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Abstract

Many industry leaders predict that the industrial Internet will create unprecedented levels of growth
and productivity over the coming decades. Business leaders, governments, academic environments,
and technology vendors are working hard together to realize and restrain this powerful potential.
In this research, the combined method has been used. In the qualitative part, the foundation data
method or grounded theory with a systematic approach which attributed to Strauss and Corbin
has been used for data analysis and has been designed with three open, axial and selective cod-
ing techniques in Maxqda model software. Then, the questionnaire was designed in 6 dimensions:
causal, axial phenomenon, prevailing context, intervening conditions and consequences in 50 items
to confirm the dimensions, components and indicators. The statistical population is consist of 35
managers and basic technology senior experts in the Internet of Things (IOT) field, marketing and
information technology experts who have been selected by Snow Ball method (chain reference) to
the theoretical saturation limit. In the quantitative part, after identifying the relevant dimensions,
components and indicators, the questionnaire was provided to managers and experts. The results
were confirmed by independent t-test. Prioritization of dimensions and components has been done
by AHP technique. Reliability of interviews with Cohen’s Kappa coefficient and inter-rater reliability
method, content validity of the questionnaire using content validity ratio (CVR), content validity
index (CVI), apparent validity with item impact scores and reliability with Cronbach’s alpha and
halving method has been approved.
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1. Introduction

The appearance of the platform will transform every part of the economy and society as a whole
part of education, media, jobs and professions to health care, energy and government [1, 2, 3, 4].
How can we provide tools and services that facilitate interaction between producers and consumers
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in motivational ways? In this respect, platforms interactions are similar to any social or economic
exchange that takes place either in the virtual world or in the real world[5, 6, 7]. In any transaction,
the producer and the consumer exchange three things: information, goods or services, and some
kind of currency or money. The central core of the interactions is the design of the platform or
its architecture, although some have more complex models, but the core structure is kept the same
(Parker et al., 2016)[8, 9, 10].

Figure 1: Core structure of interactions

General Electric (GE) coined the term industrial Internet for Industrial Internet of Things (
IIOT), and other companies, such as Cisco, called the Internet of everything, others called it fourth
revolution, and many other different names were chosen by others. However it is important to
distinguish IOT vertical strategies such as consumer, trade, and industrial Internet forms from the
broader horizontal concept of the IOT (Gilchrist, 2016)[11? , 13, 14].

Figure 2: Vertical and horizontal aspects of the Internet of Things (Gilchrist, 2016)

CPS is a new paradigm for Network/Distributed Control System (NCS / DCS). It defines the
common collaboration and design between a large number of IOT devices and real-world objects
connected through a distributed network[15]. At the same time, CPS can monitor and create real-
world processes so that we can understand the feature and conditions of each process, control related
objects and make the right decision at the moment. As a result, productivity will increase significantly
and costs, wrong rate and waste will be significantly reduced.
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Table 1: Installed IOT infrastructures based on classification (million units)

Classification 2016 2017 2018 2020
Consumer 3963 5244.3 7036.3 12863

Business: Parallel Industries 1102.1 1501 2132.6 4381.4
Business: Vertical Industries 1316.6 1635.4 2027.7 3171

Total 6381.8 8380.6 11196.6 20415.4

Inspired by Software-defined Networking (SDN) and service-oriented architecture, we propose
CPSS, which divides CPS into three layers: Infrastructure as a service (IAAS), network as a service
(NAAS), and application as a service (AAAS). ). At the same time, we divide the CPS domain,
which defines the application of each CPS module and draws a map between the real and virtual
worlds. This means that when an application feels it has insufficient resources, you can turn to
another infrastructure for services. (Yova et al., 2019)[16, 17, 18, 19]. According to the magazine
of the world of economy in October 2020, a study by Markets & Markets predicts that by 2023 the
global IOT banking and financial services market will grow from $249.5 million to $2.03 billion. This
number represents an eightfold growth in just five years or a compound annual growth rate of 52%.
The IOT technology market in the retail industry is also expected to reach $35 billion by the end
of this year. Huawei Company has been following the implementation of \1 + 8 +N” strategy with
its ecosystem design, which it has been talking about for more than a year. Ecosystem is a flawless
communication based on artificial intelligence between smart devices, with a user’s smartphone at
its heart, and can communicate with 8 smart devices such as personal computer, laptops, tablets,
watches, and wearable clothing. N is also one of the countless IOT-enabled devices that complete
it by connecting to this ecosystem. The central control of such an ecosystem is through Huawei
hardware[20, 21, 22, 23].
Hundreds of smart city projects have developed around the world. The goal of smart cities initiatives
is to provide more effective services to citizens, monitoring and improving the existing infrastructure,
and also seeks to increase collaboration between different economic actors and promote innovative
business models in both the private and public sections. In 2014, Angelidou called the first, hard
smart city strategies (smart buildings, intelligent energy grids networks, water management, smart
mobility) and the second, soft strategies (expanding social and human fund through education, cul-
ture, social learning, and social innovation[24, 25]).
Bill Hutchison introduced a pentagonal pyramid called the Intelligent Community Open Architecture
(i-COA). The first two levels correspond to the hard strategies of the smart city (places and infrastruc-
ture) and the top three levels (collaboration ecosystem, applications and life) correspond to the soft
strategies. This framework deserves to be built because it is easily portrayed and defines the ultimate
goals of smart cities, which are not limited to infrastructure and hardware communication, but also
create a collaborative environment while it has the ability to grow innovation and quality of life[? 29].

All of these models owe to the main classification of the features of the 6-dimensional smart
city of Giffinger et al. in 2007 which includes quality of life (smart life), competitiveness (smart
economy), human and social fund (smart people), social and public services and citizen participation
(smart governance), transportation and communication infrastructure (smart movement) and natural
resources (smart environment). To better understand, we propose to integrate the Giffinger and
Hutchison frameworks to realize collaboration ecosystems growth by smart city which ultimately
result in improving life standards and the competitiveness of urban spaces (Paoloapiva et al., 2018)[28,
29, 30, 31].
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Figure 3: An adaptation of Hutchison’s i-COA® framework highlighting Giffinger’s smart city elements [30].

In fact, according to Hutchison model, any smart city project should start with physical infras-
tructure (smart environment and smart movement). This is the foundation of creating an innovation
ecosystem based on social and human fund (smart economy and smart people)[32, 33].
Researchers have studied different parts of the smart city. Figure 4 shows the 100 words that the
smart city literature which is based on 2856 articles as the degree of representation is measured
by the Latent Dirichlet Allocation (LDA) method, which is a powerful and widely used technique
for understanding the topics of a set. The font size of a word in Figure 4 is proportional to the
degree of representation of the subject in the word distribution in the set, which is measured by the
LDA method for a subject in the whole set (in this case ”smart city”)(Lim et al., 2018)[34, 35, 36, 37].

The Latent Dirichlet Allocation (LDA) method is developed to model a number of latent variables (titles) in a set
of texts that contain words. In fact, in a text containing a number of words, each word can be assigned a number of
titles with a certain probability, which ultimately combine to form a text and its title.

Chiehyeon Lim , Kwang-Jae Kim, Paul P. Maglio
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Figure 4: 100 top words of smart city literature using modeling method [36].
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Figure 5: Diagram of Paradigm model of IOT-based marketing in the smart city in the fourth industrial revolution
[37]

2. Research methodology

The obtained data have been analyzed using descriptive and inferential statistical methods. In-
dependent t-test was used to confirm the results, which was less than 0.05 due to the significance
level of all criteria and sub-criteria and was confirmed. Priorities are determined by the Analytic
Hierarchy Process (AHP)[38, 39, 40, 41, 42]. First, the weights of pairwise comparisons were cal-
culated using the Buckley geometric mean method and given to 10 respondents. After answering,
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the incompatibility rate was all less than 0.1, which indicates the stability and reliability of pairwise
comparisons[43, 44, 45].

All dimensions, components and indicators obtained from the foundation data method are or-
ganized in the form of a questionnaire in six categories of causal, axial (phenomenon) conditions,
governing context, intervening and consequences. To check the validity, it has been distributed
among 20 experts and its content validity has been confirmed by using the content validity ratio
(CVR), content validity index (CVI) and apparent validity of the item impact scores[43, 44, 45, 46].
The reliability of the interview was confirmed by Kappa method and inter-rater reliability and for
the reliability of the questionnaire was confirmed by Cronbach’s alpha and halving method. SPSS &
Super-decision statistical soft wares were used to analyze the data of this research at the inferential
level[46, 47, 48, 49, 50, 51, 52]. According to the results, 57.1% of the respondents have studied in
the field of digital and 42.9% in the field of marketing [53, 54, 55, 56, 57]

Figure 6: Chart of Respondents’ field of study

Figure 7: According to the results, most of the respondents, i.e. 37.1%, were in the position of marketing manager.
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Figure 8: Age of respondents

According to the results, most of the respondents, i.e. 62.9%, belonged to the age group of 40-50
years.

Figure 9: Circular chart of respondents’ gender percentage

According to the results, 71.4 respondents were male and 28.6 respondents were female.

2.1. Confirmation of indicators by independent t-test

At this stage, after identifying the relevant dimensions, criteria and sub-criteria, the questionnaire
was given to 35 managers, experts and professors and the results were analyzed using independent
t-test. In independent t-test, if the level of significance of the research statistic is less than the level
of research error (0.05), it can be said with 95% confidence that the criteria are approved. According
to the above chart, the significance level of all criteria and sub-criteria is less than 0.05 and therefore
are approved.

2.2. Results of AHP method

In this step, at first level, pairwise comparisons of criteria were formed and provided to 10
respondents. After answering the pairwise comparisons, the incompatibility rates of the tables were
calculated, all of which were less than 0.1, which indicates that the stability and reliability of the
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pairwise comparisons are acceptable. Then, the answers were merged using the geometric mean
method in the form of paired comparisons which is given below. The weights of pairwise comparisons
are also calculated using the Buckley geometric mean method. To evaluate the validity of the
questionnaire from two content perspectives with content validity ratio (CVR), content validity
index (CVI) and for apparent validity of the test, item impact scores have been used.

2.3. Content Validity Ratio (CVR)

Content validity is a structural feature of the measurement tool that is woven into it at the same
time as the test.

CV R =
Ne −N/2
N/2

(2.1)

If the calculated value is greater than the value of the CVR decision table, the validity of the content
of that item is accepted (Hajizadeh and Asghari, 2011). According to the table, the content validity
criterion is acceptable for all questionnaire questions in the range.

2.4. Content Validity Index (CVI)

Waltz & Bausell (1981) method is usually used to calculate this index.

CV I =
Number of specialists who gave the item a score of 3 and 4

Number of specialists
(2.2)

If the value obtained is higher than 0.79, it is acceptable, and if the value obtained is less than 0.79,
that item is deleted. Content validity index for all questionnaire questions is higher than 0.79 and is
acceptable.

2.5. Apparent validity of the questionnaire

To assess impact scores, participants are first asked to rate the importance of each item in a
5-part Likert scale, from 1 (not important at all) to 5 (absolutely important). Impact scores are then
calculated using the following formula:
Significance Ö frequency (percentage) = impact score
To accept the apparent validity of each item, its impact score should not be less than 1.5, and only
questions with an apparent validity score higher than 1.5 are acceptable. In the population of 20
people selected in the present study and calculating the impact score for all research variables and
the acceptability of the impact score (above 1.5 or confirmation of 80% of the population) for the
variables, the apparent validity of the variables was confirmed.

2.6. Reliability from a quantitative perspective

For the reliability of the interview, the kappa method and inter-rater reliability were used and
for the reliability of the questionnaire, the Cronbach’s alpha and halving methods were used.

Table 2: Installed IOT infrastructures based on classification (million units)

Value t amount standard error Significance level
Amount of agreement (kappa) 0.666 6.409 0.090 0.000

According to the results of the table, the kappa coefficient is equal to 0.666, which indicates an
acceptable agreement between the evaluators. Also, the significance level was equal to 0.000, which
indicates the acceptable value of kappa coefficient.
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2.7. Questionnaire reliability

After extracting the dimensions, components and sub-criteria with the foundation data method, a
questionnaire has been designed and used to measure the reliability of Cronbach’s alpha and halving
methods.
Cronbach’s alpha

α =
k

1− k
{1−

∑
s2i
s2x
} (2.3)

The results of alpha test for the questionnaire of this research shown that Cronbach’s alpha coefficient
for the variables is more than 0.7, so the variables have enough reliability.
Halving method
Based on the table above, it is determined that the alpha value for all structures has a value higher
than 0.7, which indicates the validity of the questionnaire, appropriate and equal perception of the
respondents for the content of the variables related to each structure. Also, the value of Spearman-
Brown coefficient in the halving method is equal to 0.937, which indicates the high reliability of the
questionnaire.

3. Conclusion

1. Using the Internet of Things to communicate in all departments. Fourth industry for agile,
direct, transparent, and visible operations is a supply chain that, by merging with the Internet of
Things, will be a transformational jumping platform.
2. Increasing dependence on cloud technology and its positive results in the future. Fourth industry
Supply Chain is a data production machine that constantly provides insight for instant access when
it requires incredible speed and accuracy. These demands are best provided in the cloud. Cloud
technology with central data inputs and resources enables communications and collaborations across
critical stages such as supply, planning, production and transportation.
Future work
1- Intelligent infrastructure - Cities must provide the conditions for continuous development. Digital
technologies are increasingly developing and urban infrastructure and buildings must be planned more
efficiently and sustainably. Investing in electric machines and self-propelled vehicles can keep carbon
dioxide levels as low as possible. Intelligent technologies can be used for environment with high
efficiency in energy storage. Intelligent lighting that is activated when people pass is the appropriate
approach.
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