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Abstract

Artificial intelligence (Al) is a new field that leads to change and transformation in the field of education. As
Al technologies develop, it becomes more important to investigate these new technologies as a subject to
be included in educational levels. The contribution of Al to success in educational settings is closely linked
to the preparation of teachers. On the other hand, Al is an important concept that should be learnt by all
students regardless of their educational level. Therefore, it is important to understand how prepared future
teachers are for Al learning to ensure the effective implementation of Al in schools. Furthermore, addres-
sing the perceived threats and digital citizenship levels arising from the use of emerging Al-based technolo-
gies requires individuals to have effective Al-related knowledge, skills and values. The aim of this study is to
reveal the relationship between pre-service teachers’ Al readiness levels and various variables. These vari-
ables are perceived threats from Al, Al-enhanced innovation, Al literacy, digital citizenship. A total of 816
pre-service teachers participated in the study. PLS-SEM was used to evaluate the relationships between the
research variables. In addition, Multigroup Analysis (MGA) was applied to model sub-samples according to
gender. It was found that Al-enhanced innovation levels were significantly affected by the dimensions of Al
readiness: cognition, vision and ethics in teaching. Perceived threats from Al level was significantly affected
by ability and ethics in teaching, which are the dimensions of Al readiness. Perceived threats from Al levels
had a significant effect on Al literacy. Al-enhanced innovation was found to have a significant effect on Al
literacy and digital citizenship. In addition, differences were found according to gender. The results of this
study can also guide pre-professional development programs to be developed for pre-service teachers,
which is an important factor to be considered in Al education.
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Introduction

Artificial intelligence (Al) has a transformative effect on
the digital organization of innovation (Canbazoglu
Bilici et al., 2024; Haefner et al., 2021; Saritepect and
Yildiz Durak, 2024). This effect is also reflected in edu-
cational environments. The use of Al technologies in
education manifests itself in all areas of education,
from materials used in educational environments, teach-
ing methods and techniques, assessment and evaluation
services to career guidance (Savas, 2021; Yildiz Durak
et al., 2024; Yildiz Durak and Onan, 2024). Since new
technologies that are tried to be integrated into educa-
tional environments should be designed to meet a peda-
gogical need (Durak, 2023), Al should be compatible
with pedagogy (Humble and Mozelius, 2022).
Although Al systems are created with good intentions,
the primary risk in concerns about their use in higher
education is the quality of students’ learning outcomes,
with unpredictable outcomes or problems may arise
(Algabri et al., 2021). The threats that the use of Al
can bring should be considered.

The transformation that Al brings to educational
settings requires teachers to have a solid foundation
in Al literacy as well as pedagogical skills
(Ayanwale et al., 2024). Programs to raise Al literacy
in adult education are frequently based in universities
and attend to certain professional needs (Laupichler
et al., 2022). Digital literacy is another literacy that
university education seeks to foster. Digital literacy
is fundamental to digital rights and digital citizenship,
as individuals can’t participate in or claim digital
rights if they aren’t literate (Pangrazio and Sefton-
Green, 2021). Digital citizenship reflects the level of
education and competence to actively participate in
civic, professional and social life (Milenkova and
Lendzhova, 2021). It is also related to the skills that
individuals need to be able to appropriately carry out
activities in digital environments and keep a balance
between offline and online life (Prasetiyo et al., 2021).

While determining Al strategies, the digital compe-
tencies of teachers, one of the most important actors of
data entry into this system, should be taken into
account and supported with in-service training

(Savas, 2021). Teachers’ readiness to use Al concerns
not only themselves but also their students (Wang
et al., 2023b). Therefore, in order to promote Al appli-
cations in classrooms, teachers’ perspectives should
not be secondary (Ayanwale et al., 2022). As Al
becomes more important in the world, it becomes
necessary to evaluate the Al literacy of pre-service tea-
chers who are the future architects of educational
systems (Ayanwale et al., 2024). Knowledge of Al
provides a foundation for students to gain confidence
in learning Al and reduce their fear of an uncertain
future (Dai et al., 2020). Evaluating the readiness
level allows for guidance in accordance with the indi-
vidual’s characteristic and individual features, exam-
ining the needs of the individual and making
preparations, programs and plans based on these
requirements (Karaca et al., 2021). The role of pre-
service training is important in the success of technol-
ogy integration in the digital age. This study aims to
examine the role of various variables on pre-service
teachers’ readiness for Al.

Conceptual framework
Theoretical framework

This research focuses on the relationships of pre-
service teachers’ Al readiness with Al literacy, per-
ceived threats from AI, Al-enhanced innovation and
digital citizenship. In this context, the theoretical
basis of the research is Self Determination Theory.
This theory is especially focuses on how social and
contextual factors support or hinder people’s develop-
ment through the fulfillment of their basic psycho-
logical needs such as autonomy, competence and
relationship (Ryan and Deci, 2017).

Artificial intelligence readiness

The level of student readiness determines whether a
new behavioral change in education occurs (Karaca
et al., 2021). Change readiness to adopt Al also has
the potential to minimize resistance to change
(Suseno et al., 2022). It is important for students to
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have knowledge about Al in order to feel ready and
position themselves in a future equipped with Al
(Dai et al., 2020; Oziidogru & Yildiz Durak, 2024).
Nyaaba et al. (2024) determined three main factors
that shape the attitudes of pre-service teachers
towards Al applications; teaching, learning, and
ethics and advocacy factors. They also expressed con-
cerns about the accuracy and reliability of the informa-
tion provided by AI applications. Ayanwale et al.
(2022) defined teacher readiness as the degree to
which an individual is confident in the dissemination
of Al education from primary to high school. In the
service sector, technology readiness increases cus-
tomer satisfaction by reducing frustration and encour-
aging purchase intentions when customers interact
with new technologies (Wang et al., 2023b).

Perceived threats from artificial intelligence

With Al rapidly gaining a place in almost every sector,
it poses a number of threats as well as the benefits it
brings. Perceived Al threat refers to individuals’ per-
ception of the harm or threat resulting from the imple-
mentation of Al technologies (Li, 2023). There are
studies in the literature that emphasize the privacy,
security and ethical issues of using Al (Ark and
Zeren, 2023; Bolton et al., 2021; Ozdemir and
Bilgin, 2021). There are studies that determine the
threats that may arise in the integration of Al in edu-
cation as lack of knowledge and privacy and fear of
extinction risk (Humble and Mozelius, 2022), ethics
in education, character formation and security of per-
sonal data (Saputra et al., 2023). Al technologies
threaten the validity and integrity of online exams
and assignments that have become common in
higher education (Rahman and Watanobe, 2023).
Federspiel et al. (2023) addressed the threats related
to the potential misuse of Al for health under three
headings: (1) democracy, privacy and freedom, (2)
peace and security, (3) work and livelihood.

Artificial intelligence-enhanced innovation

The widespread use of Al applications has brought
about a number of innovations. With rapid develop-
ments in Al applications profoundly affecting the
economy and society, the resulting innovations
could have a direct impact on the production and char-
acteristics of a wide range of services and products,
with important implications in terms of employment,
competition and productivity (Cockburn et al.,

2019). Supporting innovation processes with Al
reduces risk and cost as well as advantages such as
responding to the increasing competitive environment
and managing increasing knowledge (Haefner et al.,
2021).

The success of technological transformation
depends on how prepared organizations are for the
innovative integration that Al brings about (Alami
etal., 2021). The use of Al technologies in educational
settings has brought about innovations in terms of
research and practice. Guan et al. (2020), in their
review of research on Al between 2000 and 2019,
found that there was a decline in traditional
technology-supported instructional design research
and the development of student profiling models and
learning analytics. The use of Al in teacher education
has the potential to improve the quality of teacher edu-
cation, enhance teachers’ skills, and facilitate persona-
lized learning when ethical, social, technical, and
cultural factors are carefully considered (Jamal,
2023). As reliance on Al technologies in education
grows, smart classrooms, adaptive learning systems
are becoming commonplace and educators with a
detailed understanding of the limitations, capabilities
and ethics of Al are needed (Ayanwale et al., 2024).

Artificial intelligence literacy

Although literacy is a concept related to reading and
writing, it is used to refer to the knowledge, skills
and competencies a person needs to function as a
citizen in any field (Stolpe and Hallstrom, 2024).
With the widespread use of technology, various
types of literacy have emerged. Al literacy is one of
them. Digital, data, and computational literacy are
all connected to Al literacy (Chiu et al., 2024). Al lit-
eracy is the ability to correctly identify, use and evalu-
ate Al-related products within ethical standards
(Wang et al., 2023a). According to Dai et al. (2020),
Al literacy means to students’ ability to access and
use knowledge and skills concerning to Al
According to Alamiki et al. (2024), Al literacy
expresses to the ability that enables people to deal
with Al, advanced products or solutions, so that they
can use basic Al-enabled software and assess its
effect on people, societies and the planet.

There are studies that address the dimensions of Al
literacy in different ways. Wang et al. (2023a)
addressed Al literacy in four dimensions. These are:
awareness, use, evaluation and ethics. Kong et al.
(2024) framed the components of Al in four different
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dimensions. They considered understanding Al con-
cepts as cognitive, using Al concepts for problem
solving as metacognitive, psychological readiness to
use Al as affective, and ethics of problem solving
with Al as social.

Digital citizenship

In the digital age, individuals are expected to fulfill their
citizenship responsibilities in digital
environments (Avct and Durak, 2024). Digital citizen-
ship is a key concept in modern era equipped with
digital technologies. Ribble and Bailey (2007) described
digital citizenship as standards of appropriate and
responsible behavior regarding the utilization of tech-
nology. They also stated that there are nine elements
that constitute digital citizenship. These are: Digital
access (1), digital commerce (2), digital communication
(3), digital literacy (4), digital etiquette (5), digital law
(6), digital rights and responsibilities (7), digital health
and wellness (8), digital security (9). Digital citizenship
is a concept related to knowledge of digital technology,
production content in the digital environment, and
comply with ethical rules related to online knowledge
and behavior (Milenkova and Lendzhova, 2021).

With the widespread use of technology, it has
become a necessity to teach digital citizenship in
schools. It is important for educators not only to know
digital citizenship but also to put it into practice in edu-
cational environments (Walters et al., 2019). However,
digital citizenship education is not only the teaching
of the use of digital tools, but also the process of prepar-
ing students for life in a world filled with many skills
(Kim and Choi, 2018). Digital citizenship, which
focuses on the behavioral characteristics that individuals
exhibit when they engage with digital tools, especially
in collaborative environments, is also highly valued
by educators and policymakers for its positive impact
on children (Searson et al., 2015).

Structural relationships

It is thought that there is a relationship between Al
readiness and perceived threat from Al. Wang et al.
(2023b) concluded that teachers with a high level of
readiness for Al tend to perceive threats from Al at
a low level. While the cognition dimension of Al
readiness was negatively and the vision dimension
was positively related to perceived threats from Al,
the ability and ethics dimensions were not found to
be related. They also found no significant difference in

readiness according to gender. Regarding ability, which
is a dimension of Al readiness, Yazdani and Rahimian
(2024) concluded that employees’ abilities don’t have a
positive and significant effect on perceived threats.

[Hla, Hlc, Hle, Hlg]

The adaptation of individuals to Al-enhanced innov-
ation is related to their readiness in this regard. Wang
et al. (2023b) found that teachers with a high level of
readiness for Al tend to show a high level of
Al-enhanced innovation. Cognition, ability, vision,
and ethics dimensions of Al readiness are all found to
be positively associated with Al-enhanced innovation.
Similarly, Razavi et al. (2011) found that there is a sig-
nificant and positive relationship between technological
readiness and innovation. In addition, Banjongprasert
(2017) found that there is a positive relationship
between innovation readiness and innovation perform-
ance. Regarding ethics and ability, which are sub-
dimensions of Al readiness, Yazdani and Rahimian
(2024) concluded that employees’ ability does not
have a positive and significant effect on Al innovation,
while ethics has a significant and positive effect.

[H1b, H1d, H1f, H1h]

Al literacy is thought to be related to perceived
threats from AL. When the studies conducted in differ-
ent fields between literacy and perceived threat are
examined, Ozkan et al. (2022) found that the per-
ceived coronavirus threat can be minimized by
increasing the e-health literacy levels of individuals.
Schmuck and Sikorski (2020) concluded that increas-
ing literacy about social bots through the news reduces
perceived threats.

[H2a, H2b, H2¢, H2d]

Digital citizenship is thought to be related to per-
ceived threats from artificial intelligence. Digitalized
life affects individuals in many ways with the oppor-
tunities it offers and the threats it creates (Kaptangil
Calisir and Kaptangil, 2023). The increasing activity
of young people on social media and the perceived
dangers in online environments have brought the
issue of digital citizenship back to the agenda (Kirik
et al., 2015). Digital citizenship recognizes that the
risks to young people in online environments come
from young people themselves (self or peers) and
encourages them to be aware of what they can
achieve to combat the problems (Johnson, 2015).
Considering the dimensions of digital citizenship
according to Ribble and Bailey (2007), it is thought
that the individual’s compliance with the dimensions
of digital law, etiquette, rights and responsibilities,
security, etc. will affect the perceived threats from
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Al If we draw attention to the emphasis of Milenkova
and Lendzhova (2021) on complying with ethical
rules in information and behavior in digital environ-
ments in their explanation of digital citizenship, this
situation may affect the perceived threats from Al
Based on these, it can be expected that individuals
with a high level of digital citizenship will be more
conscious and ethical in the use of Al and have a
low perception of threat.

[H3a, H3b, H3c, H3d, H3e]

Al literacy is thought to be related to Al-enhanced
innovation. Introducing innovative approaches using dif-
ferent technologies can increase both interest in design
and technology and technological literacy . Al innova-
tions are being launched almost daily in both existing
and new areas of application (Stolpe and Hallstrém,
2024). Innovation in education is related to the design
of learning environments that develop twenty-first
century skills (Erdogan et al., 2013). When Al technol-
ogy is considered in the context of preparing the
content presented to individuals in media tools, accessing
information in the digital world, and incorporating
technological innovations; it can be said that it covers lit-
eracy areas such as digital literacy, media literacy tech-
nology literacy, and computational literacy (Karakus
et al., 2024).

[H4a, H4b, H4c, H 4d]

Digital citizenship is thought to be related to
Al-enhanced innovation. Ustin and Engin (2024)
found a positive relationship between individuals’ inno-
vativeness levels and digital citizenship skills. In addition,
no significant difference was found in innovativeness
according to gender. Slavkovi¢ et al. (2024) found that
the effect of digital citizenship on innovation is mediated
by digital transformation facilitators.

[H5a, H5b, H5c, H5d, H5e]

The model established within the scope of this
research is as shown in Figure 1.

Method
Participants

A total of 816 pre-service teachers (205 male students
(25.1%) and 611 female students (74.9%) aged
between 17 and 24 (means 21.45) participated in the
study. The major of 27.9% of the participants was
science and mathematics and the major of 72.1% was
social sciences and language teaching. 25.7% of the par-
ticipants were 1st grade, 37.7% were 2nd grade, 23.4%
were 3rd grade and 13.1% were 4th grade (See Table 1).
Convenience sampling was used to choose the

participants. In this method, which accelerates the
research, the researcher(s) selects a situation or partici-
pants that are close and easy to access (Kili¢, 2013). In
this sampling method, the probability of being selected
for the sample is uncertain. In the context of the
purpose of this study, participants were expected to
have a basic knowledge of Al technologies and their
applications in education, and this was taken into
account in the inclusion of participants in the study. In
addition, participants came from a variety of organisa-
tional settings and had different levels of access to Al
integrated learning environments. Some had previous
experience with Al tools in their courses, while others
were new to the concept. This distribution is considered
to allow for a comprehensive analysis of how pre-service
teachers perceive and interact with Al in the context of
teaching and learning.

Instruments

In this study, five scales were used to measure the five
constructs. The validity and reliability of two of these
five scales have been tested in previous studies, so
these two scales were taken from previous studies
(see Table 2). Three scales were adapted into Turkish
to fit the current study. The analysis of the adaptation
process is presented in this section and the design of
the scales was validated in Turkish.

Adaptation of the scales to Turkish. The mean scores of
the items for the Perceived threats from Al scale are
between 2.80 and 3.42. The standard deviations of
the items vary between 1.121 and 1.170. Skewness
and kurtosis values calculated for each item are
between +1.5 and —1.5. When the normal distribution
curve of the items was analyzed, it was concluded that
the scores were normally distributed. According to the
confirmatory factor analysis results, the fit index
values were [y>=92.41, RMSEA =.14, GFI=.96,
CFI=.98, NFI=.97, NNFI=95]. The fit indices
examined to reveal the adequacy of the model
showed acceptable and excellent fit values. This
reveals that the fit level of the one-factor model
obtained from CFA is adequate. Factor loadings
ranged between .78 and .99 for all items. Based on
the results of the t-test, all connections are statistically
significant. Factor loadings were above 0.7 for all
items. The reliability of this scale was tested regarding
internal consistency with Cronbach o coefficient. The
Cronbach a internal consistency coefficient of the 5
items of the scale was calculated as 0.899. This
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Figure 1. The research model.
Table I. Descriptives. model obtained from CFA is adequate. Factor loadings
Frequency Percentage ranged between .71 and .77 for all items. Dgpe?ndlng on
Variable  Category (n) () the results of the t-test, all connections are statistically sig-
nificant. Factor loadings were above 0.7 for all items. The
Gender  Male 205 25.1 Cronbach « internal consistency coefficient of 3 items of
A Emaleu 4 6ll 749 this scale was calculated as 0.855. The fact that this
Fiif d Sc?::ze and 298 279 value is higher than 0.70 can be said to provide sufficient
Mathematics ’ evidence for the reliability of the scale.
Social Sciences and 588 72.1
Language Data collection and analysis
Teaching ] ) )
Grade Ist Grade 210 25.7 During the data collection process, pre-service tea-
Level  2nd Grade 308 377 chers who have experience in Al applications and
3rd Grade 191 234 their use in education were reached. Data collection
4th Grade 107 13.1

value is expected to be higher than 0.70 (Gefen et al.,
2000; Hair et al., 1998). In this study, it can be said
that the values provide sufficient evidence for the reli-
ability of the scale.

The mean scores of the items for the Al-enhanced
innovation scale are between 3.69 and 3.78. The standard
deviations of the items vary between 0.895 and 0.933.
Skewness and kurtosis values calculated for each item
are between +1.5 and —1.5. When the normal distribution
curve of the items was analyzed, it was concluded that the
scores were normally distributed. According to the con-
firmatory factor analysis results, the values of the fit
index showed acceptable showed acceptable and excellent
fit values. This reveals that the fit level of the one-factor

tools were presented to the participants online in a
single form. The participants voluntarily participated
in the study and spent approximately 30 min to fill
out the data collection tool.

After data collection, partial least squares structural
equation modeling (PLS-SEM) was used to evaluate the
relationships between the research variables. PLS-SEM
was preferred because of its success in complex models
and because it does not require normal distribution
assumptions. In addition, Multigroup Analysis (MGA)
was applied to model sub-samples by gender. Details of
the data analysis are described in section 4.

Findings: PLS-SEM models

In this study, a two-stage analytic procedure was fol-
lowed in which the measurement model and then the
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Table 2. Summary of the scales.

Scales Source

Description

Sample items

Erdem and
Kogyigit (2019)

Digital Citizenship
Scale

Generative Artificial
Intelligence
Literacy Scale

(2024)

Oziidogru and
Yildiz Durak
(2024)

Al Readiness Scale

Perceived threats
from Al

Adapted from
Wang et al.
(2023b)

Al-enhanced
innovation

Adapted from
Woang et al.
(2023b)

Gokgearslan et al.

Erdem and Kogyigit (2019) adapted
the scale developed by Choi et al.
(2017) into Turkish. The scale is a
7-point Likert scale (1 ‘Strongly
disagree’, 7 ‘Strongly agree’). It
consists of 5 dimensions (Internet
political activism, technical skills,
local/global awareness, critical
perspective, networking agency)
and 12 items.

The scale developed by Wang et al.
(2023a) was adapted into Turkish by
Gokgearslan et al. (2024). The scale
has a 5-point Likert structure. It
consists of 4 dimensions
(awareness, usage, evaluation, ethic)
and 12 items.

This scale was adapted from Wang
et al. (2023b) into Turkish for
pre-service teachers in the study
conducted by Oziidogru and Yildiz
Durak (2024). The four variables in
the structure of the scale were
taken from the study conducted by
Karaca et al. (2021). The scale was
designed using a 5-point Likert scale
where | means strongly disagree
and 5 means strongly agree.
Artificial Intelligence Readiness
consists of 18 items.

This scale, which was taken from the
study conducted by Wang et al.
(2023b), was developed by
Mirbabaie et al. (2022) and adapted
into Turkish within the scope of this
study.

Perceived threats from Al includes 5
items.

This scale, which is taken from the
study conducted by Wang et al.
(2023b), was developed by Popenici
and Kerr (2017) and adapted into
Turkish within the scope of this
study.

Al-enhanced innovation includes 3
items.

| can find and download apps from the
internet that are useful for me.

| think online participation is an
effective way to get involved in
political or social issues.

| can describe the generative artificial
intelligence technology used in the
applications and products | use.

| can choose the most appropriate
Gen-Al application or product for a
given task.

| understand how Al technologies are
trained and function in education.

| can optimize and reorganize the
teaching process with the help of Al
technologies.

| think that the use of Al technologies
will reduce the frequency of
face-to-face communication with
colleagues and students.

| think that the frequent use of Al
technologies to assist teaching and
learning can lead to laziness, which
can reduce the ability of teachers and
students to think and make decisions.

Al technologies enable me to perform
tasks that were previously difficult
for me to do without them.

| think Al technologies will enable me
to organize teaching in an innovative
way.

structural model were tested (Hair et al., 1998).
Sub-samples were then compared according to
gender to examine whether there was a significant dif-

ference in terms of path coefficients.

Measurement models

For the measurement models, factor loadings, reliabil-
ity, convergent validity (see Table 3) and discriminant

validity (see Table 4) were examined. The
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Table 3. Reliability and convergent validity.

Constructs Items Loadings o CR (rho_a) CR (rho_c) AVE
Al-enhanced innovation Alll 0.850 0.860 0.861 0912 0.776
All2 0.902
All3 0.891
Awareness AlLI 0.886 0.600 0.700 0.750 0.527
AlL2 0.400
AIL3 0.817
Usage AlL4 0.857 0.560 0.811 0.758 0.553
AIL5 0.400
AlL6 0.922
Evaluation AIL7 0.894 0.890 0.887 0.930 0.816
AIL8 0915
AIL9 0.901
Ethic AILIO 0.896 0.500 0.763 0.719 0.541
AILI 0.479
AlLI2 0.903
Cognition AIR| 0.834 0.910 0910 0.932 0.732
AIR2 0.866
AIR3 0.895
AIR4 0.824
AIRS 0.856
Ability AIR6 0.861 0.930 0.935 0.947 0.749
AIR7 0.853
AIRS8 0.865
AIR9 0.884
AIRI0 0.884
AIRTI 0.845
Vision AIRI2 0.883 0.820 0.828 0.892 0.735
AIRI3 0.819
AIR4 0.868
Ethics in teaching AIRI5 0.889 0.890 0.904 0.921 0.745
AIRI6 0.906
AIRI7 0.773
AIRI8 0.879
Perceived threats from Al AITI 0.700 0.900 0.945 0.923 0.706
AlT2 0.826
AIT3 0.900
AlT4 0.889
AITS 0.876
Internet political activism DCI 0.860 0.920 0.972 0.936 0.711
DC2 0.904
DC3 0.895
DC4 0.855
DC5 0.843
DCé 0.700
Technical skills DC7 0.924 0.960 0.957 0.968 0.882
DCs8 0.950
DC9 0.951
DCI0 0.930
Local/Global awareness DClI1 0.908 0.820 0.827 0916 0.845
DCl2 0.930
Critical perspective DCI3 0.905 0.900 0.894 0.931 0818
DCl4 0911

(continued)
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Table 3. (continued)

Constructs Items Loadings o CR (rho_a) CR (rho_c) AVE
DCI5 0.898

Networking agency DClé6 0.864 0.850 0.876 0910 0.772
DCl17 0.875
DCl8 0.897

standardized loading of the indicators should be
greater than 0.7 (Hair et al., 2019). However, with
the exception of AIL2 (0.4), AILS (0.4) and AIL11
(0.479), all factor loadings met the requirement, as
shown in Table 3. Considering that deleting these
items did not increase the robustness of the model, it
was decided to keep these three items.

For the internal consistency of the variables, all
values for the PLS algorithm results, composite reli-
ability and Cronbach’s o should be above 0.70 (Hair
et al.,, 2019), and the values are within this range.
This indicates that reliability is ensured.

Discriminant validity of the measurement model
was tested using the heterotrait-monotrait ratio
(HTMT). HTMT values should not be above 0.90.
Values above this threshold indicate problems with
discriminant validity. As seen in Table 4, the HTMT
ratios were around and below 0.90.

Results of hypotheses testing

The structural models were evaluated by checking the
significance levels and explanatory power (i.e., R2) of
the path coefficients in the research model. The valid-
ation results of the structural models for this research
design are presented in Table 5.

For this study, the number of bootstrapping cases was
set to 5000 in order to obtain more precise estimates
(Wetzels et al., 2009).SEM results are presented in
Table 5. In the structural model, pre-service teachers’
Al-enhanced innovation levels were significantly affected
by cognition, vision and ethics in teaching, thus supporting
H1b, H1f and H1 h. Pre-service teachers’ levels of per-
ceived threats from Al were significantly affected by
ability and ethics in teaching, thus Hlc and H1 g are
supported.

It was found that pre-service teachers’ perceived threats
from Al levels had a significant effect on both Al literacy
(except the usage dimension) and Internet political activ-
ism dimension of digital citizenship, thus H2a,c,d and
H3a are supported. However, Perceived threats from Al
were found to have no significant effect on the other

dimensions of digital citizenship of pre-service teachers,
thus H3b,c,d,e was rejected. Al-enhanced innovation
was found to have a significant effect on pre-service tea-
chers’ Al literacy and digital citizenship levels, thus H4
and HS were supported.

MGA: comparisons between female and male

This study used the bootstrap approach to perform
multiple group comparisons. The bootstrap t-test pro-
cedure includes first dividing the data into groups and
then running bootstrap samples with replacement for
each group.

According to the MGA findings presented in
Table 6, pre-service female teachers’ Al-enhanced
innovation levels were significantly influenced by
cognition, while perceived threats from Al levels
were significantly influenced by ability, and ethics in
teaching, thus hypotheses Hla, Hlc and H1 g were
supported. The perceived threats from Al levels of
female pre-service teachers were found to have a sig-
nificant effect on both Al literacy (except the usage
dimension) and the Internet political activism dimen-
sion of digital citizenship, thus H2a,c,d and H3a
were supported. However, it was found that perceived
threats from Al did not significantly affect other
dimensions of digital citizenship of female pre-service
teachers, thus H3b,c,d,e was rejected. Al-enhanced
innovation was found to have a significant effect on
female pre-service teachers’ Al literacy and digital
citizenship levels, thus H4 and H5 were supported.

The perceived threats from Al levels of male pre-
service teachers were found to have a significant effect
on the awareness dimension of Al literacy, thus H2a
was supported. However, it was found that perceived
threats from Al did not significantly affect male pre-
service teachers’ other dimensions of Al literacy and
digital citizenship, thus H2b,c,d and H3 were rejected.
Al-enhanced innovation was found to have a significant
effect on male pre-service teachers’ Al literacy and
digital citizenship (except H5a-Internet political activism
dimension), thus H4 and H5b,c,d were supported.
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Table 5. Hypotheses testing.

Hypotheses Path Path coefficients T P values Results

Hla Cognition — Perceived threats from Al 0.120 1.670 0.095 Not support
Hib Cognition — Al-enhanced innovation 0.239 3.638 0.000 Support
Hlc Ability — Perceived threats from Al —0.234 3231 0.001  Support
Hid Ability - Al-enhanced innovation 0.062 0936 0.349 Not support
Hle Vision — Perceived threats from Al 0.073 1.044 0.297 Not support
HIf Vision — Al-enhanced innovation 0.157 2.187 0.029 Support
Hig Ethics in teaching — Perceived threats from Al 0.166 2409 0.016 Support
Hlh Ethics in teaching — Al-enhanced innovation 0.172 2586 0.010 Support
H2a Perceived threats from Al — Awareness 0.151 4518 0.000 Support
H2b Perceived threats from Al — Usage 0.060 1.550 0.121  Not support
H2c Perceived threats from Al — Evaluation 0.091 2,681 0.007 Support
H2d Perceived threats from Al — Ethic 0.092 2.827 0.005 Support
H3a Perceived threats from Al — Internet political activism —0.120 3.129  0.002  Support
H3b Perceived threats from Al — Technical skills 0.049 1.370  0.171  Not support
H3c Perceived threats from Al — Local/Global awareness ~ 0.046 1.183 0.237 Not support
H3d Perceived threats from Al — Critical perspective 0.020 0.544 0.586 Not support
H3e Perceived threats from Al — Networking agency —0.050 1.288 0.198 Not support
H4a Al-enhanced innovation — Awareness 0.591 17.406 0.000 Support
H4b Al-enhanced innovation — Usage 0.508 12.393 0.000 Support
H4c Al-enhanced innovation — Evaluation 0.546 14476 0.000 Support
H4d Al-enhanced innovation — Ethic 0.527 14.037 0.000 Support
H5a Al-enhanced innovation — Internet political activism  0.133 3.820 0.000 Support
H5b Al-enhanced innovation — Technical skills 0.368 9.703 0.000 Support
H5c Al-enhanced innovation — Local/Global awareness 0.332 8.630 0.000 Support
H5d Al-enhanced innovation — Critical perspective 0.315 8.653 0.000 Support
H5e Al-enhanced innovation — Networking agency 0.151 4.121  0.000  Support

As seen in Table 6, there were significant differ-
ences between the female and male model regarding
the path coefficient of Al-enhanced innovation on
Internet political activism, critical perspective and net-
working agency.

Discussion

The aim of this research is to reveal the relationship
between pre-service teachers’ Al readiness and
various variables. One of the results of the research
is that pre-service teachers’ Al-enhanced innovation
levels are significantly affected by the dimensions of
Al readiness: cognition, vision and ethics in teaching,
but not by ability. It can be said that Al readiness of
pre-service teachers’ affects their level of
Al-enhanced innovation. Similarly, Wang et al.
(2023b) found that teachers with a high level of readi-
ness for Al also had a high tendency to demonstrate
Al-enhanced innovation. They did not see a signifi-
cant difference in Al readiness according to gender.
There are also studies that found a significant and
positive relationship between technological readiness

and innovation (Razavi et al., 2011) and between
innovation readiness and innovation performance.
Similarly, Yazdani and Rahimian (2024) concluded
that ability does not have a positive effect on Al
innovation, while ethics has a positive effect. Thus,
high Al readiness will enable them to adapt more
easily to the innovation that comes with Al. Based
on the finding that Al readiness affects Al-supported
innovation, it can be suggested that courses on
Al-supported teaching tools, course design training,
and seminars be added to teacher training programs.
Courses on Al applications can be added to the curric-
ulum, and providing support for Al-supported applica-
tions projects can be encouraged.

It was found that pre-service teachers’ perceived
threats from Al levels were significantly affected by
ability and ethics in teaching, which are dimensions
of Al readiness. It can be said that Al readiness of pre-
service teachers’ affects their perceived threat levels
from Al Similarly, Wang et al. (2023b) found that tea-
chers with a high level of Al readiness tend to perceive
threats from Al at a low level. Differently, Yazdani
and Rahimian (2024) found no significant effect of
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ability on perceived threats. It is thought that pre-
service teachers’ readiness in a subject will affect
their awareness of possible risks related to that
subject and thus affect their threat perceptions.
Based on the finding that Al readiness affects per-
ceived threats from AIl, awareness training can be
organized for teacher candidates on the advantages
and risks of Al If a course is added to the curriculum,
ethical rules and guidelines can be included in Al
applications.

It was found that pre-service teachers’ perceived threats
from Al levels had a significant effect on Al literacy
(except the usage dimension), while digital citizenship
(except the Internet political activism dimension) did not
have a significant effect. It can be said that Al literacy
affects the perceived threat levels from Al Research on
different topics has found that increasing individuals’ liter-
acy on a topic reduces the perceived threats on that topic
(Ozkan et al., 2022; Schmuck and Sikorski, 2020).
Based on the finding that Al literacy affects perceived
threats from Al courses on Al literacy can be opened or
integrated into technology-related courses and workshops
can be organized.

Al-enhanced innovation had a significant effect on
Al literacy and digital citizenship levels of pre-service
teachers. Similarly, Ustiin and Engin (2024) found a
positive relationship between individuals’ innovative-
ness levels and their digital citizenship skills.
Slavkovic et al. (2024) found that the effect of digital
citizenship on innovation is mediated by digital trans-
formation facilitators. Jiang et al. (2023) found that
increasing literacy rate leads to short-term and long-
term innovations. Al-enhanced innovation, the impact
of Al literacy and digital citizenship on teacher candi-
dates, providing an environment for teacher candidates
to carry out Al-supported innovation projects, and
organizing training on digital citizenship and Al
ethics. The implementation of these suggestions can
contribute to the training of conscious and qualified
educators in the age of artificial intelligence.

The adaptability of pre-service teachers to rapidly
advancing technologies is an important factor in pre-
paring them well for the profession in today’s
technology-empowered world. It is valuable to
reveal the readiness, innovations, literacy, and per-
ceived threats towards technologies whose effects of
use in educational environments have been revealed
by various studies.

Research findings can guide educational policies
and practices. Studies can be conducted to include
the dimensions of Al readiness, namely ethics,

ability, vision and cognition, in educational programs.
Ethics can be included in technology-related courses
in teacher training programs, workshops can be orga-
nized on Al for vision, project development can be
encouraged, practical training can be provided for
design for ability, and awareness-raising meetings
can be held on the effects of Al use in the classroom
on higher-order thinking skills for the cognition
dimension. Including Al topics in teacher training pro-
grams will not only improve teacher candidates’ tech-
nology use skills but also their ethical and pedagogical
awareness.

Implications, limitations and future research direction

This research reveals the relationship between pre-
service teachers’ Al readiness and various variables.
Al-enhanced innovation levels were significantly
affected by the dimensions of Al readiness: (1) cogni-
tion, (2) vision and (3) ethics in teaching. Perceived
threats from Al level was found to be significantly
affected by ability and ethics in teaching, which are
dimensions of Al readiness. Perceived threats from
Al levels were found to have a significant effect on
Al literacy (except the usage dimension), while
digital citizenship (except the Internet political activ-
ism dimension) did not have a significant effect. It
was concluded that Al-enhanced innovation had a sig-
nificant effect on Al literacy and digital citizenship
levels. In addition, these relationships were analyzed
according to gender.

The results of this research are limited to pre-service
teachers. Similar studies can be conducted with different
groups to increase generalizability. Future research can
also be conducted with teachers and administrators
who are stakeholders of educational environments.
This research was conducted with quantitative method.
Qualitative research can be conducted to obtain more
in-depth information on the variables examined related
to artificial intelligence. In addition, the variables
addressed together with Al readiness in this study are
perceived threats from Al, Al-enhanced innovation, Al
literacy, and digital citizenship. Research can be con-
ducted with different variables that are thought to be
related. This study examined the relationships according
to the gender variable. Future research can also address
other demographic variables.

Access of data

Our data are not yet available online in any institutional
database. However, we will send the whole data package
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