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Abstract—This study aimed to explore the factors influencing pre-service
teachers’ decisions to use the Internet of Things (I0T) in a classroom as a digi-
tal system to enhance teaching and learning. The technology acceptance model
(TAM) was used to investigate the effects of using the [oT in an e-learning envi-
ronment on pre-service teachers’ perceived usefulness, ease of use, attitudes
toward using IoT, and the influence of such attitudes on students’ behavior.
Forty-seven final-year pre-service teachers were selected to participate by pur-
poseful sampling. A quantitative approach via regression analysis was taken to
analyze the collected data. The results showed that the TAM-related factors of the
I0T’s perceived usefulness and ease of use significantly contributed to pre-ser-
vice teachers’ attitudes toward using [oT in classrooms. However, their attitude
toward the IoT was not influential in their intention to use it. On the other hand,
its perceived usefulness was the most critical factor in pre-service participants’
intention to use or continue to use the [oT in the future. Accordingly, several
pedagogical implications for the design and development of teacher preparation
programs are discussed. Recommendations for future work are suggested as a
result of this study.

Keywords—internet of things, [oT, critical factors, pre-service teachers,
e-learning, technology acceptance model

1 Introduction

The Internet of Things (IoT) is the next generation of Internet technology that
uses smart devices to connect the physical world and cyberspace [1]. IoT systems are
becoming more pervasive, and their widespread adoption has had a significant impact
on all aspects of life for billions of people in just a few years [2]. The Global Standards
Initiative on the Internet of Things defines the IoT as “the global infrastructure for
the information society that can facilitate interconnecting all types of objects, such as
physical and virtual things based on the presented telecommunication protocols and
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technologies” [3] (p. 914). The IoT is considered an automation and analytics system
as it uses networks, sensors, big data, and artificial intelligence technology to create
flawless service systems [4]. IoT pervasiveness facilitates daily tasks, enriches people’s
interactions with their surroundings, and enhances social relationships with other peo-
ple and items [5].

The IoT transforms and reshapes our children’s digital and technical world [6]. By
2025, more than 75 billion loT-enabled devices will be installed around the globe [7].
The IoT quickly changes the traditional education system into more flexible, adaptive,
and efficient [3]. Therefore, the influence of IoT technologies on our educational systems
is inevitable. There is significant potential for [oT technology to improve the process of
teaching and learning and make “anytime, anywhere” a reality [8]. However, the educa-
tional use of the IoT is still in its infancy [3], and only a limited number of articles have
focused on applying the IoT in education, particularly within the context of developing
countries [9]. For example, in a recent systematic review, [10] observed that the accep-
tance and potential usage of the IoT in education are still rare, especially in developing
countries (e.g., Saudi Arabia). This leaves plenty of room for researchers to study the
issues impacting the educational applications of loT, particularly in developing coun-
tries. Research in this field is scarce and relatively new. To digitally transform Saudi pre-
service teachers, there is an urgent need to identify their readiness, technological accep-
tance, and intention to use technologies (e.g., IoT) in their future classrooms. Therefore,
the current study aims to contribute to the existing literature by addressing this need.

Since the presence of the IoT cannot be overlooked [11], training pre-service
teachers to integrate emergent technology is vital [12] [13]. However, to prepare them,
it is necessary to detect the factors influencing their usage intention of IoT technology
in teaching and learning environments. This study examines the critical factors influ-
encing pre-service teachers’ intentions to use the IoT in their classrooms by establish-
ing what factors contribute to their behavioral intentions to use IoT technologies in
their future teaching and learning. The findings of this research study may advance
our understanding of the critical factors influencing pre-service teachers’ intentions to
use IoT and, therefore, their actual use of 10T in their future professions. The current
study’s findings may suggest several pedagogical implications regarding designing,
developing, and evaluating teacher preparation programs to include IoT technologies
in design and practice.

The remainder of this study is organized as follows. The second section discusses the
literature review, and the theoretical framework and hypothesis development are pre-
sented in the third section. The fourth section describes the methodology (including the
sample and context, instrument, data collection, and analysis). The results of this study
are presented in the fifth section. Discussions and implications are outlined in the sixth
section, followed by the conclusions and limitations in the seventh section.

2 Literature review

2.1 The IoT in education

Integrating the IoT into the realm of education is rapidly increasing and is beneficial
in connecting and educating learners [10] [14]. Students can learn faster and teach
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more efficiently by implementing the IoT in any educational setting [14] [15]. Enabling
interaction with learners in a unique and individualized way has been identified as one
of the critical benefits of the IoT in education. Students and instructors can also better
engage with one another and with physical and virtual items in the classroom [8] [11].
Consequently, loT-based learning environments can significantly influence students’
and instructors’ tasks and activities [3].

Several studies in the literature have acknowledged the positive influence of inte-
grating the IoT in an educational environment on teaching and learning performance.
For example, [16] conducted an experimental study with 50 students enrolled in an
engineering course and found that the IoT was used to support the process of teaching
and enhance student academic achievement. They found that, through the [oT, natural
objects can be used as learning resources, as they can be linked to virtual objects, which
provides more information and aids meaningful learning. In another example, [17]
designed and implemented an experimental distance teaching platform for architecture
based on the [oT. The results revealed that [oT technology might increase students’ aca-
demic achievement and improve teachers’ ability to deliver their lessons. An loT-based
teaching management system created by [18] assisted teachers in tracking student
attendance and increasing enthusiasm for studying; it was found to influence students’
learning processes for higher education favorably. Furthermore, [9] conducted a study
with 244 students and four teachers in Thailand examining the impact of sensor-based
IoT on children’s engagement in learning. The findings showed that the students who
used sensor-based IoT to study had considerably better-learning outcomes and engage-
ment than those who did not.

More recently, [19] conducted a study to investigate the possibilities of Google Lens
as an loT tool in biology classes in Ukrainian schools. They found that Google Lens had
outstanding outcomes and should be used in teaching. Furthermore, [20] conducted a
mixed-method study with 56 students from three schools in Malaysia to investigate the
effectiveness of Voca-Lens and found it had a positive impact on promoting students’
motivation and learning outcomes. Other recent studies on the positive influence of
IoT-based learning environments on students’ learning outcomes include improving
creativity in learning [21], enhancing achievements in software design and production
[22], and improving language competency [23].

2.2 Pre-service teachers in the Saudi context

Technology is a significant facilitator and driver of Saudi Arabia’s future develop-
ment [24]. Therefore, teachers’ technical skills are highly valued, and technological
integration in the teaching-learning process has increasingly become a significant
component of the Saudi educational system [25]. As a result, Saudi teaching standards
presently demand that Saudi teachers at all educational levels be competent in digital
technologies to improve and transform teaching and learning [26]. Teacher preparation
programs (pre-service training) are considered the cornerstone of teacher education
because they ensure that novice teachers are competent for their future classrooms [27].

Colleges and universities should provide pre-service teachers with high digital liter-
acy training [28]. For pre-service teachers to be more responsive to the challenges and
opportunities of rapid technological integration, education preparation programs must
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be revised holistically across all topic areas [29]. When investigating the technological
acceptance of the IoT in mathematics pre-service teachers, [30] stated the necessity of
developing programs in faculties of education to prepare them. Other studies aimed at
understanding pre-service teachers’ perspectives of implementing the IoT in teaching
and learning found that teachers lack adequate preparation for using IoT technology in
their classrooms [31] [32]. Thus, this study aims to investigate the intended use of the
0T based on the technology acceptance model (TAM), targeting pre-service teachers in
Saudi Arabia. This investigation is conducted using the TAM, outlined in the next section.

3 Theoretical framework and hypothesis

The TAM model was initially proposed by [33] and is one of the most commonly
recognized frameworks for understanding individuals’ attitudes toward technology.
[33] proposed the TAM to anticipate or clarify the factors that determined an individu-
al’s usage of any information technology (IT) system [34] [35]. In the TAM (shown in
Figure 1), users’ acceptance of an IT system is influenced by their behavioral intention
to use the system [36]. According to the TAM, the acceptance and rejection of any
technological application are influenced mainly by two main factors: perceived ease
of use and perceived usefulness [37]. Perceived usefulness is defined as “the degree
to which a person believes that using a particular system would enhance his or her job
performance,” whereas perceived ease of use refers to “the degree to which a person
believes that using a particular system would be free of effort” [33] (p. 320). In other
words, the degree of user acceptance of the features and functions of the technology
extensively and fundamentally affects the degree of readiness and willingness to use
such technology [38].

Perceived

Ease of Use
Attitude
toward Using Intention to
2 Use
Perceived

Usefulness

Fig. 1. The TAM [33]

Both perceived usefulness and ease of use positively influence users’ attitudes toward
utilizing the technology and their intention, which, in turn, affects the actual usage of
technology [39]. Attitude refers to a “user’s evaluation regarding the usage of the sys-
tem” [36] (p. 194). According to [40], TAM factors “appear to be able to account for
40 percent to 50 percent of user acceptance” (p. 152). By adopting the TAM, this study
attempts to elucidate what influences pre-service teachers to accept or reject using the
IoT in a learning environment based on the factors of perceived usefulness and per-
ceived ease of use.

88 http://www.i-jim.org



In summary, both perceived usefulness and perceived ease of use were found to
positively impact behavioral intention toward using a system, and perceived ease of use
was reported to impact perceived usefulness [41] positively. Therefore, the following
research questions and hypotheses (Hs) were formulated based on the four TAM fac-
tors of technology use: perceived ease of use, perceived usefulness, user attitude, and a
user’s behavioral intention to use technology.

Research question 1: What is the relationship between pre-service teachers’ percep-
tions of [oT ease of use and their perceptions of its usefulness?

HI1: There is a significant relationship between pre-service teachers’ perceptions of
IoT ease of use and its usefulness.

Research question 2: What is the relationship between pre-service teachers’ percep-
tions of [oT ease of use and their attitude toward its use?

H2: There is a significant relationship between pre-service teachers’ perceptions of
IoT ease of use and their attitude toward its use.

Research question 3: What is the relationship between pre-service teachers’ percep-
tions of IoT usefulness and their attitude toward its use?

H3: There is a significant relationship between pre-service teachers’ perceptions of
IoT usefulness and their attitude toward its use.

Research question 4: What is the relationship between pre-service teachers’ percep-
tions of [oT usefulness and their intention to use it?

H4: There is a significant relationship between pre-service teachers’ perceptions of
IoT usefulness and their intention to use it.

Research question 5: What is the relationship between pre-service teachers’ atti-
tudes toward using IoT and their intention to use it?

HS: There is a significant relationship between pre-service teachers’ attitudes toward
using IoT and their intention.

4 Methodology

A descriptive research design using a quantitative approach was implemented in this
study to examine the TAM factors that determine pre-service teachers’ decision to use
(adopt) the IoT for teaching and learning in their future classrooms.

4.1 Sample and context

To attain the aim of this study, a purposive sample [42] was used with a total of 47
pre-service teachers from the faculty of education, including final-year undergraduate
male and female students studying a Bachelor of Computer Teacher program. Partic-
ipants were enrolled in an Instructional Software Design course and were required to
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complete a set of assignments related to the topic of the weekly lecture over 14 weeks.
In each of these assignments, the students were asked to select one IoT application
(e.g., Google Lens, Goggle Assistant, etc.) and utilize its functions for several pur-
poses, such as researching, reporting, or obtaining practical design skills. For example,
students were asked to perform direct searches (typing into the search engine via the
application), translate, or read specific text on the display screen (scanning a barcode
or recognizing text through the application). The assignments were consistent with the
course outcomes in equipping the students with the skills and competencies necessary
for their future profession as a teacher.

4.2 Instrument

A survey questionnaire was employed in this study to investigate pre-service teach-
ers’ perceptions of the use of the IoT in the classroom. The self-report questionnaire
was adopted from Davis [33], based on the four validated constructs of perceived ease
of use, perceived usefulness, user’s attitude, and IoT intention to use. A S5-point Likert
scale (from 1 = ‘strongly agree’ to 5 = ‘strongly disagree’) was used to measure all
survey items. Table 1 shows the survey constructs and items.

Table 1. Survey instrument (adapted from [33] to the context of this study)

Constructs Items

Perceived usefulness (6 items) Accomplish tasks

Improve learning performance

Increase productivity

Make learning easier

Useful for learning

Enhance learning effectiveness

Perceived ease of use (6 items) Easy to learn

Easy to apply

Easy to understand

Easy to become skillful at using

Make learning more flexible.

Easy to use

Attitude toward using (4 items) Good idea

Interesting to learn

Fun to learn

Trending in education

Intention to use (3 items) Predict to its use in the future

Intend to it use the future

Plan to use it in the future
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4.3  Data collection and analysis

The data was collected during the first semester of the 2019/2020 academic year
from an online survey of pre-service teachers to support the investigation of their per-
ceptions of perceived ease of use and perceived usefulness of the [oT in classrooms and
their attitudes toward its use. These relationships were then examined in terms of their
association to pre-service teachers’ intentions to use IoT applications in classrooms.
In this study, regression analysis was used to deduce the associations between the inde-
pendent and dependent variables. Three associations were examined: (1) the associ-
ation between perceived IoT ease of use and usefulness; (2) the association among
perceived IoT ease of use, usefulness, and attitudes; (3) the association among IoT
usefulness, attitude, and intention to use IoT.

Regression analysis was implemented to detect which factors (independent vari-
ables) were predictors of (or related to) the pre-service participants’ intention to use
the ToT (dependent variable/outcome). Two steps of analysis were conducted: (1)
data were screened using Cronbach’s alpha for reliability, and Pearson’s correlations
between the independent and dependent variables and descriptive statistics for the
study variables (means and standard deviations) were conducted; (2) once a regression
model was created (three relationships with three hypotheses), the model’s goodness
of fit was confirmed. The statistical significance of estimated parameters, such as R?,
F-test of the overall fit, and t-tests of individual parameters, were analyzed to iden-
tify the coefficient and relationships among variables. To test the five hypotheses, one
simple linear regression and two multiple linear regressions were performed. Table 2
shows the dependent and independent variables of the straightforward regression (H1)
and the two multiple linear regressions (H2-H5).

Table 2. Hypotheses and their dependent and independent variables

Dependent Variable Independent Variable Hypotheses
Perceived usefulness Perceived ease of use H1
Attitude Perceived ease of use H2

Perceived usefulness H3
Intention of use Perceived usefulness H4
Attitude HS5

The assumptions of multiple linear regression indicated by [43] were examined, and
all were fulfilled, including linearity, the dependence of residuals, homoscedasticity,
and the normality of residuals distribution. Additionally, multicollinearity was checked
using the variance inflation factor (VIF), tolerance statistics, and correlation coeffi-
cient between independent variables (predictors) above 0.8; multicollinearity was not
an issue. A p-value of less than 0.05 showed a significant level for all tests.

5 Results

The reliability and validity of the survey items using Cronbach’s alpha were estab-
lished first. The independent and dependent variables were then calculated using
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Pearson’s correlation, and descriptive analyses of all variables were presented. Subse-
quently, the simple regression results and two multiple linear regressions were provided.

5.1 Reliability and validity analysis

The reliability of the survey consisting of four measures was calculated using Cron-
bach’s alpha coefficient (if an item was deleted) and correlation coefficients (item-total
correlation) to measure the internal consistency between the items of each construct
(variable). The results in Table 3 indicate that all correlation coefficients with the total
degree of the variable (item-total correlation) were statistically significant (a=0.01),
which indicates the internal consistency and reliability of all of the items in the survey.
The overall Cronbach’s alpha of the four study variables (perceived ease of use, per-
ceived usefulness, attitude, and intention to use) ranged from 0.844 to 0.893, which is
considered a high level of reliability [44]. Correlation coefficients of all items (corrected
item-total correlation) were statistically significant at the 0.01 level, which showed the
validity of the instrument’s items.

Table 3. Reliability and validity coefficients of the survey

Cronbach’s Ttem-Total Corrected Cronbach’s
Constructs Items M (SD) | Alpha (if Item Correlation Item-Total Alpha
Deleted) Correlation P
Perceived ease PEUL | 3.99 (.69) 796 .849%* 741% .854
of use PEU2 817 753* 652*
(6) items
PEU3 .800 .823* J7133%
PEU4 813 780% .659*
PEUS5 .807 .660* .480*
PEU6 .803 .814* 107*
Perceived PUL 3.74 (.76) .893 134* .599* .893
usefulness PU2 866 844% 774%
(6) items
PU3 .880 186* .678*
PU4 .853 .897* .839*
PUS5 .869 .830* 147*
PU6 .881 765% .667*
Attitude AUl 3.79 (.74) .856 742% .549* .844
toward use AU2 774 864% 744*
(4) items
AU3 748 .899* 7194%
AU4 816 7195% .646*
Intention to use 1U1 3.74 (.72) .905 .809* .626* .863
@) items 102 11 937% 837+
1U3 772 .906* 77

Note: *Correlation is significant at the 0.01 level.
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5.2 Correlation and descriptive analysis

As shown in Table 3, the mean of four study constructs ranged from 3.74 to 3.99,
demonstrating that pre-service teacher participants’ perceptions of the [oT were slightly
high in terms of these four factors.

Table 4. Correlations between independent and dependent variables

Hypotheses Dependent Variable Independent Variable C(l::ri:li;(:i[i)n p-Value
HI1 Perceived usefulness Perceived ease of use .690 .000%*
H2 Attitude Perceived ease of use 742 .000*
H3 Attitude Perceived usefulness .668 .000*
H4 Intention of use Perceived usefulness .656 .000*
H5 Intention of use Attitude .545 .000*

Note: *Correlation is significant at the 0.01 level.

Before regression analysis, for each hypothesis, Pearson’s correlation coefficient was
calculated between the dependent and independent variables. All correlations (shown
in Table 4) were statistically significant and positive between every pair of variables:
perceived ease of use and perceived usefulness (r=.690, p<.001), perceived ease of use
and attitude (r=.742, p<.001), perceived usefulness and attitude (r=.668, p<.001), the
intention of use and perceived usefulness (r=.656, p<.001), and intention of use and
attitude (r=.545, p<.001).

5.3  Simple regression analysis

To answer research question 1: “What is the relationship between pre-service teach-
ers’ perceptions of IoT ease of use and their perceptions of its usefulness?” a sim-
ple regression analysis was conducted to test hypothesis 1. The result is presented in
Table 5 and shows that the value of R? is .476, which indicates that perceived ease of
use accounts for 47.6% of the variation in perceived usefulness.

Table 5. Results of the simple regression analysis

Unstandardized Standardized
Model Coefficients Coefficients t p-Value R?
B Std. Error Beta
Perceived ease 753 118 .690 6.400 .000* 476
of use

Note: *Indicates significance at the .05 level.

A statistically significant and positive relationship was detected between perceived
usefulness and perceived ease of use (Beta=.690, p=.000), which means that increas-
ing one unit of perceived ease of use will increase .690 units of perceived usefulness.
Therefore, hypothesis 1 was supported, indicating that pre-service teachers’ perceptions
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of the IoT usefulness are positively and significantly affected by their perceptions of
ease of use.

5.4  Multiple linear regression analysis

In this study, two multiple linear regressions were performed. The first was con-
ducted to answer research question 2: “What is the relationship between pre-service
teachers’ perceptions of IoT ease of use and their attitude toward its use?”, and there-
fore test hypothesis 2. In addition, it was conducted to answer research question 3:
“what is the relationship between pre-service teachers’ perceptions of IoT usefulness
and their attitude toward its use?” and therefore test hypothesis 3; the results are pre-
sented in Table 6. Overall, the value of R? is .597, which indicates that the model
accounts for 59.7% of the variation in attitude. A statistically significant positive rela-
tionship was found between perceived ease of use and attitude (Beta=.536, p=.029)
and between perceived usefulness and attitude (Beta=.299, p=.000). This means that
perceived ease of use and usefulness have significantly and proportionally influenced
participants’ attitudes; however, perceived ease of use had a more substantial influence
(.536) than perceived usefulness (.299). Therefore, there was enough evidence to sup-
port hypotheses 2 and 3. In particular, pre-service teachers’ attitudes toward the use of
the ToT in classrooms is positively and significantly affected by their perceptions of its
case of use (hypothesis 2), and pre-service teachers’ attitudes toward using the IoT in
classrooms is positively and significantly affected by their perceptions of its usefulness
(hypothesis 3).

Table 6. Results of the multiple regression analysis (attitude as dependent variable)

Unstandardized Standardized
Model Coefficients Coefficients t p-Value R?
B Std. Error Beta
Perceived ease .569 141 .536 4.049 .029%* 597
of use
Perceived 291 129 299 2.257 .000*
usefulness

Note: *Indicates significance at the .05 level.

The second multiple linear regression analysis was performed to answer research
question 4: “What is the relationship between pre-service teachers’ perceptions of IoT
usefulness and their intention to use it?”” and therefore test hypothesis 4. In addition,
it was conducted to answer research question 5: “What is the relationship between
pre-service teachers’ attitudes toward using [oT and their intention to use it?” and,
therefore, to test hypothesis 5, the results are presented in Table 7. Overall, the value
of R? is .451, which indicates that the model accounts for 45.1% of the variation in
the intention to use. A statistically significant positive relationship was found between
the intention to use and perceived usefulness (Beta=.528, p=.001), but the relationship
between intention and attitude was not statistically significant (Beta=.192, p=207).
This means that intention to use was proportionally and significantly influenced by
perceived usefulness but not attitude toward it. Therefore, hypothesis 4 was supported,
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but there was insufficient evidence to support hypothesis 5. In particular, pre-service
teachers’ intentions to use the IoT in classrooms were positively and significantly
affected by their perceptions of its usefulness (hypothesis 4). However, pre-service
teachers’ intentions to use the IoT in classrooms were not significantly affected by their
attitudes toward its use (hypothesis 5).

Table 7. Results of multiple regression analysis (to use as the dependent variable)

Unstandardized Standardized
Model Coefficients Coefficients t p-Value R?
B Std. Error Beta
Perceived .506 144 528 3.515 .001* 451
usefulness
Attitude .189 .148 192 1.281 207

Note: *Indicates significance at the .05 level.

The summary results of all three regressions are shown in Figure 2. For all test
results, p-value<.05, and the arrows represent the coefficient (path analysis).

Perceived
.536*
Ease of Use R2= 597*
Attitude 192 R?=.451*
690* toward Using | Intention to
.299%
2 Use

Perceived
Usefulness

R2 = .476*

Fig. 2. Summary of research results

6 Discussion and implications

This research highlights that pre-service teachers’ intentions to use IoT technology
were positively and significantly affected by their perceptions of its usefulness. The
main factor influencing the participants’ decisions to use loT technology in their future
classrooms was how it supported the teaching-learning process. This result is supported
by related literature emphasizing the pedagogical practices enhanced by integrating loT
technology for teachers. Such practices include increasing engagement and interactions
[5], creating a more flexible and efficient learning environment [14], and promoting
students’ motivation to achieve their learning outcomes [20].

Perceived usefulness was positively and significantly influenced by perceived loT
case of use among the study’s participants. This result affirms those reported by [34]
and [35] in their investigations of teachers’ intentions to use technologies (e.g., mul-
timedia and smartphone clicker apps). Additionally, the TAM literature supports the
results [33], wherein perceived usefulness and ease of use are two critical factors that
positively or negatively impact a user’s behavioral intention to adopt the technology.
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This result may be because participants were final-year students majoring in an educa-
tional technology degree; therefore, they dealt with different technological applications
in their courses and might not have had any difficulties utilizing several loT applica-
tions in their learning tasks and activities. This confirms the suggestion by [45] that a
user’s level of concern with technology usefulness is positively associated with their
degree of familiarity using it.

The results also indicate that the pre-service teacher participants’ attitudes were pos-
itively determined by perceived usefulness and perceived ease of use. These findings
are consistent with previous research, i.e., [45] [46]. According to [36], when using a
particular technology, the level of an individual’s confidence plays a significant role
in their attitude toward the adoption of such technology. With this in mind, the new
experiences of participants with the IoT applications in this study might decrease con-
fidence in using the IoT. Another reason, according to [47], might be attributed to the
insignificant role of attitude as a mediating factor between users’ perceived usefulness,
ease of use, and behavioral intention.

In summary, a key finding from the data analysis is that pre-service teacher par-
ticipants are generally influenced by their perceptions of the usefulness of IoT tech-
nology as participants usually tend to choose or use any digital application based on
the benefit (usefulness) sought from it. Therefore, based on this study’s findings, the
perceived usefulness of the [oT is the most critical factor in the pre-service participants’
intention to use it or continue to do so in the future. A crucial pedagogical implication
for such a result is that university instructors and course developers should consider
including more IoT technologies in the course syllabi of teacher preparation programs.
Pre-service teachers enrolled in such programs should become familiar with and expe-
rienced utilizing different loT applications for learning tasks and activities. To enhance
the usefulness of the IoT, instructors should make it easier to apply loT technology and
facilitate students to build material, perform tasks, and create activities. The advantages
of using the IoT in facilitating the teaching-learning process, such as flexibility, adapt-
ability, efficiency, and enhancing academic performance [48], should be emphasized
so that students’ attitudes toward using the IoT in future classrooms are positive and
intend to use.

Additionally, pre-service training in integrating the IoT should be given more atten-
tion by instructors and program developers in education colleges to ensure that newer
teachers are competent for their future professions. Training is a determining factor in
teachers’ success, particularly when considering new and emergent technologies [12]
[13]. Therefore, educational institutions should consider reconstructing teacher prepa-
ration programs to focus on pre-service teachers’ technological knowledge and compe-
tencies [27] to keep up with the rapid digital transformation [49].

7 Conclusion and limitations

This study investigated the critical factors contributing to pre-service teachers’ inten-
tions to use the IoT technology in their future teaching and learning in Saudi Arabia.
Therefore, TAM-related factors, including perceived ease of use, usefulness, user atti-
tude, and pre-service teachers’ intentions to use IoT, were proposed and examined.
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We hypothesized that pre-service teachers participating in this study would develop
a positive attitude toward using IoT technologies in their future profession because
of their perceptions of its ease of use and usefulness, which, in turn, will contribute to
raising their level of intention to use it in the future. One simple regression and two
multiple linear regression analyses were conducted to identify the factors predicting
participants’ intentions to use the IoT. The results highlighted that pre-service teachers’
perceptions of loT usefulness are positively influenced by their perceptions of its ease
of'use. Both perceived usefulness and ease of use significantly influenced attitude; how-
ever, the IoT perceived ease of use had a more substantial influence than its perceived
usefulness. Pre-service teachers’ intentions to use the IoT in classrooms were posi-
tively and significantly affected by their perceptions of IoT usefulness. However, their
intentions to use the [oT in classrooms were not significantly affected by their attitudes
toward using it. In summary, the result proved that pre-service teachers’ perception of
IoT usefulness was the most critical determinant, followed by its perceived ease of use
in predicting participants’ intentions to use it in future classrooms. The findings of this
study imply the need for more inclusion of IoT technologies in the design of course
materials and syllabi of teacher preparation programs and that more training should be
provided to pre-service teachers in the integration of IoT technology as an effective tool
in teaching and learning.

Several limitations were associated with this study. First, data analysts suggest
that structural equation modeling (SEM) is the most effective method of data anal-
ysis. However, SEM was not considered in this study due to the small sample size
(n=47) because SEM analysis requires 15-20 respondents per factor [44]. Second, for
the convenience of sampling, a specific sample of pre-service teachers was selected
from King Faisal University in Alahssa, in the Eastern Province of Saudi Arabia, which
represents a limitation regarding the generalization of the findings. Therefore, future
research may investigate a more comprehensive sample of pre-service teachers from
different universities located in different provinces in Saudi Arabia. Third, the study
was conducted within pre-service teachers studying a particular course (Instructional
Software Design). Studies in other contexts might reveal different results. Therefore,
future research should be conducted across different settings (e.g., in different colleges)
to examine the robustness of the findings. Fourth, the results of this study were based
on the factors of the TAM concept. That is, future research may consider examining
external factors through an extended TAM, such as pre-service teachers’ self-efficacy,
technological competency, and institutional support. These factors might contribute to
the theoretical framework of IoT technology’s adoption in the teaching-learning pro-
cess. Fifth, this study used a quantitative approach to collect data; thus, future research
may incorporate a mixed-method approach because qualitative data will enrich the
understanding of pre-service teachers’ perceptions of their intention to use the loT.
Sixth, in this study, data was collected just before the official announcement by the
Ministry of Education in Saudi Arabia of school closures in response to COVID-19
pandemic restrictions. The rapid shift to distance learning has dramatically affected the
landscape of teaching and learning [49] [50] [51]. Accordingly, the factors affecting
pre-service teachers’ use of the loT may differ given the distance learning environ-
ment. Therefore, future work may investigate these factors considering distance learn-
ing characteristics. Finally, given the importance of pre-service teachers’ behavioral
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intention to use modern technologies and its impact on the actual use in the future
[27], this study recommends investigating the TAM-related factors towards a number
of other new technological applications such as robotics and artificial intelligence [52]
among pre-service teachers.
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