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Abstract: This study investigates the objectives, approval process, decision criteria, metrics, and
performance of the Internet of Things (IoT) system investment in four Japanese manufacturing firms
through exploratory case analysis. This study conducted semi-structured interviews and several
workshops with practitioners to collect, confirm, supplement, and verify the interviews data and
the researcher’s interpretations. The study clarifies the actual status of investment activities in
IoT systems and the essential common issues. In addition, this study shows that IoT investments
in Japanese companies improve production activities’ efficiency. However, collaboration among
divisions and departments other than production is not sufficient. This paper also contributes to
constructing an analytical framework for comprehensively clarifying IT system investment decision-
making and investment effects. These findings will be one of the reference points of the IoT system
investment project and will contribute to the recent digital transformation movement in many
manufacturing firms.

Keywords: IoT investment; IT investment; metrics of information system investment; Industry 4.0;
Smart Factory; advanced manufacturing technology; digital transformation; lean management;
Japanese company; case study

1. Introduction

Natural disasters and infectious diseases can cause production activities and supply
chain disruptions [1-5]. More recently, the spread of COVID-19 has had a significant impact
on the sustainability of global supply chains, as the movement of people and goods has
been severely restricted, resulting in the stoppage or reduction of production activities in
factories [6,7]. Furthermore, in some countries and regions, including Japan, as the birthrate
is declining and the population is aging, the long-term trend is for the number of workers
supporting factories and supply chains to decline. In this situation, it will not be easy to
continue production activities and supply chain operations that rely heavily on manual
labor while increasing productivity.

As described above, dynamic environmental factors such as natural disasters, the
spread of infectious diseases, and the decline in the working population significantly im-
pact the sustainability of manufacturing and global supply chains. In order to prepare for
and adapt to these events, automation and digitalization in factories and operations will be
an effective way. In other words, the successful implementation of IoT, digitalization of op-
erations, and smart factories are essential for improving the sustainability of manufacturing
and global supply chains.

In recent years, digital technologies have been used in various activities ranging
from production to development and sales [8-10]. For example, the “Internet of Things
(IoT)”, an IT system mainly targeted at the production floor, significantly impacts the
design information flow inside the factory and the entire supply chain. The IoT has been
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positioned as one of the critical enablers of Industry 4.0 and smart factories [11-17]. This
technology serves as a critical support tool to facilitate effective measurement, visualization,
storage, and utilization of “genba” (field) data and improve operational performance.

In these contexts, the excellence of decision-making about IoT system investment
greatly influences the Japanese firms’ manufacturing capabilities and competitive advan-
tage. However, empirical analysis on the purpose of investment in IoT, the actual state
of the decision-making process of “IoT system investment” inside the factory, and those
metrics and performance have not been sufficiently investigated [8-20].

The present study aims to clarify the actual status and issues of IoT system investment
in Japanese companies. For this purpose, this paper conducted an exploratory comparative
case study analysis [21] of IoT investment activities in Japan, focusing on four Japanese
manufacturing sites. The cases discussed are mainly IoT systems used in manufacturing
sites and include IT systems used in multiple factories, supply management systems, and
other IT systems that facilitate the digitization of supply chains and engineering chains. In
this paper, the term “IoT investment” means the decision-making process for implementing
IoT in factories and the realized IoT system. The case studies were collected through
interviews with practitioners, workshops, and secondary sources. The research questions
are as follows: (1) What is the actual state of IoT system investment in Japanese companies?
(2) What challenges do these firms face? What are the common (or unique) issues of
each company?

2. Literature Review
2.1. Focus of Research on Digitalization of Operations and Supply Chains

There has been considerable research on the digitization of operations and supply
chains in recent years, with special issues of journals in the operations and supply chain
management fields devoted to this topic [8-10]. There have been many systematic and
bibliometric reviews on topics such as Smart Factory, Industry 4.0, and IoT since the
late 2010s [11-18,22-34]. Furthermore, some studies have conducted questionnaires on
researchers’ perceptions around the world on the research topic of Industry 4.0 [11]. This
paper will not conduct another comprehensive systematic review of these topics, because
there are numerous review studies of existing research published up to the late 2010s.
These review articles cover studies on the digitization of production sites and supply
chains. According to these papers, research on the digitalization of existing operations and
supply chains has focused on the actual status of Industry 4.0 and Smart Factory, the use of
advanced technologies, and the performance of Smart Factory and Industry 4.0.

The core phenomena and keywords covered by the above review articles can be classified
into three main categories: Industry 4.0, IoT, and Smart Factory. The most significant number of
review articles are published on existing research related to Industry 4.0 [12-18,22-31]. Some
papers broadly review prior research on Industry 4.0 as a research theme in business
administration and operations management [12-16], papers that review prior research on
the use of technology to realize Industry 4.0 [17,22-24], and papers that review Industry
4.0 initiatives in small and medium-sized enterprises (SMEs) [25]. In addition, there are
review papers that focus on the relationship between lean production and lean practices
and Industry 4.0 and digitalization [26-28].

There are also review articles that focus on the concept of Smart Factory and how
it is being globally expanded and utilized [29], and review papers that specifically focus
on Smart Factory as a key concept in Industry 4.0 [30]. In addition, the paper reviews
existing IoT-related research, mainly on the themes of the impact of IoT use on supply
chain management and the impact of IoT on business models [31-34].

Based on many of these review articles, the following can be suggested.

(1) Practices and academic research on the digitalization of operations and supply
chain, IoT technology advancement, Industry 4.0, and Smart Factory have progressed
rapidly over the past decade [8-18,22-34]. Therefore, empirical analysis of the actual state
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of investment and utilization of IoT and IT systems in Japanese companies is effective in
attracting attention from practitioners and academics.

(2) Researchers need to keep in mind that digital technologies can be applied in a wide
range of subjects and areas, such as IoT, DX, Industry 4.0, Smart Factory, and manufacturing
servitization. Some studies focus on automation and digitalization in individual production
processes [18,20], while others focus on the digitalization of entire factories [18,22-24], and
others focus on the technologies to realize the Smart Factory [29,30]. There is also research
on digitalization in the supply chain and the servitization of manufacturing [31-34].

(3) The existing research is not limited to large companies but also includes small and
medium-sized companies [25]. There is a wide range of countries and regions studied,
including North and South America, Australia, Europe (Germany, France, etc.), and emerg-
ing countries (China, India, etc.) [11-18,24]. However, these review articles reveal that little
research has been conducted on Japanese companies [11-18,24]. Thus, it can be said that,
at least in English-language journals, the actual situation of IoT investment decisions and
implementation and Smart Factory in Japanese companies has not been sufficiently clari-
fied. In this respect, empirical analysis of digitalization in Japanese companies will have
significant contributions. In addition, analyzing the actual status of IoT implementation
and digitalization in Japanese factories with high lean manufacturing capability [35,36] will
also clarify the relationship between lean practices and factory digitalization [26-28].

2.2. Empirical Research on the Relationship between Industry 4.0/Smart Factory and
Organizational Capabilities

This paper focuses on the existing empirical research on the relationship between
Industry 4.0 and Smart Factory and the digitization of operations, practices, and orga-
nizational capabilities in factories and supply chains [37-59]. The empirical studies on
the relationship between digitalization of production sites and supply chains and lean
management conducted by researchers in Western countries can be summarized as follows.

(1) The impact of the introduction of advanced manufacturing technology, enabling
technologies for Industry 4.0 (e.g., IoT and manufacturing execution system), and enterprise
information systems (ERP) on lean practices and operational performance [37-51]. The
impact of lean implementation on the relationship between advanced technology adoption
and operational performance [52-56].

(2) The impact of the use of IoT on supply chain management and the servitization of
manufacturing firms [57-59].

(3) Research on performance measurement systems in highly digitalized factories [60-63].
These studies have provided valuable insights into the validity and effectiveness of per-
formance measurement methods and indicators. However, these studies have focused on
Western companies, and there has been insufficient research on what evaluation indica-
tors are used and their effectiveness in Japanese companies, which have been thoroughly
promoting lean production.

These empirical studies have mainly focused on companies in Western countries.
There are relatively few studies on Japanese companies, which can be the origin of lean
manufacturing [35,36]. The scholars [19] conducted some case studies on information
systems in a Japanese manufacturing company. The study clarifies how the IT system sup-
ports and improves the flow of materials and information in development and production
activities. The scholars [19] discuss the characteristics of IT systems that are effective in
realizing and supporting the “good flow of good design”, and how to build IT systems
that enable the flow of design information and management information to flow smoothly
throughout the value chain without falling into partial optimization.

Furthermore, in a study on the IoT and IT systems in Japanese companies [20], the
actual status of digitization of the value chain and the factors that promote or hinder it
are clarified from the perspective of the degree of information integration. One of the
most important findings is that although information technology has improved the flow of
materials and information in production activities, there are still problems in coordination
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among departments, functions, and companies. For example, because the company’s IT
system is not sufficiently integrated across departments, even if the same IT system is used,
the way it is operated differs among departments [20].

These empirical studies of Japanese companies [19,20] have the limitation that they do
not sufficiently clarify the actual status of IT system investment. Furthermore, although
the IoT systems used in the factory have been identified, the purpose of investment in
the systems, investment decision-making, evaluation criteria, and results have not been
sufficiently clarified.

2.3. Research on the Performance and Decision-Making of Information System Investment

In the management information systems research, empirical analysis of information
system investment and its performance has been conducted. In particular, RBV (resource
based view) as a theoretical background, research has been conducted to aggregate the
amount of investment in IT systems at the firm level and clarify the relationship between
such investment and firm performance [64-68]. Financial results (e.g., profit, ROI) have
been mainly used as corporate performance. These studies that analyze IT investment ac-
tivities aggregated at the corporate level have not sufficiently clarified actual IT investment
activities” evaluation criteria and effectiveness of indicators. The scholars [69] argue that
it is not easy to accurately measure the effect of IT investment without considering the
actual state of IT use. Although research on the effects of an investment in information
systems used in factories has been conducted focusing on the factory level [52-54,70,71],
the accumulation of research is not sufficient.

In the research area of management information systems, much research has focused
on the decision-making of information system investment. In particular, some studies have
analyzed information system investment decisions using real options theory, focusing on
the valuation of investment projects [72-75]. However, what is essential in evaluating IT
investment at the factory is clarifying what evaluation criteria are actually used there. It
should be clarified how the effectiveness of IT systems is actually evaluated before and
after the investment.

Furthermore, some studies reveal the details of the decision-making process for in-
formation system investment [76-83]. Based on qualitative or quantitative analysis, these
studies clarify the details and structural characteristics of IT governance and decision-
making processes. However, these studies have not clarified what evaluation criteria are
used to make decisions on investments in IT systems that enable manufacturing compa-
nies to improve their capabilities and performance. In addition, the relationship between
such investment behavior in IT systems and performance in production activities has not
been sufficiently clarified. As described above, the limitation of existing research is that
comprehensive empirical analysis covering the entire process from IT system investment
decision-making to the realization of factory performance has not been conducted.

2.4. Research Gaps in Existing Studies and the Focus of This Paper

In recent years, the rapid digitization of production activities and supply chains has
increased the need for a detailed analysis of the actual decision-making and evaluation
criteria for investment in digital technologies. However, existing studies have not suffi-
ciently clarified the actual state of IoT investment decision-making and implementation,
which are essential in realizing such digitalization [76-83]. It is also necessary to analyze
the relationship between IoT implementation and organizational capabilities in production
sites [52-56,60-63,70,71].

Furthermore, detailed empirical studies targeting Japanese companies have not been
sufficiently conducted [19,20], which can be considered one of the limitations of existing
research. Therefore, it is necessary to conduct empirical research that focuses on how digi-
talization will progress in Japanese manufacturing sites, which have achieved a relatively
high level of leanness. In other words, it is crucial to clarify how the decision-making and
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evaluation of an investment in digital technology are carried out and what issues arise in the
process when further promoting digitalization in the high-level lean factories [26-28,35-51].

Based on the findings of existing research, the research objectives of this paper are as
follows. In order to clarify how digital technology should be evaluated and introduced
in Japanese companies, which have accumulated and evolved highly lean manufacturing
capabilities when trying to promote digitization more than ever. This paper conducts an
exploratory case study on the purpose of investment in IoT systems, evaluation criteria for
investment, and investment outcomes. One of the expected practical contributions of this
paper is to provide a point of reference for answering the “practitioner’s question” that
“we know that investment in digital technology is essential, but we are not sure how it will
be helpful”.

3. Methodology

The present study conducted an exploratory case study of IoT system investment
activities centered on multiple manufacturing sites in Japan. An exploratory case study has
a legitimate reason when the researchers do not have any propositions, have little or no
control over behavioral events, and the research focus is a contemporary phenomenon [21].
This type of case study is suitable for fact-finding and theory-building [84].

Four Japanese manufacturing companies (from Company A to Company D) that
have global factories were selected as case firms based on the following considerations:
(1) They are all representative Japanese firms with high brand recognition and advanced
manufacturing systems; (2) They are all multinational enterprises running businesses on
a global scale, which means their operations management issues are complex; (3) All the
firms are developing broad product portfolios, implying that they have various production
demands. Table 1 presents an overview of the studied companies. All factories investigated
in this case study were located in Japan. Each company is a large Japanese company
representing its respective industry, with a long history, many employees, and a large
number of sales. The cases showed in this paper could be used as a reference for many
other companies as they are advanced to digitize and utilize IoT in their factories and
supply chains. The cases are mainly IoT systems used in manufacturing sites and include
IT systems used in multiple factories, supply management systems, and other IT systems
that promote the digitization of supply chains and engineering chains.

We obtained responses from each company regarding their IoT system investment
activities in the last five years. We conducted semi-structured interviews with senior
managers responsible for production management and information system investment
at the case firms. Table 2 shows the research focus and items used in these interviews.
The interviews were undertaken several times from 2019 to 2021, and each lasted one to
two hours. All interviews were recorded and transcribed within twenty-four hours, then
the content was checked for correctness by the authors and interviewees. Furthermore,
based on the information obtained therein, several workshops were conducted with the
participation of practitioners and academics to confirm, supplement, elaborate, and verify
the interview data and our interpretations. In addition, the information was supplemented
based on publicly available information from companies and secondary sources. Table 3
summarizes the research procedure in this paper.



Sustainability 2022, 14, 2708

6 of 21

Table 1. Overview of the studied companies.

Company A Company B Company C Company D
Main products Chemical materials Inverter Car audio Factory automation
P Medical devices Power generators devices
Sales
(FY2021, consolidated, 2000 billion 800 billion 250 billion 600 billion
approximate number,
JPY)
Employees
(FY2021, consolidated, 70,000 25,000 10,000 28,000
approximate number)
. . BtoB BtoB
Main transactions (Partly B to C) BtoB (Partly B to C) BtoB

Features of
Supply chain

Parts and materials are
transported from
suppliers to equipment
production factories,
assembly factories, and
final goods are stored
in ware-
houses/distribution
centers.

Final products are
transported to sales

Parts and materials are
transported from
suppliers to equipment
production factories,
assembly factories, and
final goods are stored
in ware-
houses/distribution
centers.

Final products are
transported to sales

Parts and materials are
transported from
overseas factories or
subcontractors to
finished goods
factories, warehouses,
and distribution
centers.

Final products are
distributed to sales,
agencies, and

Parts and materials are
transported from
suppliers to equipment
production factories,
assembly factories, and
final goods are stored
in ware-
houses/distribution
centers.

Final products are
transported to sales

agents or directly sold  agents or directly sold automobile agents or directly sold
to end-users. to end-users. manufacturers. to end-users.
Table 2. Research focus and interview items.
Research Focus Items

Overview of the IoT system

Objectives of IoT system
Characteristics of IoT system
Application/ implementation area

The approval process for IoT system investment

Proposer and drafter of IoT investment
Hierarchy/ position of proposer and drafter

Decision criteria of IoT investment

Quantitative and qualitative criteria used in investment
decision making

Metrics of IoT investment performance

Measurement and verification of quantitative and qualitative

effects after investment in IoT system

Table 3. Overview of research procedure.

Month/Year of .. .
Interview or Workshop Participants Duration/Format Agenda
October 2019 Authors 25h Data collection and discussion about IoT
Company A, B, C,and D In-person system implementation in each company.
December 2019 Authors 2h Data collection and discussion about IoT
Company A, B, C,and D In-person system implementation in each company.
January 2020 Authors 2h Data collection and discussion about IoT
y Company A, B, C, and D In-person system implementation in each company.
Authors 2h Dlgcussmn and c?evelopmen.t of interview
February 2020 items concerning the IoT investment
Company A, B, C, and D In-person

decision, metrics, and implementation.
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Table 3. Cont.

Month/Year of . . .
Interview or Workshop Participants Duration/Format Agenda
June 2020 Authors On—hr}e Prehn}mary.stm%y using the
Company A, B, C,and D e-mail interview items.
July 2020 Authors 2h Interview with company A and B.
y Company A, B,and D On-line (One hour, each.)
Authors 2h Interview with company C and D
August 2020 Company A, B, C,and D On-line (One hour, each.)
Authors 2h Follow-up interview and corrections.
October 2020 Company A, B, C,and D On-line (30 min., each.)
Authors oh Presentatlon'from f":\uthors (60 mm'.) and
January 2021 . follow-up interview and corrections.
Company A, B, and D. On-line .
(20 min., each.)
May 2021 Authors 2h Follow-up interview and corrections.
Y Company A, B, C, and D On-line (30 min., each.)
Authors 2h Follow-up interview and corrections.
September 2021 Company A, B, C,and D On-line (15 min., each.)

4. Case Analysis and Results

In this section, the cases of IoT system investment in the companies surveyed are
summarized from the following four points: (1) Overview of the IoT system; (2) Approval
process for IoT system investment; (3) Effectiveness indicators and criteria at the time of
IoT system implementation; (4) Measurement and management of the effects of IoT system
investment performance.

4.1. Company A
4.1.1. Overview of the IoT System

The system was implemented in 2019. In conjunction with the construction of a
new state-of-the-art smart factory, a system to manage people and objects” movement
and equipment status using IoT was established. In addition to the data managed by
the previous system, such as person-hours, manufacturing and inspection records, and
parts inventory, the new system uses sensors placed at various locations in the factory to
collect and aggregate information on facility operation status and workers’ traffic lines.
This system makes it possible to predict equipment breakdowns and grasp the status of
production progress in real-time and in an integrated manner, speeding up the analysis
and improvement cycle to improve the efficiency of production activities. Furthermore, by
capturing the work of skilled workers and superimposing it on the smart glasses with the
information obtained by the sensor to support genba work, it is possible to improve work
efficiency significantly.

4.1.2. IoT System Investment Approval Process

Depending on the scale of the investment (large-scale, medium-scale, or small-scale),
the drafters and final approvers differ. In the case of large-scale investment, the division
manager or project leader drafts the proposal, and the president gives final approval. In
the case of medium-scale projects, the director or project sub-leader drafts the plan, and
the executive officer gives final approval. In the case of small-scale projects, the proposal
is drafted by the person in charge and given final approval by the director. The approval
process has two stages: the budget and implementation stages.

Regardless of the size of the investment, the criteria for judging the investment is
whether it will lead to capacity enhancement (productivity improvement) or not. Especially



Sustainability 2022, 14, 2708

8 of 21

in the case of rationalization/cost reduction, the payback period method is used, and the
investment purpose and effect are judged comprehensively.

4.1.3. Indices of Expected Effects of IoT System Investment

As a quantitative indicator, Free Cash Flow (FCF) is an important indicator of whether
the payback period is within several years. In addition, the improvement of the Cash
Conversion Cycle (CCC) is an essential item. According to the IoT investment objectives,
quality, cost, and dependability (QCD) are set.

As qualitative indicators, the number of ICT substitutions for technologies and skills
that have been dependent on human bodies is measured and evaluated in terms of whether
they can be improved or not. With large-scale strategic investments, the managers demand
the expensive and latest IoT investments and expect qualitative effects such as “XX times
higher productivity compared to conventional processes” or “the latest smart factory that
meets customer expectations” are essential conditions.

4.1.4. Measurement and Management of the Effects of IoT System Investment Performance

As for the quantitative evaluation, the ERP system reports the amount of effect reg-
ularly for reporting to the head of the investment department. In addition, depreciation
and amortization are allocated to businesses and products and evaluated in the income
statement. Based on the income statement, the effectiveness of the investment is evaluated
in terms of return on invested capital (ROIC) and CCC. Qualitative evaluation is managed
through regular reports to the head of the investment division.

4.2. Company B
4.2.1. Overview of the IoT System

Company B invested in three IT systems. The first is the factory energy optimiza-
tion system introduced in 2015. The second is a system for visualizing KPIs in factories
introduced in 2018. This system was initially developed and used for one factory but
has since been rolled out to all factories. The third is an information platform that links
field information with sales, design, manufacturing, and other information to visualize
necessary management and KPI information in real-time, which is currently in progress.

4.2.2. IoT System Investment Approval Process

Depending on the scale of the investment (large-scale, medium-scale, or small-scale),
the drafters and final approvers differ. In the case of large-scale investment, the division
manager executing the investment drafts the proposal, and the president gives final ap-
proval. In the case of medium-scale, the general manager of the investment execution
department drafts the plan, and the department head gives final approval. In the case of
small-scale investments, the factory manager or the department’s general manager gives
final approval.

Regardless of the investment size, the criteria for judging the investment are based on
the quantitative and qualitative effects and the investment payback period. There are no
restrictions, such as verifying the investment through a committee in advance.

4.2.3. Indices of Expected Effects of IoT System Investment

Quantitative indicators include inventory reduction, lead time reduction, productivity
improvement, improvement in the ratio of good products, and the degree of reduction in
waste costs (costs generated by waste). Qualitative indicators include the visualization of
problems, identifying issues in sub-processes and other unclearly controlled processes, the
quick response to these issues, the reduction of work-in-process (WIP) and improvement
of control level, the reduction of ad hoc operations, and the stabilization of dispersion
in quality.
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4.2.4. Measurement and Management of the Effects of IoT System Investment Performance

As a quantitative effect, there has been progress in reducing WIP inventory. In addition,
there were cases where productivity was significantly improved and cases where the
investment was recovered in a short period due to the early resolution of chronic defects.
As a qualitative effect, inventory and problems that would have been invisible if this
company had not invested in the IoT system were identified and solved. In addition, the
visualization of the entire supply chain can potentially change the recognition of the lead
time concept. In addition, this company expected the use of Big Data Analytics and artificial
intelligence (AI).

4.3. Company C
4.3.1. Overview of the IoT System

Company C invested in two IT systems. The first is a system for production operations
introduced in 2019. In conjunction with the renewal of the ERP system, the peripheral
systems necessary for production operations were renewed (OEM supply and demand
planning management system, production planning system, Kanban system, ERP /MRP
system, logistics tracking system). The second is a system for supply management at
overseas factories introduced in 2020.

4.3.2. IoT System Investment Approval Process

Depending on the scale of the investment (large, medium, or small scale), the decision
criteria, drafters, and final approvers differ. In the case of large-scale investment, the
executive officer or the general manager drafts the proposal, and the president gives final
approval. In the case of medium scale, the general manager drafts the plan, and the
executive officer gives final approval. In the case of small-scale investments, there are no
specific rules.

In the case of large-scale investments, cost-effectiveness, degree of customer involve-
ment, and strategic importance are used as criteria for judging investments, which require
review by the Executive Committee and approval by the IT Committee. In the case of
medium-scale investments, the criteria are based on ROI and the degree of customer
involvement, which require the approval of the IT Committee. The case of small-scale
investment requires the approval of the IT Committee.

4.3.3. Indices of Expected Effects of IoT System Investment

Quantitative indicators are not always clearly defined, but the aim is to achieve
payback as soon as possible (within a few years). In addition, the ratio of return on
investment is used. The following are qualitative indicators: the ability to respond to
customer requirements, the upfront investment that leads to business expansion, and
investment that eliminates the cost of countermeasures after quality problems occur.

4.3.4. Measurement and Management of the Effects of IoT System Investment Performance

In terms of quantitative evaluation, the larger the system or mechanism, the more
difficult it is to evaluate, as there are too many business changes to understand the IT
system’s degree of impact. Therefore, the quantitative effect can be considered the degree
of personnel transfer or workforce saving due to organizational changes, including other
factors. At the system implementation, confirmation is made as to whether the intended
effect was obtained. The quantitative indicators include inventory turnover days, indi-
rect costs, and person-hours. Qualitative evaluations include improvements in planning
accuracy and operational quality.

4.4. Company D
4.4.1. Overview of the IoT System

Company D invested in two IT systems. The first is a product assembly cell system.
Multiple sensors are installed in the cell line to check the correctness of the work order
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and the proper screw tightening. This system prevents work errors, and if the work is
not performed correctly, an alarm is issued to prevent the subsequent work from being
performed, thus creating a “system that prevents the creation of defects”. In addition, the
entire floor is monitored in real-time by a monitoring system that aggregates the data from
the sensors and analyzes the actual production results and operating status of the line in
real-time. The second is a system to visualize and diagnose the power environment of
the factory. The system visualizes the energy consumption in the factory. Furthermore,
it diagnoses the room for energy reduction by installing sensors at the production site,
linking and centrally managing the amount of energy used to the quality and productivity
targets and results in real-time.

4.4.2. IoT System Investment Approval Process

Depending on the scale of the investment (multiple levels depending on the amount),
the drafters and final approvers differ. For the highest level, the general manager of the
investment execution division drafts the plan, and the president gives final approval.
Depending on the level, the general manager of the investment execution division or the
organization manager drafts the plan, and the general manager, center manager, division
manager, or company group manager gives final approval. Regardless of the investment
scale, the criteria for judging the investment are the quantitative and qualitative effects and
the investment payback period.

4.4.3. Indices of Expected Effects of IoT System Investment

The quantitative indicator is the improvement of QCD. Quality (Q) refers to improving
quality (percentage of good products). Cost (C) refers to the improvement of productivity,
the improvement of equipment operating rate (reduction of short-time breakdown), and
the reduction of WIP inventory. Dependability (D) refers to the reduction of lead time.
As qualitative indicators, in terms of production, the IoT system supports workers by
automatically displaying work instructions and improving the efficiency of genba kaizen
(improvement) activities by visualizing shop floor information. The system performs to
prevent defects in input, process, and output in terms of quality.

4.4.4. Measurement and Management of the Effects of IoT System Investment Performance

We discuss only the effects of the first system. As a quantitative effect, productivity
per worker has been improved by grasping real-time cell line information and improv-
ing the worksite. In addition, robots were introduced to save space and workforce in
the inspection and packaging processes. As a qualitative effect, the system promoted
labor-saving and high-efficiency production by reducing work errors, improving quality,
and reducing maintenance costs through labor-saving and predictive management in the
inspection process.

4.5. Comparison on Ex-Ante Evaluation Criteria and Ex-Post Performance of loT System Investment

Table 4 shows a comparison of each company’s ex-ante evaluation criteria and ex-post
performance of IoT system investment. There is a limitation that the specific amount of
investment cannot be disclosed publicly due to confidentiality. As seen in Table 4, since
the IoT system investments discussed in this study were mainly related to manufacturing
sites, it can be said that the evaluation criteria, outcomes, and implementation targets were
focused on production activities and factories. Our case study highlights the importance
of digital investments in production activities to improve productivity and efficiency and
shows the companies” quantitative and qualitative benefits.

In the future, digital investment and IT system investment will be required not only to
focus on improving factory efficiency but also to look at other activities more broadly. In
other words, when planning, evaluating, and implementing IT system investments for man-
ufacturing activities, it is essential not to limit the investment to production activities but to
improve the entire flow of design information to the customer. Implementing IT system
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investments and evaluating them with a “total optimization orientation” is necessary. It is
necessary to establish IT system investment activities, strategies, and investment evaluation
criteria to coordinate and synthesize how much productivity improvement at the plant
level will increase efficiency, effectiveness, and value created in the entire value chain. For
this purpose, we need to set the IT investment’s purpose clearly and what kind of value can
be created and then determine the evaluation criteria, investment decision-making process,
and evaluation time horizon suitable for it. These investment objectives and value settings
can be called “the concept of IT system investment”. The case companies in this paper
were all primarily focused on increasing the productivity of workplaces and factories. Such
improvements in the capabilities and performance of the workplaces will eventually lead
to improved performance of the business unit level and corporate level. In addition, it is
crucial to build an IT system that can evaluate and enhance the business’s competitiveness
and the competitiveness of the operations in the field.

Table 4. Comparison of ex-ante criteria and ex-post performance of IoT system investment.

Company A Company B Company C Company D
(1) Ex-ante criteria of IoT system investment
Reduce inventory and
lead times.
Improvement of
Recovery period. produc.tn{lty al?d Pay back as soon as
o . prediction o . -
Quantitative Improvement in CCC. op possible (within a
.1 abnormalities. Improvement of QCD
indices QCD targets to meet . few years).
. L Improvement in .
investment objectives. . Return on investment.
non-defective
product ratio.
Reduction of
wasteful costs.
The number of ICT
substitution for
technologies and skills Visualization and quick
. . Supports workers by
of humans. solution of problems. Responding to . . ;
p .. . ) automatically displaying
- The productivity will Reduction of WIP customer requests. . :
Qualitative . . . . . work instructions.
1 increase in XX % Reduction of ad Business expansion. e
indices . . . Visualization of the effect
compared to hoc operations. Preventing quality . o
. ” A of Kaizen activities.
conventional processes”. Stabilization of problems. .
P . . . Preventing the defects.
The latest smart plant dispersion in quality
that meets customer
expectations”.
(2) Ex-post evaluation and performance of IoT system
. Improvement in
Periodically report . L.
- benefits to the head of the wip redu.ctilon. Inventory Turn Over. produciﬂmty per worker.
Quantitative . . Productivity. . Saving space and
s investment division. . Indirect Costs. .
indices . Improvement in workforce in the
Evaluate by business uality ratio Person-hours. inspection and
ROIC and CCC. quatity ratio. pectior
packaging.
Labor-saving and
Problems could Improvement of the high-efficiency
I Manage by regularly . . .
Qualitative . be solved. planning accuracy. production by reducing
s reporting to the head of . ; .
indices Change in the concept of Improvement of the work errors, improving

the investment division.

lead time.

quality, and reducing
maintenance costs.

quality of operations.

4.6. Summary of Findings

The summary of the case study’s findings are as follows.
(1) The main objective of the IoT system investment is to improve shop floor oper-
ational performance such as quality, productivity, and lead time. These systems include
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manufacturing management dashboards, flow improvement, traceability, automation and
labor-saving, visualization of energy-saving effects, and work improvement and training.
There is a tendency to focus on streamlining the factory’s flow of materials and information.
However, few investments aim to improve coordination among plants and streamline the
flow of materials and information throughout the supply chain.

(2) Investment in IoT systems has been approved as a strategic investment. The
evaluation criteria, conditions, drafters, and final approvers vary depending on the purpose
and applications of the investment. Investment criteria, investment size, and KPIs differ
depending on whether the investment is recognized as company-wide IT investment or
plant-level investment.

(3) Each company uses its own quantitative and qualitative evaluation criteria when
making IoT system investment decisions. Investment effects are evaluated based on
financial indicators and the degree of improvement in operational performance, such as
QCD of production activities.

(4) Because of the difficulty of measuring the effect of IoT system investment, the effect
tends to be grasped by easy-to-measure and short-term indicators such as the degree of
improvement in operational performance. Our study confirmed that IoT investments were
made to utilize the manufacturing capabilities cultivated at the production site. In other
words, it can be evaluated that the IoT is functioning as an effective IT system in realizing
and supporting a “good flow of good design” at the production site. Since it is not easy to
measure and understand the effects of IT system investments, the emphasis tends to be
placed on the use of IoT in individual processes rather than on investments to improve the
performance of the entire factory or value chain. Therefore, in order to make investments
that will improve the flow of the entire factory or value chain, it is necessary to devise
suitable indicators for measuring investment effectiveness.

5. Discussion
5.1. Issues in Digitizing the Operations in Japanese Manufacturing Companies

As a result of continuous discussions on our case study’s findings through several
workshops attended by practitioners and academics, the following issues were suggested
as challenges in the digitization of the shopfloor and IoT system investment in Japanese
manufacturing companies.

5.1.1. Difficulty to Measure the Effect of IoT Systems Investment

Since the period required for the effects of an IoT systems investment to appear may
be extended, uncertainty in the effects of investment also tends to increase. As mentioned
above, IoT investment in respondent companies was to utilize the manufacturing capa-
bilities cultivated at the production site. However, the effects of these IT investments are
relatively easy to quantify and are measured in the short term. These findings suggest
that a critical issue facing Japanese companies is that they cannot fully evaluate the direct
effects of their IoT investments based on financial outcomes. As a result, it is not easy for
these Japanese companies to obtain satisfactory financial results from their IoT investments
and obtain funds for future IoT investments and implementation. Therefore, there is a
need for activities and management that can link IoT implementation and investment to
financial outcomes.

The IoT systems analyzed in this paper are functioning as effective IT systems [19]
in realizing and supporting the “good flow of good design” in production
sites [26-28,35-51,64—68]. However, there is a tendency for IoT investment in time-consuming
activities such as the transfer of know-how accumulated on the shop floor and human re-
source development to be postponed and underestimated. As investments in departments
and specific activities where the effects are relatively easy to measure are promoted, it may
become difficult to implement and justify IT investments that affect the entire factory or
value chain. In order to avoid this kind of IT investment that promotes partial optimization,
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it is necessary to recognize and position IoT system investment as a company-wide resource
allocation activity.

5.1.2. Dilemma in IoT System Investment

The IoT system investment behavior in this paper suggests that it is necessary to
consider the relationship between “solving problems and issues faced by the frontline”
and “top-down overall optimal investment” [76-83]. The difficulty of this relationship, a
dilemma situation, is thought to occur as follows.

(1) First, we assume the following two preconditions. IT investment proposals are
drafted close to the frontline, leading to the construction of IT systems directly related to
frontline problems. On the other hand, top-down decision-making will lead to constructing
a system that facilitates overall optimization.

(2) Next, consider the degree of delegation of authority. Suppose top management
asks for IoT investment, and there are no constraints. In that case, the first step is to
implement IoT investment that can promote improvement activities that are troubling
the company daily, where effects can be easily seen in a relatively short period. In the
decision-making process of drafting and implementing such IT investments that promote
problem-solving in the field, the opinions of the genba must be reflected. At the same time,
it is necessary to show that the investment in IT systems is effective in the short term in an
easy-to-understand manner because there is a possibility that the investment will be scaled
down (or stopped) if it does not produce effects in the field. On the other hand, a large-scale
investment can be made by a top-down order. However, suppose such investment is not
based on an accurate understanding of the actual capabilities and problems of the worksite.
In that case, the constructed IT system will be “a system that is difficult for the worksite
to use”. As a result, it will not be easy to create the targeted value and will not be fully
utilized for worksite improvement.

(3) From the above, even if the field is empowered, if the evaluation criteria for
investment effectiveness is short-term and focus on the rate of improvement of field
operations, IT investment will be narrowly focused on solving problems that can be
solved immediately. On the other hand, even if cross-departmental investment in total
optimization by top-down, if the IT system is not directly related to the solution of problems
in the field and does not fit the manufacturing capabilities, it will be difficult to use in
the field. As a result, “customization” will proceed to the form that is easy to use in
each department, division, and site, and coordination among IT systems used within
the company will not proceed well. In addition, when trying to link up with the ERP
system used as a global standard, for example, customization frequently occurs to fit the
work style of the field, and unique subsystems are created to demonstrate the strengths
of each department, resulting in poor system-wide linkage. The result is that the system
does not work well. In this case, even though the system is designed to reduce the
workload on the shop floor and facilitate the coordination of information across various
departments, the result is that it promotes individual optimization and increases the
workload of each department.

(4) As described above, if the investment in IoT systems is delegated to the shop
floor, the systems will be easy to use in the field. However, it will be difficult to connect
them, and they will fall into partial optimization. On the other hand, if we proceed in a
top-down manner, the system will be difficult to use in the field if it cannot be adequately
implemented. This approach will increase individual customization, even if the investment
is made for a system that aims for total optimization. As a result, interdepartmental
coordination does not work well, and the system falls into individual optimization. How
can we solve this kind of dilemma?

(5) To solve this dilemma, it is necessary to reconsider the purpose of IoT system
in-vestment in the first place, what the “ideal” state of the company’s manufacturing is, and
how to confirm that this state is being realized. Of course, if the objective is to “improve
operations at the production site”, it has already been confirmed that excellent indicators
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and measurement methods have been established and used in practice with high results,
as clarified in this paper. However, what kind of metrics and investment behaviors will
optimize the entire value chain? From the perspective of digital investment accompanied
with business model transformation, IT investment aimed at improving the efficiency of
manufacturing sites alone is not sufficient. In that case, large-scale, top-down investment
decisions will be necessary. In doing so, it is necessary to devise evaluation criteria, set a
particular time horizon (several years) and scale (large-scale ICT investment associated with
new factory construction), and proceed with investment decision-making from a broad,
long-term perspective. In other words, it is necessary to clarify how IT system investment
should be made in a way that promotes both the strategic investment for creating new
customer value and the utilization and enhancement of existing organizational capabilities.
In order to solve the problems described in this section, it is necessary to improve
the methods and KPIs for understanding the results of IoT system investment [60-63].
However, it is not easy to identify whether the performance improvement in production
activities is due to the direct effect of [oT system investment or other factors. This difficulty
may be caused by our study investigating the operationally excellent sites of Japanese
companies. Since these Japanese production sites have continuous improvement activities,
these companies have highly efficient operational capabilities. Therefore, for example, if the
productivity of factory increases to a certain level in some period, and IT system investment
is made simultaneously, it is not easy to separate the effect of the organizational capability
and the effect of the introduction of the IT system on the result of this productivity increase.
In other words, the more experience a company has in improving efficiency based on
good teamwork and know-how in the field, the more difficult it is to understand the direct
effects of IT system investment. It is also necessary to devise an evaluation method that can
accurately distinguish between the two and understand these complementary effects.
Where it is difficult to measure the effects of an investment in IoT systems, it is
assumed that there will be an increasing tendency for investment in IoT systems to be
limited to the use of IoT in individual processes rather than to improve the performance
of the entire factory or value chain. IoT and ICT investments are expected to function as
an infrastructure to improve the entire value chain’s efficiency and create customer value.
However, since it is difficult to grasp the effects of such investments, they will be applied
to processes where the effects are easy to understand. Therefore, it is necessary to evaluate
the impact of the investment activities, if practical, and reconsider them as an issue for top
management, rather than letting the investment activities start individually in the field.
In order to make IoT investments that will improve the flow of the entire factory or value
chain, it is necessary to devise suitable indicators to measure the investment effects.

5.2. Analytical Framework for Elucidating the Decision-Making Process and Investment Effects of
IoT System Investments

This paper identified the following factors as influencing IoT system investment ac-
tivities in the digitalization of operations: “IoT system concept and positioning” (purpose
of investment, strategic significance), “IoT investment approval process” (IT investment
project personnel’s resource acquisition behavior), and “IoT investment evaluation crite-
ria” (performance evaluation indicators, time frame for understanding and evaluating
effectiveness). Based on the case study, this paper constructs and proposes an analytical
framework for comprehensively clarifying the relationship among IoT system investment
decision-making, organizational capabilities (IT system capability, operational capability),
and investment effects, as shown in Figure 1. A comprehensive analysis of the relationship
between the purposes, evaluation criteria, decision-making process, and performance of IoT
system investments is important in practice and academic research. As shown in Figure 1,
interdepartmental coordination, organizational capability, and IoT utilization capability
are assumed to affect the relationships between the investment in IoT systems and their
results [26-28,37-56,64-68].
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Figure 1. An analytical framework elucidating the relationship among decision-making, organiza-
tional capabilities, and effect of IoT system investment.

This analytical framework needs to be refined through qualitative and quantitative
research. It will be possible to visualize the actual state of field operations and grasp
the effects of an investment in individual IoT systems by collecting detailed production
improvement data and their performance. Concerning organizational theory, it is possible
to explore the relationship between the nature of the investment project organization, the
impact of the organizational design on IoT system investment activities (decision-making,
evaluation criteria, etc.), and the resulting investment performance [76-83]. In addition,
concerning strategic management theory, IoT system investment activities will be viewed
as a resource allocation and resource acquisition process [85]. It will be possible to analyze
IoT system investment as a process innovation that utilizes digital technology and market
creation. More specific research subjects are assumed as follows.

(1) Investigation on the causal relationship among “investment, introduction, and
utilization of IoT systems”, “improvement of manufacturing capabilities (individual de-
partments and activities, cross-functional coordination, and supply chain management)”,
and “improvement of operational performance (QCDF)”.

(2) What are the differences in the evaluation criteria according to the setting and
selection of the scope of the “flow” to be covered (individual process, intra-factory, SCM,
inter-company, etc.)? What are the differences between KPIs used at production sites
and those used at headquarters and accounting departments, and how do they relate to
each other? What evaluation criteria should be created and how (short-term/long-term
results, quantitative/qualitative)? Who determines the evaluation criteria, and through
what process? What should be the target domain? (Single business/multiple businesses,
individual department/cross-functional, etc.). How is the linkage between evaluation and
resource allocation made?

(3) What are the objectives of IoT system investment? How do suitable evalua-
tion criteria and KPIs differ according to the envisioned objectives of the investment
(e.g., improving the efficiency of field operations, increasing SCM efficiency, increasing customer
value, improving the profitability of existing businesses, creating new businesses, etc.)? How
to utilize the “unused resources” [86] generated by digitization (e.g., aiming to introduce
digital technologies and use data to create new products and businesses)?

(4) How do we solve the interdepartmental / cross-functional coordination problem
(partial and total optimization)? The “differentiation and integration” in the organization
is a classical but new issue [87]. For example, if we know that the “silo” organization does
not work well, why is it difficult to change them? Is this a top management problem or a
problem of organizational design and incentives? How can we improve efficiency by using
IT in each function (production, purchasing, development, sales, and logistics), and how
can we create an IT system that promotes cross-functional collaboration and collaboration
between genba and headquarters?
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(5) In searching for solutions to the above problems, what is the most effective relation-
ship between company-wide efforts and the efforts of each business unit or manufacturing
site? How should the areas commonly evaluated and controlled by the head office and the
areas to be evaluated and determined by each business unit with autonomy be set? How
should the scope of authority and responsibility of the organization promoting digitization
be set?

5.3. Exploring the Management of Value Flow That Leverages Digitalization

It is becoming increasingly essential to visualize the flow of goods and information
across a wide range of global activities and quickly identify and solve problems. Japanese
manufacturing companies are also actively introducing and utilizing digital technologies
such as IoT and Al to grasp the flow of materials and information within factories and across
the entire global supply chain. In order to understand this flow, many Japanese companies
try to collect a large amount and variety of data (e.g., information on the operating status
and defects of factories of the company and its suppliers, information on the progress of
production and distribution, order information, etc.).

However, although the “flow of materials and information” in production activities
is good with IT and IoT, there remains a problem of how to coordinate among functions,
departments, and companies. For example, the scholars in [20] found that IT systems are
not sufficiently integrated across departments; although the same IT systems are used, the
operation methods differ among departments.

With the rapid development of digital technology since the 2000s, it has become
possible to collect, process, analyze, and communicate diverse and massive amounts of
data beyond the constraints of time and space and beyond the physical limitations of
human beings. As this trend intensifies, the challenge of managing the diverse and massive
flow of “things” and “information” across various departments is increasing. Who should
take the lead in promoting the “total optimization” of the flow, and how should it be
coordinated? Who should take the lead, and how should it be coordinated? These are
the questions that need to be considered in the era of Industry 4.0, Smart Factory, and
digital transformations.

Essentially, digital technology is expected to improve the flow of “information” and
make it easier to achieve total optimization. However, there is a possibility that the use
of digital technology will promote partial optimization, resulting in a “dysfunction of the
flow improving technology” [88] where conflicts between departments worsen. Interde-
partmental barriers in the organization may be more prominent than technological barriers
as factors that impede the information flow. When the value flows within and between
organizations change due to digitization in the factory, the organizational coordination
might be difficult and crucial.

Digital technology is a “tool”, and the introduction of advanced technology will not
be efficient or necessarily produce better results if the team/organization does not have the
skills to utilize it. What should be undertaken to link a series of activities from development,
production, sales, and marketing using digital technology and expand and create business
through these activities? How can we make the most of our accumulated organizational
capabilities and resources? What kind of “technology” can solve the various coordination
problems among individuals, teams, companies, and global locations? Research and
practical efforts that can answer these questions will be necessary.

6. Conclusions

This study conducted an exploratory case analysis of Japanese manufacturing compa-
nies to identify the actual status of investment activities in IoT systems and the essential
common issues. The study also showed that IoT investments in Japanese companies
improve production activities” efficiency. However, collaboration among divisions and
departments other than production is not sufficient.
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Furthermore, this paper also contributes to constructing an analytical framework for
comprehensively clarifying IoT system investment decision-making and investment effects.
Based on this framework, it became clear that differences in the positioning of IoT system
investment within the company, the intended performance indicators, and the time horizon
for grasping investment effects may have affected each company’s IoT system investment
behavior and their outcome. Under the current evaluation criteria and investment process,
there is a tendency to focus on IoT system investments that are relatively easy to understand
and produce visible results, such as those directly related to improving production site
performance. These investments have effectively improved manufacturing activities” “flow
of materials and information”. However, from the perspective of “optimizing the flow of
materials and information in the entire value chain”, further study is needed to determine
whether IoT system investments based on these evaluation indicators and methods will
lead to the desired effects. In other words, it is simultaneously necessary that “steadily
problem-solving on the shop floor by using digital technology” and “investment in IoT
systems from the standpoint of total optimization” improve the flow of materials and infor-
mation throughout the factory and value chain. Developing decision-making methods and
investment evaluation criteria for IoT system investment is necessary to make this possible.

In Japan, the long-term trend is for the working population to decline, and a shortage
of workers has become an urgent issue at many production sites. In this situation, if no
action is taken, the shortage of workers may lead to the factory’s closure as it will not be
able to produce the required amount of goods, resulting in the loss of employment in the
factory’s area. In order to cope with such a labor shortage, unless operations are digitized in
a way that can utilize the existing strengths of the factory, IT and equipment investment will
increase in undesirable ways. As a result, it will become difficult to maintain production
activities, and the performance of companies will deteriorate. If the labor force continues
to decline, digitalization of operations through IoT investment and implementation, as
analyzed in this paper, will be one of the most effective measures to make production
activities and supply chains sustainable. As revealed in this paper, manufacturing sites in
Japan have been digitizing their production sites by promoting IoT implementation.

Appropriate promotion of digitalization in factories will also make it possible to
improve work efficiency, streamline production lines, and reduce defective products and
inventories [37-59]. These will maximize the products and added value while minimizing
the waste of parts and materials. As a result, the earth’s limited resources will be effectively
utilized, contributing to reducing the environmental load. Furthermore, when unexpected
crises occur, such as various disasters or outbreaks of infectious diseases, operations will
be disrupted that rely heavily on human work. Therefore, as discussed in this paper,
promoting the digitalization of operations through IoT investments is essential to make
production activities and supply chains sustainable in situations where human mobility
is limited.

As mentioned above, it is essential to enhance the sustainability of production activities
and supply chains by adapting to various risks, such as natural disasters, infectious diseases,
and a declining labor force [1-7]. For this purpose, IoT implementation and digitalization of
operations are effective means. In order to promote the IoT implementation and digitization
of operations, this paper has made an important contribution by elucidating the metrics and
performance indicators necessary to effectively manage the decision-making and execution
of IoT implementation, based on comparative case studies of several Japanese companies.
The paper has provided useful suggestions for companies facing similar situations.

The limitations of this study are as follows. First, since the number of surveyed
companies is small, it is necessary to pay attention to the generalizability of the results
obtained from the case study analysis. Second, due to the spread of COVID-19, we could
not conduct field observation at the companies’ factories, so the data used in the case study
analysis in this paper is limited to interview results and secondary sources. Therefore,
it is necessary to supplement the information about how the IoT system operates in the
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companies’ factories and how the IoT system and workers cooperate in the factory by
conducting field surveys when the infection has settled down.

The following are future research directions. First, construct measurement scales
for IoT investment effectiveness and empirical analysis on Japanese companies. Second,
investigate the differences in countries/regions, business models, and business/industry
characteristics to IoT system investment decisions, IoT implementations, and their out-
comes. Finally, quantitative studies may test the analytical framework using larger samples.
We expect to empirically clarify the relationship between IT system investment, orga-
nizational capabilities (lean production, supply chain management), and performance.
Furthermore, it will be helpful to analyze the investment in IoT and IT systems to create
customer value and optimize the entire value chain by linking it to the discussion on
digital transformation.
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