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ABSTRACT

The usage of Internet of things (IoT) in higher education is still emerging especially in developing
countries. The purpose of this study is to examine the information and the system and service quality on
the Usage of IoT (UloT) among students and academic staff and non-academic staff. The study, based on
Information System Success model (ISS), proposes that Information Quality (IQ), System Quality (SYSQ),
and Service Quality (SQ) have a positive impact on UloT. The research further proposes that IoT
awareness acts as a moderator. The data were collected with a use of a questionnaire. Stratified random
sampling was used and the data collected from a sample of 423 participants completed a process of
validation and pilot testing. The data analysis was conducted using Smart PLS 4. The findings of the study
indicate that SQ, IQ, and SYSQ do have positive effects on UloT. IoT awareness moderated the effect of
IQ only on UloT. To increase the UloT, it is advised to focus on enhancing the awareness about the IoT
and provide reliable information.

Keywords-information system success; service quality; l1oT; higher education; information quality; system

quality

I.  INTRODUCTION

The Internet of Things (IoT) affects education, business,
and public sectors [1, 2]. At 6% of the global economy, IoT is
gaining popularity among consumers, businesses, and
governments. IoT devices have become more common,
according to recent data. IoT devices increased from 15.4
billion in 2015 to 26.7 billion in 2019 and the projections
predict 75 billion IoT devices by 2025 [3], while numerous
industries have implemented IoT [4]. IoT is a network of
Internet-connected sensors and embedded technologies that
gather and share data [5]. Multiple layers and components of
the IoT depend on sensors and networking technologies to
collect and analyze data [6]. A $330.6 billion market in 2021
and $875 billion by 2025 illustrate the IoT's widespread use
[7]. However, IoT integration in Higher Education (HE) is still
under progress but offers many potential benefits [8]. IoT in
education is still new, and few research publications have

examined its usage in HE [9]. HE must accept and incorporate
new technology to integrate human-machine interactions,
services, and information. Universities have improved
teaching, learning, and operations by using IoT technologies.
This integration needs academic, non-academic, and student
skill development [10]. IoT can solve problems with course
delivery, educational quality, teacher leadership, and education
structure [11]. The incorporation of the IoT, meanwhile,
encounters obstacles in the realms of information exchange and
cooperation [12].

The significant capacity of the IoT to bring about
transformation in academic and research institutions,
particularly in the realm of new educational solutions is
acknowledged [13]. The effective implementation of this
initiative in the public sphere is contingent upon its
acceptability [14]. The UIoT area has challenges such as a lack
of comprehensive literature on UloT technologies and the
presence of ambiguity around developing technologies [15].
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From a geographical perspective, the UloT is mostly seen in
countries characterized by modern infrastructure, while
developing nations are still in the process of investigating its
possibilities [16]. According to the literature review in [17] the
primary contributors to research on the IoT are China, the
USA, and the UK.

This study examines UloT stakeholders' perspectives,
unlike prior studies that focused on students or academic staff
[18]. According to [19], little research has been conducted on
IoT usage from multiple theoretical perspectives, thus this
study analyzes the UIoT across students, academic staff, and
non-academic staff.

In the domain of literature on technology use, there is a
wide array of models, theories, and frameworks. The current
research chooses to employ the Information System Success
(ISS) model [20], which encompasses the dimensions of
SYSQ, IQ, and SQ. These dimensions together impact the
intention to use, user satisfaction, and the net benefits obtained
from the use of IS. This study proposes a predictive framework
for the UloT in HE by utilizing the ISS, as well as analyzing
existing models. The framework includes SYSQ, 1Q, SQ, and
IoT awareness as a moderator. Figure 1 visually represents the
conceptual framework.
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Fig. 1. Conceptual framework.

A. System Quality and UloT

SYSQ is a component of ISS proposed to have a direct
impact on both the intention to use and the actual utilization of
technology. Authors in [21] revealed a significant influence of
SYSQ on utility value and authors in [22] demonstrated that
SYSQ produces positive outcomes in terms of both utility and
hedonic value. Authors in [23] found that in the public sector of
Pakistan, the use of SYSQ had a notable impact on the PEOU
in relation to the implementation of IoT technology. In
contrast, the impact of SYSQ on the use of systems in e-
learning applications was shown to be inconspicuous across
different settings [24]. As a result, the following hypothesis is
formulated:

H1: SYSQ has a positive impact on UloT among
stakeholders in HE.

B. Information Quality

Research on the effects of IQ has repeatedly shown a
favorable correlation with utility and hedonic values [22]. The
influence of IQ on PU and PEOU has been seen in several

settings [23, 25]. Within the field of HE, many studies have
explored the relationship between IQ and UloT. Notably,
authors in [26] conducted an investigation in this relationship
and found evidence supporting a positive influence of IQ on the
UIoT technology. Consequently, the following hypothesis is
proposed:

H2: IQ has a positive impact on UloT among stakeholders
in HE.

C. Service Quality and UloT

The concept of SQ has been the subject of substantial
research in terms of its influence on utility and hedonic values
[22]. Furthermore, previous research has shown a correlation
between SQ, PEOU, and PU [27]. Authors in [26], provided
empirical data about the impact of SQ on end user satisfaction
and UloT. Similarly, authors in [23] revealed the significance
of SQ in relation to PEOU and PU. Authors in [28] shown that
deficiencies in service delivery have a significant impact on the
effectiveness of UloT. Consequently, the following hypothesis
is formulated.

H3: SQ has a positive impact on UloT among stakeholders
in the HE.

D. The Role of loT Awareness as a Moderator

The level of understanding among users regarding the
increasing security and privacy risks associated with the IoT
has gained attention. The impact of IoT awareness on UloT has
been examined in different contexts, revealing its direct effects
[6]. Furthermore, the awareness of the IoT has been found to
have an impact on individual long-term intentions to use IoT,
[29]. Despite the numerous studies on awareness's direct
influence, its moderating function has gotten less attention [30].
It has been shown that awareness moderates the association
between brand credibility and purchase intention [30] and
mediates the relationship between psychological characteristics
and purchase intentions [31]. This research suggests that IoTA
moderates SQ, 1Q, and SYSQ on UloT. The following
hypotheses are proposed:

H4: IoTA moderates the effect of SQ on UloT.
HS5: ToTA moderates the effect of IQ on UloT.
H6: ToTA moderates the effect of SQ on UloT.

II. RESEARCH METHODOLOGY

An explanatory research design is used in this study, which
falls under the category of hypotheses testing studies. This
design utilizes relevant theories and historical empirical
evidence to propose and support relationships. The study
includes 80 HEIs in Iraq, consisting of 35 public universities
and 45 private colleges and universities [32]. The educational
institutions in Iraq are spread across different locations and
accommodate a significant number of students and staff,
totaling 336,395 individuals. This figure represents
approximately 42% of the combined student and staff
population in Iraq, including both academic and non-academic
personnel.
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The sub-sample size is determined by calculating the
percentage of each group relative to the total population. The
percentage of academic staff is 7.4%, students are 85.8%, and
non-academic staff are 6.8%. Based on [33], the sample size is
384. However, due to the anticipated low response rate, the
sample size was doubled [34] to 768. The data were collected
with the use of a questionnaire. The questionnaire was adopted
from several sources as shown in Table I. This study involved
the participation of UloT experts who were invited to validate
the questionnaire. The experts made significant comments,
resulting in the inclusion of an additional item related to UloT
and trust. The measurement was translated into Arabic using a
back-to-back translation. A pilot study was conducted by
collecting 32 responses from students, academic, and non-
academic staff. However, valid and complete responses
accounted to 30. Table I displays the outcomes of the reliability
analysis. All variables demonstrate a Cronbach's Alpha (CA)
greater than 0.70, indicating reliable measurements for the
variables.

TABLE 1. SAMPLE SIZE AND CA OF THE PILOT STUDY
Variable I.VO' of No_. aft.er CA Source
items |validation
UloT 5 6 0.768 [35]. Item 6 was gdded based on
validation.
SQ 5 5 0.886 [26]
1Q 5 5 0.804 | 1-4 from [23] and 5 from [27, 36].
SYSQ 5 5 0.916 | 1-3 from [26] and 4-5 from [27, 36].
loT 5 5 10800 1-3 from [29] and 4-5 from [37].
awareness

A total of 449 responses were collected, resulting in a
response rate of 58.4%. As a result of missing value and outlier
analyses, 26 responses were removed. Therefore, a total of 423
responses that were complete and reliable were used for the
subsequent data analysis. The computed values of Skewness
and Kurtosis were less than 1, indicating that the data followed
a normal distribution. In addition, the data had no
multicollinearity issues because tolerance was greater than 0.20
and variation inflation factor was less than 5.

III.  FINDINGS

A. Background Information

The questionnaire and a summary of the responses can be
seen in the Appendix. Out of the total respondents, 266
individuals (62.9%) identified as males, while 157 individuals
(37.1%) identified as females. The highest counts of 269
respondents (63.6%) were between the ages of 18 and 28 year
old. In terms of education, 148 individuals (35.0%) possessed a
bachelor’s degree. The majority of the respondents, 336 or
79.4%, identified themselves as students. The academic staff
accounted for 11.1% (47) and the non-academic staff
accounted for 9.5% (40), the highest percentage of 32.9% or
139 are using the internet for 5-10 years. In terms of usage IoT
by universities, 87 or 20.6% reported that they are using the
IoT while 244 or 57.7% are not sure. At the individual level,
184 or 43.5% are using the IoT while 209 or 49.4% are
intending to use.

B. Measurement Model Assessment

Authors in [38] recommended removing items with factor
loadings below 0.70. The evaluation of the measurement model
revealed that certain items exhibited low factor loadings,
falling below this threshold. Following this assessment, two
items, namely SYSQ1 from the variable SYSQ and item IoTAS
from IoT awareness (IoTA), were excluded due to their factor
loadings being below 0.70. After eliminating these items with
insufficient factor loadings, the CA and Composite Reliability
(CR) were scrutinized. Both CA and CR exceeded 0.70,
indicating satisfactory reliability of the variables. A threshold
of 0.70 or higher is considered acceptable for CA and CR [38].
Convergent validity was assessed by examining the average
variance extracted (AVE), with a value above 0.50 deemed
acceptable. The calculated AVE surpassed 0.50, signifying that
the items were capable of explaining over 50% of the variation
within the measured variable. Table II shows the evaluation
result of the measurement model.

TABLE II. MEASUREMENT ASSESSMENT
Variable CA CR AVE
IoTA 0.884 0.932 0.738
1Q 0.909 0.908 0.737
SQ 0.889 0.891 0.694
SYSQ 0.930 0.930 0.827
UloT 0.914 0.915 0.815

For assessing the discriminant validity of the study, the
method suggested in [39] involves assessing the correlation
between variables using the heterotrait-monotrait ratio of
correlations (HTMT). The correlation between variables
determined by HTMT should not exceed 0.85. The outcomes of
the HTMT analysis are presented in Table III. The results
indicate that the inter-variable correlations are below 0.85,
affirming the attainment of discriminant validity.

TABLE IIL DISCRIMINANT VALIDITY (HTMT
CORRELATION)
Variable IoTA 1Q SQ SYSQ UloT
IoTA -
1Q 0.105
SQ 0.116 | 0.819

SYSQ 0.145 | 0.596 | 0.666
UloT 0.249 | 0.716 0.74 0.593 -

C. Structural Model

This research assessed the structural model utilizing R-
square, F-square, Q-square, and path coefficient. Recent Smart
PLS 4 software upgrades made the Q-square superfluous,
eliminating it from the analysis. Figure 2 shows that the
independent variables, including the moderator, explain 62.0%
of UloT variation. The F-square effect size showed that all
other routes had effect sizes below 0.02 except for the
moderating influence of IoTA on the link between SQ, SYSQ,
and UloT. This suggests that moderating effects have little
influence on the model, highlighting the need to investigate
alternative moderating variables.
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D. Hypotheses Testing

The hypotheses of this study were examining based on the
output of the structural model. The direct effect of the second
order and first order and the moderating effect of IoTA are
presented in Table I'V.

®
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SYSQ
Fig. 2. Structural model.
TABLEIV. RESULTS OF HYPOTHESES TESTING

H Path B Std T P
HI1 SYSQ — UloT 0.134 0.041 3.250 0.001
H2 1Q — UloT 0.291 0.054 5.345 0.000
H3 SQ — UloT 0.286 0.050 5.777 0.000
H4 10TA x SYSQ — UloT 0.071 0.046 1.553 0.121
H5 T0TA x IQ — UloT 0.109 0.055 1.962 0.050
H6 TI0TA x SQ — UloT 0.049 0.057 0.860 0.390

Regarding the effect of SYSQ on UloT, the outcomes
displayed in Table IV corroborate its significance (B=0.134,
T=3.25, P<0.05). The impact of IQ and SQ on UloT is also
established. H2 indicates a positive effect of IQ on UloT
(B=0.291, T=5.345, P<0.05), while H3 is similarly
substantiated by the positive and significant relationship
between SQ and UloT (B=0.286, p<0.05). The moderating
effect of IoT awareness was examined in this study. For H4,
the moderating effect of IoT awareness between SYSQ and
UIoT was not supported. The P-value of the moderating effect
is 0.121 which is larger than 0.05. Thus, H4 was rejected. For
H5, the moderating effect of IoTA was confirmed. IoT
awareness moderated the effect of IQ on UloT. Thus, HS is
supported. For H6, it was rejected because the p-value is above
0.0.5. Thus, IOTA did not moderate the effect of SQ on UloT.

IV. DISCUSSION

The findings of this study demonstrate statistically
significant and positive effects of SYSQ, IQ and SQ, on UloT.
The results underline the significance of SQ as a distinct
element that significantly contributes to UIoT. As a result, it is
anticipated that enhancing the levels of SYSQ, SQ and IQ
would contribute to a rise in UloT among the stakeholders
involved in Iraq's HEIL The aforementioned results are
consistent with those in [12, 40, 41], whereby a collective body
of evidence substantiates the existence of a positive and

statistically significant association between individual variables
and the UloT [42, 43]. Moreover, previous research has also
detected the corroborative influence of 1IQ on UloT [26].
Similarly, authors in [28] found supporting evidence for the
impact of SQ on UloT.

The examination of the moderating role of IoT awareness
indicates that it only moderates the impact of IQ on UloT. It is
worth noting that there is a strong relationship between
increased levels of awareness of IoT and a greater positive
impact of IQ on the UloT. Nevertheless, the results suggest that
the level of awareness of IoT does not have an impact on the
association between SQ and SYSQ and UloT. The findings of
this study align with other research that has examined the role
of awareness as a moderating factor. Brand credibility and
online purchase intention [30] and social responsibility and IoT
service purchase intention in academic libraries [31] were
moderated by [oTA in previous research.

V. IMPLICATIONS

This study examined how IQ, SYSQ, and SQ affect UloT
in Iraqi HE. The research also evaluated if [oTA moderates
these associations. The research contributes significantly to the
literature, since UloT in HE has received little research until
now. Expanding the research, the study examined emerging
nations' unique situations, focusing on Iraq. Integration of
frameworks like ISS extended the TAM and UTAUT's
dominance. The objective of this integration is to develop a
more complete model that considers 1Q, SQ, and SYSQ and
IoT awareness, addressing the lack of holistic research in the
existing literature.

This synthesis expanded the existing information on the IoT
in HE and confirmed the effectiveness of the ISS framework.
This framework accounted for a substantial 62.0% of the
variation in the UloT in the context of HE. The research
provides practical insights for decision-makers and stakeholder
by identifying the key determinants of UloT in the HE
environment of Iraq. It is worth noting that SYSQ, SQ, and IQ
were found to be important for UloT. These results suggest that
educational institutions should emphasize the improvement of
these aspects in order to promote increased levels of the UIoT.

Furthermore, the research revealed that the level of
awareness about the IoT serves as a moderating variable,
impacting the relationship between 1Q and the UIoT. Given the
circumstances, it is suggested that seminars and public dialogue
be organized in order to enhance stakeholders' understanding of
IoT technology. The dissemination of positive word-of-mouth,
together with excellent communication on the benefits of UIoT,
has the potential to enhance the UloT across all stakeholder
groups within HE.

VI. CONCLUSION

This study makes several key contributions to the existing
literature by extending the ISS model to explore the adoption of
IoT in higher education, particularly within the context of Iraqi
institutions. First, the study confirms that system quality,
information quality, and service quality significantly impact
IoT usage among students, academic staff, and non-academic
staff. Second, the inclusion of IoT awareness as a moderating
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factor offers a novel perspective, demonstrating that IoT Does your university employ or intent to use IoT?
awareness significantly moderates the relationship between Frequency | Percentage
information quality and IoT usage. This insight fills a gap in Yes 87 20.6
. . . No 92 21.7
the literature, as previous studies have largely overlooked the Not sure 544 577
moderating role of awareness in technology adoption. Total 3 1000
Third, this research addresses the underexplored issue of L
. . . . . Have you ever used IoT applications?
IoT adoption in developing countries, particularly Iraq, F
D .. requency| Percentage |
contributing to the limited body of knowledge on technology Yes 30 71
adoption in regions with infrastructural challenges. By focusing No 184 135
on Iraq, the study sheds light on specific barriers, such as Iintend to use] 209 494
limited awareness and infrastructure, which influence IoT Total 423 100.0

adoption in higher education in such contexts. Fourth, the

findings provide practical implications for policymakers and UIOT1: Using the IoT improves my performance in my personal and

education-related tasks

educators, emphasizing the importance of increasing IoT Frequency Percentage
awareness and improving system, information, and service Strongly disagree 45 106
quality to enhance IoT adoption and its effectiveness. These Disagree 37 37
findings provide a foundation for future research to further Neutral 113 26.7
investigate other moderating factors and explore IoT adoption Agree 112 26.5
in different educational environments. Strongly agree 116 27.4
Total 423 100.0
APPENDIX
. . . . . UIOT?2: Using the IoT in my personal and education-related tasks
The questionnaire and the acquired responses are given in increases my productivit
this section. Frequency Percentage
Strongly disagree 45 10.6
Gender Disagree 37 8.7
Frequency| Percentage | Neutral 17 377
FMal“i ?gg 23? Agree 142 336
’;::::le 123 1 06 0 Strongly agree 82 194
- Total 423 100.0
Age UIOT3: Using the IoT enhances my effectiveness in my personal and
Frequency | Percentage education-related tasks
18-28 years 269 63.6 Frequency Percentage |
29-38 years 8 18.4 Strongly disagree 41 9.7
39-48 years 60 14.2 Disagree 57 135
49-58 years 10 24 Neutral 143 338
Above 58 years 6 1.4 Agree 128 303
Total 423 100.0 Strongly agree 54 12.8
Total 423 100.0
Educational Level oa
. Frequency |Percentagel UIOT4: : I find the IoT to be useful in my personal and education-related
High School 126 29.8 tasks.
Diploma 78 184 Frequency Percentage
Bachelor 148 350 Strongly disagree 46 10.9
Master 34 8.0 Disagree 45 10.6
Ph.D. 37 8.7 Neutral 127 30.0
Total 423 100.0 Agree 137 324
. Strongly agree 68 16.1
Occupation Total 423 100.0
Frequency| Percentage
Student 336 794 UIOTS5: The use of IoT technologies increases the quality of educational
Academic Staff 47 11.1 processes
Non-Academic Staff] 40 9.5 Frequency Percentage
Total 423 100.0 Strongly disagree 44 10.4
Disagree 57 13.5
How long have you been using internet applications? Neutral 104 24.6
Frequency| Percentage Agree 152 359
Less than 5 years 34 8.0 Strongly agree 66 156
5-10 years 139 329 Total 423 100.0
11-15 years 123 29.1
16-20 years 112 26.5
More than 20 years 15 3.5
Total 423 100.0
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UIOT6: We receive adequate training to use IoT

Frequency Percentage
Strongly disagree 44 104
Disagree 55 13.0
Neutral 163 38.5
Agree 120 28.4
Strongly agree 41 9.7
Total 423 100.0
SQ1: IoT in universities has up-to-date hardware and software
Frequency Percentage
Strongly disagree 42 9.9
Disagree 62 14.7
Neutral 128 30.3
Agree 146 34.5
Strongly agree 45 10.6
Total 423 100.0

SQ2: IoT in universities is dependable

Frequency Percentage
Strongly disagree 37 8.7
Disagree 60 14.2
Neutral 116 274
Agree 167 39.5
Strongly agree 43 10.2
Total 423 100.0

SQ3: IoT employees in universities give prompt services to users

Frequency Percentage
Strongly disagree 29 6.9
Disagree 59 13.9
Neutral 172 40.7
Agree 130 30.7
Strongly agree 33 7.8
Total 423 100.0

SQ4: IoT employees in universities have the knowledge to do their job

Frequency Percentage
Strongly disagree 27 6.4
Disagree 64 15.1
Neutral 140 33.1
Agree 144 34.0
Strongly agree 47 11.1
Total 1 0.2

SQ5: IoT in universities have users’ best

Frequency Percentage
Strongly disagree 33 7.8
Disagree 58 13.7
Neutral 153 36.2
Agree 145 343
Strongly agree 34 8.0
Total 423 100.0
1Q1: Information provided on the IoT device interface is u
Frequency Percentage
Strongly disagree 27 6.4
Disagree 60 14.2
Neutral 132 31.2
Agree 164 38.8
Strongly agree 40 9.5
Total 423 100.0

interests at heart

to date

1Q2: Information of the IoT device interface is concise and clear

Frequency Percentage
Strongly disagree 31 7.3
Disagree 54 12.8
Neutral 136 32.2

Agree 155 36.6
Strongly agree 47 11.1
Total 423 100.0
1Q3: The content on the IoT device interface is readily usable
Frequency Percentage |
Strongly disagree 35 8.3
Disagree 52 12.3
Neutral 149 352
Agree 127 30.0
Strongly agree 60 14.2
Total 423 100.0
1Q4: The information provided on the IoT device interface is accurate
about relevant service
Frequency Percentage |
Strongly disagree 26 6.1
Disagree 65 154
Neutral 132 31.2
Agree 144 34.0
Strongly agree 56 13.2
Total 423 100.0
1Q5: The information provided on IoT device interface is comprehensive
Frequency Percentage |
Strongly disagree 34 8.0
Disagree 56 13.2
Neutral 153 36.2
Agree 124 29.3
Strongly agree 56 13.2
Total 423 100.0

SYSQ1: The operation of IoT in my university is reliable

Frequency| Percentage |
Strongly disagree 37 8.7
Disagree 65 154
Neutral 123 29.1
Agree 143 33.8
Strongly agree 55 13.0
Total 423 100.0

SYSQ2: IoT in my university allows information to be readily accessible

SYSQ3: The IoT system in my university re:

to me
Frequency| Percentage
Strongly disagree 37 8.7
Disagree 41 9.7
Neutral 156 36.9
Agree 139 329
Strongly agree 50 11.8
Total 423 100.0

sponds fast to my requests

Frequency| Percentage
Strongly disagree 31 73
Disagree 65 15.4
Neutral 123 29.1
Agree 149 352
Strongly agree 55 13.0
Total 423 100.0
SYSQ4: The layout of IoT in my university is clear
Frequency| Percentage
Strongly disagree 34 8.0
Disagree 52 12.3
Neutral 104 24.6
Agree 178 42.1
Strongly agree 55 13.0
Total 423 100.0
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SYSQ5: I find that the IoT in my university is easy to use

Frequency| Percentage
Strongly disagree 37 8.7
Disagree 41 9.7
Neutral 147 34.8
Agree 142 33.6
Strongly agree 56 13.2
Total 423 100.0

IOTA1: My university makes me aware of constantly evolving
security/privacy threats and risks of IoT
Frequency| Percentage

Strongly disagree 4 0.9

Disagree 30 7.1
Neutral 128 30.3
Agree 157 37.1
Strongly agree 104 24.6
Total 423 100.0

IOTA2: My university provides me with basics awareness of
security/privacy threats and risks of IoT

Frequency| Percentage |
Strongly disagree 6 14
Disagree 49 11.6
Neutral 152 35.9
Agree 142 33.6
Strongly agree 74 17.5
Total 423 100.0

IOTA3: My university provides me with an understanding of what
generates security/privacy threats and risks of IoT

Frequency| Percentage
Strongly disagree 7 1.7
Disagree 41 9.7
Neutral 138 32.6
Agree 165 39.0
Strongly agree 72 17.0
Total 423 100.0

IOTA4: The users have enough information about using the IoT in
universities in general
Frequency| Percentage

Strongly disagree 6 14
Disagree 47 11.1
Neutral 103 243
Agree 178 42.1
Strongly agree 89 21.0
Total 423 100.0

IOTAS: Awareness of the usage of IoT in universities leads to increased

(1]

(2]

use of IoT
Frequency| Percentage |

Strongly disagree 8 1.9
Disagree 58 13.7
Neutral 167 39.5
Agree 139 32.9
Strongly agree 51 12.1
Total 423 100.0
REFERENCES

I. J. Maria and T. Devi, "Industry 4.0 for Service 4.0 through Research
4.0: A Framework for Higher Education Institutions," in Industry 4.0
Technologies for Education, Boca Raton, FL, USA: CRC Press, 2022,
pp- 293-302.

E. N. G‘ayratovich, "It Is A Modern Educational Model Based On The
Integration Of Knowledge," Eurasian Scientific Herald, vol. 5, pp. 52—
55, Feb. 2022.

[3]

[4]

[5]

[6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

S. Slaughter, "Cybersecurity Considerations Impacting the US Critical
Infrastructure: An Overview," Feb. 2022, [Online]. Available:
https://americanctri.org/wp-content/uploads/2022/02/Cybersecurity-
Considerations.pdf.

M. Ge, N. F. Syed, X. Fu, Z. Baig, and A. Robles-Kelly, "Towards a
deep learning-driven intrusion detection approach for Internet of
Things," Computer Networks, vol. 186, Feb. 2021, Art. no. 107784,
https://doi.org/10.1016/j.comnet.2020.107784.

A. Rey, E. Panetti, R. Maglio, and M. Ferretti, "Determinants in
adopting the Internet of Things in the transport and logistics industry,"
Journal of Business Research, vol. 131, pp. 584-590, Jul. 2021,
https://doi.org/10.1016/j.jbusres.2020.12.049.

V. Dinu, S. P. Lazar, and 1. A. Pop, "Factors That Influence the
Adoption of the Internet of Things in Tourism by Romanian
Consumers," Amfiteatru Economic, vol. 23, no. 57, pp. 360-375, 2021.

"49 Stunning Internet of Things Statistics to Know in 2024," Mar. 22,
2019. https://techjury.net/blog/internet-of-things-statistics/.

L. Petrovic, D. Stojanovic, S. Mitrovic, D. Barac, and Z. Bogdanovic,
"Designing an extended smart classroom: An approach to game-based

learning for IoT," Computer Applications in Engineering Education, vol.
30, no. 1, pp. 117-132, 2022, https://doi.org/10.1002/cae.22446.

J.-M. Romero-Rodriguez, S. Alonso-Garcia, J.-A. Marin-Marin, and G.
Gomez-Garcia, "Considerations on the Implications of the Internet of
Things in Spanish Universities: The Usefulness Perceived by
Professors," Future Internet, vol. 12, no. 8, Aug. 2020, Art. no. 123,
https://doi.org/10.3390/£i12080123.

A. Qasim, G. A. E. Refae, S. Eletter, and A. R. Al-Chahadah,
"Harnessing The Power of the Internet of Things (IoT) to Achieve an
Agile Business Education Model: A Visionary Paper,” in 8th
International Conference on Internet of Things: Systems, Management
and Security, Gandia, Spain, Dec. 2021, Pp- 1-4,
https://doi.org/10.1109/I0TSMS53705.2021.9704939.

K. Tongkachok, L. P. L. Cavaliere, S. C, G. Hosamani, D. Kapila, and S.
Ray, "Towards a framework for Internet of Things and Its Impact on
Performance Management in a Higher Education Institution," in
International Conference on Computing Sciences, Phagwara, India, Dec.

2021, pp. 8690, https://doi.org/10.1109/ICCS54944.2021.00025.

M. B. Ali, T. Wood-Harper, M. Newman, and B. Wood, "A framework
of Internet of Things (IoT) as an ICT strategy to facilitate information
and communication sharing in UK universities," in BAM2020
Conference In The Cloud, Sep. 2020, pp. 1-28.

E. O. Makori, "Promoting innovation and application of internet of
things in academic and research information organizations," Library
Review, vol. 66, no. 8/9, pp. 655-678, Oct. 2017, https://doi.org/
10.1108/LR-01-2017-0002.

U. H. Westergren, K. Jonsson, and O. Velsberg, Internet of Things in the
Public Sector : Perspectives from Northern Europe. Umea, Sweden:
Umea University, 2019.

N. Emaminejad, A. M. North, and R. Akhavian, "Trust in Al and
Implications for the AEC Research: A Literature Analysis." arXiv, Mar.
08, 2022, https://doi.org/10.48550/arXiv.2203.03847.

F. Khan, I. Tarimer, and W. Taekeun, "Factor Model for Online
Education during the COVID-19 Pandemic Using the IoT," Processes,
vol. 10, no. 7, Jul. 2022, Art. no. 1419, https://doi.org/10.3390/
pr10071419.

D. A. D. Nascimento et al., "A Bibliometric Study about Internet of
Things," International Journal of Advanced Engineering Research and
Science, vol. 6, no. 4, pp. 213-220, 2019, https://doi.org/10.22161/
ijaers.6.4.24.

H. Salah Hashim and Z. A. Al-Sulami, "A Model Of Factors Influencing
Users’ Adoption Of Internet Of Things Services: A Case Study Of Iraqi
Educational Institutions," IOP Conference Series: Materials Science and
Engineering, vol. 769, no. 1, Feb. 2020, Art. no. 012006,
https://doi.org/10.1088/1757-899X/769/1/012006.

M. Mital, V. Chang, P. Choudhary, A. Papa, and A. K. Pani, "Adoption
of Internet of Things in India: A test of competing models using a
structured equation modeling approach," Technological Forecasting and

www.etasr.com

Hashim et al.: Usage of Internet of Things in Iraqi Higher Education: An Extension of Information ...



Engineering, Technology & Applied Science Research

Vol. 15, No. 1, 2025, 20203-20210 20210

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[32]

[33]

[34]

[35]

[36]

Social Change, vol. 136, pp. 339-346, Nov. 2018, https://doi.org/
10.1016/j.techfore.2017.03.001.

W. H. DeLone and E. R. McLean, "Information Systems Success: The
Quest for the Dependent Variable," Information Systems Research, vol.
3, no. 1, pp. 60-95, Mar. 1992, https://doi.org/10.1287/isre.3.1.60.

D.-H. Shin, "Conceptualizing and measuring quality of experience of the
internet of things: Exploring how quality is perceived by users,"
Information & Management, vol. 54, no. 8, pp. 998-1011, Dec. 2017,
https://doi.org/10.1016/j.im.2017.02.006.

D. Shin and Y. Hwang, "Integrated acceptance and sustainability
evaluation of Internet of Medical Things: A dual-level analysis," Internet
Research, vol. 27, no. 5, pp. 1227-1254, Oct. 2017, https://doi.org/
10.1108/IntR-07-2016-0200.

S. R. Chohan and G. Hu, "Success Factors Influencing Citizens’
Adoption of IoT Service Orchestration for Public Value Creation in
Smart Government," IEEE Access, vol. 8, pp. 208427-208448, Jan.
2020, https://doi.org/10.1109/ACCESS.2020.3036054.

S. Adam et al., "Entrepreneurial Orientation and Organizational
Performance of Online Business in Malaysia: The Mediating Role of the
Knowledge Management Process," Sustainability, vol. 14, no. 9, Jan.
2022, Art. no. 5081, https://doi.org/10.3390/su14095081.

X. Wang, J. Li, M. Yang, Y. Chen, and X. Xu, "An empirical study on
the factors influencing mobile library usage in IoT era," Library Hi
Tech, vol. 36, no. 4, pp- 605-621, Oct. 2018,
https://doi.org/10.1108/LHT-01-2018-0008.

M. Harlie, Hairul, I. Rajiani, and E. W. Abbas, "Managing information
systems by integrating information systems success model and the
unified theory of acceptance and usage of technology," Polish Journal of
Management Studies, vol. 20, no. 1, pp. 192-201, 2019, https://doi.org/
10.17512/pjms.2019.20.1.17.

F. Xu and J. T. Du, "Factors influencing users’ satisfaction and loyalty to
digital libraries in Chinese universities," Computers in Human Behavior,
vol. 83, pp. 64-72, Jun. 2018, https://doi.org/10.1016/j.chb.2018.01.029.

U. Singh and A. Msibi, "Students’ perceptions towards IoTs adoption: A
case study Students’ perceptions towards IoTs adoption: A case study,"
Journal of Physics Conference Series, vol. 1714, Jan. 2021, Art. no.
12044, https://doi.org/10.1088/1742-6596/1714/1/012044.

A. Koohang, C. S. Sargent, J. H. Nord, and J. Paliszkiewicz, "Internet of
Things (IoT): From awareness to continued use," International Journal
of Information Management, vol. 62, Feb. 2022, Art. no. 102442,
https://doi.org/10.1016/j.ijinfomgt.2021.102442.

X. Wang and Z. Yang, "The effect of brand credibility on consumers’
brand purchase intention in emerging economies: The moderating role of
brand awareness and brand image," Journal of Global Marketing, vol.
23, no. 3, pp. 177-188, 2010, https://doi.org/10.1080/08911762.
2010.487419.

Q. Zhang and S. Ahmad, "Analysis of Corporate Social Responsibility
Execution Effects on Purchase Intention with the Moderating Role of
Customer Awareness," Sustainability, vol. 13, no. 8, Jan. 2021, Art. no.
4548, https://doi.org/10.3390/su130845438.

A. R. Ahmad and H. R. Murad, "The Impact of Social Media on Panic
During the COVID-19 Pandemic in Iraqi Kurdistan: Online
Questionnaire Study," Journal of Medical Internet Research, vol. 22, no.
5, May 2020, Art. no. e19556, https://doi.org/10.2196/19556.

R. V. Krejcie and D. W. Morgan, "Determining Sample Size for
Research Activities," Educational and Psychological Measurement, vol.
30, no. 3, pp. 607-610, 1970.

S. A. Hassan and R. Ghazali, Conducting Quantitative Research. Bangi,
Selangor, Malaysia, 2012.

V. Venkatesh and F. D. Davis, "A Theoretical Extension of the
Technology Acceptance Model: Four Longitudinal Field Studies,"
Management Science, vol. 46, no. 2, pp. 186-204, Feb. 2000,
https://doi.org/10.1287/mnsc.46.2.186.11926.

B. H. Wixom and P. A. Todd, "A Theoretical Integration of User
Satisfaction and Technology Acceptance," Information Systems
Research, vol. 16, no. 1, pp. 85-102, Mar. 2005, https://doi.org/
10.1287/isre.1050.0042.

[37]

[38]

[39]

[40]

[41]

[42]

H. N. H. Al-Hashimy, A. K. Hamoud, and F. A. Hussain, "The Effect of
Not Using Internet of Things in Critical life Situations in the Health
Field and the Effect on Iraqi Profitability: Empirical Study in Basra,"
Journal of Southwest Jiaotong University, vol. 54, no. 4, pp. 1-13, 2019,
https://doi.org/10.35741/issn.0258-2724.54.4.2.

J. F. Hair, G. T. M. Hult, C. M. Ringle, and M. Sarstedt, A primer on
partial least squares structural equation modeling (PLS-SEM), 2nd
edition. Thousand Oaks, CA, USA: SAGE, 2017.

J. F. Hair, J. J. Risher, M. Sarstedt, and C. M. Ringle, "When to use and
how to report the results of PLS-SEM," European Business Review, vol.
31, no. 1, pp. 2-24, Jan. 2019, https://doi.org/10.1108/EBR-11-2018-
0203.

A. M. A. Ireda, M. A. Ben-Mubarak, and A. Buhari, "Factors That
Influence An Academic Institution’s Intention To Accept CloudIOT: A
Proposed Framework," in International Conference on Industrial
Enterprise and System Engineering, Yogyakarta, Indonesia, Nov. 2018,
pp. 140-143, https://doi.org/10.2991/icoiese-18.2019.25.

D. Rico-Bautista et al., "Smart University: a vision of technology
adoption," Revista Colombiana de Computacion, vol. 22, no. 1, pp. 44—
55,2021, https://doi.org/10.29375/25392115.4153.

N. S. M. Yusop, M. M. Rosli, N. F. Farid, N. A. S. M. Nazri, N. Jamil,
and M. 1. Ramli, "Development of a Collaborative Intelligent Individual
Education Program System using a Prototyping Approach,"
Engineering, Technology & Applied Science Research, vol. 14, no. 3,
pp. 14666-14676, Jun. 2024, https://doi.org/10.48084/etasr.7352.

S. Othmen, W. Mansouri, and S. Asklany, "Robust and Secure Routing
Protocol Based on Group Key Management for Internet of Things
Systems," Engineering, Technology & Applied Science Research, vol.
14, no. 3, pp. 14402-14410, Jun. 2024, https://doi.org/10.48084/
etasr.7115.

www.etasr.com

Hashim et al.: Usage of Internet of Things in Iraqi Higher Education: An Extension of Information ...



