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Abstract: Technology adoption is always a difficult task for Small and Medium-sized Enterprises
(SMEs) due to lack of resources and other market issues. Many technology challenges adversely
affect the sustainable business performance of SMEs. However, the incorporation of Industry 4.0
can overcome various technology issues. The goal of Industry 4.0 is to attain an advanced level
of operational effectiveness and productivity, as well as a higher level of automatization. Thus,
the objective of this study is to identify the role of Industry 4.0 to promote sustainable business
performance in SMEs in Thailand. A survey has been prepared to collect the data from managers
of SMEs and analyzed with the help of Partial Least Square. The questionnaire was used to collect
the data and questionnaires were distributed by using simple random sampling. A total of 500
questionnaires were distributed amongst the managerial staff of SMEs located in Thailand. From
these distributed questionnaires, 280 were returned and 270 valid responses were found.
analyzed by using Partial Least Square (PLS)-Structural Equation Modeling (SEM). Findj
that Industry 4.0 is a key to the growth of sustainable business performance among SM
of Industry 4.0 such as big data, Internet of Things and smart factory have a positive g
information technology (IT) implementation, which contributes to sustainable buyg erformance.
Moreover, organization structure and process strengthen the positive relationghi een Industry
4.0 and IT implementation.
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1. Introduction ?\\

The objective of Industry 4.0 is to attain an ad level of operational effectiveness and
productivity, as well as a higher level of automatiz. (Slusarczyk 2018; Thames and Schaefer 2016).
As Industry 4.0 has a significant role in the pro i nd service sectors, it has a direct relationship
with performance (Imran et al. 2018; Riiigma 15; Shrouf et al. 2014; Waschneck et al. 2016).
Roblek et al. (2016) and Posada et al. (201 @m tioned that various features of Industry 4.0 are
highly connected with internet techﬂ&%s well as progressive algorithms. However, they also

specify that Industry 4.0 is one of th& ical procedures of value addition and effective knowledge

management practices. : :
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Despite the extensive literature on Industry 4.0, a systematic, as well as a comprehensive review of
studies on Industry 4.0, is missing (Lu 2017). Consequently, this study proposes a framework with the
help of Industry 4.0 and presents the significance of this fourth revolution in Small and Medium-sized
Enterprises (SMEs). It presents how Industry 4.0 is useful to overcome various technological challenges
in SMEs and improves sustainable business performance. This study especially emphasizes on SMEs
situated in Thailand. SMEs performance in Thailand increased in 2017 as is shown in Figure 1. In 2017,
the increase in annual revenue was 44%, the increase in efficiency was 42%, the increase in business
savings was 31%, the reduction debt was 26%, and the increase in investment was 25%.

v

N
Figure 1. Thailand SMEs Performance. Source: RFI Grc@ ailand SME Banking Council (2017).

SMEs are the pillar of the economy in
contribution to the economy through GDP,

yJountries because this sector has a generous
omestic Product) creation (Etuk et al. 2014;
Tlegbinosa and Jumbo 2015; Lloyd 20 &) nature of small-scale businesses, SMEs have
various issues. One among them is a ®ecMQolNegical issue (Acs and Preston 1997; Dobrovic” et al. 2018).
Due to technological challenges, the gfor ance of SMEs is not smooth. SMEs experience limitations
when adopting the latest technol &is adopted by the big organizations. This is the reason that the
performance is low in the $ME of Thailand due to various challenges (Chittithaworn et al. 2011).
These SMEs are unable to%in constant growth in performance. Therefore, there is a performance

sustainability issue in S}@) hailand.

Technology adggtioMare always a difficult task for small scale businesses (Burgess 2001) due to
a lack of resource%&'ther market issues. SMEs are facing issues in technology implementations
(Jones and K 02y These technical issues are related to the data management, data extraction and
functional stru&ur€ of the organization that support the new technology implementation. Technology

Due to these features, Industry 4.0 has a significantly positive effect on boosting products and services
(Imran et al. 2018). Various Industry 4.0 factors such as big data, Internet of Things (IoT) and smart
factory have a positive role in boosting sustainable performance. Therefore, incorporation of Industry
4.0 can increase sustainable business performance by resolving various technology issues. Thus, the
objective of this study is to identify the role of Industry 4.0 to promote sustainable business performance
in Thailand SMEs.

The current study is one of the pioneer studies which discussed the role of Industry 4.0 in
technology management. Literature is available which shows the connection between Industry 4.0 and
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technology management; however, it was very rare that any study formally documented the role of
Industry 4.0 to resolve the technological issues, particularly in SMEs. Therefore, this study contributed
to the literature by providing valuable insights in technology management through Industry 4.0.

2. Theoretical Outlook and Hypotheses Development

The present industrial expansion has continued for many decades, and currently, it is in the age of
Industry 4.0 (Lu 2017). The concept of Industry 4.0 was originally planned for an emerging German
economic system in the year of 2011 (Vogel-Heuser and Hess 2016). Lukac” (2015) mentioned that the
first industrial revolution started in the last period of 18th century. This revolution was characterized
by automatic production plants grounded on the water as well as steam power. The second industrial
revolution began in the early 20th century, characterized by mass labor production grqun in
electrical energy. The third industrial revolution started in the 1970s with the distinctive gés
of programmed production grounded in new technology related to the internet. Finall urth

industrial revolution, namely; Industry 4.0, is continuing including the features of ysical
System (CPS) production, grounded in diverse data as well as knowledge combi (Lw?2017)
The principal characters of CPS are based on the notion to achieve dynamic nece§sMe?6f production

and to advance the efficiency and competence of the whole industrial sector. Ind .0 includes many
technologies and related patterns, cloud-based manufacturing, various rg§gurce”planning activities,
IoT, and social product progress (Georgakopoulos et al. 2016; Kul zgl 2014; Lin et al. 2016;
Nagy et al. 2018; Pfeiffer 2016; Thamsen and Wulff 2016; Wan et a& and has a significant role
in digital English and education (Hariharasudan and Kot 2018) AVlost’f the features are shown in
Figure 2. These features include: cloud computing, augmenta& multilevel customer interaction,
advanced algorithms with big data, smart sensors, mobil, (¥ 19T platforms, location detection,
advanced human machine and 3D printing.
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Figure 2. Industry 4.0 technology features and contributions towards digitalization. Source: Industry 4.0:
Building the digital enterprise, 2016 global industry 4.0 survey, PwC engineering, & construction 2016.

Academics have described Industry 4.0 from various viewpoints in this group. For instance,
Industry 4.0 is “the integration of complex physical machinery and devices with networked
sensors and software, used to predict, control and plan for better business and societal outcomes”
”(Industrial Internet Consortium 2017). Henning (2013) defines Industry 4.0 as “a new level of value
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chain organization and management across the lifecycle of products”. Hermann et al. (2016) describe
Industry 4.0 as “a collective term for technologies and concepts of value chain organization”.

This study is concerned with the three major elements of Industry 4.0 which comprise big data
(BD), IoT and smart factory (SF). All these factors have a significant connection with the production
and services of SMEs, and increase the performance (Imran et al. 2018). Branches of Industry 4.0
including big data (BD), IoT and smart factory (SF) can resolve technological challenges of SMEs, and
these ultimately increase the sustainable business performance. Figure 3 shows how Industry 4.0
promotes the performance. It shows that five Industry 4.0 factors have significant effects on production
and services. Production and services have significant effects on production and service industry
performance. Therefore, it shows that Industry 4.0 increases the production and service industry
performance. It is proven by the literature that Industry 4.0 has a positive influence on productiopegnd
services, and it increases the performance (Imran et al. 2018). @

Production and Services Industry

Performance

@ Figure 3. Industry 4.0 effect on performance. Source: Imran et al. (2018).

Big data is one of the umbrella terms for any method utilized to process a vast quantity of
data, knowledge or information, including capture, safety, transmission, storing, analysis, search,
confidentiality, and with data which is both structured and unstructured (Xu and Duan 2019). Big data
is generally used to handle massive amounts of data (Hashem et al. 2015). The nature of big data
encompasses extensive measures to identify and interpret the data into new ideas. Several scholars
have used big data in previous studies. For example, Manyika et al. (2011) have mentioned that big
data is a systematic visualization where “the amount of data just beyond technology’s capability to
store, manage, and process efficiently”. Zikopoulos et al. (2013) have categorized big data by three Vs:
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volume, variety, and velocity. “Big Data is a collection of data from traditional and digital sources
inside and outside your company that represents a source for ongoing discovery and analysis”.

Big data generally has a better advantage to implement new technology. It has a significant
relationship with technology adoption (Dhar and Mazumdar 2014; Raguseo 2018). Therefore, the
implementation of big data can overcome various technology-related challenges. It provides better
technology, which helps to find better ways to store data efficiently (Gu et al. 2014; Lynch 2008).
Initially, there were many challenges faced by various companies regarding data storage (Langer 2011;
Rashmi et al. 2013; Yang and Jia 2012) but now Industry 4.0 resolves these issues by introducing big
data technology in various firms. Therefore, SMEs could resolve technology challenges with the help
of an efficient big data system.

Hypothesis 1 (H1). There is a relationship between big data and IT implementation. \Q/

assistance. For instance, Dos Santos et al. (1993) emphasized on the declarations of IT in well

Many researchers have examined business information technology (IT)-related mattezqt d their
t:
as advanced IT investments. Brynjolfsson and Hitt (1996) and Hitt and Brynjolfsson@i‘zed three

procedures to examine the connection between IT as well as profitability. Bhars 000) employed
resource-based insight to study technology ability and company perform . Rg#t and Brynjolfsson
(1996) considered the business influence of enterprise source planni; jmate purpose of these

researchers has been to comprehend whether IT could assist firms i ing efficiency.

In current years, IoT has developed the most significant sgbjeclyn numerous industries. IoT
is not only the major buzz word in businesses but is an e drift, an established plan, and a
ground-breaking technology. Initially, Ashton (2009) projg e\idea of IoT and defined IoT as
exclusively recognizable consistent objects with radio-freqeNgy dentification (RFID) expertise, which
has the ability to alter the world. Tang et al. (2018) have i ied IoT tools which connect through the
network. Few initial IoT applications been previous%dustrialized in health sectors, transport, home
utilization, and various self-propelled industriS} t al. 2014; Joshi and Kim 2008). Industry 4.0
is based on five vital skills of IoT: RFIDg cl @ ting, middleware, and different IoT software

1

applications. IoT technologies have a.ls% tensively used in numerous industries; for instance,
IoT can advance logistics as well as Chain effectiveness by providing more comprehensive
knowledge (Fliigel and Gehrman %Aterature predicted that IoT would reach 26 billion parts
in 2020, up from 0.9 billion i@ erefore, we can understand the strength of the persuading
power that IoT skills can{brinds

expansion of IoT technologi

of IoT execution on susta
examining the priq

resently, different research focusing on IoT emphasizes on the
as well as applications, whereas no such research analyzes the influence
pI€ business performance; therefore, this study aims to fill this gap. After
tudies, it is revealed that the study carried out by Huang (2015) detected the
teMal view; on the contrary, the study carried out by Huang (2016), examined
an inside view. By addressing the above mentioned studies, the present study
proposes tQ exa\pine sustainable business performance in SMEs through IoT and other fundamentals
of I?ﬁf . This research is significant for managers to implement IoT as a significant technology
.t

aMable business performance.

il as a significant relationship with the latest technologies (Fortino and Trunfio 2014; Pang 2013;
Patel£nd Patel 2016; Suresh et al. 2014; Yun and Bu 2010), which positively affects business performance.
With the latest technologies of Industry 4.0, through IoT, the technological issues among SMEs are
reduced as the IoT has a significant relationship with the business process (Dachyar and Risky 2014;
Del Giudice 2016; Dweekat et al. 2017). Therefore, IoT can foster business performance through
different technological issues, which decrease the technological challenges in business. IoT has a
splendid concept with simple terms. IoT is connected or interlinked with multiple devices via the
internet. Generally, three IoT components are used in business, including (a) hardware, (b) middleware,
and (c) presentation (Gubbi et al. 2013), and these lead towards business performance. All these
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components contribute to sustainable performance in SMEs. Sustainable performance always leads to
better business survivability (de Sousa et al. 2018; Duygulu et al. 2016; Eisingerich and Bell 2008).

Hypothesis 2 (H2). There is a relationship between IoT and IT implementation.

Moreover, the notion of the smart factory (SF) is the combined relationship of numerous
stages of original production from the preliminary planning stages to actuators in the field.
The flexibility, the resource success, and the incorporation of supply, as well as demand procedures,
are better in Industry 4.0; hence, factories, cities, production, equipment and things become smart
(Varghese and Deepaknath 2014; Ali and Haseeb 2019). Stock and Giinther (2016) explained that the
key applications related to Industry 4.0 are Smart Factory (SF) and engineering the various smart
products. In this field, Table 1 shows 27 studies in this group, 13 are related to sm&f@y
and manufacturing, almost 10 debated on Smart Production, and the other four disc

u art
City. Generally, smart factory has a significant role in manufacturing, and incr@ hinable

business performance.

Table 1. Studies on Smart Factory and Manufacturing. C

Research Category Publication ( v
Chen and{Xi M
Kolberg ar e (2015)
Oses etql. (2096)

g etal. (2016)
landers et al. (2016)

Scheuermann et al. (2015)
Shafiq et al. (2016)
PN Thames and Schaefer (2016)
hd A 4
Industry 4.0 develops factories @xtra intelligent, dynamic and flexible by preparing to
manufacture with different devices, Qg ependent arrangements (Roblek et al. 2016). Consequently,
i

machines, as well as tools, will n¥reat levels of automation. Additionally, the manufacturing
procedure has the VOIHI% {1Sfying more multifaceted and capable standards of products

Smart Factory and Manufacturing

(Roblek et al. 2016). Ther®gre, factories with smart manufacturing are the primary purpose of
Industry 4.0 (Sanders et 0%6). Agent paradigm is documented as one of the real instruments for
Xar:L ay, which can increase the efficiency.

ake value-added addition, which arises horizontally as well as vertically in
facturing (Shafiq et al. 2016; Stock and Giinther 2016). Precisely, the horizontal

manufacturing in a
Industry 4.0

¥ (2014), Industry 4.0 initiates manufacturing in two different directions: the application-pull
proce®s and the technology-push process. Initially, it encourages dynamic changes produced by a new
group of industrial structure.

Therefore, all these features of Industry 4.0 related to smart factory have a direct effect on technology
implementation, which positively affects business sustainability, as a smart factory helps to develop a
small production system, which ultimately supports sustainability in production (Shrouf et al. 2014)
that facilitates business performance among SMEs. As various studies prove, Industry 4.0 has a
positive effect on production (Brettel et al. 2014; Weyer et al. 2015; Zawadzki and Zywicki 2016).

& ith a diverse combination of value formation and manufacturing schemes. According to

Hypothesis 3 (H3). There is a relationship between smart factory and IT implementation.
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From the above discussion, it is evident that Industry 4.0 factors such as big data, IoT
and smart factory have a positive relationship with information technology implementation.
Moreover, information technology implementation has a positive association with sustainable
business performance. IT is an essential and significant resource to accomplish the business vision
(Feeny and Willcocks 1998). Moshiri and Simpson (2011) point out that advances in IT can dramatically
change individual and organizational performance such as transforming business organization,
increasing competition, and fostering innovation. Technological advancement plays an important role
in most sectors of the economy (Ali and Younes 2013; Szczepanska-Woszczyna 2014) and it significantly
affects the way of doing business. In the automotive industry, IT is found crucial to making their
operations responsive to customer requirements. The study by Moshiri and Simpson (2011) revealed
that the use of computers by employees has a positive influence on the firm’s productivity.

However, in most of the organizations, IT implementation is an issue. Nowadays, IT is e; %)y

employed to strengthen and overcome the weaknesses of the supply chain, enhang ing
efficiency, reduce operating costs, increase responsiveness, increase agility (Javanma s . 2012;
Chaudhry et al. 2017) reduce cycle times, develop collaborative work, expand marke{aQo , Xvelop

seamless partnerships, improve teamwork, enhance customer relationships, profONg¥ on response
(Fasanghari et al. 2007), increase information and product flow (Craighead and %ZOUS), improve
timeliness and accurate information flow (Kim et al. 2011). Therefore, the figlh supports the utilization
of IT to maintain and sustain the ability to satisfy the customer (Omag et, ). The appropriate use
of IT offers opportunities for the organization to improve the perform&gupply chain, productivity
and profitability. However, numerous companies’ personnel are laking¥6f IT knowledge and IT skills
(Fasanghari et al. 2007). Hence, it requires investments in huma aMQgsocial capital to build up a strong
capability of IT and better implementation.

The resource-based view (RBV) of IT recommend »he IT resources in the firm can be the
competitive capability of the firm. Bharadwaj (200Q pm out that the firm’s human IT skills, IT
infrastructure, and IT reconfigurability are the fiz’e#ymnique resources. Every single IT resource is
unique and complex to acquire. The combina Q) olthe single IT resource created a firm’s strong
organizational capability (Bharadwaj 20@0) nship between IT capability and organization
performance is becoming more comple wer before (Jeffers et al. 2008). Bharadwaj (2000) points
out that various IT capabilities co & urces of competitive advantage. However, a limited
number of studies have explored BY of IT capability, and most of the analyses to date are of a
conceptual nature.

Therefore, technology,impMmentation is the most essential step to building sustainable
business performance ajgQ MEs. Literature also shows that technology implementation and
business performance h important connection with each other (Epelbaum and Martinez 2014;
Malhotra 2005), i ase sustainable business, and have a positive effect on overall business
performancewisiygrich and Bell 2008; Kristensen and Westlund 2004; Wang 2014). Therefore,
it is needed fo s to develop good sustainable business practices, which will automatically lead
to high pggfor: ce, because it also reduces enterprise risk (Hameed et al. 2017). According to the
pr qgature, it is clear that IT is available in organizations; however, the implementation of
%\g, and it shows negative results towards sustainable business performance. Therefore,
mentation is most crucial factor in the IT system to get better results.

Hypothesis 4 (H4). There is a relationship between IT implementation and sustainable business performance.

Hypothesis 5 (H5). IT implementation mediates the relationship between big data and sustainable
business performance.

Hypothesis 6 (H6). IT implementation mediates the relationship between IoT and sustainable
business performance.
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Hypothesis 7 (H7). IT implementation mediates the relationship between smart factory and sustainable
business performance.

Consistent with Industry 4.0 and IT implementation, the organization structure and process (SP)
should be supportive of adopting various technological changes. In the current study, structures
and processes are grounded with how the organization categorizes for IT. It includes IT expansion,
distribution of IT advantages, structures and the mechanisms for transporting business and IT
organization together (Peppard and Ward 2004). Structures and processes are also measured as the
process by which organizational movement takes place. Insufficient or unsuitable structures and
processes can negatively affect the success of IT in firms (Delone and McLean 2003).

The IT organization advances the applications in reply to business requirements or grougded
on what it thinks the business necessitates. Suitable structures and processes are essentia bje
IT/business incorporation. Brown and Magill (1994) have worked on evolving a model of nts
in the alignment of the function with the organization, yet that model has had exclugige phasis
on structural dimensions, which has overlooked the importance of total organizati (Yol ent
in IT. Therefore, the structure and process of the organization have an importa yn1 technology
implementation. Good organization structure and process lead to better strat€gi\adignment, which
leads to the better management processes, strategy, technology, individual@emple¥ee role and better
technology implementation (Al-Majali 2011) as it is shown in Figur?é&

—
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./'/ \ .
\ \
\ \
|
Management
SESEED Processes Technology j
AN 1 | | — A /

Individuals
\ & Roles /
\ /

/
Organization's
Culture

l&z& Massachusetts Institute of Technology Model. Source: Al-Majali (2011).

Q fon and Venkatraman (1999) explained that alignment includes compatibility addition
ngWpusiness strategy, IT strategy, and IT infrastructure and procedures. “Alignment has been
definyd as the degree to which the IT mission, objectives, and plans support and are maintained by their
business counterparts (Reich and Benbasat 1990, 1996)”. Marginson et al. (2000) designated alignment
as the fit of IT strategies with different business plans as well as goals. However, Kanellis et al. (1999)
specified that alignment is appropriate between its strategy and organization and, technology, structure,
procedures as well as environment.

Various studies proved that technology implementation has a significant relationship with business
performance (Brynjolfsson and Hitt 2000; Ghobakhloo and Hong 2014; Ho 1996; Hoque et al. 2011;
Kihara et al. 2016) and structure and process of an organization shows a strong relationship with
IT implementation (Heracleous and Barrett 2001) and it also a has relationship with strategy
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implementation (Skivington and Daft 1991). It also has an effect on strategy or technology
implementation from Industry 4.0 that positively affects business performance among SMEs. If the
organization structure and process is not supportive of adopting big data technology, it influences
negatively. On the other hand, if the organizational structure is not supportive of adopting technology
related to Internet of Things (IoT) and smart factory, and it also influences negatively on the adoption of
new technology and sustainable business performance. Therefore, organization structure and process
should be supportive of accepting and implementing new technology related to big data, Internet of
Things (IoT) and smart factory which will lead to better sustainable business performance among
SMEs. Therefore, organization structure and processes have an influence on the relationship between
Industry 4.0 and IT implementation.

Hypothesis 8 (H8). There is a relationship between structure and processes, and IT implementatio QJ
Hypothesis 9 (H9). Structure and processes moderate the relationship between big data and IT tation.

Hypothesis 10 (H10). Structure and processes moderate the relationship between IoT a NP lementation.

IT implementation

3. Methodology K

The objective of this study is to identify the role of Indyugt®Nz4.0Yo promote sustainable business
performance in Thai SMEs. Three major elements of Indi| weTe considered, namely; big data,
tr

Hypothesis 11 (H11). Structure and processes moderate the relationship {%ﬂart factory and

IoT and smart factory. Moreover, organization struc pfocess and technology implementation
were also considered. Figure 5 shows that how I y 4.0 factors contribute towards sustainable
business performance.
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Figure 5. Theoretical framework of the study showing the contribution of Industry 4.0 towards
sustainable business performance.
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Figure 6 comprehensively shows the various concerns involved in the research design.
This research design was initialized by a discussion of the details of this study, which comprised
the population of this study, unit of analysis, and sampling design. The discussion of research
design was followed by the instrument development which involved the design, structure, and
measurement scale of the survey questionnaire. The pretesting and pilot study were carried out
before the data collection, the methodology to test, the content validity and reliability. The data
collection methodology was finalized about the method, procedure, and period of data collection
of this study. Analytical methodology and interpretation were discussed as well as the hypotheses
testing of this study.

| | Details of Study

RS y

AN
[Pretesting and Pilot Study |
IContent validity | Pilot study |

| Lo X

VAN

Analytical Methodology and Interpretation
SPss [ Q)> rpssem

Figure 6. Flow Chart for Quantitative Researc%. Source: Sekaran and Bougie (2010, p. 68).

In this study, by following the cross®se&{o: arch design, a survey was carried out. First of
all, the pilot study was performed, angl € ses were used. Results of the pilot study showed that
the questionnaire had a satisfactory oMeliability and validity. After the pilot study, a total of 500
questionnaires was distributed asn managerial staff of SMEs located in Thailand.

The survey was carried ou, he help of the 7-point Likert scale. The questionnaire was divided
in to two major sections. first Wajor section was based on the respondent’s profile including, age
of respondents, income ndents, gender of respondents, education of respondents and marital
status of respondenys, Tmcond section was based on key scale items of each variables.

SMEs (small r&edium—sized enterprises) in the textile and clothing was considered to collect
the data. Ma &ich were related to the technology management of these SMEs were selected to
receive a resplt%?rom these 500 distributed questionnaires, 280 were returned, and 10 questionnaires

i lete¥and excluded from the analysis. The response rate was 56%. Thus, 270 valid responses
e valid response rate was 54%. Therefore, 270 responses were used to analyze the data.
re®collected from October 2018 to December 2018.
I"the measures were adapted from previous studies. Measures for Industry 4.0 factors; big data,
IoT and smart factory were adapted from Imran et al. (2018). IT implementation was measured with
the help of five items, which were adapted from Sabherwal and Kirs (1994). Measures for sustainable
business performance were adapted from Nawanir (2016). Finally, the measures for structure and
process were measured by adapting the scale from Peppard and Ward (2004).

4. Data Analysis and Results

This study used Partial Least Square (PLS) to analyze the data. However, before analyzing the
data, first of all, a preliminary analysis was conducted to investigate missing value, outlier, mean,



11 0f 24

median, standard deviation, and whether the data is normal or non-normal. This analysis is shown
in Table 2. The data has no missing value and free from an outlier. Moreover, it is found that data is
normally distributed.

Table 2. Preliminary Analysis.

No. Missing Mean Median Min Max SD Kurtosis Skewness
BD1 1 V] 3.231 3 1 7 1.51 —0.449 0.131
Ry 2 3203 3 1 7 1817 e 0:479
BD3 3 0 3.476 3 1 7 1.857 -0.732 0.365
BD4 4 0 3.476 3 1 7 1.904 -0.747 0.445
BD5 5 0 3.491 3 1 7 1.692 -0.373 0.337
ToT1 6 0 3.443 3 1 7 1.83 -0.709 p 9%
ToT2 7 0 3.429 3 1 7 1.809 .
IoT3 8 0 3.608 4 1 7 1.856 .
ToT4 9 0 3.675 3 1 7 1.861 . )
IoT5 10 0 3.59 3 1 7 1.932 . 43
SF1 11 0 3.514 3 1 7 1.887 0.425
SF2 12 0 3.528 3 1 7 1.808 0.393
SF3 13 0 3.533 3 1 7 1.882 0.348
SF4 14 0 3.425 3 1 7 1475& . 0.493
SF5 15 0 3.467 3 1 7 1@ 0903 0.249
ITI1 16 0 3.396 3 1 7 Ky -0.557 0.379
ITI2 17 0 3.604 3 1 7 1¥95 -0.619 0.318
ITI3 18 0 3.042 3 1 1.432 0.117 0.653
1TI4 19 0 3.118 3 1 \ 1.467 0.727 0.96
ITI5 20 0 3.208 3 1 1.419 0.948 0.935
SBP1 21 0 3.151 3 7 1.423 0.58 0.79
SBP2 22 0 3.071 3 Q 7 1.377 0.533 0.68
SBP3 23 0 3.137 3 % 7 1.452 0.519 0.718
SBP4 24 0 3.09 3 7 1.413 0.558 0.79
SBP5 25 0 3.042 1 7 1.409 -0.157 0.444
SP1 26 0 3113 ® 1 7 1.352 0.427 0.624
SpP2 27 0 3.0%L 1 7 1.38 0.4 0.696
SP3 28 0 3.1 3 1 7 1.427 0.56 0.807
SP4 29 0 2 3 1 7 1.34 -0.043 0.498
SP5 30 0 . é04 3 1 7 1.306 0.022 0.459

After preliminary ap S, data reliability and validity were assessed with the help of PLS-SEM.
In this case, Cronbagh al nd Composite Reliability (CR) were examined to check the reliability. In
the case of validity vergent validity and discriminant validity were examined. Figure 7 shows the
measuremeniQo ssessment in which all items have loadings above 0.7. Table 3 shows the factor
loadings. Tab. ws that both CR and Cronbach alpha are also above 0.7.

Accopding ¥ Hair et al. (2017), all the items must have factor loadings above 0.7. The items having
fagaQr %&s less than 0.7 should be deleted. In this study, none of the items has factor loadings
OWQ.WThus, all the items have been retained. Discriminant validity is given in Table 5, and it is

ved with the help of AVE square root.
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Figure 7. N‘[ea %}del Assessment.
After the assessment of reliabilitp ard vaNyeity, the study carried out further analysis for hypotheses
testing. Figure 8 indicates direct h eS€s testing and Table 6 shows the results. In this study, a
Pt or reject the hypotheses. Results show that all the direct
relationships have a t—val‘ek 96, which indicates a significant relationship. Moreover, all the

b

minimum level of t-value is 1.96

relationships have a posi eta¥value, which shows a direct relationship. Therefore, big data, IoT
and smart factory hav tive relationship with IT implementation. In addition, structure and
processes also hav 0 relationship with IT implementation. The relationship between big data
and IT impleme found B-value 0.177 and t-value 2.151 which is supported. The effect of IT
implementa onWpstainable business performance found B-value 0.883 and t-value 64.274 which is
also supporteX| TRe effect of IoT and smart factory on IT implementation found B-value 0.115, 0.130
and t-va%’? and 2.546, thus, these hypotheses are also accepted. Finally, structure and process also
wfCant positive relationship with IT implementation with B-value 0.573 and t-value 18.655.
1stent with the direct effect, indirect effects are also significant. The indirect effect is shown
e 7. In line with direct effect, to examine the indirect effect, t-value 1.96 is considered. All the
mediation hypotheses are accepted. Therefore, IT implementation is a mediating variable between
Industry 4.0 and sustainable business performance.




Table 3. Factor Loadings.
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Big Data IT Implementation Internet of Latent Smart Sustainable Business
(BD) aTn Things (IoT) Variable 1 Factory (SF) Performance
BD1 0.899
BD2 0.914
BD3 0.917
BD4 0.894
BD5 0.878
ITI 0.813
ITI2 0.790
1TI3 0.851
1TI4 0.891
ITI5 0.864
IoT1 0.925
IoT2 0.908
ToT3 0.893 Q
ToT4 0.906
10T5 0918
SBP1 0.896
SBP2 0913
SBP3 0.933
SBP4 0.929
SBP5 0.891
SF1 0.908 %
SF2
SF3
SF4
SF5 R
SP1 0.888
SP2 0.896
SP3 \ 0.871
SP4 0.908
SP5 A 0.894
Table 4. Reliability and E on@nt Validity.
(Y thoa R avE

Big Data (BD) . 0.942 0.955 0.811

IT Implementation (ITT) 898 0.903 0.924 0.710

Internet of Things (IoT) ° \ 0.948 0.949 0.960 0.828

Structure and Process (¢ 0.935 0.936 0.951 0.794

Smart Factory (SF) 0.942 0.943 0.956 0.812

Sustainable B.usinﬁ ormance 0.950 0.950 0.961 0.833

\ -
¢ Q Table 5. Discriminant Validity.
QY (BD) (T (loT) (SF) (SP) (SBP)
Big Da Y 0.900
IT ImpleNentation (ITI) 0.826  0.843
et of Things (IoT) 0.838 0.807 0910
actory (SF) 0726 0.799 0.838  0.901
cture and Process (SP) 0.667 0772 0.634 0.627 0.891
stainable Business Performance (SBP) 0721 0.783 0.683 0.662 0.709 0913

& Smart Factory (SF
SF5 _/ l
sP1 sp2

SP3 SP4 SP5
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Figure 8%&&}1
'@ irect Effect Results.
N

‘\\O’) ™M) (STDEV) T Statistics p Values
Big Data (BD) -> IT
Implementation (ITI) & 0.177 0.176 0.082 2151 0.032
IT Implementation ( NS
Sustainable Budgess 0.883 0.883 0.014 64.274 0.000
Performance
Internet WNGQiniy(IoT) -> IT 0155 0157 0.078 1.979 0.048
Implemen\gdio (ITI)
SmgqrWactd¥y (SF) -> IT
AR tation (ITT) 0.130 0.129 0.052 2.546 0.021
jfure and Process (SP) > 1T 75575 0.031 18.655 0.000
lementation (ITT)
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Table 7. Mediation Effect.

) ™M) SD T Statistics p Values

Big Data (BD) -> IT Implementation (ITI)
-> Sustainable Business Performance

Internet of Things (IoT) -> IT
Implementation (ITI) -> Sustainable 0.137 0.139 0.069 1972 0.049
Business Performance

0.156 0.155  0.073 2.149 0.032

Smart Factory (SF) -> IT Implementation

(ITI) -> Sustainable Business Performance 0.115 0114 0.026 4391 0.000

Table 8 highlights the results of the moderation effect and Figure 9 shows the structura
moderation effect through PLS. The same criteria were followed, and the minimum level

(1.96) is considered. It is found that structure and processes are a moderating variable big
data and IT implementation with B-value 0.039 and t-value 2.492. 1t is also found t re and
processes are a moderating variable between smart factory and IT implementatio 'value 0.048
and t-value 2.519. However, the moderation effect is insignificant between IoT plementation.

Thus, hypothesis 9 is not supported as the B-value 0.036 and t-value 0.322

o/‘\&

m m2 m3 ma ms

8D1 /
36,357 28.41€ 4531 64.87% ca 1ar
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Figure 9. Structural Model Assessment (Moderation Effect).

Moreover, Figure 7 highlights that r-square (R?) value is 0.779 for sustainable business performance.
Thus, all the constructs have the tendency to bring 77.9% change in sustainable business performance
which is good (Chin 1998). Additionally, predictive relevance (Q?) shows the quality of the model,
should be above zero (Chin 1998), and it is shown in Table 9.
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Table 8. Moderation Effect.

) ™M) SD T Statistics p Values

Moderating Effect 1 -> IT Implementation (ITI)  0.039 0.035 0.016 2492 0.021
Moderating Effect 2 -> IT Implementation (ITI) ~ 0.036 ~ 0.035  0.113 0.322 0.748
Moderating Effect 3 -> IT Implementation (ITI) ~ 0.048  0.056  0.019 2.519 0.020

Table 9. Predictive Relevance (Q?).

SSO SSE Q? (=1 — SSE/SSO)
IT Implementation (ITI) 1060.00 444.819 0.58

Sustainable Business Performance 1060.00 416.76 0.607 \Q

5. Discussion Qe

The results of the study discovered that Industry 4.0 has a significant contri nYo overcome
technological challenges and increase sustainable business performance. In "0 factors, big
data, IoT and smart factory, have an important effect on sustainable busines% ormance in Thai
SMEs. These results are consistent with the literature. All these factors ha significant relationship
with products and services, and these increase the performance (IR ~ 2018). It is proven by
various studies that Industry 4.0 has a positive effect on production (Br al. 2014; Weyer et al. 2015;
Zawadzki and Zywicki 2016), which increases the business ne

Generally, big data has a better advantage to impleme
relationship with technology adoption (Dhar and Mazu:
are found by the current study. Big data has a posi@ ect on IT implementation. Therefore,
the implementation of big data can overcome vgsious™€chnology-related challenges. It delivers
better technology, which promotes better ways data efficiently (Gu et al. 2014; Lynch 2008).
Consequently, SMEs must ensure better big ology in their companies.

Moreover, it is found that IoT % ignificant contribution towards technology
implementation in SMEs. Introductiorsof T nology increases IT implementation as it is revealed by
the literature that IoT has a significapr nship with latest technologies (Fortino and Trunfio 2014;
Pang 2013; Patel and Patel 2016; Suf&shNye al. 2014; Yun and Bu 2010), which affect positively on business
performance. For that reagon, introduction of IoT technology is most crucial in Thai SMEs.

Furthermore, consist with' the results of the current study, Stock and Giinther (2016) have
clarified that the key ap; s of Industry 4.0 are smart factory (SF), which manufactures various
smart products. Thgs also found that IT implementation has a positive effect on sustainable
business performagfe.Wg it is explained by the literature that technology implementation and business

ﬁttant connection with each other (Epelbaum and Martinez 2014; Malhotra 2005).
Moshiri and S¥ipgon (2011) mentioned that advancement in IT can dramatically change individual
tiohal performance such as transform business organization, increase competition, and

1 e’
eW technology. It has a significant
4; ®Raguseo 2018). The same results

performance

moderation effect of structure and processes is also examined by the current study that is shown in
Figures 10 and 11.
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Figure 10. Moderation effect of structure and processes between big data (BD) d%\plementation
which is strengthening the relationship. ¢ .{'
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Figure 11. &ion effect of structure and processes between smart factory (SF) and IT
impleme ich is strengthening the relationship.

0 sfows that structure and processes as a moderating variable strengthen the relationship
ata (BD) and IT implementation. Consistent with these results, Figure 11 shows that
nd processes as a moderating variable strengthen the relationship between smart factory
d IT implementation. Therefore, insufficient or unsuitable structures and processes can affect
negatively on the success of IT in firms (Delone and McLean 2003). Structure and process of an
organization show a strong relationship with IT implementation (Heracleous and Barrett 2001).

Fig

6. Conclusions

The objective of this study is to identify the role of Industry 4.0 to promote sustainable business
performance in Thailand’s SMEs as the Thai SMEs are facing various technology challenges. This study
has attempted to address the solution of various technology challenges through Industry 4.0. The study
considers three major elements of Industry 4.0, big data, IoT and smart factory. This study has examined
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how big data, IoT and smart factory are helpful in IT implementation. Additionally, this study reveals
the role of organization structure and processes in IT implementation. To achieve this, a cross-sectional
research design is used for a survey.

Findings reveal that Industry 4.0 is key to the growth of sustainable business performance among
SMEs. Elements of Industry 4.0 such as big data, Internet of Things and smart factory have a positive role
in promoting information technology (IT) implementation, which contributes to sustainable business
performance. Big data, IoT and smart factory help to implement new technology. Implementation of
new technology enhances business performance. However, for the implementation of new technology
and to benefit from Industry 4.0, the structure and process of the organization must be supportive.
If the structure and process of organization are not supportive, it will create the constraint in the way
of technology implementation and affect negatively on sustainable business performance. Q

6.1. Limitation of the Study

The current study provides valuable insights for practitioners; however, this
limitations. As the study is limited to Thai SMEs, therefore, the results cannot be ge:
the business environment in each country is different based on competition an
quite difficult to apply the results of the current study in any other business el% ent. Moreover,
this study is based on survey questionnaires which is one of the limitationsA{ thisStudy. Because, face
to face interviews with employee of SMEs may provide the better 0 other limitation of this
study is that, since Industry 4.0 has latest technology, therefore, duld\;O%eCk of resources, SMEs are
unable to implement Industry 4.0 completely, in this case the gesu}tf\can Be better obtained by applying
the current model on High-Tech SMEs.

6.2. Future Research Q

This study used survey questionnaires in which&ce ™face interaction with managerial employees
was not possible. Therefore, the future research s }%e carried out with the help of a mixed method
approach. The interviews with managers may e better results. Moreover, since the small-scale
SMEs have limited resources, therefore, *a\Qu odel should be applied on High-Tech SMEs.
Additionally, future research shouldt(& ther elements of Industry 4.0 such as interoperability

and cyber physical system. &
6.3. Implications of the Stud,

How to overcome the¥echnical challenges in organizations is one of the important questions,
and it urges the organiz%s 0 investigate the possible ways. In this way, the current study is most
significant for orga&'&éti to handle various technology-related issues. This study is beneficial for
practitioners to ovagcomt different issues of data handling and increase efficiency. Therefore, by taking
help from the tudy, the organizations may solve various issues. Notably, this study is beneficial
for Thai SMEs.{[héoretically, this is one of the first studies to deal the relationship between Industry
ology challenges with the help of the survey. Thus, this study provides a survey-based
se Industry 4.0 as a remedy to overcome various technical challenges. Moreover, as
contributed in the body of knowledge by examining the role of Industry 4.0 in technology
mandgement and the current study is one of the pioneer studies which discussed the role of Industry
4.0 in technology management, this study opens new discussion for scholars. This study adds to the
empirical literature by investigating the role of Industry 4.0 in technology management which is more
effective to conduct future research in the field of the fourth industrial revolution.

6.4. Policy Recommendation

It is always difficult to solve various challenges related to the latest technology, especially
for those organizations with minimal resources, such as SMEs. In this direction, this study is
recommended to the Thai SMEs to manage technology issues with the help of Industry 4.0 features.
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It is recommended that the Thai SMEs implement the big data technology, IoT and smart factory
to manage issues. Better implementation of these elements has the ability to manage various
challenges. Before implementation of these technologies, SMEs must develop a supportive culture
and infrastructure to support new technology.
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