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Abstract

Small and Medium Enterprises play a crucial role in growing the economy of developing, emerging, and developed
countries. With South Africa experiencing the highest unemployment rate, SMEs are known for eradicating that and
bringing about innovation. Digitalisation has led enterprises and people to generate massive big data that can be used
for gaining insights, making predictions, descriptions, and prescriptive. The use of big data can increase the revenue
and productivity of the enterprise. Big enterprises often manage to adopt and implement big data as they have the
resources to do so. Unfortunately, SMEs are reluctant to adopt and implement due to limited resources. For enterprises
to embrace big data they should have a roadmap that they will follow. This study followed a bibliometric analysis
where Scopus databases were used for analysis are 118. The purpose of the bibliometric analysis was to outline the
research trends for the adoption of big data by SMEs following the TOE framework theory for the past 5 years dating
from 2019. Network, overlay, and density visualisation are outlined in this study. Together with coauthorship. It was
found that Malaysia, Saudi Arabia, and Australia are leading with the number of publications. South Africa is in the
top 12 countries that have contributed more. It is recommended that there must be support for scholars in the discipline.
Future studies should focus on action research where the TOE framework theory is tested for its effectiveness when
adopted and implemented by SMEs implementing big data analytics.
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1. Introduction

Small Medium Enterprises (SMEs) also known as Small, Micro, and Medium Enterprises play a very crucial role in
growing the economy of any country, including developing emerging and developed (Chiromo, 2019). China, the
United States of America, and Europe contribute a lot to exporting goods (Truong 2022). They contribute over 60%
to the economy globally. As they are celebrated in different countries for their contribution to job creation, economic
growth, and improving the standard of living of people, they also encounter a myriad of challenges where they operate.
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In countries such as South Africa, where unemployment is skyrocketing, the hope is put on SMEs. The are several
policies that are meant to support SMEs so that they may flourish and deal with the problem of business failure. It is
purported that in South Africa, many SMEs fail in the first year of existence. The contributing factors to business
failure in South Africa are attributed to issues such as crime; load shedding, marketing, finance, lack of appropriate
technologies, and lack of skills. SMEs are also believed to be late adopters of technology, which makes them to be
behind, and struggle to compete with bigger firms (Bilal & Mgbali, 2015). With that in mind, this study aims to
understand the adoption of big data analytics using the Technology-Organisation-Environment (TOE) Framework
Theory.

Big data (BD) is a crucial technology that is needed and should be used by organisations and governments to enable
them to make decisions that are fact-based decisions that are influenced by gut feeling. This is very important in
business, as organisations that have adopted the use of big data have increased their profitability and creativity
(Mukherjee et al 2022). It is said that organisations can increase their profitability by up to 60%. Different academics
have viewed big data as a crucial resource for business operations. It is said that big data is the new gold (The
Economist, 2017), while (The PyCoach, 2022) likens it to oil. The author further argues that like oil, big data is useless
when it is not refined and can make other commodities. In this case, refining data refers to the collection and cleaning
of it. The data should then be used for data analytics. It is of no use to have data that is not organized and refined, as
it cannot be used for decision-making. Truong (2022); Lutfi et al., 2022) posit that in 2020 the BD market was valued
at an amount of 66.2 billion United States Dollars (USD) and is expected to reach 157.2 billion USD. This was asserted
by the International Data Corporation.

Understanding all that, for big data to be adopted and implemented, the should be a framework theory that should be
used for. This study identified the use of TOE, as it was the most proposed framework for the adoption of big data by
SMEs. This study focused on the bibliometric analysis using Scopus databases to check this.

The study contributes by giving a bibliometric analysis of the adoption of big data by SMEs following the TOE
framework theory. This is crucial for the industry and academics to see what has been done over the five years
regarding this topic and can give a clear picture of where and who has written about this topic. Researchers will have
a clear picture of where to start and find relevant data for studying the adoption and implementation of data by SMEs
using the TOE framework theory. Studies prove that research aimed at the adoption and implementation of big data
by SMEs is still very low (Lutfi et al 2022).

1.1 Objectives

The adoption of big data by SMEs is challenging. SMEs struggle to find the most accurate framework to base the
adoption of the latest technology such as big data. Several publications have canvased the adoption of the TOE
framework theory as a roadmap. This study aims to outline researchers in this field and where the research was
conducted. In understanding what has been happening in the research area for adoption of big data analytics for SMEs
using the TOE theory framework. The study aims to outline the bibliometric analysis of the research trends of the
study and display visualisations using overlay, network, and density for the past five years of published scientific
research. Furthermore, this study will outline the leading authors and most cited in the discipline under study. This is
very crucial for researchers to know who has published research using the TOE framework theory for the adoption of
big data analytics for SMEs and understanding the trends over time.

2. Literature Review
This section reviews the literature related to SMEs, big data, and lastly the technology organisation environment
framework theory. This study uses the traditional literature review.

SMEs

There is no universally approved acronym or definition for small medium-sized enterprises. They are generally known
for contributing extensively to the economy (Lutfi et al 2022; Kamal et al 2023). Countries define small and medium-
sized enterprises based on their economy. The definition of SMEs is determined by three factors the number of
employees, income an SME receives, and the assets it has (Kamal et al 2023). For instance, in South Africa, it is called
SMMEs, which stands for Small Micro and Medium Enterprises. In India and Malaysia, it is called Micro, Small and
Medium Enterprises (MSME). In the United States of America (USA), China, and many other countries they use
SMEs. However, the acronym is defined based on the country’s economy and how strong it is. The number of
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employees and the turnover is used For instance, in South Africa, SMEs are defined as businesses that have 0 to 200
employees. In the USA the number of employees is up to 500, Japan is 500, Belgium is 200 and Switzerland is 100
(Mohamed 2013) while China’s definition has about 2,000 employees (Xiangfeng 2008).

The Adoption and Implementation of Big Data

Truong (2022) argues that the adoption and implementation of big data is a crucial resource as it increases the chances
of making informed decision-making speedily and increasing revenue in the enterprise. Furthermore, it helps the SMEs
to understand the real needs of the customers, and the trends that SMEs can take leverage on, and most importantly,
it has increased the operational efficiency of the enterprise. Several authors (Awa and Ojiabo 2016; Maroufkhani et
al 2020; Tien et al 2020; Maroufkhani et al 2022; Lutfi et al 2022; Wessels and Jokonya 2022) recommend that SMEs
use the TOE framework theory for the adoption and implementation of big data. Additionally, BD assists with giving
SME:s predictions, and prescriptive and descriptive outcomes when used well. The business insights can lead to
innovation and productivity. However, big enterprises employ and enjoy the adoption of BD, while SMEs struggle to
adopt and implement BD. For the successful adoption and implementation of BD, enterprises should have a roadmap
that should be followed (Jang et al 2018). Unfortunately, several enterprises especially SMEs do not adopt it due to
the high costs associated with the adoption and implementation of BD and the difficulty it presents (Mukherjee, et al.,
2022). In organisations that have adopted and implemented, BD has reported positive success. Sadly, it is very difficult
for SMEs to enjoy the benefits that are presented by BD since they struggle to implement due to limited resources and
inability to understand the technology. This makes it harder for them to compete with big enterprises (Lutfi et al 2022).

Technology Organisation Environment Framework Theory

Fleischer (1990) proposed a framework theory for the adoption of technology and innovation that entrepreneurs and
engineers can follow. The TOE is an acronym for Technology Organisation and Environment. These are factors that
make up the framework theory that needs to be present and observed when new technology and innovation are adopted
and implemented by engineers and or entrepreneurs (Ansong & Boateng, 2017). The first factor is the Technology
context, which includes the availability of technology and the characteristics of such technology. The availability
refers to the technology that is currently in use in the SMEs and whether it is compatible with the technology that will
be used by SMEs. SMEs should examine where they are ready to adopt and implement technology, which refers to
big data technology. Furthermore, the adopters and implementers of such technology look at the benefits they will get
from implementing it in their enterprise. In the context of big data, SMEs will focus on business efficiency, improved
timely business decision-making, timesaving, reduced costs, and gaining business insights, which will translate as
saving money, and making data-driven business decisions. On the other hand, the organisation context refers to all the
things that happen within the organisation such as support from management, a commitment by the SMEs, investment
into the resources required, and removing all the obstacles that SMEs may foresee as hindrances. The last one is the
environment, which refers to the regulations about the proposed new technology that needs to be adopted. In the case
of this study, this will be the privacy act, data act, and competitors. The enterprise focuses on complying with the
regulations for the new technologies so that they are not on the wrong side of the law (Truong, 2022).

3. Methods

This study used a bibliometric analysis of the Technology-Organisational-Environment theory framework adopted by
SMEs when adopting big data. Publications that were sourced from Scopus databases were 118. Scopus was used due
to it being the largest scientific database that is credible.

The keywords that were analysed were 807. The keywords had to occur a minimum of five (5) times for it to be
included in the analysis. Only 34 keywords met the threshold set by the researchers. The data period was 6 years. It
started from 2019 to 2024.

Below is a table of the top 20 keywords with the highest link strength. The Table 1 is in the order of the highest link
strength and then the total occurrences.
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Table 1: Keywords

Keyword Occurrences | Total
Strength
SMEs 36 78
Technology adoption 14 59
Small and medium-sized enterprise 16 53
Competition 11 38
Developing countries 8 37
Sustainable development 9 32
TOE 11 30
Information and communication technologies 6 29
Digital transformation 8 28
Small and medium enterprise 5 27
TOE framework 12 27
Environmental technology 6 25
Technological innovation 7 25
Technology 9 24
Top management support 6 23
Competitive advantage 5 22
Surveys 5 22
Cloud computing 7 21
SME 7 21
Structural equation modeling 5 21

})

“SMEs” had the highest total link strength of 78 with occurrences of 36. This is followed by “technology adoption’
with a total link of 59 and occurrences of 14. The third highest is “small and medium-sized enterprise” with a total
link strength of 53 and occurrences of 16. Similar keywords are merged due to having the same meaning and mostly
used interchangeably. In the top 20 keywords, the following words were merged and presented in a table form below.

Table 2: Merged keywords

Similar keywords | Original occurrences | Merged occurrences
SMEs
SMEs 36 64
Small and medium-sized enterprise 16
SME 7
Small and medium enterprise 5
TOE
TOE 11 23
TOE framework 12
Technology Adoption
Technology adoption 14 57
Technology 9
Digital transformation 8
Technological innovation 7
Cloud computing 7
Environmental technology 6
Information and communication technologies | 6
Competition
Competition 11 16
Competitive advantage 5
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Table 2 highlights keywords that are merged due to them being similar. Four categories were created using the most
used keywords or well-known ones. The categories are SMEs, TOE, technology adoption, and competition. SMEs
include SMEs which occurred 36 times, followed by Small and medium-sized enterprise which occurred 16 times,
SME 7 times and Small and medium enterprise occurred 5 times. The first category accounts for 64 occurrences. The
second category is TOE which merged two keywords. The two keywords in the category are TOE which occurred 11
times and TOE framework which occurred 12 times. The total merged categories and their occurrences are 23. The
third category is technology adoption which has seven keywords. Included keywords are technology adoption
occurred 14 times, followed by technology which occurred 9 times, digital transformation occurred 8 times,
technology innovation occurred 7 times, cloud computing occurred 7 times, environmental technology occurred 6
times and lastly, information and communication technologies occurred 6 times. The total number of occurrences of
the third category (technology adoption) is 57 times. The fourth and last category is competition which has two
keywords. The first keyword is competition which occurred 11 times followed by competitive advantage which
occurred 5 times. The total occurrences for category four is 16 times.

4. Data Collection

The researchers sourced data articles from the Scopus database which is said to be the largest peer-reviewed scientific
publication. The authors searched on the following themes, "Big Data" AND "TOE" AND "SMEs". 118 articles were
found, selected, and downloaded using a comma-separated values file (CSV). The file was then uploaded on
VOSviewer for analysis.

5. Results and Discussion

This section outlines and discusses the results as analysed using VOSviewer software. About 118 publications were
used for analysis. The discussion includes network visualisation, overlay visualisation, and density visualization
(Figure 1). The type of analysis chosen is co-authorship and the unit of analysis chosen is countries. The maximum
number of countries per document is 25. When choosing thresholds are minimum number of documents of a country
is 5, minimum number of citations of a country is 0. Of the 58 countries that appeared, 12 met the threshold.

5.1 Numerical and Graphical Results

SMEs in Figure 2 occurred 36 times, and it is cluster 2 with 28 links (innovation, electronic commerce, technology,
adoption, TOE framework, cloud computing, TOE, competitive advantage, top management, developing countries,
competition, small-and-medium enterprise, sustainable development, structural equation modeling, firm performance,
COVID-19, Blockchain, technological innovation, industry 4.0, technology adoption, small and medium-sized
enterprise, digital transformation, SME, environmental factor, commerce, and surveys) and 78 total link strength.
Technology adoption occurred 14 times. It is cluster 4 with 29 links (innovation, electronic commerce, small and
medium-sized enterprise, technology, SMEs, adoption, TOE framework, TOE, small and medium enterprises,
developing countries, competitive advantage, competition, top management support, small-and-medium enterprise,
firm performance, sustainable development, environmental technology, commerce, COVID-19, Blockchain, industry
4.0, SME, digital transformation and environmental factor) total link strength of 59. TOE occurred 11 times and it is
cluster 2 with 17 links (technology, adoption, cloud computing, competitive advantage, developing countries, top
management support, competition, information and communication, COVID-19, technology adoption, SME, digital
transformation, and environmental factor) and total link strength of 30. TOE framework occurred 12 and is cluster 2.
It has 16 links (electronic commerce, adoption, cloud computing, competitive advantage, top management support,
developing countries, technology-organisation-environment, small-and-medium enterprise, SMEs, technology
adoption, industry 4.0, small and medium-sized enterprise and digital transformation) and total link strength of 27.

© IEOM Society International 2471



Proceedings of the International Conference on Industrial Engineering and Operations Management

gﬁ VOSviewer

Figure 1: Density Visualisation
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Figure 2: Network Visualisation
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Figure 3: Overlay Visualisation

The overlay visualisation in Figure 3, starts from 2020 with a purple colour. Which colour surveys, top management
support, competitive advantage, and electronic commerce. In 2021, the trends were SMEs, small and medium-sized
enterprise, competition, adoption, digital transformation, developing countries, and firm performance. In the second
half of 2021, the trends were SME, TOE, TEO framework, blockchain, technology, technological innovation, and
technology adoption. In 2022, the trends were sustainable development, commerce, industry 4.0, COVID-19, and
medium enterprise.

Table 3 below outlines co-authorship per country, documents, citations, and total link strength. 12 countries have met
the set minimum threshold as alluded to in the first section of the discussion.
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Table 3: Co-Authorship and Citation

Country Documents | Citations | Total link strength
Malaysia 21 619 9
Saudi Arabia 6 457 5
Australia 6 91 4
United Kingdom 7 318 4
France 7 73 3
China 11 585 2
Italy 9 378 2
India 7 90 1
Jordan 5 133 1
United States 6 29 1
Indonesia 7 135 0
South Africa 8 9 0

As outlined in Table 3 above, Malaysia contributed the highest published research that was cited the most. The total
number of published documents is 21, the total citation for 5 years is 619 and the total link strength for the co-
authorship is 9. The second-highest published documents are from China with 11 documents and a citation of 585.
The total link strength for co-authorship is 2. Italy is the third country with the highest number of publications which
is 9. However, the citation is the fourth highest following Saudi Arabia with 457 citations, while the total number of
published scientific documents is 6. Italy has a citation score of 378. South Africa has the least citation which is 9,
with 8 published documents. South Africa has no link strength in its co-authorship with other countries. Indonesia has
no link strength too however, the citation score is 135, and has only published 7 documents.
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china
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Figure 4: Co-authorship

Figure 4 depicts the countries and their link strength. The first is Jordan in 2021.2 in Cluster: 3, the link is 1 and is
with Saudi Arabia. The documents are 5. The total link strength is 1. While Saudi Arabia is cluster 3, has 3 links
(Jordan, Australia, and Malaysia). The total link strength is 5 and the average publication per year in 2020.33. Malaysia
is cluster 4, and its links are (China, Australia, Saudi Arabia, and the United Kingdom). The total link strength is 9,
the documents are 21, and the average number of publications per year is 2021.52. The United Kingdom is cluster 1,
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with links of 3 (Malaysia, Italy, and France), and total link strength is 4, documents 7, and an average publication per
year is 2021.86.

5.2 Proposed Improvements

Countries such as South Africa are contributing to the body of knowledge through research. It is in the top 12 globally,
however, a lot still needs to be done to increase the research contribution. There is a call for impactful research that
will be cited by many people. What will lead to this collaboration with leading authors from other countries? The must
be incentives for scholars who co-author with international leading scholars. They must be awarded for top cited in
the topic understudy. This will encourage academics to write impactful research and to collaborate with the right
scholars. The National Research Foundation (NRF) which is a national foundation should facilitate the awards, and
administration related to NRF.

6. Conclusion

The research in the adoption of big data analytics by SMEs using the TOE framework has gained momentum.
Recommendations have been made that SMEs should adopt TOE as a framework theory for basing the adoption of
big data analytics. It is worth noting that the TOE framework theory is used when engineers and entrepreneurs want
to adopt the implement big data analytics. The growth in the publications in the Scopus databases shows that
researchers are writing about this topic. During COVID-19 times the has been a sharp growth of the research in this
discipline. This is a result of lockdowns and the number of data created during that time as many people did most of
the things on the internet. The country under study, South Africa is in the top 12 countries that have contributed
significantly to this country. However, it remains the lowest contributor on the top 12 list. The country can do more
in terms of increasing publication because it has a high number of SMEs and this presents an opportunity for more
research. Furthermore, South Africa has a presidential task team on the Fourth Industrial Revolution. It is worth noting
that the Fourth Industrial Revolution includes big data. They should be invested energy in the adoption of big data by
SMESs and research should be done on this topic. Future studies should focus on action research where the TOE
framework theory is tested for its effectiveness when adopted and implemented by SMEs implementing big data
analytics.
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