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Abstract

Topical treatments with structural equation modelling (SEM) and an artificial neural network (ANN), including a wide range
of concepts, benefits, challenges and anxieties, have emerged in various fields and are becoming increasingly important.
Although SEM can determine relationships amongst unobserved constructs (i.e. independent, mediator, moderator, control
and dependent variables), it is insufficient for providing non-compensatory relationships amongst constructs. In contrast
with previous studies, a newly proposed methodology that involves a dual-stage analysis of SEM and ANN was performed
to provide linear and non-compensatory relationships amongst constructs. Consequently, numerous distinct types of studies
in diverse sectors have conducted hybrid SEM—ANN analysis. Accordingly, the current work supplements the academic
literature with a systematic review that includes all major SEM—-ANN techniques used in 11 industries published in the past
6 years. This study presents a state-of-the-art SEM—ANN classification taxonomy based on industries and compares the
effort in various domains to that classification. To achieve this objective, we examined the Web of Science, ScienceDirect,
Scopus and IEEE Xplore® databases to retrieve 239 articles from 2016 to 2021. The obtained articles were filtered on the
basis of inclusion criteria, and 60 studies were selected and classified under 11 categories. This multi-field systematic study
uncovered new research possibilities, motivations, challenges, limitations and recommendations that must be addressed for
the synergistic integration of multidisciplinary studies. It contributed two points of potential future work resulting from the
developed taxonomy. First, the importance of the determinants of play, musical and art therapy adoption amongst autistic
children within the healthcare sector is the most important consideration for future investigations. In this context, the second
potential future work can use SEM—ANN to determine the barriers to adopting sensing-enhanced therapy amongst autistic
children to satisfy the recommendations provided by the healthcare sector. The analysis indicates that the manufacturing and
technology sectors have conducted the most number of investigations, whereas the construction and small- and medium-
sized enterprise sectors have conducted the least. This study will provide a helpful reference to academics and practitioners
by providing guidance and insightful knowledge for future studies.
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Introduction

Applied business research was presented in accordance with
Wynne W. Chin in the late 1990s [1]. Hence, the structural
equation modelling (SEM) technique has evolved rapidly as
an extremely broad, flexible and important statistical tool
[2]. SEM is a second-generation multivariate analysis tech-
nique that is easy to use and provides high-quality statisti-
cal analyses [3]. The authors of [4] identified two types of
SEM: covariance-based SEM (CB-SEM) and partial least
squares SEM (PLS-SEM). CB-SEM is adopted to confirm
a well-established theory or explanation, whilst PLS-SEM
is used in exploratory and confirmatory research. PLS-SEM
achieves higher predictive accuracy in causal explanations
than CB-SEM [5]. PLS-SEM is becoming a popular method
in social research [6], and many authors have contributed to
address hard problems that cannot be solved using CB-SEM
[7]. SmartPLS is one of the software packages that deal with
PLS-SEM when analysing conceptual frameworks with one
or more dependent variables [8].

Moreover, PLS-SEM is a widely used method in a variety
of fields because it is suitable for developing and testing
hypotheses and explaining causal relationships [9]. In addi-
tion, PLS-SEM exhibits predictive advantages, such as R?
(coefficient of determination) and Q2 (predictive relevance)
values [10]. The latter is the primary justification for adopt-
ing PLS-SEM in the previous literature. PLS-SEM exhib-
its high potential in solving industrial and academic issues
[11]; hence, a new research direction is the prediction of
important factors using a dual-stage model of SEM and an
artificial neural network (ANN) because SEM is unable to
explore nonlinear relationships amongst constructs [12—15].
The purpose of merging SEM with ANN is to explain non-
linear and non-compensatory relationship amongst con-
straints [16]. In particular, ANN depends on the black box
process of the algorithm, which is the basis for prediction
[17]. ANN can capture linear and nonlinear correlations
amongst variables, and thus, provide more accurate results.
This feature contributes to each variable in the model, over-
coming the weaknesses of multiple regression analysis, SEM
and logistic analysis. However, ANN analysis is unsuitable
for testing hypotheses because it depends on the black box
process of the algorithm [18].

Consequently, ANN is defined as a parallel circulat-
ing processor consisting of processing units with a neural
tendency to store experimental information and make it
available for usage [19]. Moreover, ANN provides the rank
and validates the significant predictors of a model [20].
Several studies have used systematic literature reviews to
apply PLS-SEM in the marketing and hospitality sectors
[21-23]. Although such reviews are crucial for ensuring
research practices, they do not consider studies that used
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techniques combined with PLS-SEM (e.g. ANN) [1]. Thus,
whether authors have correctly applied PLS-SEM with
ANN to their research problems and whether they are fully
utilizing the potential of deep learning-based two-staged
hybrid SEM—-ANN analysis cannot be determined [24].
Consequently, the literature that uses SEM with ANN has
expanded, but the various forms of study cases that connect
SEM with ANN remain unknown and should be investigated
further. The present systematic analysis aims to provide use-
ful insights into the contexts of SEM and ANN and assist
authors in identifying current options and gaps in this line
of study. Moreover, the current work aims to determine the
highlights of authors’ effort in response to new statistical
analysis directions (i.e. dual-stage analysis of SEM—ANN)),
map the study context into a coherent taxonomy and identify
the features that refer to this developing line of research in
SEM and ANN.

Methods

The present research was conducted to comply with the cri-
teria established in the Preferred Reporting Items for Sys-
tematic Reviews and Meta Analyses (PRISMA) [25-29].
PRISMA recommends not relying on a single database
search for literature when doing a systematic review because
no single database is likely to include all relevant references.
Consequently, considerable research is nearly mandatory
[30-35]. In accordance with previous studies [36—40], an
accurate and thorough survey may be performed on several
databases to cover numerous articles.

Search strategy

A wide-ranging literature search was conducted in IEEE
Xplore®, ScienceDirect, Web of Science (WoS) and Sco-
pus for English language citations published over 6 years
(2016-2021). These online databases were selected because
they include a significant number of pertinent papers that
span scientific, technological and clinical aspects in their
interdisciplinary research [41-45]. Different keywords were
used to perform the search [46-50]. Primary keywords
include ‘structural equation modelling’ and ‘artificial neural
network’, as described in Fig. 1.

Inclusion and exclusion criteria

The following criteria were used to identify relevant
research.
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Fig. 1 Flowchart of the pro-
cesses of classifying, screening —

s ; s (‘modelling’) AND (‘All Metadata: Artificial Neural Network” OR ‘All Metadata: ANN” OR
and including relevant studies ‘All Metadata: Structural Equation Modelling’ OR ‘All Metadata: Structural Modelling” OR
‘All Metadata: Equation: Neural Network”)
E Records identified through database search
= WosS = 49, IEEE Xplore® = 6, Science Direct = 61, Scopus = 123
L.% (Total = 239)
=
=
(5}
= .
= Duplicate records
n=12)
—
Y
- Records excluded after
'g Records screened reviewing titles and
g (n=227) abstracts
5] (n=143)
—/
)
Full-text studies Studies judged as
assessed for eligibility ineligible
% (n=84) (n=24)
)
=1
m
-
M)
5 Studies included in
B qualitative synthesis
2 (n=60)
=
—
1. The study is a published journal article or conference  Study selection

paper written in English.
2. The included articles should apply the SEM-ANN
model regardless of the focus of the study.

Papers published in a language other than English were
excluded from the study. Articles that did not satisfy the
inclusion criteria for this research, such as those that did
not utilise the SEM—-ANN model or those that used a dif-
ferent analysis method, were also rejected. Moreover, arti-
cles that were not related to SEM—ANN, such as PLS-SEM
studies, or those about other topics that were irrelevant to
SEM-ANN were excluded.

Consequently, duplicates were eliminated. Three researchers
conducted an in-depth search for papers that fit the criteria,
examining the titles and abstracts. Finally, each researcher
evaluated all the relevant articles that he/she could find. Sub-
sequently, additional researchers examined the entire pro-
cess, including the extraction of the generated data tables.
To overcome possible consultation disagreements, a senior
researcher (i.e. the corresponding author) who already read
and examined all the included articles served as the mediator
and inspector to ascertain and ensure quality.

Data collection and classification

Two filtering procedures were performed to find relevant
papers in the area of SEM—ANN research. The first filter,
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which searches for articles on the basis of their titles and
abstracts, helps eliminate irrelevant articles. The second
filter relies on a thorough reading of an article to identify
any remaining irrelevant papers. The researchers tracked
the entire data collection process, ensuring that the result-
ing systematic review was as consistent and rigorous as
possible. Additional data were collected from the aca-
demic literature and organised into various survey article
lists, source indexes, summary tables, description tables,
purposes, review sources, audience and used datasets.
The categories of the studies mentioned below will assist
researchers and developers in thinking critically about the
problems that they will investigate in the future.

Search results and statistical information
of articles

The articles that satisfied our criteria (shown in Fig. 1)
were included in our work. Our initial search results pro-
duced 239 relevant publications, including 61 from Scien-
ceDirect, 6 from IEEE Xplore®, 123 from Scopus, and 49
articles from WoS. A total of 12 duplicated articles were
found, and thus, 227 publications were left. After scan-
ning the titles and abstracts, 143 unrelated articles were
eliminated; hence, 84 items remained. After the entire text
was reviewed, 24 papers were eliminated, leaving 60 arti-
cles in the final collection. These papers were examined
thoroughly and presented in this developing field with a
broad map of study (Fig. 2). In addition, the collected final
papers were comprehensively analysed for the theme of
the present research to address all technical and scientific
problems. In the literature of this research topic, various
issues, such as motives, difficulties, constraints and sug-
gested solutions, were discovered and categorised.

SEM-ANN taxonomy

This review of SEM—-ANN models provides a state-of-the-
art mapping analysis and evaluates studies from different
fields. In this regard, the ScienceDirect, IEEE Xplore®,
and WoS databases were checked. A total of 60 papers
were collected from 2016 to 2021. Several studies were
conducted on the subject; however, these studies had dif-
ferent purposes. Accordingly, studies were classified in
accordance with their purpose, and the result was used to
create a taxonomy. Figure 2 illustrates the taxonomy used
to review the articles focusing on SEM—ANN. This tax-
onomy provides a complete framework of different stud-
ies and their applications. Our classification focused on
11 major classes. The first class includes papers on the
phone sector (6/60 papers). The second class is composed
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of papers from the mobile commerce (m-commerce) sec-
tor (6/60 papers). The third class comprises articles on
the industry sector (5/60 papers). The fourth class con-
sists of manufacturing sector articles (11/60 papers).
The fifth class is composed service sector papers (2/60
papers). The sixth class includes technology sector papers
(7/60 papers). The seventh class comprises educational
sector articles (6/60 papers). The eighth class consists of
financial sector papers (6/60 papers). The ninth class is
composed of healthcare sector papers (5/60 papers). The
tenth class includes papers on the construction sector (2/60
papers). The eleventh class comprises articles on small and
medium-sized enterprises (SME) sector (4/60 papers). The
succeeding sections describe these categories.

Phone sector

This category includes papers that discussed a phone sec-
tor-related aspect of SEM—-ANN. This section contains
six (n=06) papers. The subcategory features major topics
wherein SEM-ANN was adopted in (1) consumer preference
and (2) mobile social shopping.

The first set of studies that discussed SEM—ANN with
consumer preference includes three (n=3) papers. Con-
sumer demand research plays a critical role in the produc-
tion of consumer goods. SEM—ANN can assist designers
in determining and mapping how product characteristics
influence customer preferences and in further understand-
ing variables that influence user expectations and their inner
relationships [51]. Consumers tend not to keep their smart-
phones for long because their preferences are constantly
changing in this digital age. The authors used a two-stage
approach (i.e. SEM—-ANN) to elucidate the decision-making
process towards smartphone buyback [18]. Another study
investigated customer intention to use wearable payment
[52]. The second set of studies that discussed SEM—ANN
with mobile social shopping includes three (n=3) articles.
Customers may experience social network exhaustion when
using mobile social platforms, in accordance with [53],
which investigated mobile social marketing using mobile
social tourism platforms for tourism products and services
amongst local Malaysian tourists who visited George Town,
one of the World Cultural Heritage sites in Penang, Malay-
sia. Social media exhibit high capability in managing emer-
gencies. Furthermore, SEM and ANN were used to under-
stand the intent to use social media during emergencies [13].
Given these reasons, interest in mobile phones is increasing
in the aspects of purchase and payment. Thus, another study
developed a model based on SEM—-ANN to predict factors
that affect decision to use mobile payment [54].
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M-commerce sector

This category includes studies on the m-commerce sector
that is related to applying SEM with ANN. This section
comprises six (n=06) articles. The subcategory contains
major topics wherein SEM—ANN was applied to (1) trust in
online advertising and (2) m-commerce acceptance.

The first set of studies that discussed SEM—ANN with
trust in online advertising includes three (n=3) articles.
Trust is a concern in electronic commerce. The first study
in this field explored the determinants of confidence in
electronic commerce (e-commerce) in accordance with
presence and social support theories by adopting a hybrid
approach (i.e. SEM—-ANN) that can discover nonlinear and
non-compensatory relationships [55]. Similarly, trust plays
a crucial role in online advertising because advertisements
are affected by consumer confidence. The literature on this
topic contributes to the adoption of SEM—-ANN to explore
factors that influence trust in online advertising [56].

Moreover, engaging customers in a virtual brand com-
munity has become a challenge to many companies. To
identify factors that drive customer engagement, an SEM
approach was used with ANN to recognise factors that affect
the perceived and social values of a virtual brand community
[57]. The second set of studies that discussed SEM—ANN
with m-commerce acceptance includes three (n=3) arti-
cles. In accordance with researchers, an essential factor that
determines the extent to which any innovation can adopt is
innovation resistance. In this regard, the acceptance of the
mobile wallet application by customers is a challenge that
is worth investigating. The authors of [58] used SEM with
ANN to examine the inhibitors of mobile wallet adoption
from the perspective of resistance to innovation theory. The
authors of [59] aimed to identify the major factors that influ-
ence consumer adoption of m-commerce using SEM—-ANN.
M-commerce has expanded dramatically in recent years.
Therefore, factors that predict consumer satisfaction in
M-commerce have been studied in accordance with ANN
and SEM [6].

Industry sector

This category includes studies that discussed the application
of SEM-ANN in the industry sector. This section consists of
five (n=>5) studies. The subcategory includes major topics
wherein SEM—-ANN was applied to (1) perceptions and (2)
the Industrial Revolution.

The first set of studies that discussed SEM—-ANN with
perceptions includes three (n=3) papers. The first study
[8] aimed to evaluate purchasing determinants that affect
customers’ perceptions of environment-friendly cars. In
the context of the transportation industry, the literature has
focused on studying the effect of the smart transportation
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systems of service providers, particularly taxi drivers who
offer mobile payment for their service to passengers [60].
Finally, the effect of the qualitative aspects of online user-
generated content on customers’ brand attitudes was inves-
tigated using the dataset from TripAdvisor (an online travel
agency provider) [61]. The second set of studies that dis-
cussed SEM—ANN with the Industrial Revolution includes
two (n=2) articles. In [62], the authors investigated how
the absorptive capability, success expectancy, commitment
expectancy, firm size and top management support of cloud
computing technology can contribute to the innovativeness
and performance of industrial firms through adopted SEM
and ANN methods to explain the next Industrial Revolution
in Malaysia. Thus, the Industrial Revolution caused many
changes in work, increasing victimisation in the workplace
and generating social stressors with crucial implications for
employee well-being. Another study examined the effects
of favouritism, cynicism and gender on work withdrawal by
applying SEM and ANN [63].

Manufacturing sector

This category includes studies that discussed the applica-
tion of SEM—-ANN in the manufacturing sector. This section
has eleven (n=11) studies. The subcategory contains major
topics wherein SEM—-ANN was applied to address (1) sus-
tainability, (2) cloud computing and (3) enterprise resource
planning (ERP) systems.

The first set of studies that discussed SEM—-ANN with
sustainability includes eight (n =8) papers. The first study
investigated the implementation of green supply chain man-
agement practices and their effects on sustainability using
SEM and ANN [7]. Meanwhile, the benefit of donating food
affects the sustainable management of food recovery and
redistribution. Another work used SEM and ANN to explore
the patterns and dynamics of food donation and distribu-
tion processes in Australian organisations [14]. Transfor-
mational operations face challenges in integrating sustain-
ability practices into their procedures. Therefore, the authors
of [64] aimed to analyse the factors involved in sustainability
practices by collecting data from manufacturing companies
that have adopted sustainable practices and are applying
SEM-ANN. Similarly, the responsibility of a product to the
environment cannot be fulfilled without the participation of
customers. Thus, the latest study in the field of sustainability
intended to explore the role of consumers in recycling smart-
phones [65]. Accordingly, the issues of sustainability and
social responsibility are essential. Finally, the influence fac-
tors of eutrophication in Dongting Lake were studied [66]. In
environmental management, reverse logistics is essential for
sustainability. Thus, the consumer limitations of manufactur-
ers to their reverse behaviour were investigated using SEM
and ANN [67]. Adopting green information technology
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(IT) enhances the sustainability of manufacturing compa-
nies. Factors that affect the intention of decision makers
to embrace green IT were investigated [68]. Another study
aimed to examine the effects of personal and standard appeal
factors on intention to adopt conservative agriculture prac-
tices and their influences on sustainable farm performance
[69]. The second set of studies that discussed SEM—ANN
with cloud computing and ERP systems includes three
(n=3) articles. Cloud computing has been labelled as the
fifth utility, after water, gas, power and telecommunications.
The first work aimed to predict the drivers of cloud comput-
ing adoption in manufacturing organisations using a hybrid
two-stage SEM—ANN model [70]. The objective of [71] was
to discuss the effects of cloud computing integration and
external integration on the relationship between business
performance and supply chain integration in the Indian con-
text by adopting SEM—ANN. For ERP systems, SEM-ANN
provides better results than the one-step SEM approach. The
last study in this field aimed to identify factors that affect
the acceptance and use of ERP systems in manufacturing
companies [15].

Service sector

This category includes studies related to the application of
SEM-ANN in the service sector. Only two (n=2) articles
belonged to this section. The first work [72] explored the
effects of company size and industry type on total quality
management practices in government service organisations.
Similarly, mobile applications have become the preferred
method of the government sector, and these applications
have contributed to providing services to citizens. In [73],
mobile applications for government services were studied
to explore their intent to use by extending unified theory of
acceptance and use of technology (UTAUT).

Technology sector

This category includes studies in which SEM—-ANN was
applied in the technology sector. This section has seven
(n=17) studies. The subcategory comprises major topics
wherein SEM—ANN was applied to (1) mobile technology
and (2) IT.

The first set of studies that discussed SEM—-ANN with
mobile technology includes three (n=3) papers. In [74],
a smartphone credit card was investigated because it is an
emerging payment method. However, the adoption level of
this method was not encouraging. Hence, factors that affect
the acceptance of mobile technology were studied using
PLS-SEM-ANN. In addition, the new phenomenon of
government’s security response systems was explored (i.e.
mobile technology) to identify important factors from the
user’s perspective to create a smart government system for

crisis management [75]. In addition, the critical determi-
nants of contact tracing applications were explored using
SEM and ANN [76]. The second set of studies that discussed
SEM-ANN with IT includes (n=4) articles. The first inves-
tigation related to this category aimed to identify the deter-
minants of the technology environment model used in the
study, i.e. SEM, ANN and interpretive structural modelling,
to analyse factors that affect cloud computing adoption in
the context of Indian organisations [77]. Similarly, IT (e.g.
social media) plays an essential role during crises, such as
the COVID-19 pandemic. Consequently, how motivational
factors and personality traits affected the sharing of unveri-
fied information during the COVID-19 pandemic was inves-
tigated [9]. In the current globalising world, IT has become
critical for companies and an inseparable part of social and
economic life. Consequently, the use of IT on the perfor-
mance of supply chain operations was analysed [78]. How-
ever, the adoption of IT applications by consumers faces
many obstacles that require in-depth analysis. Barriers to the
adoption of electronic and smart metres by consumers were
studied using UTAUT?2 [79].

Educational sector

This category includes studies regarding the application of
SEM-ANN in the educational sector. This section is com-
posed of six (n=06) papers. The subcategory includes major
topics wherein SEM—-ANN was applied to (1) collaborative
learning and (2) social responsibility.

The first set of studies that discussed SEM—-ANN with
collaborative learning includes three (n=3) papers. The
socially cooperative approach to education exerts an impor-
tant influence on the cognitive assimilation of learning in a
student’s life. Many social media, including Facebook, have
made considerable achievements in the academic field. In
the first and second articles, determinants that limit stu-
dents’ intent towards the academic use of Facebook were
explored [80, 81]. In addition, students’ motivations for
adopting mobile learning and determinants that affect behav-
ioural intention to adopt mobile learning were explored
using SEM and ANN [82]. The second set of studies that
discussed SEM—-ANN with social responsibility includes
three (n=3) articles. The first work in social responsibility
was concerned with measuring the contribution of human
resources and its effect on administrative efficiency in higher
education institutions [83]. Social responsibility is essen-
tial for the competitiveness of organisations. Therefore, the
effects of the social responsibility factors of organisations
on a university’s competitiveness towards other universities
were investigated using SEM and ANN [16]. From another
point of view, university students were selected as subjects
to determine the effects of emotional eating, body shape
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concerns and measures of body appreciation on preventive
behaviour [84].

Financial sector

This category includes studies on SEM—ANN application
in the financial sector. The section comprises six (n=06)
articles. The subcategory includes major topics wherein
SEM-ANN was applied to mobile payment and customer
loyalty.

The category that discussed SEM—ANN with mobile pay-
ment and customer loyalty includes six (n=6) papers. Stud-
ying user intention to notify mobile payment is an essen-
tial issue because of facilities that offer mobile payment to
users and banks. The key concept precedents of customer
intent to use mobile payment were studied using SEM—ANN
[85]. In terms of financial behaviour, the effects of financial
anxiety, optimism, financial security, consultative thinking,
attention to financial issues and preventive savings needs
on the business activities of financial institutions during the
COVID-19 pandemic were measured [12]. Mobile bank-
ing (m-banking) has grown rapidly because of customers’
increased use of mobile payment. A new test paradigm for
understanding users’ intention in m-banking was suggested
[86, 87]. Finally, customer loyalty is constantly affected due
to major developments in banking services. Moreover, fac-
tors that affect customer loyalty in the banking industry of
Brazil were studied [88]. With regard to financial issues,
UTAUT?2 was used with trust and personnel innovativeness
to measure intention to adopt cryptocurrency [89].

Healthcare sector

This category includes studies that applied SEM—ANN in
the healthcare sector. This section is composed of five (n=5)
articles. The subcategory includes major topics wherein
SEM-ANN was applied to mobile health (mHealth) apps
and wearable healthcare devices.

UTAUT?2 was used in [64-66]. Hence, the adoption of
mHealth apps was analysed by examining the factors that
influence the behavioural intention of mHealth apps amongst
the younger generation. Similarly, wearable healthcare
devices improve access to healthcare information and self-
managed healthcare. Despite the benefits of using wearable
healthcare devices, their acceptance amongst the elderly
is low. Therefore, UTAUT2 was used with additional con-
structs to identify important determinants that affect the
adoption of wearable healthcare devices [90]. IT has been
used extensively in healthcare. Nevertheless, wearable
healthcare devices suffer from low acceptability amongst
individuals. Consequently, the key factors that affect an
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individual’s intent to use wearable healthcare devices were
studied [91].

Construction sector This category includes studies wherein
SEM-ANN was applied in the construction sector. The sec-
tion contains two (n=2) articles.

The first work on road safety issues was concerned with
transportation policy. Factors that affect road safety poli-
cies were studied by adopting SEM and ANN due to an
increase in road accidents in Spain [92]. Meanwhile, a recent
research on energy systems highlighted the understanding
of the behaviour of a home investor in a photovoltaic power
system [93].

SME sector This category includes studies in which SEM—
ANN was adopted in the SME sector. The section comprises
four (n=4) articles. The subcategory includes major topics
in which SEM—-ANN was applied to (1) the supply chain and
(2) knowledge management.

The first set of studies that discussed SEM—-ANN with
supply chain includes two (n=2) papers. In [94], the
authors investigated the effects of complexity, comparative
advantage, cost, top management support, market dynam-
ics, organizational support and competitive pressure on the
blockchain adoption of operations and supply chain manage-
ment amongst SMEs. In addition, a customer relationship
strategy adopted by SMEs was investigated [95]. The sec-
ond set of studies that discussed SEM—ANN with knowledge
management includes two (n=2) articles. The first study
examined knowledge management practices, technological
innovation and competitive advantage in SMEs [20]. SMEs
are affected by many factors, including cloud computing.
Thus, the effect of cloud computing on SME performance
was investigated by combining SEM with ANN [96].

Comprehensive science mapping analysis

The application of bibliometrics is increasingly expanding
across various fields. This technique is particularly suited for
scientific mapping during a period when emphasis on empir-
ical input has resulted in numerous, fragmented and conten-
tious research streams [97]. As mentioned previously, the
articles in this review can be divided into the following 11
categories: phone, m-commerce, industry, manufacturing,
service, technology, education, financial, healthcare, con-
struction and SME sectors. The total numbers of published
articles selected in this review are as follows: ScienceDirect
(31 papers), WoS (24 papers), IEEE Xplore® (1 paper) and
Scopus (4 papers).

Figure 3 shows that the percentage of articles by sec-
tor category and publication journal ranges from 3 to 18%.
A comprehensive science mapping analysis was adopted to
explore the problems of combining SEM with ANN in most
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Table 1 Primary information regarding the collection Most relevant sources

Description Results Figure 4 provides the most relevant sources for 37 journals

Primary information about data regarding this topic. The journals that have repeatedly pub-
Time span 2016-2021 lished papers on this subject were identified to show that
Sources (e.g. journals and books) 37 these journals have been interested in SEM—ANN recently.
Documents 60 We noted that the journal ‘Expert Systems with Appli-
Average years from publication 2 cations’ published five papers. This finding is expected
References 5330 because it specialises in this field.

Document types The percentage of the final set of articles ranges from
Article 59 7 to 12% in terms of the most relevant sources. Moreover,
Conference paper 1 the journal ‘Expert Systems with Applications’ published
Keywords plus (ID) 482 a high number of articles (i.e. 7% of the papers), followed
Author’s keywords (DE) 229 by the International Journal of information Management.

Authors
Authors 162 Country-specific production
Author Appearance 226
Authors of single-authored documents 2 Figure 5 shows that the articles on SEM—-ANN included
Authors of multi-authored documents 160 in this review came from 168 countries. The articles gen-

of the cases discussed because only the advantages of com-
bining SEM with ANN were presented. Many barriers were
disregarded, and mapping analysis based on bibliometrics
was used. The investigated literature listed in Table 1 can
be clarified.

Table 1 indicates the considerable growth in the number
of studies that incorporate SEM—-ANN, particularly in the
last 4 years, which was adopted as a criterion for selection
because the number of papers was 60 for different cases and
exhibited an annual growth rate of 14.87%, with 5330 refer-
ences. In terms of number of authors, most of the papers
were joint research with multiple authors, except for one
paper with a single author.

erally include case studies conducted in these countries.
As indicated in the table, the countries that produced
the most number of papers on the topic of SEM—ANN are
Malaysia, India and China. In terms of country-specific
production, the highest percentage was achieved by Malay-
sia (30%), followed by India (18%) and then China (15%).

Annual production

Figure 6 illustrates the relationship between annual pro-
duction and year of publication. The trend depicts a dra-
matic increase in interest in 2020.

In accordance with year of production, the percentage
of reviewed papers ranges from 7 to 37%. Moreover, the
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Fig.4 Most relevant sources

Accident Analysis and Prevention

Telematics and Informatics

Journal of Retailing and Consumer Services
Journal of Cleaner Production

Journal of Business Research

Technology in Society

Computers in Human Behavior

Technological Forecasting and Social Change
International Journal of Information Management

Expert Systems with Applications

Fig.5 Country-specific produc-
tion
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annual production in 2020 represents the largest number
of papers during the study period. Most of these papers are
technology cases, and the rise in their number corresponds
to numerous problems associated with this topic in recent
years. Technology cases are followed by marketing cases
and topics on customer perception. Most cases discussed a
specific matter or identified indicators or factors and their
order in accordance with importance.

Word cloud

A word cloud refers to the most important topics that deal
with a certain subject. Figure 7 presents the essential criti-
cal words adopted by previous studies on SEM—ANN and
the relationships amongst them.
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A word cloud can provide support to the research taxonomy
by dividing SEM—ANN studies into four categories. As shown
in Fig. 7, most papers focused on the technological aspects (i.e.
mobile payment, m-commerce, health apps, sustainability and
green issues, trust in social media, UTAUT and cloud comput-
ing. The keywords indicate that the authors who investigated
SEM with ANN were also interested in these areas.

Discussion

The four key facets of the current review’s scholarly litera-
ture analysis of SEM and ANN studies are discussed in the
succeeding subsections. These considerations are the impe-
tus for adopting various approaches and methods that can
describe the causal interaction between input and output and
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Fig.6 Annual production
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Fig.7 Most frequent words
offer a new perspective for developing nonlinear models.  integration. Lastly, existing challenges in SEM and ANN

Comprehensive science mapping analysis can be conducted  studies and the recommended solutions to overcome these
to explore new research directions related to SEM—ANN  challenges are presented.
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Fig.8 Categories of the benefits of combining SEM with ANN

Motivations

The benefits of using SEM combined with ANN are evident
and compelling. This section identifies the benefits men-
tioned in the literature organised into groups on the basis
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bigae cllod Ee @ s
Gestasits oyt Springer

of similarities. For further discussion, the corresponding
sources are provided (Fig. 8).

As shown in Fig. 8, the use of the multi-analytical two-
phase SEM—ANN method has two major benefits. First,
this approach allows further validation of SEM analysis
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findings. Second, it captures linear and dynamic nonlinear
interactions between antecedents and dependent variables
and provides a more accurate measure of each predictor’s
relative power.

Explaining causal relationship

SEM can determine relationships amongst unobserved
constructs (i.e. independent, mediator, moderator, control
and dependent variables) [53]. This research field is distin-
guished by examining various causal relationships amongst
variables. Major interests include behavioural intention and
new technology acceptance (e.g. mobile payment, m-com-
merce, health apps, sustainability and green issues, trust in
social media, UTAUT and cloud computing) [7, 53-55, 59,
60, 71, 98]. The combination of SEM and ANN in this type
of research involves the adoption of technology, concern for
resistance to innovation and enhancing perceived respon-
siveness [58]. Moreover, the use of deep learning-based
dual-stage PLS-SEM and ANN analysis provides more in-
depth test findings than a single-step PLS-SEM, allowing for
the identification and prediction of variables [89]. PLS-SEM
outperforms CB-SEM in terms of the statistical precision of
causal theories [87]. PLS-SEM is becoming a common and
widely used tool in social science. Many researchers have
used PLS-SEM to solve problems that cannot be addressed
by CB-SEM [90].

Furthermore, this method is a good technique for design-
ing and evaluating theories and analysing the interactions
amongst variables; conceptual constructs include independ-
ent, mediating, moderating and dependent variables [20].
Hence, PLS-SEM is appropriate for explaining causal rela-
tionship. In addition, PLS-SEM exhibits predictive advan-
tages, such as R? and Q2 values [51]. PLS-SEM deals with
an elaborate conceptual framework that consists of moderat-
ing and mediating models; thus, it is in line with the previ-
ous literature that deals with SEM in terms of understand-
ing and predicting the determinants of constraints [14]. In
conclusion, SEM detects linear and compensatory relation-
ships amongst constraints to explain the effect mechanism
amongst them [61, 82].

Providing a nonlinear model

As mentioned in the previous section, one benefit of SEM
is its capability to explain linear and compensatory causal
relationships amongst constraints. However, SEM cannot
explore nonlinear relationships amongst constructs [16].
Hence, ANN analysis has become an essential method
that complements PLS-SEM in recent research [88]. ANN
can detect nonlinear and non-compensatory relationships
by relying on the compensatory model, enabling it to
address complex processes in human decision-making [90].

Moreover, ANN provides the rank and validates the sig-
nificant predictors of a model [20]. In addition, ANN deals
with linear and nonlinear associations because it depends on
the black box process of the algorithm, which is the basis
for prediction [99]. Thus, the multilayer expectations of a
feedforward backpropagation (BP) ANN algorithm have
generated normalised importance [89]. In accordance with
[18, 55, 56, 62, 70], the benefits of combining SEM with
ANN are consumer preference analysis, smartphone repur-
chase, illustrating the mechanism of trust in online adver-
tising and predicting the motivators that affect cloud com-
puting adoption. In addition, ANN validates SEM results
and understands the most important aspects [84]. However,
ANN analysis is unsuitable for testing hypotheses because
it depends on the black box process of the algorithm [6]. To
capture linear, testing hypothesis and nonlinear relationships
amongst constructs, SEM and ANN analyses were combined
to overcome the weaknesses of SEM [71]. Meanwhile, ANN
helps assess the relative importance of the determinants of
mobile app adoption in various industries [6, 13, 53, 54,
58-60, 73, 74, 82, 85, 87, 99]. In summary, using ANN
with SEM provides a new perspective on building nonlinear
models [7, 65].

Challenges and limitations

The combined SEM and ANN approach exhibits several
problems. Several challenges in SEM—ANN are described
in the literature. Research design, sector, country, research
sample, techniques and variables are amongst the challenges.
This section focuses on reviewing the challenges presented
in Fig. 9.

Research design

Research design refers to the general strategy selected by
the researcher to integrate various components of a study
coherently and logically. Shifting study planning into lon-
gitudinal study is also a pattern for prospective researchers
because observing how market expectations continue over
time is interesting [13, 18, 20, 73, 74, 79]. Furthermore, the
transversal nature of a data collection method hinders the
appropriate assessment of users’ behavioural development.
Therefore, the longitudinal approach is appropriate because
it can test the strength of relationships [7, 54-56, 58, 62,
85, 98].

Sector

In accordance with the research objectives, a sector rep-
resents the choice of applying the study to public or pri-
vate organisations. Most of the reviewed literature focused
on mobile payment issues, m-commerce, health apps,
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Reaserach design
(1) Usc longitudinal study
(2) The transversal nature of the data
collection method

Sector
(1) Future research should focus on the
services and agriculture
(2) Test SEM and ANN modcl in airlines
(3) Target the logistics services sector
(4) Apply the SEM-ANN model in
academic institutions

Sample size
(1) User-product interactive data
(2) The non-probability sampling
approach
(3)Expand the scope of drawing samples
(4) Focuscd on different age groups

.| Challenges and limitation for v
SEM-ANN studies

Techniques
(1) Use MLR (multiple lincar regression)
| (2) Adopt MCDM techniques
(3) Apply machine learning and fuzzy set
(4) Adopt the types of the activation
function and selecting one or multi-layer

Y

Variables
(1) Use age, experience level, and gender
(2) Adopt perceived security and risk
(3) Expanded UTAUT and UTAUT2
models
(4) Usc confidentiality, the integrity of
data, and privacy

Country
(1) The cross-national context
(2) Conduct a comparative study with a
sample consisting of foreign and
domestic {ourists
(3) Analyze the multiple cultural
variables

Fig.9 Challenges and limitations of SEM—-ANN studies

sustainability and green issues, trust in social media,
UTAUT and cloud computing. However, the sample does
not allow generalisation regarding the results. Therefore, the
new technology sector represents a challenge and constraint
for future research to focus on other sectors [8]. Further-
more, the findings are mostly obtained from industrial firms.
Different sectors and geographical locations can produce
varying outcomes [62]. Consequently, making a generalisa-
tion to all manufacturing companies is the primary concern.
Future research should replicate the proposed model in other
sectors, such as services, construction, materials, agriculture
and vehicles in different regional areas and categories of the
manufacturing sector [59].

However, other authors are interested in the hotel indus-
try, which influences generalisation, and future studies can
apply the proposed model to different sectors, such as air-
lines, restaurants and hotels [63, 74]. In terms of sustain-
ability issues, the effect of green practices on the sustain-
ability performance of manufacturing companies has been
investigated, and the results of such studies cannot be gener-
alised across all industries. Moreover, authors can focus on
companies that provide transportation and logistics services
to further investigate green challenges and carbon dioxide
emissions caused by the transportation industry [7, 14].
Other studies have applied SEM and ANN to selected public
universities to collect data by conducting surveys, leading
to bias. A study with a larger sample size can be conducted
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in other academic institutions to avoid this issue [80]. The
studies reviewed here were restricted to SMEs. Future work
may narrow down the sample size to downstream industries,
such as food and hardware products [20].

Country

Most of the reviewed studies focused on one country with-
out considering the cultural differences between countries,
leading to difficulties in applying the results to other coun-
tries. Consequently, researchers are advised to focus on
other nations, particularly developing countries, to deter-
mine whether the moderate results and gender norms will
continue. Future researchers should consider comparing
two or more nations [18, 74, 79]. Other authors have cho-
sen local tourists, and academics can conduct a compara-
tive study with samples consisting of foreign and domestic
tourists in a multinational context [13, 53, 55, 87, 98].
Moreover, the assessment of intent to use and acceptance
of new technology can be used as a basis for investigat-
ing other countries and comparing the results with Spain
to study differences between cultures and identify the
determinants of acceptance for the same technology [54,
80, 98]. As mentioned in Sect. 4.2, most of the studies
focused on the Malaysian context. The results were limited
to the Malaysian perspective, and thus, a new study should
be conducted in other geographical areas [56, 59, 63].
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Most of the studies were performed in Asian countries,
and therefore, the results are unsuitable for generalisa-
tion; such research should also be conducted in European
countries [58, 71, 85]. This region poses a challenge to
the literature because it is linked to cultural and economic
contexts. That is, analysing multiple cultural variables that
influence consumer behaviour will be interesting [8, 64,
70, 74, 77, 95].

Research sample

The primary objective of determining sample size is obtain-
ing data, whether primary or secondary, to finalise the results
that contribute to practical and theoretical implications for
practitioners and academics. Most of the studies focused on
collecting data from users to explore and analyse consumer
preference. However, further studies still exhibit potential
because user—product interactive data can be collected and
used to improve the accuracy of models [51, 71]. Moreover,
the selected samples affect the generalisability of the results.
Therefore, researchers are encouraged to expand their scope
in selecting samples to enhance the representation of sample
size [18]. The other issue is the non-generalisability of prob-
ability sampling approaches. Future research should sug-
gest a non-probability sampling approach [53]. One study
used countries belonging to the Gulf Cooperation Council
as sample size and focused on age groups ranging from 20
to 40 years. In conclusion, research may explore different
age groups to see potential differences in mobile technology
acceptance [73, 74, 98]. In addition, the snowball sampling
technique for data collection can be avoided and researchers
can focus on cluster sampling in SEM and ANN studies [80].
One study collected data from users via Facebook; however,
other studies can be conducted by targeting social platforms,
such as WhatsApp and Telegram [81]. Many empirical stud-
ies highlighted the adoption of social responsibility on the
basis of the response of owners of SMEs. Further adopting
the perspectives of SME owners/managers and employees
may reduce sample size bias [95, 96].

Techniques

Several authors have used a quantitative research method
(e.g. 100% self-administered survey), and many nonverbal
communication data obtained through qualitative or mixed
research methods have not been considered. Qualitative
research methods, such as observations and in-depth inter-
views, can overcome some of the information deficiencies
of quantitative methods [7]. Hypotheses are tested with a
survey questionnaire when applying SEM—ANN. Thus, the
literature on this issue has focused on survey studies. How-
ever, authors can use other statistical and analytical methods,
such as multiple linear regression (MLR), analytical network

process, decision-making trial and evaluation laboratory and
the Technique for Order of Preference by Similarity to Ideal
Solution [70, 71, 74, 77]. ANN adopts a BP learning meth-
odology that some authors have used. Radial basis function
(RBF)-learning ANNSs can be developed during the early
stages of research wherein neural networks trained in BP
outperform ANN networks trained in RBF. Other training
methods are available, such as Bayesian-trained ANNs, or
unsupervised learning methods, which may be examined and
used in subsequent studies [72]. A more comprehensive sta-
tistical analysis is critically needed to identify interesting
results, particularly a qualitative analysis that helps discover
additional information and implications for practitioners
and academics [98]. The authors validated the study model
using SEM and ANN without considering a multi-staged
computational approach that adopts other nonlinear and
non-compensatory methods, such as random forest, support
vector machine and fuzzy set, which exhibit robust predic-
tive capabilities [90]. The results differ under a multiple set
of deep ANN architecture, and a comparison can be made
amongst the results of previous studies to determine the best
architecture for their scenarios [52]. Deep ANN requires
researchers to equate ANN findings with one and more than
one layer to achieve consensus on the right architecture [89].
Thus, ANN software has three activation functions: iden-
tity, hyperbolic tangent and sigmoid). Several other widely
used and well-known activation functions are available; thus,
adopting and comparing a framework with those activation
functions are crucial [6]. Moreover, other neural networks,
such as machine learning and genetic algorithms, should be
used [84].

Variables

The variable referred to in the literature review was
asserted as the effect of perceived ease of use on mobile
shopping intention because of ample experience. Thus,
authors can select inexperienced respondents to confirm
the results. Some scholars have investigated the connec-
tion between social media and disasters. This issue poses
critical and perplexing concerns that should be further
investigated: why do consumers of mobile social media
exchange details during emergencies? How will the infor-
mation-sharing activity of mobile social media users be
improved [13]? Knowledge has been gained regarding the
adoption of mobile payment, but including other variables,
such as the age, experience level and gender of respond-
ents, with regard to similar payment systems is interesting
[8, 54, 73, 86]. Consequently, studies can examine gender
differences in trust in e-commerce. Social network theory,
social bond theory, the likelihood of detail model and the
Big Five model for increasing predictive power can be
adopted [55]. ANN cannot explain 100% confidence in
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online advertising because it focuses on specific variables.
More theories increase the predictive power of a research
model [56]. Similarly, ANN can predict with an accuracy
of 76.4%. Future studies may conduct a comparative analy-
sis of consumer resistance to mobile wallet between indus-
trialised and emerging economic contexts [58]. However,
factors such as perceived security and perceived risk can
be used to affect electronic transactions [59, 64]. Many
studies have adopted UTAUT and UTAUT2. In addition,
several models for technology acceptance focus on infor-
mation systems. Research models can be combined or
expanded to enrich results and provide a comprehensive
view of factors, such as cloud computing [62]. The litera-
ture has suggested several determinants that affect con-
sumer participation in environmental management, such as
environmental concerns, assignment of responsibility and
knowledge [65]. Hence, the literature review should extend

the current theoretical model to provide a new perspective
for building nonlinear models [74]. Previous studies have
analysed the effect of a limited number of precedents on
intention to use technology. Adopting other factors, such
as comparative advantage, perceived awareness, suitabil-
ity, experiential motivation, familiarity with technology
and personality traits, will be crucial [85]. Hence, the lit-
erature must test the effects of confidentiality, integrity of
data and privacy on adoption decisions and the role of a
blockchain in protecting sensitive information [94].

Recommendations

As illustrated in Fig. 10, this study presents recommenda-
tions from the literature to address the issues experienced
by diverse areas in SEM and ANN approaches. The recom-
mendations are classified on the basis of their nature.

Artificial neural network
(ANN)

e Provide more results for the
analysis of consumer

¢ Female consumers are more
sensitive to the perceived
benefit

¢ ANN model (i.c., social
support, social presence,
demographic profiles) expects
76.9% trust in m-commerce

e Sensitivity analysis results
show reliability and website

Structural equation modelling
(SEM)

¢ Explain the relationships
between variables and
consumer behavior

s The brand is related to the
intention of the consumers

¢ Environmental incentives
allect mobile social shopping

¢ Social media affects via
mobile phonce in emergency
situations

arc the vital precedents for
trust in onlinc advertising

resistance 76.4%
e ANN model encourage cloud

° tThhe inngvation relsistz;ncte Recommendations usefulness and security
eory, demographic factors, . ;
and p)érceiveg ngvelly € categories for SEM and —> ° lllfqrmatlon support and
sirexliots sobile wallet ANN social presence of interact

¢ The most important variables
affecting intent to use mobile
payment are perceived

have an impact on trust in m-
commerce

computing to improve
innovativeness

¢ ANN results confirm that
employee cynicism on work
withdrawal has an cffcct of
6.7 times for women

e ANN provide improved
demand prediction compared
to multiple regression

¢ The perceived risk, and
management stylc arc the
most important predictors of
cloud computing

¢ Performance expectancy, and
firm size have a effect on
innovativencss

s There is a relationship
between favoritism and work
withdrawal

¢ The UTAUT factors influence
the use of mobile applications
in government scrvices

* The intention to use and
satisfaction are important
precedents for actual usage of
mobile banking services

Fig. 10 Recommendation categories for SEM—ANN studies
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SEM recommendations

SEM was introduced to explain causal relationships amongst
variables and analyse consumer behaviour to understand fac-
tors that influence user perceptions of a smartphone [51].
Brand is related to the intention of consumers to buy back
smartphones through the intention of continuity [18]. SEM
has demonstrated that environmental incentives (i.e. social
presence, perceived mobility and quality of service) affect
mobile social tourism through perceived usefulness and
enjoyment [53]. Social media affect via mobile phones dur-
ing emergencies [9, 13]. SEM was used to determine factors
that exert an effect on mobile payment adoption. The authors
concluded that the most important variables that affect intent
to use are perceived usefulness and perceived security [54,
74, 85]. In addition, information support and social presence
of interact with vendors and income exert an effect on trust
in m-commerce [55, 59]. Education, risk barrier, usage bar-
rier, tradition barrier, value barrier, income and perceived
novelty substantially affect mobile wallet resistance [58].
By contrast, government financial aid and reliability are
the major drivers for electric vehicles. In addition, limited
range, shipping time and reduced infrastructure availabil-
ity negatively affect perceived reliability [8]. The results of
other authors indicate that performance expectancy, absorp-
tive capacity and firm size positively affect innovativeness
[62]. On the organisational side, favouritism influences
employee withdrawal and ridicule from work, and underesti-
mating an employee has a positive effect on work withdrawal
and mediates the relationship between favouritism and work
withdrawal [63]. The recommendations of the authors out-
line the importance of green supply chain management prac-
tices as strategies for improving sustainability [7, 64, 68].
The SEM results showed that risk analysis, IT security risks,
management style, technology innovation and trust affect the
use of cloud computing [70, 96]. SEM has demonstrated that
various factors (e.g. data quality, system complexity, system
performance, user manual, social influence, business process
fit, training and education, support, communication, ERP
work compatibility, ERP usefulness, ERP ease of use and
attitude towards ERP systems) exert a dynamic effect on the
use of ERP systems [15]. SEM has been used in other stud-
ies to determine dynamic parameters (i.e. UTAUT factors,
attitude to use, information quality, means of uncertainty
reduction and channel characteristics) that influence the
use of mobile applications in government services [73, 75].
The results inferred from SEM show that perceived benefit,
resource sharing, social cooperation, perceived enjoyment
and UTAUT?2 factors are the most influential determinants
of Facebook use for educational issues, mHealth apps, and
cryptocurrency adoption [76, 80-82, 89, 98]. In addition,
social responsibility exerts an effect on increasing the com-
petitiveness of universities [16]. By contrast, intention to

use and satisfaction are important precedents for the actual
usage of mobile banking services [86]. Finally, performance
expectancy, social influence, self-actualisation, functional
unity and hedonic motivation affect wearable healthcare
technology and payment acceptance [52, 90, 91].

ANN recommendations

ANN can take advantage of the nonlinear nature and provide
more reliable results for analysing consumer preferences
[51]. Moreover, female consumers are more sensitive to per-
ceived benefits, whilst male consumers are more sensitive to
brand [18]. ANN results explain the importance of intent to
use social media during emergencies [9, 13]. The results of a
neural network analysis confirm the findings of SEM by pro-
viding a different order of influence of important adopters of
mobile payment [54]. The ANN model (i.e. social support;
social presence; demographic profiles of gender, age, educa-
tion and income) expects 76.9% trust in m-commerce [55,
59]. Sensitivity analysis results in accordance with ANN
show that reliability, followed by website quality, reputa-
tion and hours spent, are the most crucial precedents for
trust in online advertising [56]. Moreover, the ANN model
(i.e. innovation resistance theory, demographic factors and
perceived novelty) correctly predicts mobile wallet resist-
ance (76.4%) [58].

In addition, discrepancies occur in the ranks of SEM
and ANN predictors [8]. The predictions of ANN encour-
age cloud computing to improve innovativeness and firm
performance [62]. ANN results confirm that the effect of
employee cynicism on work withdrawal is 6.7 times higher
for women. The effect of favouritism on work withdrawal is
2.1 times that of men [63]. Hence, neural networks provide
improved demand prediction compared with that of MLR
[14]. ANN shows that perceived risk, confidence and man-
agement style are the most important predictors of cloud
computing [70, 77, 96]. Other authors have utilised the
neural network model to confirm SEM results. The findings
indicate that confidence and expected performance are the
most effective factors of mobile applications in government
services [73]. Moreover, perceived compatibility, awareness
and perceived response time are crucial factors that predict
adoption behaviour [75]. Similarly, privacy concerns exert a
negative effect on the application of smart metre technology.
Simultaneously, environmental reactions and technological
awareness are critical factors that affect smart metres [79].
The results of ANN show that collaboration is the most
important indicator of Facebook’s adoption for academic
purposes and mHealth apps, followed by resource sharing,
perceived enjoyment and perceived benefits [80, 81, 98,
99]. In accordance with ANN findings, community-oriented
social responsibility is a crucial factor for increasing the
competitiveness of universities [16].
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Potential future work

This study contributes two points for potential future work
that are in line with the coherent comprehensive taxonomy
(Fig. 2) that describes 11 sectors. To our knowledge, a new
research direction regarding the most important sector (i.e.
healthcare) must be investigated due to its significance when
applying SEM—ANN approaches.

e First, as mentioned in the review and bibliometrics
sections, most relevant sources adopted four types of
cases, namely, organisation study, marketing, tech-
nology and sustainability cases. However, no study
has used SEM—-ANN in the autism spectrum aspect.
Autism spectrum studies have confirmed that play is
an important tool for parent—child connection [100].
Therefore, future work can investigate the importance
of the determinants of play, musical and art therapy
adoption amongst autistic children.

e Second, most of the literature is interested in exploring
causal and nonlinear relationships using SEM—-ANN
amongst the determinants of e-commerce, mobile shop-
ping and trust in e-commerce. However, no study has
explored a crucial determinant related to the health
aspect (e.g. sensing-enhanced therapy adoption).
Hence, sensing-enhanced therapy regimens for evalu-
ating children with autism spectrum disorders exhibit
independent interaction capabilities and require few
human resources [101, 102]. Moreover, potential future
work can use SEM—-ANN to determine the barriers to
adopting sensing-enhanced therapy amongst autistic
children.

Conclusion

This work proposed a framework for a comprehensive
literature review. The framework represented the study’s
environment. A systematic study of SEM and ANN
approaches was introduced to identify key challenges
and limitations in implementing dual-stage SEM—ANN
research. We thoroughly examined several studies to dem-
onstrate the benefits, challenges and recommendations of
using hybrid SEM-ANN, and we identified several gaps.
This research provides a wider base to industry trends by
analysing 11 sectors in SEM—ANN studies to gain deeper
insights into the investigated area. The objective is to
encourage academics and practitioners to use the multi-
analytical two-phase SEM—ANN to validate SEM findings
and capture dynamic nonlinear interactions between ante-
cedents and dependent variables. Hence, a more accurate
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measure of each predictor’s relative power is obtained.
The manufacturing and technology sectors have the high-
est number of investigations, whereas the construction and
SME sectors have the least. This study will be a help-
ful reference for academics and practitioners in provid-
ing guidance and insightful knowledge to future studies
(e.g. no study has yet presented an integrated solution for
autism syndrome based on multi-criteria decision-making
techniques with SEM—ANN). This research also resolves
the ambiguity of SEM and ANN trends.
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