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Abstract. Emerging technologies had marked the emergence of the Industry 4.0 era. Despite the
problems experienced with COVID-19, many experts believe that Industry 4.0 is an inevitable reality
that many businesses must face in the future. One of those technologies is the Internet of Things
(IoT), which may generate so-called “big data” that will be useful for business insight. However, after
performing a rigorous literature review, articles related to the impact of the IoT and big data
implementations for business performance in the form of a model were rarely found. Among the
available literature, some elements that may be considered are: (1) business process improvement;
(2) marketing strategies; (3) business management innovation; and (4) business performance.
Therefore, this paper proposes an implementation model of IoT and big data to pursue business
performance. Thus, a survey was conducted with managerial respondents from the manufacturing
industry. For analysis purposes, a partial least squares structural equation modeling (PLS-SEM)
methodology was implemented to examine the fitness of the model. The analysis was conducted in
Smart PLS 3.0, and the goodness of fit (GoF) calculated for this model was 0.63, larger than the
required 0.38 for a robust and accurate result. This model was implemented in a sample
manufacturing company to seek improvement. Regarding this effort, several improvements were
added as input by the manufacturing players to enhance the model.
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1. Introduction

Long before the COVID-19 pandemic spread around the world, business faced the
advent of emerging technologies that marked the start of the Industry 4.0 era. The adoption
of these technologies for business purposes has been accelerating since the pandemic. This
includes the adoption of the Internet of Things (IoT), which is enabled by the advancement
of internet technology and other devices. By adopting this platform, multiple devices, such
as sensors, cameras, and other communication/computing hardware, can be
interconnected. The 10T capability enables them to communicate with each other to run
any instructions given to them in providing desired functionality. In general, there are three
categories of applications that have been proposed for the use of IoT platforms: lifestyle
improvement for an individual, business process improvement for a business, and city
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improvement for government as a form of Society 5.0 development. For individuals, the
improvement may be in the form of wearable devices and smart home appliances. This
adoption can enhance the quality of life for those individuals who use those applications. For
businesses, it can be in the form of healthcare systems or industrial automation that
improves the business process of a company so that it may more effectively and efficiently
serve its customers, resulting in an improved competitive advantage (Kudryavtseva and
Skhvediani, 2020). For governments, this adoption can be in the form of smart cities, which
may also accelerate Society 5.0 development (Acar and Acar, 2012; Agrawal et al., 2018).
These possibilities have encouraged many entities to apply this technology to enhance the
quality of lives of the individuals they serve. Thus, it is understandable that [oT applications
have grown rapidly to reach about 43 billion units in 2023 (Ahmed et al,, 2017). The main
reason for those entities in adopting this technology is due to its ability in computing and
communicating so that real-time information can be solicited as support for management to
make better decisions regarding their activities.

At the business level, many companies that have adopted the [oT have gained a
competitive advantage in the form of improved products and services. This has allowed
them to obtain more business opportunities in the digital era. This is because the [oT
possesses many advantages in learning customer behaviors, attitudes, and choices, which
are useful for marketing studies. First, digitalization can be supported by using the IoT so
that processing and routine activities can be enhanced (Akhlaghi and Asadi, 2002). Second,
the use of the internet and information sharing can also be enhanced with the [oT so that a
company can improve its relationship with its customers (Boyes et al., 2018; Bijmolt et al.,
2021). The use of an IoT platform can generate a large volume of information, which is one
form of what has become popularly known as “big data” (Berawi, 2018). Most of the data are
in an unstructured form because they are from a variety of sources and are of different types,
such as images, video, and audio. These unstructured data will not mean anything unless
they can be carefully structured and analyzed using big data analytics; companies can then
use the information to gain insight for better decision-making (Chui et al., 2010; De Mauro
et al,, 2015). This is especially important because this platform’s devices and services are
varied and may include smartphones, online transactions, social networks, electronics, and
machining communications (Economist, 2010). Customer behavior that is captured through
a collection of sensors of an IoT platform is often highlighted in descriptions of possible
systems. However, from a case study of a typical industrial application, it was reported that
the utilization of data from about 30,000 sensors was only about 1% of the data. This may
change as systems become more integrated.

While there are many advantages in harnessing the use of IoT and big data, previous
studies have shown that this field of research is still in the early stages of knowledge
development. Some of them discuss the concept of [oT without further discussion on how it
may impact business performance. Thus, within the focus on the adoption and utilization of
this platform, a gap of knowledge still exists. This gap is especially interesting for study
because of its relation to big data utilization for better business performance. In order to
address this gap of knowledge in the field, this paper proposes a model as guidance for
harnessing IoT and big data for better business performance, especially with regard to the
manufacturing industry. The research objectives were: (1) develop a model for
implementing IoT and big data; (2) investigate what elements should be considered when
ensuring the benefits of [oT and big data adoption for better business performance; and (3)
form guidance for businesses that are interested in implementing [oT and big data for
gaining a competitive advantage.
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2. Literature Review

2.1. Internet of Things (IoT)

The phrase “Internet of Things” consists of two words: (1) “internet” referring to
network technology; and (2) “things” meaning objects that can become connected to one
another through that technology. In this platform, both physical and virtual objects can be
connected and function as they are instructed. The IoT enables communication
automatically among devices and provides services that can benefit individuals. By using
this platform, both a company and its customers can gain many advantages by supporting
the customer in making good choices regarding products and services used (De Mauro et
al,, 2015). In the industrial field, the IoT has grown as the industrial IoT for better regulating
and monitoring industrial systems (Del Giudice, 2016; De Mauro et al., 2018). Through this
technology, many events and changes in structural form can be better monitored so that
security and risk matters may be better handled, resulting in cost and time savings,
improved quality, and productivity improvement (Donalek et al., 2014).

2.2. IoT and Big Data

The use of [oT may generate a great deal of data and information, which is so large in
terms of its volume, velocity, variety, veracity, and validity that it needs to be examined
using big data analytics (Dubey et al., 2021). Volume means the flow of a large amount of
data. Velocity indicates the speed of the data generation in a real-time manner through a
continuous connection (Dwivedi et al.,, 2019). Variety means different data sources from
the IoT (Ebneretal, 2014). In addition, there are characteristics (1) related to the reliability
and data quality (Erevelles et al., 2016); (2) related to the value, which is determined by the
availability of insight from data analysis (Gandomi and Haider, 2015; Erevelles et al., 2016);
(3) related to variability in the context of the source of the data production (Guo et al,,
2013). The ubiquitous data generated from an [oT extend it to big data (Gupta et al.,, 2017).
Big data analytics that result from the IoT represent big opportunities for a business to
develop a market based on new customer insights and therefore may improve their
strategic planning and implementation (Gupta et al., 2019). Big data and the IoT have been
recognized as part of a disruption revolution regarding their potency to provide better
insight in order to gain a competitive advantage for a company in the industry (Gutierrez-
Gutierrez et al.,, 2018; Gutierrez et al., 2019). For these reasons, companies are encouraged
to equip themselves with a competitive infrastructure for better data generation by the IoT.

2.3. Business Digital Transformation

Managerial function and marketing strategy have been reshaped by the use of IoT and
big data as a digitalization initiative in many companies (Cullen et al., 2014). It represents
a new way to manage both business and marketing for companies in the era of the Industry
4.0 revolution. Daily human activities and relationships have been radically changed by this
new paradigm, including the way to manage and process the business in a company. For
business survival and gaining competitive advantages, a business digital transformation
like this is essentially needed. Not only that, but management, organization, and production
processes should also be sufficiently transformed through reengineering (Davenport,
2014). For that purpose, core business processes should be redesigned starting with
information technology (IT) processes to others in order to improve organizational
performance through digitalization (Donalek et al., 2014). This is based on the cooperation
between business process digitalization and IT in creating communication skills, a group
orientation, coordination, and real-time capabilities (Ebner et al.,, 2014). Through this,
companies’ production processes, new products, and services are supported by the IoT and
digitalization initiatives with efficient and modern technologies. Along with that, data
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capture can generate big data related to behavior prediction, choice decisions, and
consumption rates as input for decision-making processes and strategy planning. This can
be done because IoT adoption transforms business process focuses from physical products
to data-driven services (Gutierrez-Gutierrez et al., 2018).

2.4. 10T and Big Data for Business Performance

From an industrial application perspective, various connected devices can be enabled
to contribute as part of an IoT platform. [oT enables production strategy and
communication among various instruments and machinery (Acar and Acar, 2012). In its
development, an intelligent machinery system can be connected for real-time big data
generation in various manufacturing processes. In a healthcare environment, a hospital’s
core business processes are totally reshaped based on the contribution of IoT adoption. In
this situation, telemedicine can be used to improve its services. In addition, medical
decisions and human health monitoring can also be advanced by using telemedicine and
health data management (Akhlaghi and Asadi, 2002). In the service industry, optimal
intelligent technology and traffic and safety management can be enhanced by an IoT
platform. In conclusion, a digital transformation that improves business processes can be
achieved by an IoT and big data transformation (Cullen et al., 2014).

The impact of a digital transformation through the adoption of IoT and big data on
business performance has been reviewed by previous articles that have covered several
elements (Sestino et al.,, 2020). The first is business process improvement. Managers and
researchers can transform business processes using smart IoT devices so that they can
ensure automation initiatives for sustainable value and self-optimalization (Ahmed et al.,
2017). The second is business management innovation. The spread of intelligent space is
ensured using an [oT mix. In this context, people and the technology system interaction can
be enabled in a physical and digital environment (Chui et al., 2010). The third is marketing
strategies. Gaps or emerging trends in consumer behavior can be immersed using
consumption data that are generated from the IoT and big data adoption (Sestino et al,,
2020).

3. Methodology

3.1. Data Collection

A model of 10T and big data implementation was constructed through quantitative
research. For model development purposes, a questionnaire survey for managers in the
manufacturing industry in Indonesia was conducted. In the model, four elements were to
be examined: (1) business process improvement; (2) marketing strategies; (3) business
management innovation; and (4) business performance. A Likert scale ranging from
strongly disagree (1) to strongly agree (5) was used to record responses from the
participants. Experts were involved in providing recommendations on the model and
questionnaire through a pilot study. From this, the conceptual framework of the IoT and big
data implementation model was constructed, as shown in Figure 1.
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Figure 1 Conceptual model

The figure shows a model of the IoT and big data implementation to achieve better
business performance, which consists of four elements. It shows that business performance
can be achieved whether by business model innovation, business process improvement, or
marketing strategies, while either business model innovation or marketing strategies are
impacted by business process improvement through the implementation of IoT and big
data. From the figure, there are five hypotheses to be tested in this paper.

3.2. Sampling

Potential respondents were managers in companies in various industries; they were
contacted at different locations in Indonesia due to a large study population. Because the
maximum number of paths was three (as shown in Figure 1), then a minimum sample size
was about 30 as result of multiplying three by 10 (De Mauro et al., 2018). However, due to
the enthusiasm of the respondents, the collected sample was larger, with 142 responses.
Out of this number, 22 responses were determined to be invalid to do the absence of the
use of [oT and big data in the respondents’ companies. Thus, there were 120 valid responses
from the manufacturing industry to be evaluated using partial least squares structural
equation modeling (PLS-SEM; Ardi et al., 2020) with the SmartPLS 3.0 software.

3.3. Data Analysis

Questionnaires containing 18 questions were carefully designed and tested before
being distributed to managers in the manufacturing industry as part of this research. For
business process improvement, there were five questions: (1) IoT use for process
automation; (2) IoT use for production process; (3) data scientist recruitment for big data
analytics; (4) manager uses of big data for strategy planning; and (5) manager uses of big
data for production process transformation. For business model innovation, there were two
questions: (1) manager uses big data for trend and scenario planning; and (2) company uses
[oT and big data for re-engineering the business model. For marketing strategies, there
were six questions: (1) niche market identification; (2) real-time data-based campaign and
decision-making; (3) customer experience improvement; (4) touchpoint improvement; (5)
product improvement; and (6) data transaction collection for marketing strategy planning;
For business performance, there were five questions: (1) inefficiency identification; (2)
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effective resource allocation; (3) security management improvement; (4) supply chain
improvement; and (5) digital platform improvement.

Data from 120 respondents with valid responses were included for detailed analysis
based on the conceptual model. To test the hypotheses and determine the fitness of the
model, Smart PLS 3.0 was used. The model fitness metric used in this research was the
goodness of fit index.

Smart PLS 3.0 was used to process all the responses from the managers using the
conceptual model shown in Figure 1 as a path diagram. From the results, the goodness of
fitindex was calculated to test whether the model was accurate and robust with a threshold
value of 0.38 (Tenenhaus et al.,, 2004). The hypotheses could then be tested using a p-value
smaller than 0.05 to indicate that those relationships were statistically significant (Jonny
and Kriswanto, 2021).

4. Results and Discussion

The data collected from the respondents was input into Smart PLS 3.0, and the path
diagram was also depicted using the program. After that, the goodness of fit was calculated
as 0.63 (larger than the required threshold of 0.38). Therefore, it can be said to be a robust
and accurate model for this dataset with the specific loadings described below. By having
this value, the model can be said eligible to provide guidance for organizations in
implementing IoT and big data for better business performance.
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Figure 2 [oT and big data implementation model

Figure 2 shows the PLS-SEM results. Several findings can be drawn. First, business
process improvement significantly influenced business model innovation (BMI), r = 0.773,
p < 0.001. Second, business process improvement (BPI) significantly influenced marketing
strategies, r = 0.736, p < 0.001. These two were both strong loadings. Third, business model
innovation (BMI) significantly influenced business performance (BP), r = 0.225, p = 0.042.
Fourth, business process improvement (BPI) significantly influenced business
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performance (BP), r = 0.256, p = 0.044. However, these last two relationships were both
very weak. Fifth, marketing strategies (MS) did not significantly influence business
performance, p = 0.068.

5. Case Study: Implementation of IoT and Big Data in a Typical Manufacturing
Company

The model shown in the previous section has been socialized and implemented in a
typical manufacturing company. There are some suggestions regarding the implementation
that resulted in priority numbering in which business process improvement was
designated to the activity with highest priority to be done with the help of [oT and big data.
Additionally, IoT and big data adoption in the marketing strategy field has been
strengthened to ensure its influence on business performance.

6. Conclusions

This paper has resulted in a preliminary model of [oT and big data implementation to
enhance business performance. The model covers marketing strategies, business
management innovation, business process improvement, and business performance.
Among the five hypotheses, two hypotheses were statistically significant with strong
relationships, two were significant but weak, and one was insignificant. With this dataset,
business process improvement was shown to significantly impact business model
innovation and marketing strategies. Thus, practice in a typical manufacturing company is
strengthened to ensure its relationship. Although this model is still preliminary, it can still
provide guidance for companies when they want to implement and ensure that adoption is
beneficial for business performance. However, this research still has limitations in the form
of the sample size, the respondents’ profiles, and the need to explore the model further with
additional data. Therefore, for future research, it is recommended that researchers take
these matters into consideration.
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