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Preface

This volume of the Springer CCIS series (CCIS 1551) contains the revised accepted
papers of SACAIR 2021, the 2nd Southern African Conference for Artificial Intelligence
Research!.

Message from the Conference Chairs

Dear authors and readers,

It is with great pleasure that we write this foreword to the proceedings of the second
Southern African Conference for Artificial Intelligence Research (SACAIR 2021) held
online during December 610, 20212, The program included an unconference for
students on December 6 (a student-driven event for students to interact with each other
as well as with sponsors and other possible employers), a day of tutorials on December
7, and the main conference during December 8§-10, 2021.

SACAIR 2021 is the second full international conference focussed on Artificial
Intelligence hosted by the Centre for Al Research (CAIR), South Africa. The inaugural
CAIR conference, the Forum for AI Research (FAIR 2019) was held in Cape Town,
South Africa, in December 2019, and SACAIR 2020 was held in February 2021 after
being postponed due to the COVID-19 pandemic.

The Centre for AI Research (CAIR)? is a South African distributed research network
that was established in 2011 with the aim of building world class Artificial Intelligence
research capacity in South Africa. CAIR conducts foundational, directed, and applied
research into various aspects of Al through its nine research groups based at six
universities (the University of Pretoria, the University of KwaZulu-Natal, the University
of Cape Town, Stellenbosch University, the University of the Western Cape, and
North-West University). Research groups at CAIR include an Adaptive and Cognitive
Systems Lab situated at the University of Cape Town, an Al and Cybersecurity research
group at the University of the Western Cape, an Al for Development and Innovation group
at the University of Pretoria, two Machine Learning groups focused on deep learning at
North-West University and the University of Kwa-Zulu Natal, a Knowledge Abstraction
and Representation group at Stellenbosch University, an Ethics of Al research group
at the University of Pretoria, a Knowledge Representation and Reasoning group at
the University of Cape Town, and a Mathematical and Computational Statistics group
focused on applied data science at the University of Pretoria.

The theme for SACAIR 2021 was Al for Science, Technology and Society.
Al technologies in their current data-driven form have the potential to transform

1 https://sacair.org.za/.

2 The original plan was to have a hybrid event in Ballito, South Africa, but due to the emergence
of the Omicron COVID-19 variant end of November 2021, and the rapid rise in infections, the
event was online only.

3 https://www.cair.org.za/.
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our world for the better. However, humans are faced with serious challenges
in the context of AI advances in all areas of their lives, as wide apart
as employment and labour on the one hand and social companionship on
the other. In the context of machine learning applications, these challenges
lead to concerns around fairness, structural bias and amplification of existing
social stereotypes, privacy, transparency, accountability and responsibility, and
trade-offs among all these concerns, especially within the context of security, robustness,
and accuracy of Al systems. Furthermore, Al technologies can perform tasks that
previously only humans could perform, such as calculating the best treatment for certain
illnesses and caring for older persons. In some cases this is a good thing, but in some
it challenges human agency and experience, and even political stability, in profound
ways. Human notions of morality, of responsibility, and of ethical decision-making are
challenged in ways humanity has never before encountered. In addition, children grow
up in novel contexts affected by technological manipulation of social narratives and we
do not yet know what the impact of this will be. In turn, media and information literacy
has become an essential skill, which is just as important as technical skills. Finally, there
are also cultural concerns such as the loss of nuances of human languages and expression
in the context of NLP, concerns around the ownership of art, and others.

The choice of conference theme was intended to ensure multi-disciplinary
contributions that focus both on the technical aspects and the social impact and
consequences of Al technologies. In addition, there was a healthy balance between
contributions from logic-based Al and those from data-driven Al, as the focus on
knowledge representation and reasoning remains an important ingredient of studying and
extending human intelligence. In line with the above, it was decided that the conference
topics would cover several broad areas of Artificial Intelligence namely Machine
Learning, Knowledge Representation and Reasoning, Quantum Artificial Intelligence,
Deep Learning, Computer Vision and Image Processing, Philosophy and Ethics of
Al, Al in and for Information Systems, and Al in the Humanities and Society. Our
keynote speakers were Knut Hinkelmann of FHNW Switzerland, Francesco Petruccione
of UKZN, South Africa, and Vincent C. Miiller of TU/e, the Netherlands.

We expect this multi- and interdisciplinary conference to grow into the premier
Al conference in Southern Africa as it brings together nationally and internationally
established and emerging researchers from across various disciplines including
Computer Science, Mathematics, Statistics, Informatics, Philosophy, and Law. The
conference is also focused on cultivating and establishing a network of talented students
working in Al from across Africa.

We sincerely thank the technical program chairs for the hard work on the volume and
the editorial duties performed. A thank you to the topic chairs, the local and international
panel of reviewers, our keynotes, and the authors and participants for their contributions.
Last but not least, our gratitude to the members of the organizing committee, student
organizers, and our sponsors without whom this conference would not have been realised.

December 2021 Anban Pillay
Aurona Gerber



Message from the Technical Program Chairs

Dear readers,

This volume of the SACAIR proceedings contains the revised accepted papers of
SACAIR 2021. We are thankful that our second annual Southern African Conference for
Artificial Intelligence Research elicited the support it did during this challenging year
with all the uncertainties due to the COVID-19 pandemic.

We received just over 100 abstracts, and after submission and a first round of
evaluation, 71 papers were sent out for review to our SACAIR Programme Committee.
The SACAIR submissions were solicited according to relevant SACAIR topics. The
Program Committee comprised 88 members, 28 of whom were from outside Southern
Africa. Each paper was reviewed by at least three members of the Program Committee
in a rigorous, double-blind process whereby the following criteria were taken into
consideration: Relevance to SACAIR, Significance, Technical Quality, Scholarship,
and Presentation (which included quality and clarity of writing). For this SACAIR
proceedings volume, 22 full research papers were selected for publication in Springer’s
CCIS series (which translates to an acceptance rate of 31%). The accepted full research
papers per topic are as follows: Deep Learning (5), Al in and for Information Systems
(3), Knowledge Representation and Reasoning (2), Machine Learning (6), Philosophy
and Ethics of AI (3), Al in the Humanities and Society (1), and Computer Vision and
Image Processing (2).

Thank you to all the authors and Program Committee members, and congratulations
to the authors whose work was accepted for publication in this proceedings. We wish
our readers a fruitful reading experience with these proceedings!

December 2021 Edgar Jembere
Serestina Viriri



Organization

Local Organizing Committee

Anban Pillay (Co-chair) University of KwaZulu-Natal, South Africa

Aurona Gerber (Co-chair) University of Pretoria, South Africa

Edgar Jembere (Technical University of KwaZulu-Natal, South Africa
Program Chair)

Serestina Viriri (Technical University of KwaZulu-Natal, South Africa
Program Chair)

Francesco Petruccione University of KwaZulu-Natal, South Africa

Sibonelo Dlamini University of KwaZulu-Natal, South Africa

Yiivika Singh University of KwaZulu-Natal, South Africa

Emile Engelbrecht Stellenbosch University, South Africa

Renee le Roux Mongoose Communications & Design,

South Africa

Program Committee Chairs

Philosophy and Ethics of AI

Emma Ruttkamp-Bloem University of Pretoria, South Africa
Vincent Miiller Technical University of Eindhoven,
The Netherlands

Al in and for Information Systems

Sunet Eybers University of Pretoria, South Africa
Knut Hinkelmann FHNW University of Applied Sciences and Arts
Northwestern Switzerland, Switzerland

Al in Humanities and Society

Bethel Mutanga Mangosuthu Univerisity of Technology,
South Africa
Dino Carpentras University of Limerick, Ireland

Machine Learning

Alta de Waal University of Pretoria, South Africa
Maria Schuld Xanadu, South Africa



X Organization

Knowledge Representation and Reasoning

Thomas Meyer
Ivan Varzinczak

University of Cape Town, South Africa
Université d’ Artois, France
Quantum Artificial Intelligence

Daniel Kyungdeock Park
Ilya Sinayski

Sungkyunkwan University Seoul, South Korea
University of KwaZulu-Natal, South Africa
Deep Learning

Deshendran Moodley
Marelie Davel

University of Cape Town, South Africa
North-West University, South Africa
Computer Vision and Image Processing

Mandla Gwetu
Jules-Raymond Tapamo

University of KwaZulu-Natal, South Africa
University of KwaZulu-Natal, South Africa

Program Committee

Amira Abbas University of KwaZulu-Natal, South Africa
Ritesh Ajoodha University of the Witwatersrand, South Africa
Kehinde Aruleba Walter Sisulu University, South Africa
Bubacarr Bah African Institute for Mathematical Sciences

Etienne Barnard
Sihem Belabbes
Sonia Berman
Jacques Beukes
Willie Brink
Arina Britz

Jan Buys

Joan Byamugisha
Dino Carpentras
Giovanni Casini
Colin Chibaya
Olawande Daramola

Jérémie Dauphin
Marelie Davel

Tanya de Villiers Botha
Alta de Waal

Febe de Wet

(AIMS), South Africa
North-West University, South Africa
LIASD, Université Paris, France
University of Cape Town, South Africa
North-West University, South Africa
Stellenbosch University, South Africa
Stellenbosch University, South Africa
University of Cape Town, South Africa
IBM Research Africa, South Africa
University of Limerick, Ireland
ISTI-CNR, Italy
Sol Plaatje University, South Africa

Cape Peninsula University of Technology,
South Africa

University of Luxembourg, Luxembourg

North-West University, South Africa

Stellenbosch University, South Africa

University of Pretoria, South Africa

Stellenbosch University, South Africa



Tiny Du Toit

Sunet Eybers

Inger Fabris-Rotelli
Sebastian Feld Delft
Eduardo Fermé
Fred Freitas

Anne Gerdes
Mandlenkosi Gwetu
Shohreh Haddadan
Bertram Haskins
Marie Hattingh
Knut Hinkelmann

Omowunmi Isafiade
Nobert Jere

Herman Kamper
Richard Klein

Hari Kishan Kondaveeti
Eduan Kotzé

Jaco Kruger

Louise Leenen
Guido Lohr
Patricia Lutu
Truong-Thanh Ma
Zola Mahlaza
Patrick Marais
Vukosi Marivate
Réka Markovich
Muthoni Masinde
Jocelyn Mazarura
Felix McGregor
Thomas Meyer
Thipe Modipa
Deshendran Moodley
Coenraad Mouton
Vincent C. Miiller

Murimo Bethel Mutanga

Peeter Miiiirsepp
Fred Nicolls

Organization xi

North-West University, South Africa
University of Pretoria, South Africa
University of Pretoria, South Africa
Delft University of Technology, The Netherlands
Universidade da Madeira, Portugal
Universidade Federal de Pernambuco, Brazil
University of Denmark, Denmark
University of KwaZulu-Natal, South Africa
University of Luxembourg, Luxembourg
Nelson Mandela University, South Africa
University of Pretoria, South Africa
FHNW University of Applied Sciences and Arts

Northwestern Switzerland, Switzerland
University of the Western Cape, South Africa
Walter Sisulu University, South Africa
Stellenbosch University, South Africa
University of the Witwatersrand, South Africa
VIT-AP University, India
University of the Free State, South Africa
St Augustine College of South Africa,

South Africa
University of the Western Cape, South Africa
TU Eindhoven, The Netherlands
University of Pretoria, South Africa
CRIL CNRS and University of Artois, France
University of Cape Town, South Africa
University of Cape Town, South Africa
University of Pretoria, South Africa
University of Luxembourg, Luxembourg
Central University of Technology, South Africa
University of Pretoria, South Africa
Saigen, South Africa
University of Cape Town and CAIR, South Africa
University of Limpopo, South Africa
University of Cape Town, South Africa
North-West University, South Africa
Technical University of Eindhoven,

The Netherlands/University of Leeds, UK
Mangosuthu University of Technology,

South Africa
Tallinn University, Estonia
University of Cape Town, South Africa



xii Organization

Geoff Nitshcke
Thambo Nyathi
ftalo Oliveira
Daniel Kyungdeock Park
Laurent Perrussel
Iliana M. Petrova
Laurette Pretorius
Catherine S. Price
Gavin Rens

Helen Robertson
Cleyton Rodrigues
Irene Russo

Emma Ruttkamp-Bloem
Maria Schuld

Giuseppe Sergioli
Jonathan Shock

Ilya Sinayskiy

Riana Steyn

Umberto Straccia

Ryan Sweke
Jules-Raymond Tapamo
Tian Theunissen

Anitta Thomas

Wiebke Toussaint
Hossana Twinomurinzi
Dustin Van Der Haar
Terence Van Zyl

Ivan Varzinczak
Peter-Paul Verbeek
Philippe Verreault-Julien

Christopher Wareham
Bruce Watson
Zhihao Wu

University of Cape Town, South Africa

University of Pretoria, South Africa

Free University of Bozen-Bolzano, Italy

Sungkyunkwan University, South Korea

IRIT - Universite de Toulouse, France

Inria, France

University of South Africa, South Africa

University of KwaZulu-Natal, South Africa

Katholieke Universiteit Leuven, Belgium

University of the Witwatersrand, South Africa

Universidade Federal de Pernambuco, Brazil

Istituto di Linguistica Computazionale - CNR,
Ttaly

University of Pretoria, South Africa

University of KwaZulu-Natal, South Africa

University of Cagliari, Italy

University of Cape Town, South Africa

NITheP and University of KwaZulu-Natal,
South Africa

University of Pretoria, South Africa

ISTI-CNR, Italy

University of KwaZulu-Natal, South Africa

Univesity of KwaZulu-Natal, South Africa

North-West University, South Africa

UNISA, South Africa

Delft University of Technology, The Netherlands

University of Johannesburg, South Africa
University of Johannesburg, South Africa
University of Johannesburg, South Africa
University of Artois and CNRS, France
University of Twente, The Netherlands

Eindhoven University of Technology,
The Netherlands

University of the Witwatersrand, South Africa

Stellenbosch University, South Africa
UCLA, USA



Organization xiii

SACAIR Sponsors

The sponsors of SACAIR 2021, The Journal of Artificial Intelligence, the Centre for
Al Research (CAIR), the National Institute for Theoretical and Computational Sci-
ences (NITheCS), and the Discipline of Computer Science in the School of Mathemat-
ics, Statistics and Computer Science at the University of KwaZulu-Natal are herewith
gratefully acknowledged.

Artificial
Intelligence

caQir

CENTRE FOR ARTIFICIAL
INTELLIGENCE RESEARCH

NITheCSs
National Institute for
Theoretical and
Computational Sciences

K4 UNIVERSITY OF ™
ER KWAZULU-NATAL

[ ] )

h INYUVESI

. YAKWAZULU-NATALI



Contents

Al in the Humanities and Society

John Searle’s Chinese Room, and Its Predecessor, a Short Story “The

Game” by Anatoly Dneprov . ...

Konstantin V. Azarov

Al in and for Information Systems

The Detection of Conversation Patterns in South African Political Tweets

Through Social Network Analysis . .............ccooiiiiiiiiiiinn...

Aurona Gerber

The Application of Artificial Intelligence (Al) and Internet of Things

(IoT) in Agriculture: A Systematic Literature Review ..................

C. L. de Abreu and J. P. van Deventer

A Data Analytics Organisation’s Perspective on Trust and AI Adoption ..

Danie Smit, Sunet Eybers, and Jarod Smith

Computer Vision and Image Processing

Improving Pose Estimation Through Contextual Activity Fusion ........

David Poulton and Richard Klein

Improving the Performance of Image Captioning Models Trained on Small

DatasetS . ..ot

Mikkel du Plessis and Willie Brink

Deep Learning

Exploring Graph Neural Networks for Stock Market Prediction on the JSE
Kialan Pillay and Deshendran Moodley

Multi-style Training for South African Call Centre Audio ..............

Walter Heymans, Marelie H. Davel, and Charl van Heerden

Canonical and Surface Morphological Segmentation for Nguni Languages
Tumi Moeng, Sheldon Reay, Aaron Daniels, and Jan Buys

95



XVi Contents

Exploring Layerwise Decision Making in DNNs ........................... 140
Coenraad Mouton and Marelie H. Davel

Automatic Baggage Threat Detection Using Deep Attention Networks ........ 156
Yashay Rampershad, Serestina Viriri, and Mandlenkosi Gwetu

Knowledge Representation and Reasoning

A Rational Entailment for Expressive Description Logics via Description
Logic Programs ... ..... ... e 177
Giovanni Casini and Umberto Straccia

Explanation for KLM-Style Defeasible Reasoning ......................... 192
Lloyd Everett, Emily Morris, and Thomas Meyer

Machine Learning

Revisiting the Use of Noise in Evolutionary Robotics ....................... 211
Mathys C. du Plessis, Antin P. Phillips, and Christiaan J. Pretorius

Avoiding Unexpected Obstacles During Robotic Navigation Using
Rapidly-Exploring Random Trees and a Neural Network Simulator ........... 227
Bouwer Botha and Mathys C. du Plessis

Low Rank Matrix Approximation for Imputing Missing Categorical Data ... ... 242
Joseph Muthui Wacira, Dinna Ranirina, and Bubacarr Bah

Implementing Quantum-Kernel-Based Classifiers in the NISQEra ............ 257
Shivani Mahashakti Pillay, Ilya Sinayskiy, Edgar Jembere,
and Francesco Petruccione

A Temporal Approach to Facial Emotion Expression Recognition ............ 274
Christine Asaju and Hima Vadapalli

Full Rotation Hyper-ellipsoid Multivariate Adaptive Bandwidth Kernel
Density ESHMAtor .. ... ... 287
Terence L. van Zyl

Philosophy and Ethics of AL

Is AT a Problem for Forward Looking Moral Responsibility? The Problem
Followed by a Solution .......... ..o e 307
Fabio Tollon



Contents Xvii

Re-imagining Current Al Ethics Policy Debates: A View from the Ethics
of Technology . ... ... ... 319
Emma Ruttkamp-Bloem

A Habermasian Approach to Fair Processes in Al Algorithms ................ 335
Khensani Xivuri and Hossana Twinomurinzi

Author Index . ........ .. 345



	 Preface
	 Message from the Technical Program Chairs
	 Organization
	 Contents



