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Abstract: Small-medium enterprises (SMEs) represent 90% of business globally. Digital Transfor-
mation (DT) affects SMEs differently from larger companies because although SMEs have more
flexibility and agility for adapting to new circumstances, they also have more limited resources
and specialization capabilities. Thus, it is fundamental to measure SMEs’ performance considering
different perspectives. Here, we describe and analyze the state-of-the-art of DT in SMEs, focusing
on performance measurement. We center on whether the tools used by SMEs encompass the triple
bottom line of sustainability (i.e., environmental, social, and economic aspects). To do so, in December
2021, we performed a comprehensive systematic literature review (SLR) on the Web of Science and
Scopus. In addition, we also explored a novel approach for SLR: topic modeling with a machine
learning technique (Latent Dirichlet Allocation). The differences and interchangeability of both
methods are discussed. The findings show that sustainability is treated as a separate topic in the
literature. The social and environmental aspects are the most neglected. This paper contributes to
sustainable development goals (SDGs) 1, 5, 8, 9, 10, and 12. A conceptual framework and future
research directions are proposed. Thus, this paper is also valuable for policymakers and SMEs
switching their production paradigm toward sustainability and DT.

Keywords: digitalization; small- and medium-sized enterprises (SMEs); Industry 4.0; topic modeling;
latent dirichlet allocation (LDA); triple bottom line of sustainability

1. Introduction

Organizations confront a considerable number of challenges to their business opera-
tions. One of their initiatives to be competitive is adopting new technologies, which implies
the emergence of the digital economy. Digital transformation (DT) has globally changed
business practices and organizational culture [1]; it breaks boundaries, challenging the
enterprises’ competitiveness [2,3].

In this context, small- and medium-sized enterprises (SMEs) deserve specific attention
as they represent a significant share of global business. SMEs account for 90% of all firms
and 50% of employment globally [4]. Additionally, SMEs have inherent characteristics that
differentiate them from larger companies [5,6]. For example, they tend to be less produc-
tive and pollute more [7]. Moreover, SMEs tend to have more flexibility and agility for
adapting to new circumstances, more limited resources, and specialization capabilities [8].
These characteristics mirror SMEs’ performance while facing the DT process [5,6]. Further-
more, SMEs require specific dimensions, variables, and mathematical tools for measuring
their performance.
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Besides measuring digital performance, measuring the economic, social, and envi-
ronmental aspects of SMEs’ performance is of utmost importance—i.e., the triple bot-
tom line (TBL) of sustainability [9]. Initially, DT seems to negatively interact with the
TBL'’s social and environmental aspects of SMEs, e.g., job losses and increased material
consumption [10]. Once SMEs pollute more than larger companies [7], whether the DT
improves their operational performance without any environmental consideration, it can
be expected that DT encourages SMEs to pollute more. On the other hand, evidence
suggests that the level of digital competitiveness of a country systematically fosters the
sustainability transition of European SMEs [11]. However, a few researchers have reviewed
DT performance in SMEs [6,12]. In these cases, they were focused only on one performance
aspect (such as the economic or the financial) and not on the TBL (i.e., economic, social, and
environmental aspects).

Therefore, a clear gap exists for SMEs’ performance metrics investigations, jointly
considering digital, economic, social, and environmental aspects. Consequently, we aim to
answer the following main research question (RQ):

RQ: Are researchers considering the TBL while measuring the performance of SMEs
passing through the DT process?

Our secondary research questions (SRQs) are the following:

SRQ 1: Which dimensions, variables, and mathematical tools are used for measuring
each aspect (digital, economic, social, and environmental)?

SRQ 2: Which dimensions, variables, and mathematical tools should be explored in
further investigations?

In this regard, we aimed to identify whether researchers are considering the TBL
while proposing and applying approaches for measuring the performance of SMEs passing
through the DT process. Additionally, we aimed to identify which dimensions, variables,
and mathematical tools are used for measuring each aspect, i.e., digital, economic, social,
and environmental. Finally, we aimed to identify methodological blind spots, i.e., dimen-
sions, variables, and mathematical tools that are neglected or not fully explored in this
application, and we discuss further research directions. Furthermore, our paper may derive
practical implications for policymakers and SMEs interested in fostering and adopting a
novel, productive paradigm toward DT and TBL.

To achieve these goals, we conducted a systematic literature review (SLR), extracting
articles published before December 2021 in peer-reviewed journals from the scientific
databases Scopus and Web of Science, selecting and analyzing them. Due to the novelty
of the theme, we started with 331 searched papers. After applying three systematic steps,
we selected 113, 74, and 35 papers in each step, respectively. Finally, 35 papers were fully
and systematically analyzed. This was a limited sample size. Thus, we searched for a
complementary methodological approach, enabling result comparison and new insights.

Asmussen and Mgller (2019) [13] proposed a framework for explorative SLR through
topic modeling. It is executed based on Latent Dirichlet Allocation (LDA), a machine-
learning technique. Besides being a novelty for SLRs [13-15], this approach has several
advantages. Among them, the costs and time of pre-analysis, analysis, and post-analysis
are lower than manual SLRs; the categories and mapping do not need to be known in
advance; and coding can be automated, reducing subjectivity [16].

Overall, our study offers several critical contributions to the extant literature. First,
it is a new research theme with increasing recent interest (especially since the COVID-19
pandemic). However, most papers still do not jointly consider the environmental and
social aspects of sustainability for measuring performance. These aspects are treated as a
separate theme in the field. When all four aspects are considered, it is only on a strategic
level. There is a gap in sustainable measurement approaches, considering the operational
perspective. The relationship between digital and economic aspects is still unclear. The
heterogeneity among SMEs may imply that digital aspects differ depending on sector and
maturity level. The relationship between social and environmental aspects with other
aspects is not explored, not even as a rough draft.
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Regarding mathematical tools, we identified that structural equation modeling (SEM)
and econometrics are the most used methods. Decision-Making Trial and Evaluation Lab-
oratory (DEMATEL) and integrations with fuzzy techniques represent a methodological
frontier. No paper used an approach directly associated with performance measurements,
such as Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA). Addi-
tionally, no paper applied Artificial Intelligence (Al) for measuring performance, probably
due to the barrier of the lack of standardization among SMEs and data collection procedures.
Finally, after presenting, comparing, and discussing the results from manual SLR and topic
modeling, we propose further research directions and a framework with theoretical and
practical implications.

This paper is structured as follows. Section 2 presents a theoretical background about
SMEs, DT, and sustainability. Section 3 offers the research design used to obtain and
analyze the results, which are presented and discussed in Section 4 (manual SLR) and
Section 5 (LDA-based SLR). Section 6 provides the conceptual framework, summarizing
the findings and implications. Section 7 concludes, states the limitations, and outlines the
future research agenda.

2. Theoretical Background
2.1. Small and Medium Enterprises (SMEs)

There is no globally standardized definition of small and medium enterprises (SMEs).
The most common classifications are based on a financial measure and/or the number
of employees. Even the same country may have different definitions, depending on the
industry. For example, in the USA, a “small enterprise” in the “Agriculture, forestry,
fishing, and hunting” industry is based on annual income for all subindustries, except for
the logging subindustry. In the logging subindustry, a “small enterprise” is an enterprise
with less than 500 employees [17].

Another example is Brazil and Chile, two countries on the same continent, adopting
standardized definitions independently of the SME industry. In both cases, they use
financial and employee criteria. In Brazil, SMEs have from 20 to 249 employees. However,
the more usual definition in Brazil is based on the annual income criterion according to
the Statute of Micro and Small Enterprises. In this case, SMEs have a yearly income from
BRL 360,000 (Brazilian currency) to BRL 3,600,000, except for SMEs in the banking sector
that follow a different definition [18]. In Chile, an SME is defined as “an enterprise with
10 to 199 workers” or “an enterprise whose annual income from sales and services and
other business activities is greater than 2400 UF (Chilean currency, automatically inflation
corrected), but less than 100,000 UF in the last calendar year” [19]. Similar conflicts among
definitions also occur among smallholder farmers and agricultural SMEs [20].

In summary, the definitions based on the number of employees are usually different in
terms of number. Furthermore, some definitions may consider temporary employees, such
as Japanese SMEs [21]. What is more, the definition based on financial terms is usually
determined by local law, established in terms of a local currency value at the date of the
law approval, without any inflationary consideration. Hence, to be comparable definitions
from different countries, it may be necessary to correct inflation, convert currency, and
make the definitions represent similar economic importance to each analyzed economy. To
the best of our knowledge, this kind of procedure is not yet established in the literature.

The World Trade Organization [22] highlights that, in general, the lower productiv-
ity is often attributed to small businesses’ inability to achieve economies of scale, diffi-
culties they face in accessing credit or investment, lack of appropriate skills, and their
informality [22]. Additionally, there are some characteristics that may affect SMEs’ perfor-
mance, such as industry, management, technology, technical competence in marketing and
innovation [23], the level of internationalization [24], and ownership [1]. In other words,
even assuming the same definition, SMEs are usually heterogeneous, and heterogeneity
affects performance [25]. Specifically, in the case of SMEs in Europe, findings suggest that
heterogeneity hinders the transition to the TBL of sustainability once this transition de-
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mands capabilities and capacities that are asymmetric among SMEs [11]. Heterogeneity
also may influence the adoption of innovation by SMEs in Brazil [26].

Here, we assumed that all papers that used the acronym “SME” with the explana-
tion “small and medium enterprises”, “small- and medium-sized enterprises”, or “small-
medium enterprises” were referring to a comparable term. Furthermore, we considered

that the term “SME” could encompass micro and self-employed enterprises.

2.2. Digital Transformation (DT)

After reviewing and analyzing 134 well-received definitions of DT, Gong and Ribiere
(2021) [27] posed the following definition: “Digital transformation is a fundamental change
process, enabled by the innovative use of digital technologies accompanied by the strategic
leverage of key resources and capabilities, aiming to radically improve an entity and
redefine its value proposition for its stakeholders.”. In this context, an entity may be an
organization, a business network, an industry, or a society. To the best of our knowledge,
there is no definition of DT to SMEs as a separate entity. Thus, we adopted the definition of
Gong and Ribiere (2021) [27].

Therefore, we considered DT as a synonym of “digitalization”, “digital transition”, and
“digital innovation”. However, we did not consider “digitization” and “Industry 4.0 (4.0)”
as synonyms of DT. Digitization is the conversion of analog information to digital. Activities
are not made more valuable by digitization. Usually, digitization is used to describe the
process of digitizing internal and external procedures [28]. Although sometimes mentioned
as a synonym of 14.0, the concept of DT stresses the implications for strategy and business
model innovation and underlines the emerging technologies in the business model, and,
in turn, the rise of cross-industry ecosystems [29]. Furthermore, the term 4.0 is mainly
related to the DT process in the manufacturing sector [29]. For example, Sassanelli et al.
(2020) [30] proposed a holistic methodology to evaluate a manufacturing company passing
through the digitization process in terms of the level of digital and lean maturity. Readers
interested in a more conceptual understanding may refer to [31].

However, when we consider a multi-industry perspective, the average size of enter-
prises in the service industry is typically smaller than in manufacturing [32]. Addition-
ally, the birth rates of employer enterprises are higher in the services industry than in
manufacturing [32]. Between 2008 and 2014, the employment rate in manufacturing de-
creased in most countries of the Organization for Economic Co-operation and Development
(OECD), except in Germany and Luxemburg [33].

Therefore, we adopted the term “digital transformation” due to its industrial range
and the emphasis on business model innovation and business strategy. However, we
accepted papers that used the terms “Industry 4.0” or “digitization”, only if the authors also
jointly used the terms “digital transformation”, “digital transition”, “digital innovation”,
or “digitalization”.

2.3. Triple Bottom Line (TBL)

The concept of sustainability is commonly based on three aspects: economic, social,
and environmental—also named the “triple bottom line” (TBL), as proposed by Elkington
(1994, 1998) [34,35]. The author encouraged organizations to measure their performance
using a multidimensional perspective that integrates not only the traditional indicators
but also includes environmental and social aspects. However, sustainability performance
measurement is a challenge because there is no universal standard for the calculation of sus-
tainable TBL performance [36,37]. In this perspective, as stated by Santos et al. (2019) [38],
the way to measure, obtain, and analyze the appropriate environmental information can be
a huge challenge for organizations.

The Circular Economy (CE) is a field related to the TBL. Although also very relevant,
the concept of the CE differs from the TBL because the CE is a system-level solution frame-
work focused on addressing resource issues (e.g., pollution, waste, biodiversity loss, and
climate change) [39]. Many advancements have been achieved through the CE. For exam-
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ple, a conceptual data model to standardize and structure data in circular manufacturers
has been proposed [40]; an SLR was made to identify the relevant information and data
required to support manufacturers transitioning to the CE [41]; and an SLR was made that
integrated the circular supply chain, the CE, and I4.0 [42]. The latter [42] considered TBL
among the dimensions of analysis. The authors identified 19 articles encompassing TBL
(from a sample of 198 papers). They concluded that 60% of the papers that considered
TBL neglected the social aspect. The authors also emphasized that this result agrees with
a previous paper [43]. They emphasized that the social aspect is the least investigated in
supply chains and that, even when it is, the analysis is typically skimpy. In summary, the
concept of the CE is focused on resources (more emphasis on economic and environmental
aspects), while TBL encompasses and equally emphasizes the social aspect.

After the COVID-19 pandemic, the TBL performance became even more relevant [44].
Preliminary investigations showed that SMEs were the most affected by the pandemic and
faced more difficulties from interrupting their operations. This may have caused long-term
liquidity problems and affected the maintenance of jobs [45]. SMEs account for 50% of
employment globally [4]. Specifically, SMEs are responsible for most female jobs [46].
During the SLR filtering process, we classified the papers based on how they approached
sustainability’s three aspects (TBL).

Thus, our research contributes to the United Nations (UN)’s sustainable development
goals (SDGs) 1 (no poverty), 5 (gender equality), 8 (decent work and economic growth),
9 (industry, innovation, and infrastructure), 10 (reduced inequality), and 12 (responsible
consumption and production).

3. Research Design
3.1. Manual SLR

This study adopts the systematic literature review (SLR) method to describe and
analyze SMEs’ current tools for performance measurements, specifically the mathematical
tools (as well as their respective dimensions and variables) for measuring the process of
DT simultaneously with the three aspects of sustainability (environmental, social, and
economic). The SLR method has been considered a replicable, scientific, and transparent
literature review approach that minimizes bias. It is an iterative process for identifying the
extant literature about some research topics [47].

The five main steps were based on the recommendations by Tranfield et al. (2003) [47]
and Moher et al. (2009) [48]. These steps were (i) Research question formulation; (ii) Search
strategy; (iii) Selection and Evaluation of relevant studies; (iv) Analysis and synthesis of
results; (v) Reporting the review. The full SLR process is summarized in Figure 1, which
illustrates the review protocol to provide transparency to the process. In the first step, we
defined the main research question (RQ) and the two secondary research questions (SRQs).
They were presented in the Introduction section. Further details about the review protocol
can be found in [31].

Scopus and Web of Science were chosen because they have international and wide
coverage, and they are regularly updated [49]. Further justification for the dataset choice
can be found in [31]. We developed strings to cover a few keywords related to the constructs
from each RQ. Some keywords were identified among the three themes after a preliminary
review of DT, SMEs, performance measurement, and sustainability. The final search strings
were defined after running tests to ensure reliable searches. The strings can be found in [31].

Once the search strings were defined, we established the criteria for the inclusion and
exclusion of papers. The search was conducted in September 2021 and repeated in December
2021. After the search, the results were exported and converted as files from the StArt
software. The StArt was used during Selection (Filter 1) and Extraction (Filter 2) (Figure 1).
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Figure 1. SLR Process.

The selection and evaluation steps consisted of three filters. The first filter consisted
of reading the title and abstract of each paper found in the search, eliminating duplicated
papers and papers that did not meet the inclusion criteria (Figure 1). Two independent
reviewers executed all filters, double-checking the filter results until they agreed.

In the extraction step (Filter 2), the reviewers read the introduction and conclusion
of the selected papers and started qualifying them. This filter was performed because, in
Filter 1, the retained papers could have doubtful relevance to the interest area. If, after
reading the introduction and conclusion, a paper proved not to be pertinent, it was excluded
with the justification registered in the StArt software. In this step, the papers were also
classified by answering 11 questions, as stated in the SLR Protocol [31]. In this filter, the
questions were used to classify the selected studies and evaluate their importance for the
research. Further information can be found in [31].

Data were coded in the content analysis step following the basic requirements pro-
posed by Barnes et al. (2022) [50,51]. Specifically, a codebook was written, establishing
a code for each aspect of TBL and a code for DT. Both reviewers independently read the
papers and coded the text content. To determine whether a paper considers a certain aspect
of TBL, it was necessary that both reviewers read it and had a consensus about coding
it with the same aspects of TBL, and there were subcodes for variables and dimensions.
The software ATLAS. TI was used to execute the code procedures. This software supports
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the organization of ideas and concepts, and it helps to cluster the tools, dimensions, and

variables for measuring the impacts of the TBL and DT on the performance of SMEs.
After the papers were coded, we answered the research questions and identified the tools,

dimensions, and variables for measuring the impacts of DT on the performance of SMEs.

3.2. LDA-Based SLR

Conducting a manual SLR is a time-consuming, laborious, and costly effort. Con-
sequently, automated techniques in SLRs have increased [52]. Dinter et al. (2021) [52]
analyzed 41 papers that propose an automated or semi-automated approach for SLRs. The
authors concluded that selecting primary papers is the most automated stage in SLRs.
However, topic modeling is still rarely applied to select primary papers in an exploratory
literature review [13,15].

The LDA is a state-of-the-art [13] and the most used [53-55] topic modeling
technique [53-55]. The LDA is a probabilistic method that extracts topics from a collection
of papers. A topic is a distribution of terms (words) over a fixed vocabulary. The semantics
and meaning of the sentences are not evaluated. However, LDA analyzes the terms in each
paper and calculates the joint probability distribution between the observed (terms in the
paper) and the unobserved (the hidden structure of topics) [13].

It is essential to highlight that, in general, topic modeling works best with large volumes
of text data. However, the minimum number of papers required for applying topic modeling
in an SLR can vary depending on the research question, the literature’s nature, and the
review’s goals [13]. Some authors have successfully used topic modeling with relatively
small datasets, depending on the research question and the scope of the review. For example,
Saha (2021) [15] applied Latent Dirichlet Allocation (LDA) to 948 papers on game theory in
the management literature, Asmussen and Meller (2019) [13] applied LDA to 650 papers on
lean manufacturing in the management literature, Nguyen et al. (2023) [56] applied LDA
to 108 papers on blockchains applications in supply chain management, and Queiroz et al.
(2022) [14] applied LDA to 92 papers on DT and lean philosophy applied to SMEs.

Determining the number of topics (k) is a crucial parameter to guarantee the quality of
the LDA results. Once this LDA approach is unsupervised, we do not know the relationship
between the papers before the model is executed. Calculating the perplexity is normally
used as cross-validation to estimate an adequate number of topics [13]. Additionally, it
can be used as an indicator that the number of papers in the dataset reached the minimum
threshold. Perplexity is a metric used to evaluate language models, where a low score
indicates a better generalization. Lowering the perplexity is equivalent to maximizing the
overall probability of papers being on a topic. Choosing the right number of topics is the art
of balancing the right number while keeping the perplexity at the lowest possible level [13].

For example, Figure 2 shows the perplexity of LDA models applied to all searched
papers. The line graph shows how average perplexity decreases with the increasing number
of topics. In other words, the model fits better as the number of topics increases. As an
illustration, a fit with k = 15 topics may be interesting because it is in a region where perplexity
is decreasing, and it is the configuration with maximum discriminatory power, concentrating
48 of the 91 (52%) manually accepted papers on 7 topics (1,3, 7, 8, 10, 12, and 14).

Like Queiroz et al. (2022) [14], we adopted the framework proposed by Asmussen
and Magller (2019) [13], followed by an onion approach. Due to the limited number of
papers, it was observed that in some cases, one topic had many more papers than others.
Furthermore, a topic with a high concentration of papers presents a list of words that
encompass many different themes, i.e., an obstacle to adequate paper segregation. In
such cases, the onion approach refers to the solution of running the LDA only with the
papers on the concentrated topic and repeating this loop until the result does not present
a concentration of papers on any topic. The first onion layer had 91 papers. The second
onion layer had 73 papers. In both cases, the best fit was k = 7. The third onion layer had
64 papers. The fourth onion layer had 37 papers. In both cases, the best fit was k = 5.
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Figure 2. Perplexity of the LDA model (considering all papers).

We investigated the possibility of applying the framework of Asmussen and Moller
(2019) [13] as a tool for validating the manual SLR and providing new insights. The
papers that LDA used to build the topics in each onion layer were compared to the papers
manually selected. LDA-based selection rejected 30 papers in Filter 1 (instead of 47 from
the manual selection, i.e., 64% of the manual SLR rejected sample). Additionally, for
technical issues already pointed out in the literature [13,57] and to be overpassed in future
methodological developments, the proposed LDA algorithm did not read all the papers
accepted by Filter 2 and 3. The algorithm read 91 of the 113 papers (81%). The algorithm
used 58 of the 74 accepted by Filter 2 (78%) and 33 of the 35 accepted by Filter 3 (94%). We
assumed that this level was already enough for a valid comparison and interpretation of
results from both methods (manual SLR and LDA-based SLR).

4. Manual SLR Results
4.1. Research Profiling

After the selection and extraction steps, we manually profiled 35 papers. As shown
in Figure 3, although there were no time restrictions, the oldest paper was published in
2016 [5]. Almost 80% (27 papers) were published in the last two years (2020-2021), and
one paper was accepted to be published in 2022. This highlights the constantly growing
scholarly interest in this field of study. The 35 papers were published in 27 journals,
indicating that there is still no major consolidated source about the theme. Most of these are
leading journals once they are indexed in Journal Citation Report (JCR)-listed journals and
the Chartered Association of Business Schools (CABS) journals’ ranking list. The following
journals published more than one paper: Journal of Business Research (3), Applied Sciences
(2), Technological Forecasting and Social Change (2), Competitiveness Review: An International
Business Journal (2), and Sustainability (2).
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4.2. Data Collection Approaches

Table 1 summarizes the 35 accepted papers. As can be seen, 23 articles developed and
applied surveys for collecting (primary) data. However, these surveys differ in sample size,
the number of respondents per SME, and the definition of SME adopted by the authors.
This indicates that the lack of consensus and standardization hardens the comparison
among results.

As shown in Table 2, the following variables were the most used for characterizing
SMEs in surveys: the size (number of employees), the business industry, the age, and
the ownership. As discussed in Section 2.1, sizes defined by the number of employees
are usually different in terms of numbers. Furthermore, in the DT process, remote and
hybrid work replaces activity-based positions [10]. This implies that enterprises with
fewer employees can be large enterprises (and not necessarily SMEs). In this regard, a
standardized and measurable definition of a “digital SME” represents a contribution to
further investigations.

In the case of ownership, the authors normally discriminate between family-owned
SMESs and SMEs controlled by company groups. However, in China, it is also possible to
have estate SMEs, private-public SMEs, and/or SMEs listed in stock markets [71]. These
observations and the lack of a commonly accepted definition of SMEs make us question,
for example, if a non-governmental organization could be considered an SME. If so, under
which conditions? Additionally, in the case of family SMEs’ investigation, the gender of the
owner proved to be a significant variable for determining the DT performance of the SMEs.
Men tend to be more engaged in DT than women [65]. There is a lack of investigation
into whether the gender of the managers of non-family-owned SMEs also affects DT
performance. Besides gender, the less frequented variables of characterization are sales (or
income from sales), geographical location, and the marital status of the owners [81].

Furthermore, six articles worked with qualitative approaches (interviews and case stud-
ies). Seven articles worked with secondary data; these were mostly literature reviews (6),
except for [1], which quantitatively investigated a dataset from the Centre of European
Economic Research (ZEW)’s 2015 ICT survey. Regular surveys with standardized question-
naires enable cross-temporal studies, which are pointed to as a gap in the theme [72,82].
Additionally, one article collected data on scraping SMEs” websites [80]. Scraping may
become a promising data collection approach for future investigations a having a website
becomes a mandatory requirement for SMEs in most industries.
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Table 1. Summary of the accepted articles, the considered aspects (Digital Transformation—DT, Economic—Econ., Social—Soc., Environmental—Env.), used

methodological approaches, and procedures for data collection.

Author/Year DT Econ. Soc. Methodological Approach Data Collection
o Two-step approach: Structural Equation
AlMujaini et al. (2021) [58] X X X Modelling (SEM) and Interviews Survey, 354 respondents (owners or managers of SMEs)
AlMulhim (2021) [59] X X Partial Least Square Structural Equation Modelling (PLS-SEM) Survey, 460 respondents (of 150 SMEs)
Apostolov and Coco (2021) [60] X X X Case Studies Visits and interviews (8 SMEs)
Ardito et al. (2021) [61] X X X Tobit regression Survey, 369 respondents
Partial Least Square Structural Equation Modelling (PLS-SEM)
Bouwman et al. (2019) [62] X X and fuzzy-set Qualitative Comparative Analysis (fsQCA) Survey, 321 respondents
Cenamor et al. (2019) [63] X X X Partial Least Square Structural Equation Modelling (PLS-SEM) Survey, 129 respondents
. . . In-depth interviews (8 SMEs) and survey, 46 respondents
Chen et al. (2016) [5] X X Hierarchical Regression (owners or high executives of SMEs)
Chonsawat and Sopadang (2020) [64] X Literature Review and Case Studies Secondary data and qualitative primary data
o . . Survey, balanced sample of 438 respondents
Denicolai et al. (2021) [9] X X Tobit Regression (one respondent per SME)
Dutot et al. (2021) [65] X X X Partial Least Square Structural Equation Modelling (PLS-SEM) Survey, 197 respondents
Dutta et al. (2020) [66] X Literature Review an.d Maturlty Model Assessment Secondary data and survey of 250 SMEs
(descriptive statistics)
Eller et al. (2020) [67] X X X Hierarchical Regression Survey, 193 respondents
Acquisition-Importance Analysis (AIA) and Network
Fang et al. (2020) [68] X X X Relation Map (NRM) based on Decision-Making Trial and Interviews with 18 experts
Evaluation Laboratory (DEMATEL) Technique
. . . Secondary data and two loops of interviews
Gamache et al. (2020) [69] X X X Literature Review and Case Studies (15 SMEs and 21 SMEs)
Gruenbichler et al. (2021) [70] X X X Descriptive Statistics and Case Studies Survey (123 respondents) and interviews
Guo et al. (2020) [71] X X X Multilinear Regression Survey, 518 respondents (one respondent per SME)
Hassan et al. (2021) [1] X X X Bivariate Probit Regression Secondary data, 2404 SMEs
Holopainen et al. (2020) [72] X X X Multilinear Regression Survey, 668 respondents (one respondent per SME)
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Table 1. Cont.

Author/Year DT Econ. Soc. Enw. Methodological Approach Data Collection
Jelovac et al. (2021) [73] X X X X Critical Review Secondary data
Joensuu-Salo et al. (2018) [74] X X Linear Regression Survey, 101 respondents (one respondent per SME)
Jun et al. (2021) [75] X X Correlation, Multﬂine?\j[;figefi;(()gg’l\i?d Structural Equation Survey, 647 respondents (managers of SMEs)
Kamisali¢ et al. (2020) [76] X X X Literature Review and Case Studies Secondary data
Kmecova et al. (2021) [77] X X X Linear Regression Survey, 610 respondents
Kulathunga et al. (2020) [78] X X Structural Equation Modelling (SEM) Survey, 319 respondents (chief financial officers of SMEs)
Kumar et al. (2021) [79] X X Literature Revievg;lgjrc;iio?;-(lhg%iidrf;ggl and Evaluation Secondrft}lfnc(lia;?{ de);geer)’geigir;otrﬁz (SSeOC g;(lge;;sl :\1’; t)he first
Léanyi et al. (2021) [80] X Analysis of Variance (ANOVA) Content analysis of websites of 958 SMEs
Mubarak et al. (2019) [81] X X Linear Regression Survey, 237 respondents
Nasiri et al. (2020) [82] X X Structural Equation Modelling (SEM) Survey, 280 respondents (one respondent per SME)
North et al. (2019) [83] X X X Literature Review and Case Studies Visits and interviews (52 SMEs)
Okfalisa et al. (2021) [84] X X X Fuzzy Analytical Hierarchy Process (F-AHP) method Experts” opinions
Ponis and Lada (2021) [85] X X Descriptive Statistics Survey, 60 respondents
Rozak et al. (2021) [86] X X X Partial Least Square Structural Equation Modelling (PLS-SEM) Survey, 239 respondents
Troise et al. (2022) [8] X X X Partial Least Square Structural Equation Modelling (PLS-SEM) Survey, 204 respondents
Ukko et al. (2019) [87] X X X X Analysis of Variance (ANOVA) and Multilinear Regression Survey, 280 respondents (one respondent per SME)
Viale Pereira et al. (2020) [10] X X X Cluster Analysis Experts’ opinion
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Regarding survey sampling, five approaches were identified in the literature: ran-
dom sample choice [71,82], balanced industrial representation of the SMEs in the sample [9],
focus on the SMEs from a unique industry [72], focus on SMEs considered as
innovative [8,58,60-62,72,75], and focus on the SMEs considered as entrepreneurial [63].
Regarding the survey respondents, as shown in Table 1, most of the research surveyed only
one person per SME (usually the owner or a senior manager) [32,59,71,74]. However, one
paper surveyed multiple employees from the same SME [59], and other papers did not
mention how many respondents were surveyed [61,62].

Table 2. SMEs’ Characterization variables.

Source Variables

[61] SME Size (Number of Employees), SME Age, Industry Sector, Private Ownership, Family Ownership

[63] SME Age, SME Size (Number of Employees)

[9] SME Size (Number of Employees), SME Age, Family Business, Company Group

[65] SME Size (Number of Employees), Annual Revenues

[67] SME Size (Number of Employees), Family Ownership, SME Age

[1] SME Size (Number of Employees), Industry

[72] EBIT to Sales, Sales, Operating 1{\/[argin, Tote'll Assets, Liabilities, SME Age, Manager’s Education, SME Size (Number
of Employees), ROA, Manager’s Ownership, Gender

[71] Business Model, SME Age, Ownership, Region, Listed /unlisted in Stock Market, Industry Sector

[77] SME Size (Number of Employees), Ownership

[78] SME Size (Number of Employees), SME Age

[86] Business Field, SME Size (Number of Employees), Annual Sales

[8] Industry Sector, Geographical Location, SME Size (Number of Employees)

[81] Position of Respondent, Experience of Respondent, Marital Status of Respondent, Gender of Respondent, Age of
Respondent, Income of Respondent
Determine the Primary Fashion Segment (Apparel /Footwear/Beauty/Accessories) of the Company, Age, Turnover

[85] and Headcount; Assess the Position of the Respondent Within the Fashion Organization

(Department—Management Level)

4.3. Methodological Approaches

As seen in Table 1, nine papers used mixed methodological approaches. These ap-
proaches were mostly (6) literature reviews, followed by one application of the reviewed
concepts/performance indicators. They strengthened and legitimated the contribution of
qualitative research for management knowledge [88]. However, the additional barriers to
integrating qualitative and quantitative research have already been pointed out [89].

Two papers applied exclusively qualitative approaches: a paper with case studies
analyzing evidence of the challenges SMEs face while redesigning their business model due
to DT [60] and a critical review aiming to design a framework for SMEs building digital
trust [73]. The remaining papers (24, 69%) applied exclusively quantitative approaches.
Hence, quantitative tools and approaches are predominant in the field.

Among the quantitative tools, structural modeling (SEM) (10) and econometrics (9)
were the most used. Without considering DT as one of the SMEs’ environmental perfor-
mance factors, the literature had already discussed the application of SEM as a performance
tool for SMEs [90]. In this regard, the results indicated that SEM and regressions are consol-
idated tools in the field. On the other hand, cluster analysis, analysis of variance (ANOVA),
Decision-Making Trial and Evaluation Laboratory (DEMATEL), and integrations with fuzzy
techniques were used more than once. This indicates these tools are emerging in the field.
No paper used an approach directly associated with performance measurements, such as
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Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA). This suggests
that these tools are still not explored in the field and remain an open field for possibilities.

4.4. Variables and Dimension

Regarding the aspects, as seen in Table 1, 33 papers directly considered the DT aspect,
28 considered the economic aspect, 22 considered the social aspect, and 5 papers considered
the environmental aspect. Only four papers [60,61,73,87] considered the four aspects
simultaneously. Hence, there is a gap in the studies considering the TBL in this context.

44.1.DT

Table 3 shows the identified variables and dimensions regarding DT. The dimensions
were attributed by the authors of each paper. Only nine authors classified the used variables
into dimensions. We identified 192 variables and 34 dimensions.

Table 3. DT variables and dimensions.

Source Variables Dimensions

[58] Digital Transformation -

[59] Digital Transformation, Smart Technologies -

[61] Digital Orientation -

[62] Resources for Business Model Experimentation, Business Model Strategy )
Implementation Practices, Business Model Experimentation Practices

[63] Platform Integration, Platform Reconfiguration Platform Orientation
Portal Training, Portal Usage Portal Usefulness

[5] Qperatlonal Frlendllness, Industry Benchmark Information Portal Interface
Bilingual Information
Portal Maintenance Service, B2B Function, Cloud Computing Service-Orientation Portal Function
Business Model, Business Strategy, Digital Transformation, Leadership, . .

L. ¢ Organizational Resilience

Organizational Structure, Supply Chain Management
Infrastructure, Financial Resource and Investment, Standardization Infrastructure System
Logistics System, Collaborative Robot, Customized Product, Industrial .

[64] Automation, Industrial Internet Manufacturing System
Cloud Manufacturing, Data Acquisition, Data Connected, Real Time Data  Data Transformation
Blg.Data Analytics, Inforrpatlon System, Tracking System, Predictive Digital Technology
Maintenance, Cybersecurity

[65] IT Governance, IT Strategy -
Horizontal Integration, Vertical Integration, End-to-end Integration System Integration

[66] Internet of Things, Big Data, Cloud Computing, Autonomous Robots,
Simulation, Cyber Physical Systems, Augmented Reality, -
Additive Manufacturing

[67] Information Technology, Digitalization, Digital Strategy -
Operational Use of Data, Strategic Use of Data Measurement System
Ecosystem and Architecture, Mastery Qf Technologies, Cybersecurity, Technology Management

[69] Intelligence, Autonomy, and Automation
Collection of Data, Integrity and Quality of Data, Data Delivery Data Management

Customization, Engagement and Loyalty, Cocreation and Open Innovation,

E-Commerce and SMAC Customer Experience
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Table 3. Cont.

Source Variables

Dimensions

[70]

Suitable Performance Measurement (PM) System

[71]

Digital Artifact, Digital Platform, Digital Infrastructure, Digital Business
Model, Digital Management Model

Overall Digitalization Degree

Internal R&D, External Acquisition

Digitalization Method

Big Data, Al, Mobile, Cloud Computing, IoT, Social, Platform Development

Digital Technology Adoption

Rate of Online Business

Business Mode

Digital Transformation

Long-term Crisis Responses

(1]

Cloud Computing, Social Media Network, Perceived Usefulness, Security
and Privacy Concerns

[72]

Internet is the Source of Innovation

[73]

High Performance Computing, Technological
(Corporate Digital Responsibility)

[74]

Digitalization

[75]

Digital Platform Capability

[76]

Phoneline Connection, Fixed BB/NGA Connection, Fast BB Connection,
Ultra-fast BB Connection

Fixed-line Broadband—Connectivity

4G Connection, 5G Connection

Mobile Broadband—Connectivity

Proprietary Website, E-marketing Activity, Social Media Presence

Online Presence

Online Sales, E-commerce Turnover, Cross-border E-commerce,
Digital/electronic Catalog, Online Communication with Customers,
Customer Engagement in Product Customization

E-commerce—Online Presence

B2B E-business Activity (Online Activity), B2G E-business Activity (Online
Activity), E-banking (Online Activity), Online Purchases

Online Activity

Intranet, Electronic records, Automatically Generated Invoices, Electronic
Information Sharing

ICT Infrastructure

Big Data, Cloud Services, Integrated or Specialized Systems or Tools,
Business Intelligence or Knowledge Base, Decision Support Tool

Advanced Technologies—ICT Infrastructure

Robots and 3D Printing, Automation, Product Identification Throughout
the Supply Chain (Unique, Automated), Digital Supply Chain
Management and Supplier Relationships

Production Technologies—ICT Infrastructure

Security Policy, Data Protection Policy, Regulatory Quality, Assessment
Effectiveness, Software or Hardware Upgrades

ICT Policy

Computer or Mobile Device Use, Internet Use, E-mail or IM Use, Standard
Application or Office Software Usage, Video Calls or Conferences

ICT Usage

[77]

Digitization of Analogue Data, Digitization of Biometric Data, Digital
Interaction Platforms, Networking, Big Data Analytics, Rapid Analytics,
Predictive Analytics, Use of Social Networks for the

Recruitment of Employees

[78]

Technological Literacy

[79]

Security of Data, Efficient Data management system, Reliable and
Affordable Big Data Analytic technologies, Egression of IoT-specific
Operating Systems, Trust on IoT Systems, Customer and Supplier
Relationship Management, Collaborations Between Heterogeneous
IoT Systems

(80]

WebIXbin, Online Presence Category, Competitiveness Index,
Competitiveness Index, Category

[81]

Big Data, Interoperability, Internet of Things, Cyber-Physical Systems
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Table 3. Cont.

Source

Variables

Dimensions

[82]

Digital Transformation, Smart Technologies

[83]

Searching for Digitally Enabled Growth Opportunities, Understanding and
Developing Digital Customer Needs, Sensing Technology Driven
Opportunities, Use of External Sources Digital Innovation

Sensing Digitally Enabled
Growth Potentials

Digitally Enabled Growth Strategy, Digital Leadership, Digital Mindset

Developing a Digitally Enabled Growth
Strategy and Mindset

Digitally Enabled Business Models, Digital Market Presence, Digital
Customer Experience, Agile Deployment of Digitalization Initiatives

Seizing Digitally Enabled
Growth Potentials

Digital Processes, Digital Technology and Security

Managing Resources for Digital
Transformation

[84]

Technical Infrastructures

IT Perspectives

[10]

Smart Cities’/Regions” Rebounds, SMEs vs. Global ICT-based Company,
Digital Divide, Digital Literacy

[85]

General Standpoint of the Respondent on DT in the Sector, Respondents’
Opinion on DT in their Organization and Whether They Have Been
Involved in a DT Process, Respondent’s Opinion on Which Digital
Technologies he/she Expects to Impact his/her Company’s Digital
Strategy in the Coming Years and to What Extent, Respondent’s Opinion
on Which are the Major Barriers to Implementing their Company’s DT
Strategy, Respondent’s Opinion on the Importance of Specific Digital
Practices/Initiatives, Respondents” Opinion on the Benefits their Company
has Ripped from DT Initiatives, Respondent’s Opinion on the Effectiveness
of his/her Company’s DT Strategy.

(86]

ICT Utilization, Social Media Engagement

IT Infrastructure Flexibility, Application Digital Technology

[87]

Managerial Capabilities, Operational Capabilities

The dimensions were:

e  Platform Orientation [63], for understanding the competitiveness of SMEs in platforms.
This dimension is associated with external operations.

e  Portal Usefulness, Portal Interface, and Service-Orientation Portal Function [5], for
understanding the effects of DT on SMEs’ performance. This is the oldest identified
paper. The word “portal” can be understood as what was later named “platform”.
These dimensions are associated with external activities.

e  Organizational Resilience, Infrastructure System, Manufacturing System, Data Trans-

formation, and Digital Technology [64], for defining readiness indicators for SMEs

’

DT. The authors focused on the manufacturing industry; the adopted dimensions are
associated with internal activities. Instead of “platform”, the authors used the words

v

“system”,

technology”, and “data” for the use of internal platforms.

e System Integration [66], for understanding the DT priorities of Indian SMEs in the
manufacturing sector. Again, the dimension is associated with internal activities, and

the word used is “system”.

e  Measurement System, Technology Management, Data Management, and Customer
Experience [69], for understanding the DT priorities of Canadian SMEs in the manu-
facturing industry. Three dimensions are associated with internal activities and use the

v

words “system”,

technology”, and “data”. The “Customer Experience” dimension

is associated with external activities, and it is linked to the measure “customization”.
There are no variables related to platforms for communicating with customers. The
use of platforms is a general practice for SMEs in retailing but is not taken into consid-
eration in the literature in the manufacturing industry.
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e  Opverall Digitalization Degree, Digitalization Method, Digital Technology Adoption,
Business Mode, and Long-term Crisis Responses [71], for investigating the response of
the SMEs to the pandemic. These dimensions are associated with internal and external
operations in a multi-industrial context.

o  Fixed-line Broadband—Connectivity, Mobile Broadband—Connectivity, Online Pres-
ence, E-commerce—Online Presence, Online Activity, ICT Infrastructure, Advanced
Technologies—ICT Infrastructure, Production Technologies—ICT Infrastructure, ICT
Policy, and ICT Usage [76], for understanding the DT of fiber-based SME manufac-
turers in Europe. The dimensions are associated with internal and external activities
as well as a strategy (ICT Policy). However, the dimensions associated with external
activities are not associated with the use of a shared selling platform (common for
retailing SMEs) but with the “Proprietary Website” and “B2B E-business Activity
(Online Activity)”. Although common for SMEs in the manufacturing industry, these
investments are unusual and unaffordable for the DT of SMEs in other industries (such
as service and retailing).

e  Sensing Digitally Enabled Growth Potentials, Seizing Digitally Enabled Growth Poten-
tials, and Managing Resources for Digital Transformation [83], for understanding the
maturity level of SMEs regarding DT.

e  IT Perspectives [84], for measuring the effects of factors influencing the readiness of
SMEs towards DT. This dimension is linked to the variable “Technical Infrastructure”,
which may be associated with internal activities. As it is a multi-industrial perspective,
the term “infrastructure” can represent investments in generally used technologies or
advanced ones (usually prohibitive for SMEs in some industries).

In summary, we conclude that the literature explores dimensions and variables for
the DT in this context. However, there are some considerations that should be highlighted.
First, most papers focused on measuring performance at a micro-level (the SMEs’ perspec-
tive only). There is a gap in measurements considering a macro perspective (e.g., market,
legislation, etc.). Second, the variables and dimensions can be divided into those focused
on the SME’s internal activities and those focused on the SME’s external activities (e.g.,
communication with customers and suppliers). In general terms, papers that investigate
manufacturing tend to consider the DT internally in the SMEs, while papers that investigate
other industries tend to consider the DT as an enabler for the relationships and communica-
tions external to the SMEs. It is critical to highlight here that the DT measures (e.g., digital
platform metrics) have an integrative potential, connecting internal and external activities.

We observed that, although manufacturing is a decreasing sector with a smaller
representation in the employment rate worldwide [40], it tends to be more investigated
in the literature. Additionally, SMEs from the manufacturing industry may be more
interested in and have more resources for investing in the DT process than SMEs from other
industries. The manufacturing industry tends to associate DT with the words “system”,
“data”, “technology”, and “ICT”, while other industries tend to use the words “platform”,
“portal”, “website”, and “marketplace”. This may be a consequence of the fact that (i) there
is heterogeneity among SMEs, and (ii) authors work with different definitions of SME.

As well as a standardized definition of SME, there is a lack of a clear definition of
“platform”, and its differentiation from “portal”, “website”, “marketplace”, and “social
media”. Finally, there is a lack of variables and dimensions that consider cybersecurity and
data protection.

4.4.2. Economic

Table 4 shows the identified economic variables and dimensions. We identified
122 variables and 16 dimensions. In other words, there are 36% fewer economic vari-
ables than DT ones. This indicates that economic aspects are somewhat less explored than
DT in the context of SMEs’ performance.
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Table 4. Economic variables and dimensions.

Source

Variables

Dimensions

[58]

Organizational Innovativeness, Organizational Performance

[59]

Firm Performance

[61]

Product Innovation, Process Innovation, Market Orientation Trade,
Market Orientation Business, Market Internationalization, Cost Strategy,
Collaboration, Obstacles

[62]

Overall Performance

[63]

Entrepreneurial SMEs’ Performance, International, Orientation,
Exploration Orientation, Exploitation Orientation

Finance, Customer, Process, Learning

Organizational Performance—Balanced
Score Card

Export Intensity, Investment in Innovation

Organizational Performance

Financial Performance

[68]

Product Innovation Capability, R&D and Manufacturing Capability,
Marketing Capability, Branding Capability

Professional Competence

Stable Cash Flow, Merge and Acquisition, International
Operation Experience

Operation Management

Fundraising, Obtain Key Resource, Obtain Market Information

Critical Resources

Approve by International Certification, Approve by Local Sales
Certification, Approve by Health Insurance, Apply Intellectual Property

Regulatory System

Build up Reputation, Connect Channels, Influence by National Image,
Understand Different Culture

Market Expansion

[69]

Vision and Strategy, Technological Watch, New Business Models,
Commitment and Exemplarity

Leadership

Change Management, Agile Manufacturing and Innovation, Investment
and Available Resources, Lean and Continuous Improvement

Culture and Organization

[70]

Define and/or Visualize Business Objectives and Strategies, Allocate
Resources for Implementation (Within Budget), Define Key Objectives in
Consideration of Vision/Objectives, Define KPI for All Areas, Modify
Existing Management System (Processes and Org. Structure) and
Incentive System, Implement Measures and Use KPI, Initiate Change
Process (Change Management), Set Up a Secondary Org. for Project
Implementation, Identify Risks for Each Activity During the
Implementation, Review Objectives, KPIs, and Measures, Evaluate
Project Implementation

[71]

Production Recovery

Short-term Crisis Responses

Strategic Change

Long-term Crisis Responses

Cost Control Status, Cash Flow Status, Revenue Status in the First
Quarter, Predicted Performance

Performance

Implementation Cost, Innovativeness, Productivity, Exporter,
End Customer
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Table 4. Cont.

Source

Variables

Dimensions

[72]

EBIT to sales, ROA, Total Assets, Liabilities to Assets

Desire to Growth, Sales Change in Five Years, Sum Variable Measuring
Organization Structure and Cooperation, Sum Variable Measuring
Organization Structure, Family’s Share (%) and Cooperation as Projects,
Sum Variable Measuring Size Measured as Growth in Sales, Market Share
and Profitability, Sum Variable Measuring Environment, Cooperation
with Resources and Subcontracting, Sum Variable Measuring
Environment, Customers with Voucher or with Agreement, Sum Variable
Measuring Strategy to Grow with Boost sales, New Products and
Expansion Internationally, Sum Variable Measuring Strategy to Meet the
Competition by New Investments and Better Quality, Sum Variable
Measuring Strategy to Grow with Investments in New Customers and
New Products, Business Plan Exists, Bank Financing

Economic

Corporate Digital Responsibility

Firm Performance, Market Orientation, Marketing Capability

Improvisational Capability, Organizational Readiness,
Innovation Performance

[771]

R&D Department, ICT Investment in R&D, Patents or Trademarks,
In-house Innovation Capacity, Innovative Collaboration

R&D Infrastructure

[78]

Financial Literacy, Enterprise Risk Management, SME Performance,
SME Sector

[83]

Digital Investments

Managing Resources for
Digital Transformation

[84]

Financial Resources

IT Perspectives

Business Activities, Transaction, Marketing, Management,
Micro-Environment, Macro-Environment

Economical Perspective

[10]

Corruption, Economic Value of Data

[86]

Organizational Agility, SMEs Performance

(8]

Firm Innovativeness, Coupling, Organizational Agility, Product
Innovation, Process Innovation, Financial Performance

The identified dimensions were:

Organizational Performance—Balanced Score Card (BSC) [5], for understanding the
effects of DT on SMEs’ performance based on BSC.

Professional Competence, Operation Management, Critical Resources, Regulatory
System, and Market Expansion [68], for establishing DT strategies for Med-Tech SMEs.
Leadership and Culture and Organization [69], for understanding the DT priorities of
Canadian SMEs in the manufacturing industry.

Short-term Crisis Responses, Long-term Crisis Responses, and Performance [71], for
investigating the response of the SMEs to the pandemic.

Corporate Digital Responsibility [73], for building digital trust while implementing
high-performance computing (HPC) in SMEs. The variable linked to this dimension is
“Economic” and related to operations.

R&D Infrastructure [77], for identifying and evaluating indicators of DT in SMEs and
determining critical factors of DT.

Managing Resources for DT [83], for understanding the maturity level of SMEs
regarding DT.

IT Perspectives and Economical Perspectives [84], for measuring the effects of factors
influencing the readiness of SMEs towards DT.
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Economic dimensions are linked with variables of more than one aspect of interest
in our paper. For example, the social aspect of the TBL is also professional competence,
leadership, culture, and digital responsibility. The dimensions of R&D Infrastructure,
Managing Resources for DT, and IT Perspectives and Economic Perspectives are linked to
economic and DT variables. However, any economic variable that clearly connects micro-
and macro levels (or internal and external activities in the SME) was not observed.

In summary, the economic dimensions tended to be more strategic than operational.
The economic dimensions brought to light some environmental factors (macro-level) that
serve as enablers and driving forces, such as regulatory systems, market orientation, and
internationalization. It also showed that the pandemic’s short- and long-term impacts are a
focus of interest. In this regard, future studies should explore more operational variables
of the economic aspect. Furthermore, they should understand the dependency of the
economic aspect related to the others and how it is affected by the environmental aspect.

4.4.3. Social

Table 5 shows the identified social variables and dimensions. We identified 74 variables
and 11 dimensions. In other words, there are 62% fewer social variables than DT ones. This
indicates that social aspects are more neglected. The same phenomenon was registered in
the supply chain literature, considering the circular economy [43].

Table 5. Social variables and dimensions.

Source Variables Dimensions
58] Adaptative Learning, Culture, Experimental Learning, }
People and Networking
[61] Sustainability Workforce, Sustainability Community, Sustainability
Human Rights
[63] Internal Communication, Coordination, Relationship Skill, Network Orientation
Partner Knowledge
[65] Family Harmony, Gender of Respondent, Age of Respondent, Family
Generation of Respondent
[67] Employee Skills -
[68] Motivate All Teams to Transform Operation Management
Train Multifunction Team Member Critical Resources
[69] AchISltIOI'l and Development of ‘Skl!ls, External Openness and Culture and Organization
Collaboration, Internal Communication
Sensitize Shareholders and/or Top Management to the Need for
Performance Measurement (PM), Identify Required Knowledge for
[70] Performance Measurement (PM) (Knowledge Management), Provide )
Employees with Information (Communication Management), Raise
Acceptance Among Employees and Review the Change Management
Process, Evaluate Communication Within the Company
[71] Employee Protection (Short-term Crisis Responses), Donation )

(Short-term Crisis Responses)

Skilled Labor
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Table 5. Cont.

Source

Variables

Dimensions

[72]

Manager’s Education, Sum Variable Measuring Manager’s Age and
Experience in Industry (Social), Sum Variable Measuring Manager in
Practical Work (%), Sum Variable Measuring Environment as Customer
and Educational Institutions, Sum Variable Measuring Environment,
Cooperation with Other Companies, Educational Institutions, and R&D
Institution, Sum Variable Measuring Culture, Competition Require
Lower Quality in Service or Problems to Find Qualified Employees, Sum
Variable Measuring Culture, Service Innovations Internal or External
From the Company, Sum Variable Measuring Culture, Firm’s Age and
International Employees.

[73]

Moral, Socio-Cultural

Corporate Digital Responsibility

Integrity, Credibility, Security, Reliability, Transparency

Digital Trust

Responsible Corporate Digital Governance

[76]

ICT Department, Employment of STEM Graduates, Employment of
Business Specialists, Telework

Human Resources

ICT Training, Self-learning, Expertise Reuse

Employee Skills—Human Resources

[77]

GDPR (Employee Protection)

[78]

Financial Literacy

[79]

Availability of In-house Trained Manpower, Fear of Unemployment, Top
Management Allegiance

(82]

Relationship Performance (Assesses Internal Collaboration Over the Last
Three years. Assesses External Collaboration Over the Last Three Years.)

(83]

Digitally Empowered Employees

Developing a Digitally Enabled Growth
Strategy and Mindset

Digital Skills and Learning

Managing Resources for
Digital Transformation

[84]

Education, Culture

IT Perspectives

[10]

Legal Systems, Biases Due to Digital Data, Autonomous
Decision-making Acceptance, Trust in Unknown Digital Information,
Ethical Dilemmas, Social Media’s Democracy Threat, Vulnerable Group,
Governmental Capacity

[86]

Digital Skill

(8]

Relational Capability

The identified dimensions were:

Network Orientation [63], for understanding the competitiveness of SMEs in platforms.
Operation Management and Critical Resources [68], for establishing DT strategies for

Med-Tech SMEs.

e  Culture and Organization [69], for understanding the DT priorities of Canadian SMEs

in the manufacturing sector.

e  Corporate Digital Responsibility and Digital Trust [73], for building digital trust while
implementing high-performance computing (HPC) in SMEs.

e  Human Resources and Employee Skills—Human Resources [76], for understanding
DT of fiber-based SME manufacturers in Europe.

e  Developing a Digitally Enabled Growth Strategy and Mindset and Managing Resources
for Digital Transformation [83], to understand SMEs” maturity level regarding DT.

e IT Perspectives [84], for measuring the effects of factors influencing the readiness of

SMEs towards DT.
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In summary, the observed social variables and dimensions were mostly strategic and
not operational. They relate to (and sometimes depend on) DT and economic variables and
dimensions. It is worth noting that no paper considered work satisfaction. Moreover, no
paper considered the salary of employees. Finally, no paper considered that SMEs might be
hiring employees from other countries to work remotely. The only paper that considered
job security during the DT was focused on the response to the pandemic crisis and not on a
long-term response to job impacts caused by the DT as a historical process. Hence, these
topics stand out as future directions for research.

4.4.4. Environmental

Table 6 shows the identified environmental variables and dimensions. We identified
six variables and two dimensions. There are 97% fewer environmental variables than DT
ones. Hence, the environmental aspect is the most neglected.

Table 6. Environmental variables and dimensions.

Source Variables Dimensions
[61] Envirpnmgptal Orientation ;
Sustainability Market
[60] Environmental Sustainability Readiness -
Environmental Corporate Digital Responsibility
7l Sustainability Digital Trust
[87] Sustainability Strategy -

The identified environmental variables were:

e  Environmental Orientation and Sustainability Market [61], for understanding the re-
lationship between digital and environmental orientations to enhance innovation out-
comes. Innovations are assumed to be mandatorily related to Digital Transformation.

e  Environmental Sustainability Readiness [60], for investigating the impact of Al on the
international performance of SMEs and investigating how the relationship between
internationalization and DT affects sustainability.

e  Environmental linked to the dimension of Corporate Digital Responsibility and Sus-
tainability linked to the dimension of Digital Trust [73], for building digital trust while
implementing high-performance computing (HPC) in SMEs.

e  Sustainability Strategy [87], for understanding the role of sustainability in the relation
between digital business strategy and financial performance.

In summary, all papers adopted strategic environmental variables and dimensions.
There is a lack of operational and tactical perspectives. Papers that considered the en-
vironmental aspect were focused on sustainability. There is a gap in considering the
environment as one of the aspects of any SME'’s performance without the need for a specific
focus on sustainability.

5. LDA-Based SLR
5.1. Topic Modeling for Papers’ Initial Selection

Our first purpose was to investigate if the LDA could discriminate against the
30 papers initially rejected by the SLR (Filter 1), serving as support for the SLR validation.
We applied the LDA for all papers of the sample (121). We investigated different numbers
of topics (k =5,7, 10, 15, 20). Then, we compared the number of papers approved by the
SLR that was allocated to each topic for each k. As can be seen in Table 7, k = 15 represents
the configuration with maximum discriminatory power and with a decreasing perplexity
level (Figure 2), concentrating 48 of the 91 (52%) initially accepted papers on 7 topics. We
consider this evidence that the human subjectivity of selecting papers was constrained
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enough by the SLR methodology. Thus, the results are comparable with the non-human
method. Both methods are not interchangeable but serve as mutual support.

Table 7. Distribution of the topics with all papers.

K 5 7 10 15 20
. . 5 T1, T5,T7,T8,T11, T12, T16,
Topics with 100% of accepted papers T4 - T5 T1,7T3,T7,T8,T10,T12, T14 T17, T18, T19
Number of papers 24 - 5 48 34

Our second purpose was to investigate the possibilities of LDA for providing new
insights into the SLR interpretation. Table 8 provides the topics that are 100% composed of
accepted papers. The terms that are exclusive to these topics are in green. Thirty terms only

a7

appear in these topics. Among them, we highlight the terms “covid”, “pandem”, “crisis”,
“respons”, “measur”, “impact”, all in T10. This suggests that interest in the theme increased
due to the pandemic, and the papers that treat the pandemic may correspond to a separate

focus of interest inside the field.

Table 8. Topics composed by papers accepted in Filter 1 (k = 15).

T1 T3 T7 T8 T10 ** T12 T14 *
digit digit adopt capabl covid perform work
busi knowledg organis market smes innov sustain
smes firm technolog perform pandem busi safeti

transform technolog smes firm crisi model health
technolog smes inform orient busi manag studi
valu capabl factor smes respons studi environment
organiz innov market technolog firm suppli cultur
capabl extern competit busi measur chain osh
matur inform portal agil impact organiz employe
level platform cloud manag economi firm relat

The topic with * is focused on the environmental and social aspects and the topic with ** is focused on the
pandemics. The terms that are exclusive to these topics are in green.

Additionally, the terms “platform” (T3), “portal”, and “cloud” (T7) indicate that these
topics are relevant for the DT variables. The terms “sustain” and “environment” (T14) are
not exclusive of the topics produced with accepted papers, but they are in the same topic
(T14) with the exclusive terms “work” “safeti”, “health”, “cultur”, and “employe”, which
are all related to social sustainability. There is no other topic with terms related to any social
or environmental aspects of sustainability. This corroborates the conclusion that social and
environmental aspects are under-investigated in the literature and treated as a separate
theme in the field. It is also worth noting that the pandemic and social sustainability are
treated in different topics (T10 and T14). This suggests that research about the pandemic
may be neglecting the social impacts (such as unemployment).

5.2. Topic Modeling for Papers’ Filtering: The Onion Approach

Filters 2 and 3 required more human interpretation. We compared LDA results with
the human filters. To do this, we adopted what we call the onion approach, as explained in
Section 3.2 “LDA-based SLR”. Tables 9-12 show the results of each onion layer.
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Table 9. First onion layer (91 papers).

T1 T2 T3 T4 T5 * T6 ** T7 *
industri digit innov capabl orient covid port
product manag knowledg perform firm pandem work

manufactur busi famili innov market crisi data
system technolog enterpris busi perform smes sustain
chain smes perform model environment busi servic
data research industri agil sustain respons health
evalu studi model organiz innov distribut safeti
suppli develop extern strategi green enterpris forest
oper compani search firm capabl impact environment
indic model dih relationship suppli market iot
The topic with * is focused on the environmental and social aspects and the topic with ** is focused on the pandemics.
The orange column was used to show which topic was used to perform the LDA of the next onion layer.

The orange column was used to show which topic was used to perform the LDA of
the next onion layer. The terms “digit”, “technolog”, “smes”, busi”, and “firm” appear in
all layers, indicating that the search strings and filters achieved the research focus well.
Additionally, the terms “market”, “orient”, “manag”, “capabl”’, “knowledg”, and “innov”
appear in all layers. This corroborates that market orientation (external activities) may be a
driving force of the DT. Moreover, managerial aspects are the most frequently investigated.
Market orientation is usually investigated considering the capabilities” perspective, and
this theme is deeply correlated with innovation and knowledge.

Table 10. Second onion layer (73 papers).

T1 T2 T3 * T4 T5 T6 T7
capabl digit sustain perform market capabl industri
innov busi environment variabl onlin firm product
matur manag port studi media knowledg manufactur
market smes green chain distribut agil chain
orient technolog capit suppli communic entrepreneuri compani

knowledg research cultur effect custom famili design
social innov variabl factor social orient technolog
crisi model smsps portal compani effect suppli
organiz develop intellectu adopt competit intern process
servic studi tool signific enterpris innov system
The topic with * is focused on the environmental and social aspects. The orange column was used to show which
topic was used to perform the LDA of the next onion layer.
Table 11. Third onion layer (64 papers).
T1 T2 T3 * T4 T5
perform capabl sustain firm digit
innov digit environment market technolog
busi innov port social mes
manag firm manag innov busi
studi orient research distribut manag
effect busi green knowledg industri
model research adopt custom compani
strategi knowledg cultur strategi product
firm manag iot action process
research smes social servic develop

The topic with * is focused on the environmental and social aspects. The orange column was used to show which
topic was used to perform the LDA of the next onion layer.



Sustainability 2023, 15, 4917 24 of 30
Table 12. Fourth onion layer (37 papers).

T1 T2 T3 T4 T5
digit valu innov industri firm
busi market capabl knowledg work

manag chain market innov crisi
technolog onlin competit technolog respons
smes aspect matur smes chang
compani resourc servic product covid
research smes technolog manufactur dynam
process enterpris orient extern entrepreneur
transform develop iot firm small
develop indic knowledg adopt smes

Table 9 has the terms related to sustainability concentrated in T5 and T7. Similarly,
Table 10 has them in T1, T3, and T4. Table 11 has them concentrated in T3, and Table 12
has no more terms related to environmental sustainability but has “work” in the same
topic with “covid”, correlating the pandemic with social sustainability. Only Tables 7 and 9
have terms related to the pandemic. In both cases, they are isolated in a unique topic.
This indicates that these themes, “pandemic” and “sustainability”, are treated as separate
themes in the field and separate from each other.

The terms “environment”, “sustain”, “model”, “perform”, and “studi” appear in
Tables 9-11, evidencing the adequacy of the SLR. The terms “transform” and “chang” only
appear in Table 12. The term “entrepreneur” appears in Tables 10 and 12, suggesting that,
as well as innovation, entrepreneurship is frequently correlated to DT in SMEs. Hence, the
variables for DT should also consider measuring innovation, entrepreneurship, and market
orientation capability.

Additionally, “famili” appears in Tables 9 and 10, indicating that SMEs are usually
correlated with the family business, and the term “manufactur” appears in Tables 9-11,
corroborating the result that the manufacturing industry is more studied than other indus-
tries. The terms “suppl” and “chain” appear in Tables 9 and 10, suggesting that “supply
chain” is also more studied than other themes. The term “agile” appears in Tables 9 and 10,
suggesting that agile management is also associated with SMEs. Finally, the term “matur”
appears in Tables 10 and 12, indicating that DT is frequently understood based on maturity
levels. In this way;, it is demonstrated that the LDA served as a useful support tool while
executing an SLR.

6. Framework for Measuring SMEs’ Performance

Figure 4 provides the framework proposed here for those (researchers, policymakers,
and SMEs) interested in measuring SMEs’ performance, considering the TBL and DT. SMEs’
performance is subject to internal (micro-level) and external factors (macro-level). As
discussed in Section 4.3, SMEs are subject to different definitions and heterogeneity. Thus,
this may be considered in any performance investigation due to its possible moderator effect.
Table 2 provides the variables identified in the literature for quantifying heterogeneity.

As discussed in Section 4.4.1. DT, papers divide performance metrics into those
related to internal and external activities. This is also supported by the LDA evidence
discussed in Section 5.2. However, the DT aspect has an integrative potential, using a shared
digital platform among different stakeholders. Depending on the level of the SMEs’ digital
maturity, it is possible to measure DT performance by considering internal and external
activities jointly. This was also evidenced by the LDA results in Section 5.2. Similarly,
depending on the business environment characteristics, it is possible to measure the DT
performance considering micro- and macro-levels jointly. Given this, although not found
in the literature (Table 3), cybersecurity and data protection procedures are important
variables for enabling this integration.
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Macro level (Market’s perspective)

Micro level (SME’s perspective)

Economic Measures
Heterogeneity

Internal Activities External Activities Social Measures

Economic Measures Economic Measures
Social Measures Social Measures Environmental Measures

Environmental Measures Environmental Measures

Figure 4. Framework for measuring the sustainable and digital performance of SMEs.

All aspects of TBL and DT affect each other and affect final performance. Researchers are
recommended to deeply investigate these relationships. However, our results indicate that,
differently from the DT aspect, economic, social, and environmental aspects do not have a
strong potential to enable the integration between internal and external activities and between
micro- and macro-levels. Regarding the TBL aspects, performance can be measured considering
different variables for internal /external activities and micro-/macro-levels.

The variables found for measuring the economic, social, and environmental aspects
are registered in Tables 5-7, respectively. For example, policymakers interested in fostering
innovation among SMEs may be interested in tracking digital and economic measures. In
this case, at the macro-level, the digital variable can be the use (or not) of a certain platform
connecting regulatory agencies, SMEs, suppliers, and other stakeholders. Furthermore,
policymakers can track a variable representing the financing approved for each SME to
innovate (economic measure). At the micro-level, for attending to this policy, SMEs can,
for example, track the economic dimension “R&D Infrastructure”, through the variables
related to internal activities (“R&D Department”, “ICT Investment in R&D”, “Patents
or Trademarks”, “In-house Innovation Capacity”) and external activities (“Innovative
Collaboration”) as registered in [77]—Table 5.

However, to keep the same illustration while promoting an innovation policy, pol-
icymakers may also be interested that this policy positively impacts jobs (in quantity or
quality). From the macro-level perspective, this can be measured based on labor protection
requests (as [71] in Table 6) or regional unemployment rates. At the micro-level, the SMEs
can measure this through variables for internal activities (such as “Acquisition and Devel-
opment of Skills”, as in [69], Table 6) and variables for external activities (such as “External
Openness and Collaboration”, as in [68], Table 6).

Finally, policymakers may also be interested in fostering an innovation policy while
guaranteeing negative impacts on jobs and the environment will be restricted. From the
macro-level perspective, environment restriction can be measured through a certification
system for SMEs, while SMEs can measure whether their suppliers (external activities) and
themselves (internal activities) are attending to the agreed environmental targets. This
framework can be used for guiding the creation of performance metrics at operational,
tactic, and strategic levels.

Finally, variables’ relationships can be investigated through SEM and econometrics.
Furthermore, performance indicators can be proposed based on DEA, SFA, or among
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other methods (Table 1). In this way;, it will be possible to highlight benchmarks and best
practices, as well as determine if targets are achieved. Although here it is recommended to
measure performance considering at least ten variables (i.e., six at the micro-level, three
at the macro-level, and a DT variable integrating levels, as in Figure 4), it is essential to
highlight that the variable choice depends on the goal and a context view.

7. Conclusions

The tools, dimensions, and variables for measuring and investigating the impacts
of DT on the performance of SMEs are an increasing topic of interest, but the body of
knowledge is still developing. The number of papers on the theme is still small. Moreover,
the lack of a commonly accepted definition of SME and the heterogeneity among SMEs
are obstacles to the comparison of results among different papers. Consequently, this also
represents an obstacle to the building of the body of knowledge. What is more, there
is a lack of a definition of what DT is for an SME and how it could differ from DT in
larger companies.

Among the analyzed papers, we identified that quantitative tools are predominant,
mainly structural equation modeling (SEM) and econometrics. Decision-Making Trial
and Evaluation Laboratory (DEMATEL) and integrations with fuzzy techniques may
represent the current methodological frontier on the theme. However, it is worth noting that
Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA), methods focused
on performance measurement, still need to be explored, representing complete fields of
new future research possibilities. Furthermore, Artificial Intelligence (AI) is not explored,
probably because of data unavailability. We strongly recommend the standardization of
definitions and data collection procedures for enabling the application of Al methods.

We collected and classified the used variables and dimensions. Then, we could
conclude that the TBL is still neglected. The joint analysis of the manual and the LDA-
based SLRs indicated that environmental and social sustainability are treated as separate
themes in the field, and they are not integrated with investigations about DT and economic
performance. The variables and dimensions of DT are the most explored in the literature.
They vary depending on digital maturity level. Potentially, the heterogeneity among
SMEs (such as their sizes and industries) is affecting the maturity of the DT process. The
manufacturing industry is more investigated and may have specific characteristics. The
economic variables and dimensions are the second-most investigated. In both cases, we
identified operational and strategic variables and dimensions, but the relationship between
economic performance and DT remains unexplained. Third, social and environmental
variables and dimensions are significantly less investigated. When they are treated in the
literature, they tend to represent only a strategic level.

Therefore, many future research directions were pointed out in this text. Among
them, we pinpoint the standardization of the definition of “SME”; the standardization of
SMEs’ data collection procedures; investigations into cross-national and cross-temporal
scenario;, the development of a systematic taxonomy of the DT and TBL variables and
dimensions considering operational, tactical, and strategical levels; investigations about
how TBL and DT aspects interact and influence each other; and the development of a
quantitative approach for measuring SMEs’ sustainable and digital performance based on
tools such as Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA).

Regarding the SLR methodology, manual and LDA-based SLRs demonstrated to be
useful and practical approaches for the comparison of results and novel insights. However,
in our investigation, the LDA-based SLR could not substitute for the manual SLR completely.
As with all research, our study is not without limitations. One of them is that the used
LDA algorithm was not able to read all papers. Future applications should improve
the algorithm proposed by Asmussen and Meller (2019) [13] until it is able to read all
papers. The improved algorithm should also be able to deal with pre-defined expressions
composed of two or more terms, such as “supply chain”, instead of “suppl” and “chain” as
two different terms in the topic construction. Beyond improving the algorithm for paper
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selection, it is important to emphasize that further research is needed to automate other
steps of the SLR, such as the planning and reporting steps [66].
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