ISSN 2303-4521
Periodicals of Engineering and Natural Sciences Original Research
Vol. 11, No. 6, December 2023, pp.5-13

Harvesting the digital green: A deeper look at the sustainable
revolution brought by next-generation IoT in E-Commerce

Laith T. Khrais'", Myriam Zorgui?, Hoda M. Aboalsamh?
1Department of Business, Faculty of Business, Middle East University, Amman, Jordan
2 Management Department, Private Higher School of Engineering & Technologies (ESPRIT), Tunis, Tunisia
3 Department of Business Administration, College of Business Administration, Imam Adulrahman Bin Faisal University, Dammam,
Saudi Arabia

ABSTRACT

The primary research question investigated was: What is the impact of next-generation Internet of Things
(1oT) applications on the e-commerce sector? The specific objectives included exploring the challenges and
benefits of 0T in e-commerce and examining the different 10T technologies used in e-commerce. The current
study employed a qualitative method of conducting online interviews among seven participants in the e-
commerce industry. A key finding was that 10T generally positively affects the e-commerce sector by
improving operational efficiency and saving on costs. The advantages of using I0T in e-commerce were also
noted to include enabling personalized consumer shopping experience and optimizing supply chain and
inventory management that keeps costs. However, increased cybersecurity threat was realized to hurt 10T
adoption in e-commerce. The loT technologies that impacted e-commerce included radio frequency
identification (RFID), sensors, and GPS. One limitation of this study was the small sample size, which
restricted the generalization of the results. Meanwhile, one recommendation was that e-commerce firms
should be encouraged to adopt 10T technologies to increase their efficiency and profitability in the long run.
Keywords: Internet-of-things, sustainability, impact, E-commerce, next-generation applications, E-
business, Jordan.
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1. Introduction

The term Internet of Things (1oT) first appeared in 1999, referring to a network connection of devices to the
Internet that allows for the exchange and sending of data through implanted chips and sensors between devices
[1]. 10T was considered a revolution in the Internet because it enabled the connection of machine to machine,
people to people, and people to machines to the Internet through wireless connection [2]. The unprecedented
growth of the Internet since the mid-1990s has fundamentally changed how many organizations run and
perform, not only in Jordan but across the globe. One of the revolutions relates to the e-commerce or online
business model, which has led many businesses to adapt appropriately [3]. According to the UNCTAD report
on e-trade readiness in Jordan, the country's e-commerce state is considered relatively advanced, with a medium
readiness index of the UNCTAD B2C E-commerce Index [4]. In other words, e-commerce businesses in Jordan
have adopted relevant technologies that enhance e-commerce, such as 10T, to a significant level. The trend
reflects the global status of loT adoption, reported by the "State of loT—Spring 2023" report as having grown
by 18% in 2022 to hit 14.3 billion active loT endpoints [5].

The statistics point to a growing adoption of 10T by the e-commerce sector. Global 10T connectivity is
dominated by Wi-Fi, RFID, sensors, Bluetooth, and Cellular 10T [5]. The 10T has been hailed as having various
impacts on e-commerce, with the key benefits being cited to encompass increased efficiency, creation of new
revenue streams, improved productivity and sustainability, and enabling higher accuracy. Significant cost
reductions through automation can also be considered a crucial impact on e-commerce [2]. On a
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global scale, the impacts have facilitated the growth of e-commerce on a wide range of products [6].
Specifically, 10T has been a crucial digital assistance to e-commerce, as demonstrated by its applications in
inventory management, consistent marketing, and dash buttons [7, 8]. In essence, trends indicate that adopting
technology in e-commerce has continually facilitated positive contributions in terms of competitiveness and
improved consumer experience. There has been a transformation to the global business landscape due to the
proliferation of the Next-Generation Internet of Things (IoT), leading to substantial implications for various
industries [9-12]. The technology has also been considered to contribute to the spread of the e-commerce sector
on a global scale [3]. Despite these observations, there is inconclusive evidence on the actual influence of this
evolving technology on the local e-commerce landscape through localized studies such as on the Jordan e-
commerce landscape. The available evidence has yet to fully understand the challenges and opportunities posed
by next-generation 10T applications in regional settings, such as Jordan's e-commerce sector and market
dynamics, including mundane aspects such as sustainability factors [13]. As such, there needs to be more
research on the effect of 10T on market dynamics, security, competitiveness, and consumer behavior in e-
commerce in Jordan. The current study will adopt the technology adoption model (TAM) in underpinning the
study. The model was introduced by Fred Davis in 1989 and has become one of the most popular models for
predicting users’ perception and adoption of technology [14]. The TAM is shown in Figure 1.
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Figure 1. TAM Model

TAM posits that the ease of use of technology and its perceived usefulness are the main determinants of the
intention of individuals to use and subsequently adopt a particular technology [14]. According to the model, the
perceived ease of use refers to the degree to which technology can be effortlessly integrated into the existing
systems without extensive training [15]. The model will be used to demonstrate how 10T can be integrated into
the current e-commerce infrastructure in Jordan. The model will also be vital in assessing the technical
complexities and challenges businesses face in technological implementation. On the aspect of perceived
technological usefulness, the mode will be crucial in exploring the business value of 10T and the extent to which
it can provide tangible benefits to e-commerce in Jordan. The model will then be applied in determining the
behavioral intention towards adopting technology by determining factors that drive the choices of individuals
to use next-generation 10T since the theory models how users come to accept technology [16]. As such, the idea
will be crucial in modeling the application of various factors that influence technological adoption. The aspect
of competitive advantage through the application of 10T has attracted numerous views from researchers. One
key finding is that 10T can provide a competitive edge for e-commerce. Specifically, Zhu studied the
optimization of e-commerce through 10T. According to the researcher, 10T enables a closer supply chain
network structure, hence facilitating stronger business relationships and generating positive attributes such as
smoother logistics and transportation, thus enhancing the competitiveness of e-commerce [17]. Through loT
adoption, business can integrate their activities in a much more organized and interactive manner that, in turn,
enhances competitiveness in the e-commerce sector. Similar opinions have been asserted by Daryanto and others
who investigated the telecommunication industry's competitiveness after the 10T era. The researchers came up
with findings pointing to the fact that the development of IoT has facilitated the competitiveness of the e-
commerce sector [18].

In the same breath, the views posited by Song and others also pointed out that 10T is crucial in enhancing the
performance of e-commerce. The study carried out a case study of Xiaomi, with the results indicating the role
of 10T in improving the competitiveness and profitability of the e-commerce sector [19]. The three researchers'
results point to 10T's impact in enhancing the competitiveness of e-commerce. In both studies, the researchers
utilized methodologies that enhanced the reliability of the observations, hence improving the validity of the
results. However, insights from Murdiana and Hajaoui indicate that loT does not necessarily improve
competitive advantage as it has gained widespread application, leveling the playfield for businesses [20].
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Despite these differences in evidence, it is clear that the adoption and application of 10T portends significant
efficiency and effectiveness for e-commerce. The concept of e-commerce in Jordan is crucial in understanding
how loT helps promote online businesses. Various researchers have noted the concept of e-commerce in Jordan,
with one of the findings indicating that aspects of cultural resistance have negatively influenced its adoption.
Specifically, Al-Husban and others studied factors facilitating e-commerce in Jordan. The researchers found
that e-commerce in Jordan is convenient, with the trade being influenced by several factors, among them cultural
resistance, which prevents consumers from using 10T because of fear of their data being gathered by unknown
parties [6]. In other words, the observations indicate that despite the trade being considered a convention, its
acceptance still experiences significant societal factors. Similar assertions were also made by Abbad, who
studied limitations to the use of e-commerce in various developing countries and noted that e-commerce is still
not optimally used in Jordan due to concerns related to personal data safety as well as a combination of lack of
awareness on e-commerce and practice [21]. In essence, e-commerce can be promoted by addressing data
privacy and protection concerns, which enhances confidence in applying the technology. The current study aims
to analyze Next-Generation loT applications' impact on the E-commerce sector. To realize this aim, the study
objectives include the following:
1. To examine the benefits of using 10T in e-commerce.

2. To explore the challenges of 10T adoption in the e-commerce sector.
3. Toinvestigate the different types of 10T technologies used in the e-commerce sector.

2.  Materials and methods

In this section, the methods used to implement this study are presented. The current section also highlights
sampling, data collection and analysis, and ethical considerations. A qualitative approach was employed to
examine how loT affects the e-commerce sector. According to Bell et al., the qualitative method involves
collecting and analyzing non-numerical data to understand the experiences and perceptions of targeted
individuals regarding a topic [22]. For this study, the qualitative approach was deemed suitable because it
enables the gathering of detailed data that allows a comprehensive understanding of a phenomenon [23]. The
gualitative method was applied in this study by conducting interviews to gather detailed data among participants
to understand how loT impacts e-commerce. The issues considered in the qualitative approach included
participant sampling, data gathering, data analysis, and ethical principles. The current study employed purposive
sampling in identifying individuals to include as participants. Campbell et al. explain that purposive sampling
involves the researchers using their judgment to select participants based on perceived skills, knowledge, or
experience that can provide insight into a specific topic [24]. A crucial benefit of purposive sampling is that it
is time and cost-effective because the researcher selects a small sample depicting certain pre-determined
gualities [25]. This study implemented purposive sampling by first identifying e-commerce and logistics
companies in Jordan and recruiting employees working in different IT and supply chain departments. The
participants were contacted via LinkedIn after placing their respective e-commerce companies. An essential
inclusion criterion was that the participants selected should be conversant with 10T in e-commerce operations.
Eventually, a total of seven individuals were included as participants. The selection of seven participants was
consistent with the views of Moser and Korstiens, highlighting that for qualitative research, a minimum of five
participants is required to reach saturation [26]. A summary of the participants' profiles is shown in Table 1.

Table 1. Profile of selected participants

Participant code Job Title Age Gender
-P1 - Logistics manager - 26-35 - Male
- P2 - Logistics planner - 26-35 - Female
-P3 - Warehouse manager - 36-45 - Female
-P4 - Physical logistics manager - 46-65 - Male
-P5 - Logistics manager - 26-35 - Male
-P6 - Logistics manager -18-25 - Female
- P7 - Physical logistics manager - 46-65 - Male
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Firstly, the targeted individuals were contacted through LinkedIn and then emailed consent forms to provide
permission to engage as participants. The consent form used is shown in Appendix A. Secondly, the participants
who provided consent were involved in online interviews via the Zoom platform. According to Oliffe et al.,
online discussions provide advantages of flexibility in data collection and participants' convenience and cost
savings [27]. The interviews were conducted over three days, each lasting about 30 minutes. The interview sheet
used in gathering data is shown in Appendix B. The questions used in the interviews were aligned with research
guestions to ensure the accuracy and reliability of the findings.

Moreover, the questions were modified from the work of Bieringer and Muller, who also explored a similar
topic in the German context [28]. In conducting the interviews, the researcher helped to moderate the process
by clarifying the questions to ensure the participants understood them. Due to the qualitative data gathered, this
study relied on thematic analysis to synthesize the collected data. Thematic analysis provides flexibility in data
interpretation to ensure that perceived critical responses are used as supportive evidence to conclude a
phenomenon [29]. Several steps were taken to complete the thematic analysis, as explained by Clarke et al. [30].
Specifically, the first step involved transcribing audio files to textual format and then going through the data to
familiarize with the major issues highlighted by the participants. The second step involved coding the data by
highlighting sentences that express similar ideas with the same color to show the codes. The developed codes
were categorized into subthemes and themes, and a write-up of the findings was then done. In addition, the first
ethical principle followed involved informed consent, which involved seeking permission from targeted
individuals before engaging them as participants. Seeking informed consent in research helps to show that
participants are not coerced but instead voluntarily agree to share opinions in the study [31]. The second ethical
principle observed was autonomy, which entails allowing participants to withdraw from a study without adverse
consequences. Freedom protects participants from physical and psychological harm during research [32]. The
third ethical principle involves confidentiality, which entails hiding the personal details of participants, such as
their names and email addresses [33]. The strategy ensures that participants are not victimized based on their
opinions expressed in the study. For this study, confidentiality was defined as restricting access to interview
data by storing them in computer files with solid passwords [34-41].

3. Results
The analysis enabled the generation of several themes summarized in Table 2.

Table 2. Themes from data analysis

i i in E- [Impact of 0T on E-
Benefits of 10T in E-commerce Challenges Affecting Adoption of 10T in E p

commerce commerce
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tracking of orders implemented

efficiency

- 10T ensures personalized shopping
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experience by consumers through Limited budget to acquire 10T technology and y Imp

- - i i i commerce by reducin
tailored recommendations equipment can hinder adoption osts Y g
- Negatively affected e-
- 10T ensures automation, thereby - Breach of customer privacy data can lead to  [commerce by
improving inventory management legal troubles increasing

cybersecurity threat

The current study explored the benefits of using next-generation 10T in e-commerce. One finding from
participants 1 and 3 was that 10T optimizes inventory management [42]. Specifically, participant 1 explained
[39, 40, 43-45]. “One advantage of ToT related to RFID is that it improves inventory management through
automated stock monitoring to ensure purchased products are automatically detected and data issued for
replacements needed without physical stock-taking." (P1) The quote indicates that 0T can provide detailed data
on consumer purchase patterns, enabling e-commerce retailers to identify peak and low seasons and plan
appropriately.

Similarly, participant 7 noted that IoT optimizes the supply chain by allowing retailers to keep track of
shipments from suppliers and those dispatched to customers. In particular, participant 7 stated: "loT technology
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has RFID and GPS enabled systems which ensure retailers can track orders from suppliers and those sent to
customers from the store, thereby optimizing the supply chain.” (P7). The result implies that through next-
generation 10T, e-commerce retailers can find out whether damage to products occurs during the shipping
process, identify delays, and better communicate with suppliers and customers. The other result noted by
participants 2, 4, and 5 was that 10T helped to improve customer satisfaction by enhancing shopping experience.
On this issue, participant 5 highlighted:

“IoT can gather data on consumer behavior in smart devices and enable e-commerce retailers to anticipate
customer needs and develop personalized shopping experiences.” (P5). The quote shows that IoT ensures e-
commerce retailers can make suitable product recommendations to online consumers based on their previous
purchase patterns, increasing customer satisfaction and improving sales.

The current research also examined the challenges of adopting next-generation IoT in e-commerce. One
challenge noted by participants 3 and 4 was that 0T adoption is accompanied by extensive training of employees
on how to use the technologies for route optimization in logistics and marketing strategies. Specifically,
participant 3 explained: "Implementing 10T requires a large budget to be allocated for employee training, which
can hinder adoption by smaller firms." (P3). The quote shows that expenses related to educating employees on
using loT to benefit the company can be high. Hence, the company's financial stability is an essential eligibility
criterion for adopting 10T. Similar views were shared by respondents 2 and 6, who noted that the high costs of
acquiring cloud infrastructure to support 10T technologies could limit the adoption of 10T. On that note,
participant 2 explained: “IoT relies on cloud infrastructure since [oT can only communicate data to e-commerce
retail systems through the cloud. Therefore, investment in cloud infrastructure and stable Internet is needed in
e-commerce loT usage.” (P2). The finding reveals that loT technologies are accompanied by high costs in
acquiring related supporting infrastructure, which small businesses need help to afford, hindering loT adoption

in such cases. Although participants 4 and 7 also recognized cloud infrastructure as a challenge in 10T use in e-
commerce, the respondents highlighted that the risk of hacking in such cases was the bigger problem in the long
run. In particular, participant 4 noted:

“The risk of data being hacked when using IoT cloud systems is high, which can lead to customer information
being stolen and culminate in legal battles.” (P4). The quote indicates that IoT presents an opportunity for
cybercriminals to illegally acquire crucial customer information, such as credit cards and passwords, which they
can use to steal money from their online accounts. The finding shows the need to develop extensive
cybersecurity systems when implementing 10T in e-commerce.

The interview data gathered revealed that most participants perceived 10T to have a generally positive impact
on e-commerce. Specifically, participants 1 and 6 agreed that 10T helps to improve operational efficiency in e-
commerce. On this issue, participant 6 posited: “Yes, I think that IoT has positively impacted e-commerce. The
use of RFID tags has significantly helped improve operations efficiency because it can detect goods entering
and leaving the storage facility. This reduces the need to scan every item for the company and saves costs." (P6)
The views suggest that 10T is beneficial when suppliers use required RFID tags on their products, thereby
reducing the logistics process of identifying products that enter or leave storage facilities in e-commerce. The
views of Participant 6 were also supported by Participant 2, who explained that 10T has a positive impact by
highlighting that: “Yes, e-commerce has been positively impacted by 10T. Currently, there are sensor devices
that can detect the changes in pressure, temperature, and vibration and provide feedback to the industrial
equipment on optimizing conditions in storage facilities, thereby reducing losses related to perishable goods
getting damaged.” (P2). The quote reveals that IoT technology supports e-commerce businesses through
autonomous maintenance of storage conditions to ensure the goods are in good condition over the long run.
However, a few participants, such as participants 3 and 4, also expressed the view that 10T negatively affected
their e-commerce operations by increasing risks of cybersecurity threats. In particular, participant 4 explained:
“No, ToT has negatively affected e-commerce because of increased vulnerability to cybersecurity threats.
Currently, attackers can easily access consumer passwords and credit card numbers without implementing
security systems."” (P4). The finding suggests that IoT lacks an inbuilt security system and requires the company
to spend on setting up such systems alongside loT implementation. In this regard, 10T use is restricted to medium
and large-sized firms with the financial ability to implement cybersecurity systems.

4. Discussion

A discussion of results from the interview conducted is presented in this section. The subtopics covered include
the benefits and challenges of 10T adoption in E-commerce and the impact of 10T in e-commerce. Moreover,
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the study's limitations and recommendations are presented. The first objective explored in this study involved
the benefits presented by IoT in e-commerce. The objective was addressed with the obtained result showing that
loT technologies involving RFID and GPS enabled optimization of supply chain and inventory management
because they helped to improve the tracking of goods from the suppliers to the consumers. The finding was
consistent with the view of Zhu, who also noted that 10T improved interactions of stakeholders in the supply
chain and ensured better logistics management, which gave online businesses a competitive advantage of faster
customer service [13]. The obtained result can also be explained using the TAM model, which demonstrates
that the perceived usefulness of a technology influences whether it is adopted by different players in an industry
[11]. In this study, the findings showed that 10T provided the benefit of improved efficiency of e-commerce
operations, which influenced its increased adoption in the sector. The second result from the interviews was that
IoT enhances consumer shopping experience through tailored marketing and product recommendations.
However, the result contrasts the views of Al-Husban, who noted that Jordanian consumers resisted online
shopping because they feared 10T technology could be used to monitor their online shopping behavior and
infringe on their privacy [6]. In this respect, it is noted that while 10T can present the benefit to e-commerce
retailers of a better understanding of consumer behavior, the perceived advantage can generate distrust among
consumers. The second objective of this research involved examining the challenges associated with 10T
adoption in e-commerce. The first result showed that adopting 10T is associated with higher costs of training
employees and high costs of acquiring the technologies and related cloud infrastructure. The result contrasts
Song et al., who pointed out that 10T adoption increased profitability by reducing operation costs [15]. In this
respect, it is realized that while loT can reduce costs in the long run, the initial costs of setting up the IoT system,
employee training, and related cloud infrastructure are expensive and can prevent smaller firms from adopting
the technologies. The obtained result can also be explained by TAM, where Davis explained that technology
adoption depends on perceived ease of use. Hence, companies will likely adopt technologies with lower
operational costs [11]. As such, it is realized that loT use is complex and requires extensive training of e-
commerce employees, which may limit its usage in the sector. The second result noted was that 10T adoption
increased the risk of breaching customer privacy data, which can lead to legal disputes. The result is consistent
with the views of Al-Husban et al. and Abbad, who highlighted that concerns about data integrity when using
0T systems hinder most firms and consumers from using loT-related products [6][16]. Therefore, addressing
data protection issues in 10T can improve confidence in using the technologies and increase applicability in e-
commerce. The primary aim of this study was to analyze the IoT effect on the e-commerce sector. The aim was
achieved with the obtained findings showing that despite a few issues, 10T has a largely positive impact on e-
commerce operations. Firstly, the results indicated that 10T improved the efficiency of e-commerce and reduced
operational costs in the process. In particular, it was realized that 10T technologies such as sensors and RFID
ensure goods entering and leaving storage facilities do not need manual scanning and verification since RFID
automatically does so. Similarly, the sensors help keep the storage environment regulated to ensure the products
are in good condition for the long term. The result resonates with that of Song et al., who observed that firms
that adopted loT depicted higher profitability related to increased competitiveness [15]. Therefore, the results
suggest that when 10T technologies such as temperature sensors and RFID are used, the cost savings incurred
during storage and improved product management efficiency enable e-commerce firms to record higher profits.
The finding can also be explained by the TAM, which emphasizes that technologies are likely to be adopted if
they present perceived usefulness, which adds value to a company [12]. As such, the positive impacts related to
0T were noted to have positive financial effects, which provides incentives for their adoption in the e-commerce
sector. Despite the positive effects of 10T, a negative impact is also noted, involving an increased risk of data
hacking, which can adversely affect customer trust and satisfaction. The result was similar to that of Abbad,
who underlined that in Jordan, concerns of personal data safety where 10T is used limited optimal use of the
technologies in the e-commerce sector [16]. In this respect, the current study findings revealed that to increase
the positive impact of IoT on e-commerce, more efforts should be directed towards developing strict regulations
on data privacy where 10T is involved to improve consumer confidence.

5. Conclusion and recommendations

The significance of current research will be crucial to several stakeholders. The findings will expand knowledge
and academic understanding of how the next-generation IoT technologies can influence various industries. The
results of this study will also be crucial to policymakers in identifying essential policies that can aid in fostering
an environment conducive to 10T innovation in the e-commerce sector. The study will also guide businesses in
gaining an understanding of 10T adoption in a manner that can enhance their competitive edge. The current
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research is crucial in linking the study case to the global perspective, providing valuable insights on leveraging
loT to promote e-commerce in various contexts. Overall, the study dissemination will aid in improving
outcomes in the e-commerce sector through enhancing operations. One recommendation for practice is that e-
commerce companies should clarify with customers the type of data collected using loT technology installed
on products to prevent legal disputes. The other recommendation for training is that e-commerce firms adopt
next-generation 10T to improve inventory management, optimize the supply chain, and enhance profitability in
the long run due to reduced operational costs. Meanwhile, one recommendation for future research is that future
researchers should conduct quantitative analysis to determine the 10T benefits that can significantly impact
profits to ensure more relevant proposals are made concerning 10T use in e-commerce. Additionally, more
research is needed to develop a solid legal framework to address data privacy issues in 10T systems.

Declaration of competing interest
The authors declare that they have no known financial or non-financial competing interests in material discussed
in this paper.

Funding information
No funding was received from any financial organization to conduct this research.

References

[1] J. Greenough and J. Camhi, "The Internet of Things 2015: Examining How the OT Will Affect the
World," BI Intelligence Report. Available online: https://zh. scribd. com/document/288595065/the-
internet-ofthings-2015-examining-how-the-iot-willaffect-the-world-pdf, accessed on 23 November
2023.

[2] N. Sharma, M. Shamkuwar, and I. Singh, "The history, present and future with 10T," Internet of things
and big data analytics for smart generation, pp. 27-51, 2019.

[3] D. O. Qatanani and A. Qusef, "Factors Influencing The Adoption of E-commerce in Jordanian SMEs,"
in 2023 International Conference on Information Technology (ICIT), 2023: IEEE, pp. 244-249.

[4] UNCTAD, "Jordan e-Trade Readiness Assessment.," https://unctad.org/system/files/official-
document/dtlstict2021d6_en.pdf , accessed on 23 November 2023.

[5] S. A. 0. Sinha, "State of 10T 2023: Number of connected IoT devices growing 16% to 16.7 billion
globally," https://iot-analytics.com/number-connected-iot-devices, accessed on 23 November 2023.

[6] M. Al-Husban, A. Al-Husban, and H. Yaseen, "Facilitating e-commerce in Jordan: A qualitative
analysis," International Journal for Digital Society (1JDS), vol. 7, no. 4, pp. 1206-1213, 2018.

[7] I. Sharma, "Applications of 10T in e-commerce," Amity University, 2018.

[8] M. S. K. Wahib, Z. A. A. Alamiry, and B. H. Majeed, "Digital citizenship for faculty of Iraqi
universities," Periodicals of Engineering and Natural Sciences, vol. 11, no. 2, pp. 262-274, 2023.

[9] M. Draganie and M. A. Daoud, "BUSINESS CONTRIBUTION OF KEY DIGITAL TECHNOLOGIES
TO THE GOALS OF DIGITAL BUSINESS TRANSFORMATION," Economic and Social
Development: Book of Proceedings, pp. 42-54, 2022.

[10] B. H. Majeed, "Impact of a Proposed Strategy According to Luria's Model in Realistic Thinking and
Achievement in Mathematics," International Journal of Emerging Technologies in Learning, vol. 17,
no. 24, 2022.

[11] B. K. Mohammed, M. B. Mortatha, and A. S. Abdalrada, "A comprehensive system for detection of
flammable and toxic gases using 10T," Periodicals of Engineering Natural Sciences, vol. 9, no. 2, pp.
702-711, 2021.

[12] M. H. Majhool, H. T. S. ALRikabi, and M. S. Farhan, "Design and implementation of sunlight tracking
based on the Internet of Things,” in IOP Conference Series: Earth and Environmental Science, 2021,
vol. 877, no. 1: I0P Publishing, p. 012026.

[13] A. M. Al-Momani, M. A. Mahmoud, and M. S. Ahmad, "Factors that influence the acceptance of
internet of things services by customers of telecommunication companies in Jordan,” Journal of
Organizational and End User Computing (JOEUC), vol. 30, no. 4, pp. 51-63, 2018.

[14] A. AL-Zyadat et al., "The effect of industry 4.0 on sustainability of industrial organizations in Jordan,"
International Journal of Data and Network Science, vol. 6, no. 4, pp. 1437-1446, 2022.

[15] F. D. Davis, "Technology acceptance model: TAM," Al-Sugri, MN, Al-Aufi, AS: Information Seeking
Behavior and Technology Adoption, pp. 205-219, 1989.

11


https://zh/
https://unctad.org/system/files/official-document/dtlstict2021d6_en.pdf
https://unctad.org/system/files/official-document/dtlstict2021d6_en.pdf
https://iot-analytics.com/number-connected-iot-devices

PEN Vol. 11, No. 6, December 2023, pp.5-13

[16]

[17]

[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]
[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]

[39]

R. N. Rahmawati, "Self-efficacy and use of e-learning: A theoretical review technology acceptance
model (TAM)," American Journal of Humanities and Social Sciences Research, vol. 3, no. 5, pp. 41-
55, 20109.

L. Zhu, "Optimization and simulation for e-commerce supply chain in the internet of things
environment," Complexity, vol. 2020, pp. 1-11, 2020.

W. M. Daryanto, A. N. Hasanah, and M. A. Bilgisthi, "Analysis the competitiveness of
telecommunication industry after the era of internet of things (IoT)," South East Asia Journal of
Contemporary Business, Economics, and Law, vol. 21, no. 3, pp. 21-29, 2020.

Y. Song, Y. Luximon, B. D. Leong, and Z. Qin, "The e-commerce performance of Internet of things
(1oT) in disruptive innovation: Case of Xiaomi,” in Proceedings of the 2019 3rd International
Conference on Software and e-Business, 2019, pp. 188-192.

R. Murdiana and Z. Hajaoui, "E-Commerce marketing strategies in industry 4.0," International Journal
of Business Ecosystem & Strategy (2687-2293), vol. 2, no. 1, pp. 32-43, 2020.

M. Abbad, "Limitations and Usage of E-commerce in Developing Countries," in 12th International
Conference on Business, Social Sciences, Humanities and Education (BSSHE-18), 2018, pp. 13-14.

E. Bell, A. Bryman, and B. Harley, Business research methods. Oxford university press, 2022.

J. Hair Jr, M. Page, and N. Brunsveld, Essentials of business research methods. Routledge, 2019.

S. Campbell et al., "Purposive sampling: complex or simple? Research case examples,”" Journal of
research in Nursing, vol. 25, no. 8, pp. 652-661, 2020.

S. Denieffe, "Commentary: Purposive sampling: complex or simple? Research case examples," Journal
of Research in Nursing, vol. 25, no. 8, pp. 662-663, 2020.

A. Moser and |. Korstjens, "Series: Practical guidance to qualitative research. Part 3: Sampling, data
collection and analysis," European Journal of General Practice, vol. 24, no. 1, pp. 9-18, 2018.

J. L. Oliffe, M. T. Kelly, G. Gonzalez Montaner, and W. F. Yu Ko, "Zoom interviews: Benefits and
concessions," International Journal of Qualitative Methods, vol. 20, p. 16094069211053522, 2021.
A. Bieringer and L. Miiller, "Integration of Internet of Things technologies in warehouses: A multiple
case study on how the Internet of Things technologies can efficiently be used in the warehousing
processes,"” ed, 2018.

V. Braun, V. Clarke, and N. Hayfield, "A starting point for your journey, not a map’: Nikki Hayfield
in conversation with Virginia Braun and Victoria Clarke about thematic analysis,” Qualitative research
in psychology, vol. 19, no. 2, pp. 424-445, 2022.

V. Clarke, V. Braun, and N. Hayfield, "Thematic analysis," Qualitative psychology: A practical guide
to research methods, vol. 3, pp. 222-248, 2015.

S. Manti and A. Licari, "How to obtain informed consent for research,"” Breathe, vol. 14, no. 2, pp. 145-
152, 2018.

B. G. Gordon, "Vulnerability in research: Basic ethical concepts and general approach to review,"
Ochsner Journal, vol. 20, no. 1, pp. 34-38, 2020.

R. Artal and S. Rubenfeld, "Ethical issues in research,” Best Practice & Research Clinical Obstetrics
& Gynaecology, vol. 43, pp. 107-114, 2017.

L. T. Khrais, "Role of Artificial Intelligence in Shaping Consumer Demand in E-Commerce," vol. 12,
no. 12, p. 226, 2020.

L. T. Khrais and O. S. Shidwan, "The role of neural network for estimating real estate prices value in
post COVID-19: a case of the middle east market,” International Journal of Electrical & Computer
Engineering (2088-8708), vol. 13, no. 4, 2023.

L. T. Khrais and T. A. Azizi, "How COVID-19 affected entrepreneurship prosperity process in the
digital economy: A case study of middle east,” International Journal of Entrepreneurship, vol. 25, pp.
1-1H, 2021.

L. T. Khrais, "Verifying persuasive factors boosting online services business within mobile
applications,” Periodicals of Engineering and Natural Sciences, vol. 9, no. 2, pp. 1046-1054, 2021.

L. T. Khrais, "Investigation use of Social Media, Mobile Apps, and the impacts of Enlarging E-
Commerece,” in 2020 6th International Conference on Advanced Computing and Communication
Systems (ICACCS), 2020: IEEE, pp. 1365-1372.

L. T. Khrais and D. Gabbori, "The effects of social media digital channels on marketing and expanding
the industry of e-commerce within digital world,” Periodicals of Engineering and Natural Sciences,
vol. 11, no. 5, pp. 64-75, 2023.

12



PEN Vol. 11, No. 6, December 2023, pp.5-13

[40]

[41]

[42]

[43]

[44]

[45]

L. T. Khrais and A. M. Alghamdi, "How mobile phone application enhance human interaction with e-
retailers in the middle east,” Periodicals of Engineering and Natural Sciences, vol. 9, no. 4, pp. 191-
198, 2021.

M. M. Firdhous, and H. Salim, "Smart Shopping System with RFID Technology Based on Internet of
Things," International Journal of Interactive Mobile Technologies, vol. 14, no. 4, pp. 17-29, 2020.

G. A. Al-Rubaye, H. T. S. ALRikabi, and H. T. Hazim, "Optimization of capacity in non-Gaussian
noise models with and without fading channels for sustainable communication systems," Heritage and
Sustainable Development, vol. 5, no. 2, pp. 239-252, 2023.

A. A. Sultanand S. M. Noor, "Absorptive capacity, civil conflict and e-commerce adoption among Iraqi
firms," Advanced Science Letters, vol. 23, no. 8, pp. 7992-7995, 2017.

M. Salim Abdulrahman, "Factors Influencing the Adoption of Mobile Banking Service among Cihan
Bank Customers in the Kurdistan Region of lIrag," International Journal of Advanced Science
Technology, vol. 27, no. 1, pp. 289-301, 2019.

A. A. Sultan, S. M. Noor, and N. Nasirun, "Technological factors and e-commerce adoption among
small, medium enterprises in Kurdistan, Irag,” Int. J. Eng. Technol, vol. 7, no. 3.5, pp. 98-101, 2018.

13



