours when another person is yfable to achieve his goal [11]. This
is a critical stage in the development of a capacity for géllaborative behaviour, a process that
progr s past three and four years of age. Around 2 years of age children start to solve simple
cooperation tasks together with adults [12]. This phase of development sees the beginning of
shared intentionality where a child and an adult form a shared goal and both engage in joint
activity hildren seem to be motivated not Jjust by the goal but by the cooperation itself, i.e.
the social aspect of the interaction. The ability to cooperate with peers and become a social
partner in joint activities develops over the’second and third years of life as social understand-
ing incre. flii;. More complex collabofation, which necessitates the sharing of intentions and
difficult cooperation tasks such > involving complementary roles for the two partners in a

Joint coordination of actions, appearg’at about three years of age when children master more
e i

collaborative task [14]. At three fears of age, children begin to develop the ability to cooperate
by coordinating two complern ftary actions. By three-and-a-half years of age children quickly
master the task, can deal ectively with the roles in the task being reversed, and can even
teach new partners [151/ "he motives which drive instrumental helping are simpler than those
of collaborative behay : they are based on wanting to see the goal completed or wanting
to perceive pleasurg’in the human at being able to complete it. In this case. the motivational
focus is solely opthe needs of the second agent and the needs of the first agent do not figure in
this. The motives underlying collaborative behaviour are more complicated. In this case, the
intentions and the goals have to be shared and the motivational focus is on the needs of both
agents.

The foregoing has provided some insights irtto the ontogenetic aspect of development, i.e. the
developmental process itself and, conse ently, it suggests some of the social and ext loratory
elements that an agent must possess” for development to happen. Drawing on this. let us now
look at development from thepérspective of phylogeny, i.e. the agent’s cognitive architecture.

3 Cognitive Architectures and Development

W*Fh«' term cognitive architecture derives from Allen Newell’s pionee

ring work in cognitivist
cognitive science, and in particular to his work and his colleagues work on unified theories of \

cognition [16, 17, 18], it~is—als ; e

£ i g ¢ ; €
the phylogenetic configuration of a new-born or neply-created cognitive agent: the initial stat

e
from which it subsequently develops

onfigured cognitive architecture doesn’t
guarantee successful development because, asgfre saw in the previous section, development also
requires exposure to an environment thag/f conducive to development, one

uir ' in which there is
sufficient regularity to allow the 1 to build a sense of under:

nding of the world around

: Im an agent which has inherent limitations on
the speed with which it can de €lop. Thus, cognition ha

and ontogeny: a cognitive guf litecture and gradually

it, but not excessive variety that wefild overwhe

S tWo necessary elements: phylogeny
icquired experience.




Although several guidelines for configuring cognitive architectures have iw'u. n.p(mwl. e
(19, 20, 21, 22, 23]. fow address development explicitly, mainly because these gdidelines :]mTu.
from work in I'Hg’l;iti\'iil cognitive science. On the other hand, Jeffrey Krickfnar proposes five
design principles for developmental artificial brain-based devices [24, 2

26] which are also

applicable to cognitive architectures. :
5f the neural elements in

First, the cognitive architecture should address the dynamics 2
especially the connectivity

ions of the brain, the structure of these regions, ar

different reg o A
Spmental cognitive architecture

g
and interaction between these regions. In other words, a deve,
should make explicit the operation of the system as a wholg

Second, the architecture should support perceptual fategor
categories without prior knowledge or

wtion: i.e. the capacity to

organize unlabelled sensory signals of all modalities int
external instruction. In effect, this means that the system should be autonomous and, as a

developmental system, it should be a model generdtor, rather than a model fitter (a point also

emphasized by John Weng i
Third, a developmental system must have, physical instantiation, i.e. it must be embodied,
with the system’s morphology conditioning/the agent’s understanding of its environment.
Fourth, the system should have som¢/minimal set of innate behaviours or reflexes in order
to explore and survive in its initial epgironmental niche. From this minimum set. the system
can develop so that it improves its Jehaviour over time.
Fifth, and of particular impoptance to the argument in this article, a developmental system

should have a means to ada This entails the presence of a value system, i.e. a set of

vern its development [1, 2]. These should be non-specific (in the

motivations that guide or

sense that they don’t speeffy what actions to take) modulatory signals that bias the dynamics
of the system so that t}€ global needs of the :
autonomy is prr‘sm'\;v‘(i or enhanced.

Directly or i
fixation on socjél stimuli, imitation of basic gestures, and engagement in social interaction. and

stem are satisfied: in effect, so that the system’s

irectly, these value systems should manifest the social motives that enable
exploratory fotives that facilitate the discovery of novelty and regularities in the environment
and the s¥stem’s own action capabilities, in line with the brief synopsis of infant development

in the frevious section.

4 Autonomy and Development

So far, so good. However, enactive cognitive systems
systems. As noted already, autonomy is a difficult

several perspectives on what it means [29]. Nong

are, first and foremost, autonomous
oncept to tie down (28] and there are

leless, few would disagree that autonomy
degree of self-determination of a system, i.e_~the degree to which a system’s behaviour 1\
not determined by the environment and, gMus, the degree to which a system determines its
own goals [30, 31, 32, 33]. For biologicat”autonomous agents, as well as bio»iuspir('d artificial
agents, the issue of autonomy is one-6f survival in the face of precarious conditions

d : A » Operating
In an uncertain possibly-danger:

S constantly-changing environment. To do this. it must keep
tem, both physically and organizationally as a dynamic self-
-maintenance of autonomy is a crucial

itself intact as an autonomou

sustaining entity. The s aspect of enactive cognitive
Y repairing damage to itself. Since it is better if the
place, cognition, as a prospective modulator of perception
mechanisms at the agent’s disposal [35] to anticipate the
that action.

agents [34], continuz
damage in the firg
of the primar;

agent can avoid
and action, is one

need for action and the
outcome.

From this perspective, autonomy, aided by
characteristic of living creatures that enab
interactions with the world in order t
process by which a system managed

ognition, is the self-maj ntaining organizational
S them to use their own capacities to manage their
remain viable [36]. In other words,

: autonomy is the
self-regulates tn mainkatn i oas -




» the precaxious cou 1dit ions with wl \ich-the-envirenment-cont] rrtrect confrontsit—Asauahly
Almm»m_\ and autonomy-preserving processes are the foundation of cognition [34].

While more than twenty types of autonomy can be distinguished [37], two broad classes
can be discerned: behavioural autonomy and constitutive autonomy [29, 35]. Behavioural
autonomy is concerned with the external behaviour of the system: the extent to which the
agent sets its own goals and its robustness and flexibility in achieving them as it interacts
with the world around it, including other cognitive agents. Constitutive autonomy is concerned
with the internal organization and the ul’p\uni‘/:niun:\l processes that keep the system viable,
maintaining itself as an identifiable autonomous entity. Indeed, Maturana and Varelawhose-
work u_\_ii.lud-ﬂ.iuwhuw%f—ﬂ'h“. . . (—cogmitiom, define autonomy as “the
condition of subordinating all changes to the maintenance of the organization” [38]. Cons itutive
witonomy and behavioural autonomy are related: an agent can not deal with uncertainty and
danger if it is not organizationall; constitutively equipped to do so. Behaviour depends
on internal preparedness but appropriate behavioural is needed to allow the agent to achieve
the requisite environmental conditions through interaction for constitutive autonomy to
be able to operate effectively. This complementarity of the constitutive and the behaviour 1
reflects two different sides of the characteristic of recursive self-maintenant sys
deploy different processes of self-maintenance depending on environmental conditions, with
constitutive and behavioural autonomy corresponding to the internal endogenous and
external exogneous W aspects of that adaptive capac ity, respectivel

Self-regulation is central to constitutive autonomy. In biological systems the automatic
regulation of physiologi | functions is referred to as homeostasis [39, 40]: “the proc i
maintaining the internal milieu phy siological parameters (such as temperature, pH and nutrient
levels) of a biological system within the range that facilitates survival and op imal function”
[41, 42]. It has been suggested [43, 4 1] that the autonomy of an agent is effected through a
hierarchy of homeostatic self-regulatory processes, exploiting a progression of associated affective
(i.e. emotional or feeling) states, ranging from basic reflexes linked to metabolic regulation,
through drives and motives, and on to the emot ions and feelings often linked to higher cognitive
functions, similar to Damasio’s hierarchy of levels of homeostatic regulation [41],

Typically, the autonomous agent is perturbed during interactions with the world with the
result that the organizational dynamics have to be adjusted. This progcess of adjustment is

xactly what is meant by homeost and the motives at every levelef this hierarchy of home-
ostatic processes are effectively the drives t are required to re the agent to a state where
its autonomy is no longer threatened. In the interaction with the world around it, the pertur-
bations of the agent by the environment have no ingifisic value in their own right: they are
just the stuff that happens to the agent as it gogs £hout its business of survival. However, for
the agent this stuff these interactions Serturbations — has a perceived value in that it
acts to endanger or support its autonony: This value is conveyed through the affective aspect
of these homeostatic processes and gefisequently the agent then attaches some value to what is
an otherwise neutral world (evepif it is a precarious one) [45]. This gives rise to a reciprocal
coupling 2 of action and perception in cognition where perceptior
and actions form a comp! arv set of environment-agent / agent-environment perturbations
that are related not yonse perceptuo-motor contingencies but as in-

trinsic pl'uws.\'vir/ln lead to the regulation of the system and autonomy preservation through

emergent self-o ghnization [46]. The processes of perception and action are mutually dependent

because they/are both modulated by the system — globally-determined through downward

, 33] and, together with other homeostatic processes, they give rise to the global

sftive autonomy-preserving system behaviour. This is a subtle but important point as it

ssts a causal link between the processes of constitutive autonomy (qua self-organization)

£nd behavioural autonomy (qua viable interaction v ith the environment). We return to this
point in the next section.




, from the perspective of behavioural autonomy, a cognitive agent continually deploys
prospection through internal simulation to prepare to act [48, 49, 50, 51, 52], so too are the
processes of constitutive autonomy prospective. This predictive self-regulation is known as
allostasis [53, 54, 55]. Ste 1'“““0ml< s that allostasis provides a global mechanism for ove srriding
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than resist it. Significantly, allostasis is effected at a higher level of organization, involv
greater number of sub. tems acting together in a coordinated manner with global processes
modulating local ones, n*iluvm*' the character of circular causality. In contrast, mechanisms
for homeostasis operate at a simpler level of negative feedback control [53, 55, 56].

Now—hese—we— Tty come to the Thattenge. Development is commonly cast as a process
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Dulag w
autonomyn It will tedde the traditional emphasis on exteroception for interoception and in
ternal action, much as John Wer < sted with his self-affecting self-effecting models of
autonomous mental de »pent [27
ot TS Mteractions as set out i1 tion 2
|, Anil Seth discusses the importance of prediction in cognition, sug

gesting, as others have done [66], that the brain engages in continual predictive inference of the

In recent work [64, 6f

causes of sensory perturbations, i.e. the predictive perception of sensorimotor contingencies. In
this, he develops the concept of predictive processing whereby the brain infers the most likely
causes of its sensory inputs by minimizing the difference between sensory signals and signal
derived from continuously updated predictive models. However, his central thesis is that this
process derives less from classical exteroception than from interoception. This interoception is
based on cybernetic principles. They assert that “the purpose of cognition (including perception
and action) is to maintain the homeostasis of essential variables and of internal organization

and] ... perception emerges as a consequence of a more fundamental imperative towards
organizational homeostasis, and not as a stage in some process of internal world-model con-
struction” [65], p. 8. Viewed in this et light, cognitive agents adapt develop to
ensure continued existence by successfully responding to environmental perturbations so as to

maintain their internal organization. IMM—«WMW%WIM

autono:

Seth builds on Karl Friston’s Free Energy Principle [67, 68], according to which “organisms
obey a fundamental imperative towards the avoidance of (information-theoretically) surpris-
ing events, according to which they must minimize in the long-run average wrprise of sensory
states, since surprising sensory states are (in the long run) likely to reflect conditions incom-
patible with continued existence” [65], p. Seth suggests that active inference, an extension
of predictive processing, rates to suppress the interoceptive prediction errors not only by
updating the generative model that gave rise to the predictions but by internal ¢
ing the predictions rence points for autonomic regulatory process
organizational homs Bnotes that attention can then be viewed as a way of balancing
active inference and model update, referred to as precision weighting. He reinforces the idea
that “an organism should maintain well-adapted predictive models of its own physical body

and of its internal physiological condition” [64], p. 5 Active inference can act both to
selectively sample sensory data to conform to current predictions and to seek evidence that
contradicts current predictions or disambiguate multiple competing hypotheses. This leverages
“the capacity of predictive models to encode counterfactual relations linking potential (but not

xecuted) actions to their expected consequences”. It implies model comparison
and selection, much as the HAMMER architecture for internal simulation in cognitive robotics

does with its multiple forward and inverse models [73, 74], and not just the optimization of the

parameters of a single mode I !E.l ¢ j\ “\m {fANWﬂL b nald b@l}l A V‘U&
o e ]m a3 w minnuax’t(mw uu&em \H}&?l al

ated with the agent’s um‘mul organi _;m.n

introduced by Robert Ulanowicz (75, 76, 77]. ¢ 3 riging intended to
1 e £
model the growth and .l(’\'vlnlng_\u Systems, it is e gendr Aml 11,1 dh}( hm n 11\(\(1
emergence

0_charen 3
"‘d"‘bﬁ/hwmn lll\&‘\f!g:lf(‘li a value sys
wd networks%9]. Modelling the

Seth views allostasis as “the proc f achieving stasis 5, p-7, emphasizing its roots in cybernet

.v'* in general, and tlnv‘ |1lI|.:|>lv i ity f £ A st 9, 70, 71, 72], in particular. He notes that the fun-
damental cybernetic principle is for systems to ensure their continued e stence by successfully responding to
environmental perturbations so as to maintain their internal organization. He goes further, stating that “The
purpose of cognition (including perception and action) is to maintain the homeost sis of essential variables and
of internal organization (ultrastability)”
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Writing a Research Proposal



The Research Question

 APh.D. or M.Sc. thesis typically asks and attempts to answer a research question

* A good thesis answers it convincingly

* This research question is typically one element of a research proposal



The Goal

|dentify the problem that you wish to solve
State clearly why this problem is important

Highlight the reasons why finding a solution is challenging

The research question asks: how can we overcome these challenges?

A research thesis provides the answer, in full or in part



Not Just an Interesting Ildea

Not enough just to ask the research question

Demonstrate you that you understand the extent of the challenge
Provide a brief survey of the approaches that others have taken
Demonstrate that you are conversant with the field of research

|deally, identify a plausible solution strategy



= EXPLOREBYTAG

DEFENSE ADVANCED
RESEARCH PROJECTS AGENCY  ABOUTUS / OURRESEARCH / NEWS / EVENTS / WORKWITHUS / Q

Defense Advanced Research Projects Agency > The Heilmeier Catechism

The Heilmeier Catechism

DARPA operates on the principle that generating big rewards requires taking big risks. But how does the Agency determine what risks are worth taking?

George H. Heilmeier, a former DARPA director (1975-1977), crafted a set of questions known as the "Heilmeier Catechism" to help Agency officials
think through and evaluate proposed research programs.

* What are you trying to do? Articulate your objectives using absolutely no jargon.
* How is it done today, and what are the limits of current practice?

*  What is new in your approach and why do you think it will be successful?

* Who cares? If you are successful, what difference will it make?

* What are the risks?

* How much will it cost?

* How long will it take?

*  What are the mid-term and final “exams” to check for success?

https://www.darpa.mil/work-with-us/heilmeier-catechism



The Heilmeier Catechism

. "What are you trying to do? Articulate your objectives using absolutely no jargon.”
. "How is it done today, and what are the limits of current practice?”
. "What is new in your approach and why do you think it will be successful?”

. "Who cares? If you are successful, what difference will it make?”

. “What are the mid-term and final “exams” to check for success?”



Proposal Structure

* (oals of the Research Project

* Review of Current Approaches

* Proposed Solution

* Novelty and Significance

* Anticipated Results

* FEvaluation Strategy and Metrics of Success

[Adapt these titles to include some text to make them specific to your research project)



Critical Analysis

* A good research proposal requires
— Some preliminary research

— A good deal of critical analysis

* |t is not just a suggestion for an avenue of enquiry, no matter how interesting or
exciting It might appear



\\Writing a Literature Survey



Survey the Field

* Hallmark of good research: an understanding of how others have approached the
problem you are tackling

* You need to develop a deep understanding of

— The theoretical basis of their techniques
— The assumptions they make
— The tools and methodologies they use



Survey the Field

* The literature survey:

— The nature of a problem
— The spectrum of possible approaches

* A well-structured synthesis that

— Collects all the relevant ideas

— Organizes them

— Presents each of them in turn

— Highlights their strengths and weaknesses



Survey the Field

It will require many attempts and many re-writes
Start with your own short summary of each paper you have read

Then try to organize the ideas

— ldentify different classes of topics
— Relating them together in the form of a taxanomy, or hierarchical classification tree

This taxonomy then provides you with a way to structure the literature survey

— Typically by doing a breadth-first traversal of the taxonomy tree
— Using the material in the cited papers as examples



Survey the Field

Why is the literature survey so important?

1. It provides the essential background for your thesis

— Critically appraise the state of the art in the field you are conducting research

— Thereby establish your mastery of the field



Survey the Field

Why is the literature survey so important?

2. It identifies the gap in existing knowledge that is encapsulated in your research
guestion

— Make a compelling argument that the gap actually exists

— Without this, you could be wasting your time by trying to fill a non-existent gap
or a gap that the research community has decided is not worth filling



Survey the Field

Why is the literature survey so important?

3. It helps you identify the tools you will need to use to answer your research question:

— Mathematical

— Analytical

— Software

— Data collection

— Data presentation
— Style of argument



Writing Scientific Papers



The Importance of Writing Papers

* The ultimate test of M.Sc. or Ph.D.
research: is it worthy of publication in a
journal or in the proceedings of a
conference?

* (Consequently, research papers are the
primary output of a research degree, not
software

* Software may be needed to validate the
Ideas but the contribution to knowledge is
the idea itself, encapsulated in a paper

* It should be possible to re-write or re-
generate the software based on the
information contained in the paper



Know Your Reader

Assume the person reading your paper is intelligent but not knowledgeable

Assume the person reading your paper misunderstands things willfully and easily

— so0 make sure the argument is really clear

Make it easy for them to say:

‘Nice idea, good model, great validation; yes, the community would like to know
about this’.

If someone doesn’t understand your paper ...

— Assume it is your fault, not theirs
— Find out where they got lost and improve it



Structure

Assist the reader by making your points clearly and in a logical order

Breaking up the paper into a linear sequence of messages which follow naturally
one from the other and which lead to an interesting conclusion

Begin with a statement describing a claim or hypothesis

Then provide an argument to support that claim or hypothesis

— Provide the context for the claim [e.g., other people’s work and alternative approaches]
— State its relevance or importance

— Offer a model of the subject you are investigating

— Provide some theoretical or empirical evidence that the model is valid

— Provide an assessment of how well it works.



The Thread of an Argument

Construct your message incrementally, piece by piece, building on ideas you have
already developed, typically in the previous sentence

If you need to build on ideas that were introduced in the previous paragraph or a few
pages back, you should provide the reader with a short reminder of what these ideas
are

We call this type of incrementally-constructed message the thread of an argument

You need to keep the thread as cohesive as possible

— Thread sequentially and logically from one idea to another

— Don’t make repeated reference to ideas that were introduced much earlier (or, worse, not at all]
— Don't introduce a new idea without warning

— Don't try to weave several threads together



Don’t Begin at the Beginning

Papers are intended to be read from beginning to end, and the argument should
flow linearly from beginning to end

However, it isn't always best to write the paper in that order

An alternative approach:

— Start by describing the technique
— Whrite the introduction later, once you've established the core message
— Possibly after you have drawn your conclusions

The abstract should be written last
[or first, and assume it will have to be completely rewritten when you have finished)



Do Your Best and Then Improve It

* Be prepared to write, and re-write, many times

— It can take up to ten attempts to get a good first draft of a paper

* Once you have a good draft, ask other people to read it

* Do not ask people to read early drafts

— Give them your best and thank them for their time

— Under no circumstances use your supervisor as a proof-reader to correct mistakes or get
hints on how to improve structure before you are certain that the paper can’'t be improved!

— You will probably be wrong, but that should be your goal.



Provide Results

Quantitative vs. qualitative results

Quantitative results are more convincing

— Try to identify a metric for the performance of your technique or system
— Measure how well it performs using this metric
— One metric is good, more than one is better

Compare your system to others using the same metric

Sometimes this will mean re-implementing other people’s work
— User open-source versions of standard approaches
— These provide an excellent benchmark against which to judge the value of your own contribution



Citations

* Everything you say must be substantiated

— Provide a citation of a publication which corroborates or supports the statement

— Provide either theoretical or empirical evidence to support it

* (itations are references to published material which has been subject to some form
of peer review

— The statements or claims have been judged to be legitimate by a group of people, not just the author

— This elevates the statement from being mere personal opinion of the author to some level of
mutually-agreed knowledge



Citations

Avoid unsubstantiated claims or statements in your thesis

— Either provide a citation or provide evidence

— If you can’t provide either, then provide a compelling argument in support of your claim



Citations

Other reasons for citing literature

— Acknowledge the source of your ideas: even the most original thoughts are based on the work
of others

— Demonstrate that you have done the research and are familiar with the literature in your area.



Citations

Don’t cite a reference unless you have read it!

— You should never just copy the citations you find in someone else’s paper to support your
statement without first reading it to make sure it says what the author claims it says



Quotations

* Never copy other people’s writing, even if you change it slightly
— You must re-express it in your own words

* If you must use someone else’s writing, put it in quotation marks “...”
— Cite the source of the quotation.

— If the grammar or spelling in the quotation is wrong, don’t correct it.

* (Quote it exactly as it is but put [sic] after the error;
e.g., ‘How r[sic] you?”.



Quotations

* |n general, you should change nothing in the quotation

* There are two exceptions

— Replace a contiguous group of words with ellipsis

* For example, instead of “computational attention, in its most general form, is a pre-requisite for action
selection” you could write “computational attention ... is a pre-requisite for action selection”

— Insert a word to help its comprehensibility

* Insert the word in square brackets [ and ]

* For example, instead of “the lowest level is the most difficult to implement” you could write “the lowest
level [of the stack] is the most difficult to implement”



Reviews

Journal papers and most conference papers are subject to peer review

— Between two and four referees read the paper and provide a critical assessment of its contents
— Reviewers are normally experts in the field

— You need to convince them that there is merit in your work

— This is hard

* They are very busy people
* They don’t have the patience / motivation to read poorly-written text
* Make it easy for them.



Reviews

There is a strong possibility of rejection

— Nobody likes rejections
— If the paper is rejected, accept the rejection gracefully and learn from it

— Understand why it was rejected
* Was it rejected because you explained things badly?
* Was it because there was a flaw in your argument?
* \Was there something wrong with the way you stated the problem
* Was there something wrong with your theoretical development
* Was your model wrong?
 Did you provide enough evidence of the validity of the model, e.g., by providing quantitative tests?
* How did you establish the robustness, generality, or limitations of the technique?



Reviews

There is a strong possibility of rejection

— Review your paper with these criteria in mind before submitting it



Choose Your Forum Carefully

 Journals and conferences have different standards

— Journals usually require a more substantial contribution to knowledge

— This is not always the case: it can be just as difficult to publish in some top-flight conferences as
It is to publish in a journal

* (Choose your conference and journal carefully

— Make sure there is a good match between the subject matter of a journal or conference and the
topic of your paper



Try, Try, Try again
* If your paper is rejected, don't give up

e Take on board the reviewers’ comments
and improve the paper

e Then submit it somewhere else



M.Sc. and Ph.D. Dissertations



Dissertation or Thesis?

* "Dissertation n. Detailed discourse on a subject, esp. as submitted for a higher
degree in university”

* “Thesis n. [pl. “es pr. —ez). Proposition to be maintained or proved; dissertation,
esp. by candidate for degree”

Oxford English Dictionary (OED]



Length

* Ph.D. Dissertation
— 60,000 to 100,000+ words
— Six to eight chapters
— Bibliography and appendices

e M.Sc. thesis
— B60% to /5% of a Ph.D. thesis

* Typical upper bounds, not targets



Structure

* Tryto achieve modularity and independence amongst your chapters and sections

* Remember you are trying to convey a convincing message to the reader

* Use link sentences or paragraphs

— At the end of a chapter, for example, remind the reader of the important messages, tell her or
him why they are important, and then say what you need to look at next, and why, in order to
continue with the "story”.



Title Page

Specific title of the thesis (e.g. “Multi-stage Learning in Biomimetic Search and Rescue Robots”)
General Title (/e. “Final Year Project Report”)

Degree (e.g. Ph.D. or M.Sc.)

Author [(name and student identification number)

Institution (/e. Etisalat University College)

Supervisor

Date

Certification of original work & Signature

Abstract / Summary

What is the subject matter of the thesis: what did you do?

Motivation: why is it important?

Significance: what contribution does the thesis make?

The abstract should be approximately 200 words long. It normally takes at least ten revisions to achieve a good abstract.
The abstract should be written after the thesis has been completed.

Table of Contents
List of Figures
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Chapter 1. Introduction & Overview

Chapter 2. Literature Survey
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Chapter 5. Design:Algorithmic Considerations

Chapter 6. Implementation Issues

Chapter 7. Evaluation

Chapter 8. Discussion & Critical Appraisal
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Appendices

. Key Software listings
. Mechanical schematics
. Mathematical proofs



Standards

Ph.D. research: sufficient quality and depth to allow you to write a paper that would
be accepted for publication in a journal

M.Sc. Research: should have a good chance of being accepted for a relevant
conference or workshop

It is very easy to pick a research goal that is too ambitious

— a Ph.D. degree is not a Nobel Prize

— Your work has to be good; it doesn’t have to be revolutionary or world-changing



Standards

* Your thesis must clearly demonstrate your ability to

— Assimilate
— Synthesize
— Critically appraise

* |t is extremely important to assess your own work critically, 1.e., with objectivity and
with a view to seeing how It could be improved



Standards

The exercise of critical appraisal is different from the testing processes of verification,

validation, and evaluation, which refer to the functionality of the system you have
designed

— QOverall objectives

— Methodologies

— Findings of the dissertation
— Insights



7. Looking Forward

Congratulations on having completed the guide. At this point, you
might be wondering if all this research is worth i
Why do all this work? Here's why. Along the path of a research
degree, you grow. You become able to do things — hard things -
that you could only dream of doing before: developing a new model
or algorithm of your own, learning how to master a new technique,
seeing simplicity in a complex equation, having and being able to
convince others of your own view on an issue. But these are the
little rewards that accompany the process. es
after the degree is complete and after the papers have heen
published. This is when you realize that you have changed and

that@kle more or less any problem, with complete
confidence. The unknown becomes a challenge and the reward is
success with you for the rest of your

professional life.
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