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This article presents the results of a scientometric investigation of the field of artificial intelligence (AI) in South Africa over the period 2013–2022. Such investigations inform policy and research management development and assist researchers to identify topics for investigation, collaborating organisations, etc. The Liu et al. methodology (Scientometrics 2021;126:3153–3192) was used for the identification of AI documents. The approach is appropriate for a growing discipline with constantly expanding terminology. The activity index was estimated to reveal the contribution of South African researchers in the field of AI, taking into account the country’s scientific size and the world’s involvement in the field. Finally, a content analysis of the titles of South African publications was employed to reveal the domains of emphasis and weakness within South African research in the field.

Significance:

The field of AI is growing in South Africa. During 2022, South Africa produced over 1000 relevant publications in the field of AI. The activity index revealed that South Africa should substantially increase this contribution in order to make a contribution proportional to its scientific size and the world’s average productivity in the field. The majority of the AI publications were produced by South African universities, and spread among several universities. Comparisons with prolific organisations internationally show that South Africa produces only a fraction of the research produced worldwide. International funders have been found to be important in the field but may not be appropriate for a research field close to commercialisation. The content analysis revealed the lack of investigations related to coordination and alignment of AI research and national policy.








Introduction

Artificial intelligence (AI) has attracted national and international attention, promising to revolutionise the workplace, the economy and even our personal lives. It has its roots in philosophy, mathematics, computation, psychology and neuroscience1 and is becoming the ‘new normal’ in both manufacturing and service industries2.

There is no acceptable definition for AI. Probably the broader one is by Nilsson3 who maintains that “artificial intelligence … is concerned with intelligent behaviour in artefacts”.

Currently, high-profile AI applications fall within a variety of domains, i.e. manufacturing robots; advanced web search engines such as Google Search; autonomous cars like Tesla; recommendation systems that analyse user data to provide personalised recommendations (used by YouTube, Amazon and Netflix); understanding human speech and performing services for individuals (such as Siri and Alexa); generative or creative tools (ChatGPT, Ernie bot and AI art); automated decision-making; and competing at the highest level in strategic game systems (such as chess and Go).

According to Fortune Business Insight4, the global AI market size was valued at USD428 billion in 2022 and was projected to grow from USD515.31 billion in 2023 to USD2025.12 billion by 2030 – a compound annual growth rate of 21.6%.

This article aims to provide information related to the state of AI research in South Africa. Scientometrics is usually the approach used in the effort to identify the state of a scientific topic or discipline in a particular context (e.g. in a country or in a research organisation). Scientometrics has been used widely in the context of South Africa and internationally.5-7

It is emphasised that scientometrics is a scientific field and bibliometrics a sub-field within the main field of scientometrics. In this article, the two words are used interchangeably.

Analyses were undertaken for the period 2013–2022 (2022 is the most recent year for which complete data were available). In this approach, more than 100 keywords were used as search terms to search the Web of Science (WoS) database (Appendix 1 in the supplementary material), which also includes 19 journals that specialise in AI (Appendix 2 in the supplementary material). The search words were chosen to qualify in terms of recall and precision – the necessary preconditions for the validity of a scientometric investigation.

Literature review

AI has attracted the attention of researchers and multilateral organisations like the Organisation for Economic Co-operation and Development (OECD), which have investigated the field scientometrically.

OECD8 has identified and measured AI-related developments in science, algorithms and technologies using information from scientific publications, open source software and patents. The major findings were: (1) since 2015, AI-related publications have increased by 23% per year; (2) from 2014 to 2018, AI-related open source software contributions grew at a rate three times greater than other open source software contributions; and (3) AI-related inventions comprised, on average, more than 2.3% of IP5 patent families in 2017. China’s growing role in the AI space was also identified.

Njei et al.9 investigated AI for health care in Africa. They identified 26 relevant articles published by 178 authors from 31 countries. The most prolific African countries were South Africa, Nigeria and Ghana.

Liu et al.10 developed a scientometric approach in order to resolve the issue of searching for AI using only the term ‘artificial intelligence’. Their approach started with benchmark records of AI captured by using a core keyword and specialised journal search. Subsequently, they extracted candidate terms from high-frequency keywords of benchmark records, refined keywords and complemented their methodology with the journal subject category ‘artificial intelligence’.

Vasquez et al.11 presented a scientometric analysis to answer the question: what is the academic overview of the application of AI in agriculture? They covered the period 2000–2019 using data from the WoS and Scopus databases. They identified that the countries with the highest number of publications were China, the USA, India and Australia.

Pereira et al.12 reviewed 60 papers exploring the relationship between AI and workplace outcomes and examined the interface between AI and workplace outcomes, drawing on different levels of analysis, disciplines and organisational functions.

A scientometric analysis of scientific productivity of AI research in India13 included a scientometric analysis of publications related to AI research in India during 2009–2018. It evaluated the scientific productivity, collaboration, citation impact and research focus of Indian AI researchers and compared them with those of other countries.

A variety of other investigations have been published focusing on particular topics. Chatterjee et al.14 investigated wind-turbines; Pliego-Marugán et al.15 reviewed 190 papers in the last five years under investigation, presenting the challenges and technological gaps in utilising artificial neural networks in time-series forecasting of certain parameters (i.e. wind speed and turbine power), with a perspective on fault diagnosis and prognosis. Maldonado-Correa et al.16 reviewed 37 articles on applying AI techniques for short-term energy forecasting and others.

Approach

Undertaking a scientometric investigation requires two decisions: the first is to identify which database should be utilised for the investigation, and the second is which approach should be used to identify the relevant documents.

The WoS databases (Science Citation Index Expanded, Social Sciences Citation Index and Arts and Humanities Citation Index) are the most often used for these types of investigations.

The combined databases cover the most prestigious journals in the world in all fields of research endeavours comprehensively, and constitute a unique information platform for the objectives of this effort.

The most important advantage of the usage of WoS-indexed journals is that they constitute the most important (in terms of impact) journals in the world. Furthermore, an important advantage is that the database includes the particulars of all authors and co-authors and that the methodology to be used was applied to the same database.

South Africa’s Department of Higher Education and Training has identified the WoS-indexed journals for subsidy purposes and some universities give incentives to their researchers to publish in WoS-indexed journals. Consequently, it is expected that the databases selected will cover not only the most important South African AI-related research but the majority of it as well.

A literature review1 was undertaken, and it was identified that different approaches are used for scientometric analysis of the discipline of AI. The approaches range from the use of the term ‘artificial intelligence’ to searching journals specialising in AI, to the utilisation of a variety of related keywords. In the last approach, the challenge is that, in order to fully evaluate the effectiveness of a model, one must examine both precision and recall. Unfortunately, precision and recall are often in tension, in that improving precision typically reduces recall and vice versa.

Recall refers to the proportion of actual positives that were identified correctly, whilst precision is used to answer the question: what proportion of positive identifications was actually correct? To state it differently, precision is of critical importance. If it is ignored, then the search engine will include terms that are only partially (if at all) relevant to the subject matter of the investigation and will over-inflate the identified population.

Liu et al.10 developed a particular methodology for the bibliometric analysis of AI and compared it with the methodologies of other researchers whose approach appeared to better cover the field of AI. There were four key steps in the procedure used to build the search strategy. In the words of the authors:


First, we generate a benchmark set of artificial intelligence publications. We use the core lexical query ‘artiﬁcial intelligence’ as a topic search as well as a query of specialised artiﬁcial intelligence journals as a source search. Second, from these benchmark records, we extract ‘Author Keywords’ and ‘Keywords Plus’ and derive the frequencies of these keywords. We conﬁrm the precise meanings of high-frequency keywords from descriptions found in online sources. This process leads to a retained list of high-frequency ‘candidate keywords’ related to artificial intelligence. Third, to maintain a balance between recall and precision, we test and reﬁne this set of terms through co-occurrence analysis and manual checking identiﬁcation. Fourth, we augment our strategy by combining the ﬁnal term set with the use of a subject category search.1



Liu et al.10 compared their results with those of Gao et al.17, Zhou et al.18 and WIPO19. Liu et al. identified all articles by Gao et al.17 and just over 78% of the records captured by Zhou et al.18, whilst the WIPO19 approach delivered a larger number of outputs. Liu et al.10 suggested that more than half (54%) of the WIPO’s search results comprised records not included in Liu’s definition of ‘artificial intelligence’. They argued that several generic statistical and mathematical terms such as ‘logistic regression’, ‘hidden Markov model’ and ‘fuzzy logic’ are included by WIPO but excluded in Liu et al.’s approach. These three terms returned 195 477 article records in the search period.

Liu et al.’s10 approach was used in this study. Hence, the findings are compatible with those of Liu et al. and all other studies that adopted the same approach. Moreover, the approach does not need to test issues of recall and precision. The list of search terms utilised and the names of the included journals appear in Appendices 1 and 2, respectively, in the supplementary material. It is emphasised that the included journals were covered in their totality and specialise in AI, and hence, their editors make sure that all articles published are relevant to AI.

As content analysis is a well-established technique utilised in the areas of intelligence, marketing, document analysis and others, this methodology was used to analyse the titles of the published research in order to identify the main focus of the AI research by South African researchers.

A global bibliometric view of artificial intelligence (2013–2022)

According to the WoS, 1 536 741 documents on the subject of AI were published in the past 10 years. Table 1 shows the top scientific disciplines that attract research documents related to AI. The various branches of computer science dominate the domain, followed by engineering and mathematics. It should be mentioned that articles may be categorised into more than one scientific discipline.



Table 1:Classification of AI articles according to scientific discipline (2013–2022)










	Scientific discipline

	Record count






	Computer science

	976 047




	Engineering

	771 215




	Mathematics

	322 326




	Communication

	189 544




	Telecommunications

	188 179








Table 2 shows the most productive nations in the field of AI research, as well as South Africa’s AI research output. The People’s Republic of China dominates with 311 712 documents, with the United States of America ranking second with 229 911 documents and India third with 77 530 documents. South Africa published 4610 papers during this period.



Table 2:Countries that produced the highest AI research outputs and South Africa’s output shown for comparison (2013–2022)










	Country

	Record count






	China

	311 712




	USA

	229 911




	India

	77 530




	Germany

	55 558




	England

	54 985




	Canada

	42 237




	Japan

	41 267




	South Korea

	40 148




	Italy

	37 820




	South Africa

	4933








Table 3 shows the main funders of AI internationally.



Table 3:Main funders of AI research according to the number of funder acknowledgements (2013–2022)










	Funding agency

	Record count






	National Natural Science Foundation of China (NSFC)

	175 105




	US National Science Foundation (NSF)

	38 180




	US Department of Health and Human Services

	33 601




	US National Institutes of Health (NIH)

	33 178




	Chinese Fundamental Research Funds for the Central Universities

	25 019








With over 175 000 acknowledgements, the National Natural Science Foundation of China tops the list of funders, with the US National Science Foundation (NSF) ranking second at approximately 38 000 acknowledgements.

Artificial intelligence in South Africa’s academic domain (2013–2022)

Table 4 shows the number of South African publications related to AI during the period under consideration. This production placed the country 46th in the world. The field grew 7.8-fold during this period – from 137 publications in 2013 to 1071 publications in 2022.



Table 4: The number of AI publications from South Africa in the period 2013–2022










	Year

	Record count






	2022

	1071




	2021

	866




	2020

	685




	2019

	546




	2018

	377




	2017

	300




	2016

	282




	2015

	170




	2014

	176




	2013

	137








Table 5 highlights the scientific disciplines that have been prioritised in the field of AI in South Africa. The first two fields are nearly identical to those on the worldwide list (Table 1). It should be noted that the field ‘Energy fuels’ appears in the fifth position in South Africa, while internationally the position is occupied by the field of ‘Telecommunications’. Similarly, ‘Environmental sciences and ecology’ occupies the third position in South Africa, while in the international list the position is occupied by the field of ‘Mathematics’.



Table 5:Classification of published AI articles from South Africa according to scientific discipline (2013–2022)










	South African research area

	Record count






	Computer science

	1492




	Engineering

	1435




	Environmental sciences and ecology

	405




	Science and technology and other topics

	318




	Energy fuels

	299








Table 6 shows the main producers of AI-related publications in South Africa. The University of Johannesburg is at the top of the list with 856 publications, followed by the University of KwaZulu-Natal with almost the same number of publications. It is noticeable that the annual number of publications by the various universities is relatively small, with the top universities in the field in the world (e.g. Harvard) producing twice as many publications as all the South African universities together. It can be argued that this is the result of the pluralistic management approach used in the national system of innovation.



Table 6:The South African universities most prolific in the field of AI research (2013–2022)










	South African affiliation

	Record count






	University of Johannesburg

	856




	University of KwaZulu-Natal

	810




	University of Pretoria

	548




	University of the Witwatersrand

	544




	University of Cape Town

	514








Table 7 shows the main funders of AI research in South Africa, with the National Research Foundation (NRF) of South Africa topping the list with 366 acknowledgements. It is noteworthy that all other funders mentioned by the authors from South Africa are international organisations in the UK, China and the USA.



Table 7:Main funders of South African AI research










	Funder of South African AI research

	Record count (acknowledgements)






	National Research Foundation of South Africa

	366




	UK Research Innovation (UKRI)

	148




	National Natural Science Foundation of China (NSFC)

	145




	US National Science Foundation (NSF)

	118




	US Department of Health and Human Services

	104








Table 8 shows the countries that collaborated with South Africa in the field of AI research, with the USA, England and China being the main collaborating countries.



Table 8:Countries collaborating with South Africa on AI research (2013–2022)










	Country

	Record count



 

	South Africa

	4933




	USA

	615




	England

	381




	People’s Republic of China

	342




	France

	292




	India

	277




	Australia

	273




	Canada

	272




	Germany

	260




	Nigeria

	219








The activity index was estimated in order to assess the South African production of AI research outputs compared with the worldwide production. The activity index is the country’s share in the world’s publication output in the given field divided by the country’s share in the world’s publication output in all science fields. Hence, the index takes cognisance of the country’s scientific size vis-à-vis the rest of the world.

An activity index of 1 indicates that the country’s research effort in the investigated field corresponds precisely to the world average. An activity index greater than 1 reflects a higher than average effort dedicated to the field under investigation, and an activity index lower than 1 reflects a lower than average effort in the field.

The relevant numbers for the estimation of the activity index are : South African AI documents = 4933; South African total documents = 238 973; world AI documents = 1 536 741; and world total documents = 30 861 543.

Using the above numbers, the activity index for AI research in South Africa for the period 2013−2022 is 0.42, meaning that South Africa is producing well below the world average for AI research.

A content analysis of the titles of AI articles by South African authors was undertaken for the period 2020–2023 in order to provide indicators of the main topics, trends and challenges in AI research in the country.

Table 9 lists the most often appearing words in the titles of publications on AI research from South Africa.



Table 9:Frequency of words appearing in South African publications on AI












	Word

	Record count

	Word

	Record count






	Learning

	534

	Mapping

	62




	Using

	517

	African

	62




	Machine

	326

	Optimisation

	61




	Neural

	297

	Recognition

	61




	Artificial

	232

	Performance

	60




	Network

	214

	Modelling

	60




	Data

	167

	Convolutional

	59




	Networks

	157

	Algorithms

	58




	Intelligence

	142

	Power

	57




	Analysis

	142

	Sentinel

	57




	Detection

	137

	Energy

	54




	Classification

	132

	COVID

	53




	Prediction

	127

	Modelling

	53




	Model

	120

	Hybrid

	52




	Review

	114

	Time

	50




	Africa

	113

	Development

	49




	Approach

	112

	Methods

	49




	System

	88

	Case

	48




	Models

	86

	Estimation

	47




	Study

	81

	AI

	46




	Techniques

	76

	Framework

	45




	Predicting

	72

	Frameworks

	44




	Application

	69

	Algorithm

	41




	Forecasting

	69

	Smart

	41




	Systems

	63

	Applications

	40








The most frequently used terms (‘learning’, ‘using’, ‘machine’, ‘neural’, ‘artificial’ and ‘network’) suggest that machine learning and neural networks are the dominant methods and techniques of AI research in the country. These methods are used internationally for issues of detection, classification, prediction, forecasting, recognition and optimisation.

Similarly, the terms ‘data’, ‘model’, ‘models’, ‘modeling’ and ‘modelling’ indicate that data-driven and model-based approaches are also prevalent in AI research in South Africa.

The terms ‘education’, ‘health’, ‘agriculture’, ‘security’, ‘power’, ‘energy’, ‘smart’ and ‘development’ indicate the main domains and sectors to which AI research applies in South Africa. Similarly, the terms ‘Africa’, ‘African’, ‘COVID’ and ‘sentinel’ reflect the specific contexts (regional and continental perspectives) and challenges (e.g. COVID) that AI research in South Africa addresses.

The identified focus on the above terms also reveals the lack of investigations into topics such as natural language processing and computer vision and on issues related to coordination and alignment of AI research and national policy (with a scarcity of terms such as regulation, standardisation and certification).

Discussion and main findings

These findings on the state of AI research in South Africa are important for policymaking and management of the support and funding of the field in the country and for research planning by the relevant researchers. The investigation identified the number of documents produced during the 2013–2020 period and calculated the activity index (which shows the extent to which South Africa produces the number of AI documents expected by the total number of research documents in the country in relation to the international production of AI documents). Furthermore, the main funders of AI research and the main productive organisations in the field were identified. Finally, a content analysis identified the focus areas of AI research in the country.

The field expanded substantially, in terms of the number of relevant documents, during the 10 years under investigation, from 137 publications in 2013 to 1071 publications in 2022. It is interesting to note that the South African government has not advertised any support for the field, nor made any announcements about AI. The growth in the field of AI is the result of the recognition of the importance of the field by individual researchers in the country. However, an estimation of the field’s activity index reveals that the field produced only 40% of what was expected during this period, according to the country’s scientific size and the international performance of the field.

It was identified that South African research in the field is funded substantially by international funders. While this may be indicative of the quality and recognition of the South African researchers, it is important to note that foreign funders will not support the national interest, particularly on a topic which appears to be close to commercialisation. The government is expected to also be aware of the socio-economic benefits of the emerging technologies and support them appropriately.

It should also be noted that the top universities in the world (e.g. Harvard) produced as many publications in the field as all South African universities produced together. It can be asserted that this is the result of the pluralistic management approach used in the national system of innovation.

It can also be argued that the followed approach creates diseconomies of scale. Universities could resolve the issue through collaboration (nationally and internationally), although the best approach for the local system could be through central coordination.

Content analysis of the titles of the South African articles on AI identified that machine learning and neural networks are the dominant methods and techniques of AI research in the country.

The scarcity of terms such as regulation, standardisation and certification reveals the lack of investigations related to coordination and alignment of AI research and national policy.

AI has the potential to boost economic growth and productivity, but at the same time, it creates equally serious risks, rising inequality, unemployment and the emergence of new undesirable industrial structures. This investigation has revealed a distributed approach in the development of AI in South Africa as well as a lack of support or coordination by the government. South Africa's policies need to create the necessary conditions for nurturing the potential of AI, while considering carefully how to address the risks involved.

Conclusion

This investigation into the state of AI research in South Africa reveals a dynamic field with substantial growth and untapped potential. Despite a significant increase in the number of publications from 2013 to 2022, the country produced only 40% of the expected AI research based on scientific capacity and international benchmarks. This finding underscores the need for strategic support and investment.

International funding plays a crucial role in sustaining AI research in South Africa, highlighting both the global recognition of the quality of local researchers and the gaps in national funding. The disparity between the output of South African institutions and top global universities points to the need for improved coordination and collaboration within the national innovation system.

Machine learning and neural networks dominate the research landscape, yet there is a notable lack of focus on regulation, standardisation and policy alignment. This gap presents both a challenge and an opportunity for South Africa to shape a regulatory framework that balances innovation with socio-economic benefits.

AI holds promise for boosting economic growth and productivity, but it also poses risks, including rising inequality and unemployment. The government must recognise the socio-economic implications of AI and create policies that foster its potential while mitigating adverse effects. Central coordination and increased local funding are essential in harnessing the full benefits of AI for national development.

By addressing these challenges, South Africa can leverage AI to drive inclusive and sustainable growth, positioning itself as a leader in the global digital economy.
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OEBPS/images/Icon.png
() Check for updates





OEBPS/images/Callaghan.png
P
® South African

Journal of Science





