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Abstract

Technology invention and implementation have resulted in long-term educational progress.

This study aimed to identify the innovative strategies in determining the factors influencing

in-service teachers’ technology integration in China, focusing on the information and com-

munication technology (ICT) integration. The sample consists of 685 in-service teachers.

Four factors are found to influence in-service teachers’ ICT integration: attitudes, self-effi-

cacy, digital competence, and digital tools use. The results of the study utilizing the PLS-

SEM approach demonstrated that all four factors have a substantial impact on in-service

teachers’ ICT integration and interact with each other. Meanwhile, attitudes, digital compe-

tence, and digital tools use have a mediating effect in this research. In addition, the study

discussed the effects of gender, age, and teaching experience on influencing factors and

ICT integration. This research provided beneficial insights for a successful design of instruc-

tion with ICT and contributed to innovative strategies for educational technology.

Introduction

Concerns have been raised about the widespread adoption of information and communica-

tions technology (ICT) in the education sector. Therefore, innovative strategies for sustainable

application of ICT integration are crucial. The potential for transforming the archaic educa-

tional system is necessary for the use of ICT in education [1]. Even though instructors are

more comfortable and competent with ICT, their active usage of it is still limited and ancillary

[2]. Many academics have been interested in the influence of ICT on educational systems, par-

ticularly in developing countries like China [3–5]. Some researchers have explored specific

potential hurdles to teachers’ practices of implementing ICT in the classroom, while others

have performed technology-adoption models to address probable causes of teachers’ reluc-

tance to use ICT in their teaching [6,7]. With the belief that improved ICT in schools would

have far-reaching pedagogical and educational effects, to the benefit of educators and students

alike, the requisite technological infrastructure and ICT-based instruments for instruction and

learning have been upgraded [8]. However, there is a risk of being let down by the promised

benefits of ICT integration in the classroom [9]. As a result, determining why and under what

conditions ICT integration works as an effective instructional tool is critical.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0286112 August 24, 2023 1 / 19

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Peng R, Abdul Razak R, Hajar Halili S

(2023) Factors influencing in-service teachers’

technology integration model: Innovative strategies

for educational technology. PLoS ONE 18(8):

e0286112. https://doi.org/10.1371/journal.

pone.0286112

Editor: Simon Grima, University of Malta, MALTA

Received: March 23, 2023

Accepted: May 9, 2023

Published: August 24, 2023

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0286112

Copyright: © 2023 Peng et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

Funding: The author(s) received no specific

funding for this work.

https://orcid.org/0000-0002-0184-0103
https://doi.org/10.1371/journal.pone.0286112
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286112&domain=pdf&date_stamp=2023-08-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286112&domain=pdf&date_stamp=2023-08-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286112&domain=pdf&date_stamp=2023-08-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286112&domain=pdf&date_stamp=2023-08-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286112&domain=pdf&date_stamp=2023-08-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0286112&domain=pdf&date_stamp=2023-08-24
https://doi.org/10.1371/journal.pone.0286112
https://doi.org/10.1371/journal.pone.0286112
https://doi.org/10.1371/journal.pone.0286112
http://creativecommons.org/licenses/by/4.0/


With the right implementation in the classroom, ICT can be integrated to support and

enhance learning processes. It follows that teachers are crucial for the effective implementation

of ICT in the classroom [10]. Teacher-led ICT use contributes to students’ learning, fosters stu-

dent motivation, and allows the student to use ICT more effectively [11]. Considering this,

researchers and scientists have examined factors that influence and hinder ICT integration by

teachers. Several factors related to ICT use have been identified, including attitudes, self-effi-

cacy, ICT experience, and ICT competencies [12]. While considerable effort has been put into

identifying factors facilitating and impeding ICT integration into classroom practice and

thereby supporting teachers in doing so, the literature indicates that teachers very rarely use

ICT [13].

Previous studies into perceived barriers to technology integration in teaching lacked a clear

emphasis on the influencing factors [7,12]. Little research has been conducted on the utiliza-

tion of ICT-based education for instructors [6,9]. Furthermore, most previous research has

relied primarily on a single model of technology acceptability, with only a few studies integrat-

ing the two [14]. To conclude, there is a need to gain a deeper understanding of the factors

influencing teachers’ integration of ICT to enhance these abilities and facilitate teacher-student

interaction with technology.

The study aims to examine two research questions. Research question 1: What is the corre-

lation between attitudes, self-efficacy, digital competence, digital tool use, and ICT integration

among in-service teachers? Research question 2: What is the relationship between in-service

teachers’ demographic factors such as age, gender, and teaching experience, and their influ-

ence on ICT integration? In the upcoming literature review, we will delve into the theoretical

framework and hypotheses of these research questions.

Literature review

The theories and models used in this investigation stem from Technology Acceptance Model 3

(TAM 3) and the Will-Skill-Tool model (WST model). TAM 3 is a theoretical approach that

investigates the reasons for and processes of acceptance and practical use of new technology by

various people [15]. TAM3 is also a descendant of both TAM and TAM2. TAM is a simpler

model that lays the groundwork for further study; it investigates how users’ internal beliefs,

attitudes, and intentions are impacted by external circumstances, and it is predicated on the

premise that people’s usage of information technology is driven by their behavioral intentions

[16]. Based on TAM, researchers proposed TAM2 to find key factors beyond perceived useful-

ness (PU) and perceived ease of use (PEU), and to improve the technology acceptance model’s

adaption. Two compound variables, social influence process and cognitive instrumental pro-

cess, explain perceived usefulness and intention to use, while research on perceived ease of use

in TAM2 is lacking [17]. By combining TAM and TAM2, as well as the determinants of per-

ceived ease of use model, TAM3 provides researchers with a more thorough and potentially

effective framework for studying the factors that influence personnel’ acceptance and usage of

information technology in the workplace. The newly included factors include, for instance, the

user’s computer self-efficacy [18].

The WST model is defined by three components (Will, Skill, and Tool), which are required

elements for correctly integrating digital technology into classroom practice [19]. Will means

that a teacher’s confidence, positive attitude, and beliefs about digital technologies can have a

substantial impact on the efficacy of technology techniques in the classroom. Skill indicates

using and experiencing digital technology is an important skill component. Tool implies that

the infrastructure we used to access to digital technology [20] As a result, the concept’s rele-

vance and distinctiveness are defined by these three components, which are required for
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properly integrating information technology into classroom practice. Good attitudes, relevant

abilities, and, finally, adequate technological infrastructure are all required [21].

The two models investigate what influences people’s real-world tech use, they do so in

slightly different ways. While TAM 3 investigates the widespread adoption of new technologies

at a cognitive level, the WST model focuses on more nuanced elements that affect ICT integra-

tion. Consequently, it is important to use and employ these theories as a framework to develop

a deeper and broader understanding of the integration of ICT among teachers by monitoring

the characteristics combined with the two models, namely attitudes, self-efficacy, digital com-

petence, and digital tools use. Attitudes evolved from the PU and PEU in TAM3 and the will

variable in the WST model. Self-efficacy emerged from the computer self-efficacy of PEU in

TAM3. Digital competence and digital tools use evolved from the WST model’s Skill and Tool

variables. The following stage is for academics to investigate how these characteristics influ-

ence the adoption of ICT among currently employed instructors.

Teachers’ attitudes toward ICT integration

Attitudes means a person’s psychological evaluations of an object, individual, or event [22].

Many studies have demonstrated a positive effect of attitudes on ICT integration, and teachers

must have a positive attitude when using ICT efficiently and creatively [23–25]. Several studies

have begun to examine the relationships between teachers’ attitudes and their digital compe-

tence and digital tools use [21,26,27]. It was discovered that teachers’ views had a substantial

impact on their digital competency and use of digital resources [28,29]. The instructor with

ICT skills appeared to be enthusiastic about using ICT in their teaching. Teachers’ views

regarding adopting digital technology in education were found to be a key predictor of their

level of competency [30,31]. Teachers’ perspectives on incorporating ICT into lessons are

influenced by several factors, including but not limited to their age, gender, and level of experi-

ence in the classroom [32,33]. It suggested that there is a correlation between a teacher’s age

group and their attitude toward the integration of ICT in the classroom [34]. This was true for

both male and female instructors [35]. Meanwhile, in comparison to their more seasoned col-

leagues, beginner teachers had a more optimistic view of the use of ICT in instruction [36].

However, a few studies have found that there is no difference in instructors’ ICT use and views

based on gender, age, or experience level [37,38].

H1: Attitudes have a substantial and beneficial direct effect on digital competence during in-

service teachers’ ICT integration.

H2: Attitudes have a substantial and beneficial direct effect on digital tools use during in-ser-

vice teachers’ ICT integration.

H3: Attitudes have a substantial and beneficial direct effect on in-service teachers’ ICT

integration.

H4: Attitudes have a substantial and beneficial indirect effect on in-service teachers’ ICT inte-

gration through digital competence.

H5: Attitudes have a substantial and beneficial indirect effect on in-service teachers’ ICT inte-

gration through digital tools use.

Teachers’ self-efficacy and ICT integration

Self-efficacy describes as one’s confidence in one’s own ability to carry out tasks associated

with teaching [39]. The studies presented thus far provide evidence that teachers’ self-efficacy
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has a positive relationship with attitudes during ICT integration [40,41]. However, some stud-

ies also confirmed teachers’ self-efficacy has no relation to their attitudes [42,43]. Data from

several studies suggest that teachers’ self-efficacy has an influence on digital competence dur-

ing ICT integration [44,45]. But some researchers found that digital competence does not

influence self-efficacy [46–48]. Fewer studies focus on self-efficacy and digital tools use during

ICT integration and propose there is a significant influence on teachers’ self-efficacy and digi-

tal tools use [49,50]. Additionally, some studies suggested there is no difference between teach-

ers’ age, gender, teaching experience, and self-efficacy during ICT integration [7,51]. However,

some researchers verified the opposite result [52,53].

H6: Self-efficacy has a substantial and beneficial direct effect on attitudes during in-service

teachers’ ICT integration.

H7: Self-efficacy has a substantial and beneficial direct effect on digital competence during in-

service teachers’ ICT integration.

H8: Self-efficacy has a substantial and beneficial direct effect on digital tools use during in-ser-

vice teachers’ ICT integration.

H9: Self-efficacy has a substantial and beneficial direct effect on in-service teachers’ ICT

integration.

H10: Self-efficacy has a substantial and beneficial direct effect on in-service teachers’ ICT inte-

gration through attitudes.

H11: Self-efficacy has a substantial and beneficial direct effect on in-service teachers’ ICT inte-

gration through digital competence.

H12: Self-efficacy has a substantial and beneficial direct effect on in-service teachers’ ICT inte-

gration through digital tools use.

Teachers’ digital competence

Digital competency is defined as the ability to put one’s digital knowledge, skills, and mindset

to practical use [54]. There seems to be some evidence to indicate that digital competence is a

crucial factor influencing ICT integration. It proposed that teachers still need enhanced skills

in teaching digitally [55–57]. Some studies also confirmed that self-efficacy and attitudes have

some influence on digital competence [58,59]; teachers who perceive themselves as having

insufficient self-efficacy or attitudes often show low self-confidence that impacts their digital

competence to provide learning opportunities for their students [60,61]. Fewer studies of digi-

tal competence are related to gender and age [62,63]. It revealed females have lower digital

competence than males, and younger teachers are more competent in using digital technolo-

gies than older teachers [64]. However, other proposed that gender and age have less influence

on digital competence [65].

H13: Digital competence has a substantial and beneficial direct effect on digital tools use dur-

ing in-service teachers’ ICT integration.

H14: Digital competence has a substantial and beneficial direct effect on in-service teachers’

ICT integration.

H15: Digital competence has a substantial and beneficial direct effect on in-service teachers’

ICT integration through digital tools use.
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Teachers’ digital tools use

Digital tools use is referred as using computers, the internet, and other electronic devices to

teach a class [66]. Technology such as computers, laptops, printers, scanners, software pro-

grams, data projectors, and interactive teaching boxes are all examples of ICT instruments

[67,68]. ICT tools are the collection of recently developed technologies that facilitate the more

effective conveyance of information [69,70]; these have altered people’s access to information

and, by extension, their interactions with one another [71,72]. ICT, as its abbreviation indi-

cates, is currently essential to the creation of new educational projects and policies [73]. ICT

resources give teachers comprehensive training, enabling them to hone their digital skills and

improve the teaching-learning process with dynamic and inventive strategies [74]. Therefore,

ICT tools improve the efficacy of teaching and learning.

H16: Digital tools use has a substantial and beneficial direct effect on in-service teachers’ ICT

integration.

The proposed framework

Based on the above theoretical framework and literature review of influencing factors, Fig 1

elaborates the proposed framework and corresponding hypothesis of this study.

Methodology

This study employs partial least square structural equation modeling (PLS-SEM) to construct a

model that incorporates TAM3 and WST to predict and explain the factors influencing in-ser-

vice teachers’ ICT integration. PLS-SEM is a viable alternative to covariance-based structural

equation modeling in situations when there is limited a priori knowledge about structural

model relationships or the measurement of the components, or when the focus is more on

exploration than confirmation (CB-SEM) [75]. The PLS approach’s main goal is to anticipate

the indications using the expansion of the components. PLS-SEM should be chosen if the goal

is to forecast important target constructs or identify key constructs, but CB-SEM should be

chosen if the purpose is theory testing, theory confirmation, or comparison of competing

Fig 1. The research’s proposed framework.

https://doi.org/10.1371/journal.pone.0286112.g001
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theories [76]. PLS-SEM is also the best option if the study is exploratory or an expansion of an

existing structural theory. Since PLS-SEM is unrestricted by identification and other technologi-

cal issues, it is applicable in such circumstances [77]. Additionally, PLS-SEM has more statistical

power than CB-SEM. Since PLS-SEM has fewer stringent requirements for model configura-

tions, model complexity, and data features, it is, therefore, better at discovering population cor-

relations and more appropriate for exploratory research objectives [78]. The suggested model

examines the relationship between ICT integration and the four research variables of attitude

(AT), self-efficacy (SE), digital competence (DC), and digital tools use (DTU).

Sampling and data collection

Henan is a populous and resource-rich Chinese province. This region of China has a substantial

number of teachers. Consequently, the data collected in this field has some generalizability. In

the meantime, researchers employed a snowball sampling technique for this study. The strategy

relies on current research participants to help recruit new participants. As a result, the research-

ers reached out to twenty in-service teachers at various public schools in Henan Province to

assist with data collection. Each in-service educator must collect information from at least 35

other in-service educators. The online survey must be utilized for data collection. Link propaga-

tion utilizes WeChat, QQ, and other Chinese social networking applications to send the link.

Before completing the survey, participants will have the opportunity to review the consent form

and indicate their participation status by checking a box. The confidentiality of the information

supplied by them was scrupulously maintained to meet the ethical norms of the study. Within

four weeks, the poll will close. The questionnaire collection began in December 2022 and con-

cluded in January 2023. Data from 685 in-service teachers was ultimately collected and exam-

ined. The gender proportions were 30.7% male and 69.3% female. Most instructors are under

the age of 45, with only 14.2% being over the age of 45. 62.5% of the participants had less than

three years of teaching experience, while 2% had more than 30 years of expertise (Table 1).

Research instrument

The data was gathered using a questionnaire designed to forecast the characteristics influenc-

ing in-service teachers’ ICT integration. The questionnaire questions were adopted and

Table 1. Demographic information of the sample.

Variables Number Percent (%)

Gender

Male 210 30.7

Female 475 69.3

Age

1. 20–30 200 29.2

2. 31–35 231 33.7

3. 36–45 157 22.9

4. 46–55 65 9.5

5. >55 32 4.7

Teaching experience

1. <3 years 428 62.5

2. 4–10 years 170 24.8

3. 11–20 years 57 8.3

4. 21–30 years 16 2.3

5. >30 years 14 2

https://doi.org/10.1371/journal.pone.0286112.t001
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adjusted from prior research [79–83], and it included the constructs of the proposed model

which are attitude (AT), self-efficacy (SE), digital competence (DC), digital tools use (DTU),

and ICT integration (ICTI). The code of constructs and number of indicators are shown in

Table 2. This survey used a 5-point Likert scale for factor measurement (ranging from

"strongly disagree" to "strongly agree"). The Cronbach alpha result implies that all question-

naire constructs were acceptable.

Results

The resampling method of 5000 subsamples is used with the smart PLS 3.3.3 algorithm in this

research. PLS-SEM is a suitable alternative to covariance-based structural equation modeling

when there is limited a priori knowledge about structural model relationships or the measure-

ment of the components. The primary objective of the PLS method is to predict indicators by

expanding component sets. PLS-SEM should be selected if the objective is to forecast critical

target constructs or identify key constructs. PLS-SEM is also the optimal choice if the research

is exploratory or an expansion of an existing structural theory [75].

Measurement model

In evaluating a measurement model, reliability and validity are the two primary criteria.

Table 3 shows the reliability test used to determine the consistency of the constructs’ items.

The validity test shown in Tables 4 and 5 was used to examine the convergent validity and dis-

criminant validity of the construct. Each latent component’s Cronbach’s alpha value is shown

in Table 3.

Based on the findings, all latent constructs were considered credible because their Cron-

bach’s alpha values exceeded the cutoff point of 0.6. Values between 0.7 and 0.8 are considered

good, while those between 0.7 and 0.9 are considered adequate [75]. Also, since the loading

values were all greater than 0.7, each latent construct had the same number of items at the end

as at the beginning [76].

As per Table 3, the AVE values were also higher than 0.5, as suggested by earlier studies,

and the composite reliability was all better than 0.7. Thus, it was determined that the con-

structs’ convergent validity. Next, the Fornell and Larcker approach and Heterotrait-Mono-

trait Ratio (HTMT) method were used to assess the discriminant validity of the measures [76].

In this approach, the squared root of the AVE of the latent construct is compared to the corre-

lation of latent constructs. All the diagonal values were greater than the other correlation val-

ues, as seen in Tables 4 and 5. The discriminant validity was met as a result.

Structural model

The structural model evaluation consists of five steps. Test the multicollinearity and variance

inflation factor (VIF) between all endogenous constructs as the initial step. The second step

involves evaluating the t-value and p-value [75]. Examining the Coefficient of Determination

Table 2. Constructs, number of indicators, and indicators.

Construct (Code) No. of indicators Indicators

Attitudes (AT) 5 AT1 AT2 AT3 AT4 AT5

Self-efficacy (SE) 7 SE1 SE2 SE3 SE4 SE5 SE6 SE7

Digital competence (DC) 5 DC1 DC2 DC3 DC4 DC5

Digital tools use (DTU) 5 DTU1 DTU2 DTU3 DTU4 DTU5

ICT integration (ICTI) 5 ICTI1 ICTI2 ICTI3 ICTI4 ICTI5

https://doi.org/10.1371/journal.pone.0286112.t002
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Table 3. Measurement model result.

Constructs Items Loadings Cronbach’s

α
Composite Reliability Average Variance Extracted

Attitudes AT1 0.839 0.9 0.926 0.714

AT2 0.86

AT3 0.837

AT4 0.845

AT5 0.843

Self-efficacy SE1 0.802 0.898 0.92 0.621

SE2 0.79

SE3 0.745

SE4 0.786

SE5 0.807

SE6 0.787

SE7 0.797

Digital competence DC1 0.844 0.894 0.922 0.702

DC2 0.837

DC3 0.827

DC4 0.844

Digital tools use

DC5

DTU1

DTU2

DTU3

DTU4

DTU5

0.838

0.846

0.856

0.876

0.861

0.858

0.912 0.934 0.739

ICT integration ICTI1 0.828 0.889 0.918 0.692

ICTI2 0.821

ICTI3 0.839

ICTI4 0.844

ICTI5 0.825

https://doi.org/10.1371/journal.pone.0286112.t003

Table 4. Discriminant validity of the measurement model.

AT DC DTU ICTI SE

AT 0.845

DC 0.610 0.838

DTU 0.585 0.550 0.860

ICTI 0.616 0.571 0.535 0.832

SE 0.535 0.469 0.480 0.512 0.788

https://doi.org/10.1371/journal.pone.0286112.t004

Table 5. Heterotrait-Monotrait Ratio (HTMT) results.

AT DC DTU ICTI SE

AT

DC 0.680

DTU 0.646 0.608

ICTI 0.689 0.640 0.594

SE 0.594 0.522 0.530 0.572

https://doi.org/10.1371/journal.pone.0286112.t005
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(R2) constitutes the third stage. The fourth evaluation is the effect size (f2), followed by the pre-

diction ability of the model (Q2) [76]. To begin, there is no multicollinearity problem and all

VIF values of predictors in the model are less than 5, as is deemed adequate for evaluating the

model [77,78]. Researchers utilized inner VIF scores since all factors are reflective rather than

formative. Table 6 displays the findings of the inner VIF scores of the model’s predictors.

Moreover, in this work, the researchers employed a bootstrapping sampling technique with

5000 iterations of a subsample to test the structural model’s hypotheses. The R square, effect

sizes, and Q square are shown in Table 7. Regarding the predictive potential of the model, the

blindfolding technique was used to determine that the model has predictive power because the

Q2 of all endogenous constructs is greater than 0, as shown in Table 7. As a measure of fit for

PLS-SEM, the SRMR can be utilized to prevent model misspecification. A number less than

0.10 or 0.08 is deemed acceptable. The results of the NFI should range between 0 and 1. The

greater the fit, the closer the NFI is to 1. NFI values above 0.9 usually reflect acceptable fit [76].

Therefore, the model fits the data well, as seen in Table 8.

Table 9 shows the results of the path analysis and hypothesis. The results indicate that in-

service teachers’ attitudes have a significant impact on digital competence (H1: β = .503, p<

.01), digital tools use (H2: β = .326, p< .01) and ICT integration (H3: β = .296, p< .01). Mean-

while, attitudes have a significant and positive indirect influence in-service teachers’ ICT inte-

gration through digital competence and digital tools use (H4, H5: p< .01). Then, the self-

efficacy of in-service teacher has a significant impact on attitudes (H6: β = .535, p< .01),

Table 6. Inner VIF for the predictors.

AT DC DTU ICTI E

AT 1.401 1.823 2.008

DC 1.669 1.792

DTU 1.736

ICTI

SE 1 1.401 1.467 1.524

https://doi.org/10.1371/journal.pone.0286112.t006

Table 7. R Square, Effect Sizes (f2) and Q square.

f2

R2 AT DC DTU ICTI SE Q2

AT 0.286 0.302 0.101 0.084 0.202

DC 0.401 0.074 0.053 0.279

DTU 0.424 0.027 0.310

ICTI 0.482 0.329

SE 0.401 0.048 0.039 0.038

https://doi.org/10.1371/journal.pone.0286112.t007

Table 8. The model fit parameters.

Saturated Model Estimated Model

SRMR 0.038 0.038

d_ULS 0.557 0.557

d_G 0.226 0.226

Chi-Square 940.758 940.758

NFI 0.922 0.922

https://doi.org/10.1371/journal.pone.0286112.t008
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digital competence (H7: β = .200, p< .01), digital tools use (H8: β = .181, p< .01) and ICT

integration (H9: β = .174, p< .01). Additionally, self-efficacy has a significant and positive

indirect influence in-service teachers’ ICT integration through attitudes, digital competence,

and digital tools use (H10, H11, H12: p< .01). Otherwise, in-service teachers’ digital compe-

tence has a significant impact on their digital tools use (H13: β = .266, p< .01) and ICT inte-

gration (H14: β = .223, p< .01). Digital competence also has a significant and positive indirect

influence in-service teachers’ ICTI through digital tools use (H15: p< .01). Finally, in-service

teachers’ digital tools use has a significant impact on ICT integration (H16: β = .156, p< .01).

Therefore, the model of factors influencing in-service teachers’ ICT integration is supposed in

Fig 2.

The researchers next examined the in-sample predictive capacity by testing the coefficient

of determination (R2). R2 is determined for endogenous constructs and is classified as weak,

moderate, or considerable if the R2 value is 0.25, 0.50, or 0.75, respectively [76]. As shown in

Table 7, attitudes have low power in the model while other variables have moderate power. In

terms of impact sizes (f2), values greater than 0.02, 0.15, and 0.35 are considered modest,

medium, and large, respectively [76]. As shown in Table 7, AT (f2 = 0.302) has a high effect

size on DC, while SE (f2 = 0.401) has a significant effect size on AT. However, in terms of creat-

ing f2 for ICT integration, all four predictors (AT, SE, DC, DTU) had a small effect size. In

terms of the model’s predictive potential, the blindfolding technique suggested that the pro-

posed model has predictive power because the Q2 of all endogenous constructs is greater than

0, as shown in Table 7.

Descriptive findings

The results of the comparative analysis of factors impacting the ICT integration of in-service

teachers by gender, age, and teaching experience are provided in Tables 10–12 below. We used

Table 9. The results of path analysis and hypothesis.

Hypo Paths Effect type Beta T-value Decision

H1 AT -> DC Direct Effect .503 15.189*** supported

H2 AT -> DTU Direct Effect .326 8.163*** supported

H3 AT->ICTI Direct Effect .296 7.397*** supported

H4 AT->DC->ICTI Indirect effect 5.367*** supported

H5 AT->DTU->ICTI Indirect effect 3.939*** supported

H6 SE -> AT Direct Effect .535 17.061*** supported

H7 SE -> DC Direct Effect .200 5.474*** supported

H8 SE->DTU Direct Effect .181 4.749*** supported

H9 SE -> ICTI Direct Effect .174 5.444*** supported

H10 SE -> AT->ICTI Indirect effect 6.423*** supported

H11 SE -> DC->ICTI Indirect effect 3.904*** supported

H12 SE-> DTU->ICTI Indirect effect 3.229*** supported

H13 DC -> DTU Direct Effect .266 7.444*** supported

H14 DC -> ICTI Direct Effect .223 5.844*** supported

H15 DC ->DTU-> ICTI Indirect effect 3.994*** supported

H16 DTU->ICTI Direct Effect .156 4.579*** supported

***p<0.01

**p<0.05

*p < 0.10.

https://doi.org/10.1371/journal.pone.0286112.t009
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a One-way ANOVA and LSD (least significant difference) as a post-hoc test to see if there is a

statistically significant difference between the instructors’ views toward ICT use based on their

age and teaching experience. As there are only two categories in gender, there is no post- hoc

in gender. Levene’s test was used to determine the homogeneity of the variance within the

cases before ANOVA. The results of Levene’s test indicated that the distribution is parametric,

hence the assumption of normality is not broken.

From the gender part, the results displayed that there is no significant difference between

teachers’ self-efficacy, digital tools use, and ICT integration regarding their gender (p>.05).

However, there is a significant difference between in-service teachers’ attitudes and digital

competence based on their gender (p>.05). Female has better attitudes and digital competence

than male. From the age part, the results showed that there is no significant difference between

Fig 2. The model of factors influencing in-service teachers’ ICT integration.

https://doi.org/10.1371/journal.pone.0286112.g002

Table 10. Factors influencing in-service teachers’ ICT integration by gender.

Factor Groups n M SD SE df F p

AT male 210 3.152 1.116 0.077 1 4.466 0.035

female 475 3.339 1.042 0.048

SE male 210 3.102 1.089 0.075 1 1.379 0.241

female 475 3.201 0.986 0.045

DC male 210 3.024 1.085 0.075 1 8.503 0.004

female 475 3.275 1.016 0.047

DTU male 210 3.135 1.166 0.081 1 3.568 0.059

female 475 3.310 1.093 0.050

ICTI male 210 3.427 1.044 0.072 1 0.198 0.656

female 475 3.152 1.116 0.077

https://doi.org/10.1371/journal.pone.0286112.t010
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teachers’ attitudes and self-efficacy regarding their age (p>.05). However, there is a significant

difference between in-service teachers’ digital competence, digital tools use, and ICT integra-

tion based on their age (p< .05). Teachers aged 31–35 years have significantly stronger digital

abilities, the use of digital tools and the ability to integrate ICT than those aged 20–30 years or

older than 35 years. From the teaching experience part, there is no significant difference

between in-service teachers’ digital tools use, but there is a significant difference between in-

service teachers’ attitudes, self-efficacy, digital competence, and ICT integration. Teachers

with less than three years of teaching experience have a significantly stronger attitude, self-effi-

cacy, digital competence, and ICT integration than teachers with more than 10 years of

experience.

Discussion

Numerous researchers have examined several external variables associated with the extension

of the acceptance model to overcome educational development issues, including ICT integra-

tion in the education sector. This study utilized PLS-SEM to analyze the factors that influence

the ICT integration of China’s in-service teachers. The study used the concept model com-

bined TAM3 and WST model to reveal factors affecting in-service teachers’ ICT integration.

Meanwhile, it considered attitudes, self-efficacy, digital competence, and digital tools use as

factors to better understand the determinants of in-service teachers’ integration of ICT. In

addition, the results revealed that the model was adequate. In other words, the measures of

Table 11. Factors influencing in-service teachers’ ICT integration by age.

Factor Groups n M SD SE df F p LSD

AT 20–30 200 3.257 1.095 0.077 4 1.546 0.187

31–35 231 3.414 1.038 0.068

36–45 157 3.162 1.060 0.085

46–55 65 3.240 1.134 0.141

>55 32 3.156 0.975 0.172

SE 20–30 200 3.219 0.938 0.066 4 1.185 0.316

31–35 231 3.228 0.948 0.062

36–45 157 3.124 1.083 0.086

46–55 65 2.945 1.268 0.157

>55 32 3.143 1.103 0.195

DC 20–30 200 3.080 1.062 0.075 4 3.624 0.006 2>1,3,5

31–35 231 3.401 0.951 0.063

36–45 157 3.121 1.023 0.082

46–55 65 3.151 1.221 0.151

>55 32 2.938 1.101 0.195

DTU 20–30 200 3.249 1.103 0.078 4 3.336 0.010 2>3

31–35 231 3.437 1.045 0.069

36–45 157 3.027 1.170 0.093

46–55 65 3.258 1.180 0.146

>55 32 3.119 1.167 0.206

ICTI 20–30 200 3.259 1.085 0.077 4 4.215 0.002 2>1,3,5

31–35 231 3.642 0.863 0.057

36–45 157 3.432 1.065 0.085

46–55 65 3.523 1.107 0.137

>55 32 3.263 1.079 0.191

https://doi.org/10.1371/journal.pone.0286112.t011
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reliability, convergent validity, Cronbach’s alpha, and discriminant validity, were all good.

Consequently, all the hypotheses were true, and the connections between the variables were

significant and positive.

This study assessed the attitudes, self-efficacy, digital competence, and usage of digital tools

among in-service teachers as necessary criteria for enhancing productivity and efficiency in

ICT integration. Therefore, it cannot be determined with precision whether ICTs are fully

employed or underutilized in underdeveloped nations. In line with the previous studies

[21,26], the findings of this study indicate that teachers’ attitudes have a considerable positive

impact on in-service teachers’ digital competence, digital tool use, and ICT integration [30–

32]. This study implies that in-service teachers believe that positive attitudes drive students to

utilize ICT in the classroom, hence aiding their teaching. As part of global development,

schools in developing nations should encourage the use of computers by instructors to culti-

vate positive attitudes about ICT [34,35]. In addition, attitudes have a crucial influence on ICT

integration, as the coefficient value of attitudes is greater than that of the other three compo-

nents [36].

The study also revealed that self-efficacy had a substantial impact on the attitudes, digital

competence, digital tool usage, and ICT integration of in-service teachers. This explains why

teachers have poor self-efficacy towards the use of ICT in this setting; the users’ perceptions

would be "difficult to use" or "less useful." Therefore, the findings are consistent with those of

comparable studies [39–41], which indicate that teachers with higher self-efficacy will have

Table 12. Factors influencing in-service teachers’ ICT integration by teaching experience.

Factor Groups n M SD SE df F p LSD

AT <3 428 3.377 1.038 0.050 4 3.129 0.014 1>3

4–10 170 3.198 1.082 0.083

11–20 57 2.965 1.109 0.147

21–30 16 3.163 1.286 0.322

>30 14 2.814 1.068 0.286

SE <3 428 3.248 1.006 0.049 4 5.186 0.000 1>3,4,5

4–10 170 3.196 1.022 0.078

11–20 57 2.862 1.012 0.134

21–30 16 2.536 1.000 0.250

>30 14 2.490 0.790 0.211

DC <3 428 3.297 1.007 0.049 4 4.085 0.003 1>2,3,5

4–10 170 3.108 1.052 0.081

11–20 57 2.835 1.114 0.148

21–30 16 3.262 1.264 0.316

>30 14 2.643 1.011 0.270

DTU <3 428 3.327 1.110 0.054 4 1.245 0.290

4–10 170 3.140 1.092 0.084

11–20 57 3.126 1.204 0.160

21–30 16 3.288 1.145 0.286

>30 14 3.014 1.237 0.331

ICTI <3 428 3.516 1.000 0.048 4 3.048 0.017 1>3,5

4–10 170 3.436 0.997 0.076

11–20 57 3.133 1.111 0.147

21–30 16 3.588 1.174 0.294

>30 14 2.871 1.170 0.313

https://doi.org/10.1371/journal.pone.0286112.t012
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better attitudes, digital competence, digital tool use, and ICT integration. In addition, instruc-

tors’ digital competence exerts a positive influence on digital tools use and ICT integration.

Previous research confirmed teachers still need enhanced skills in teaching digitally [42–46].

The more digitally competent teachers are, the better they are at the use of digital tools and the

integration of information technology [52–56]. Therefore, schools or policymakers still need

to formulate reasonable policies to encourage teachers to improve their digital capabilities,

actively participate in digital technology training, improve teachers’ attitudes and self-efficacy

in using digital technology, and promote the learning of their digital capabilities, to apply ICT

to classroom teaching and improve the quality of teachers’ teaching [60–64]. Furthermore, the

results confirm teachers’ digital tools use has a positive and significant effect on ICT integra-

tion [71,72]. The invention of modern digital tools, and the application of various network

programs and platforms has greatly improved the efficiency of ICT integration [73]. Conve-

nient digital tools are the basic guarantee to ensure ICT teaching, and the vigorous develop-

ment of digital tools will promote the effective means of ICT teaching [74]. The rapid

development of new educational technologies has sparked a wave of creative course develop-

ment. With the use of online platforms, instructional videos, and other media, certain digital

resources have made their way into classrooms [62]. Despite criticism that schools are moving

too quickly to adopt digital curricula and instructional technologies, many have come to see

the value in doing so [63]. As a result, strategies that prevent memory loss can have far-reach-

ing implications for schooling in the years to come.

Traditional abilities like mathematics, finance, and science literacy, together with social and

emotional maturity, will be required of tomorrow’s employment. They may also require adapt-

ability of mind, originality of thought, and other "soft skills" to succeed in the modern digital

environment [70]. Thus, schools and governments should put resources into developing solu-

tions that facilitate digital transformation to aid the needs of the new learning environment.

Students might discover that they will need more autonomy over their learning experiences

if they are to succeed in today’s rapidly evolving digital landscape. They need to rely less on

analog means and more on artificial intelligence, machine learning, and other digital innova-

tions [42]. Because of this, training professionals also need change. New technologies like

gamification, simulations, and data analytics will be anticipated to be used to increase student

interest and retention [50]. With this shift, innovative approaches to education will be

possible.

Accordingly, this research model contributes to testing the differences between factors

influencing in-service teachers’ ICT integration regarding gender, age, and teaching experi-

ence. The results indicated that there is no significant difference between teachers’ self-efficacy,

digital tools use, and ICT integration regarding their gender, which is in line with previous

study [7,51]. However, there is a significant difference between in-service teachers’ attitudes

and digital competence based on their gender. Female has better attitudes and digital compe-

tence than male, which is the opposite of [37,38]. Since there are significantly more women

than men in the teaching profession, women’s attitudes and digital abilities may be stronger

than men’s, and because China has always held a view of gender equality, there is less gender

difference in education, so there is no significant difference between men and women in terms

of self-efficacy, use of digital tools and ICT integration. Innovative technology can improve

education from childhood through adulthood, establish a lifelong learning environment, lower

expenses, and eliminate cultural barriers to gender equality in education [39].

The results showed that there is no significant difference between teachers’ attitudes and

self-efficacy regarding their age. However, there is a significant difference between in-service

teachers’ digital competence, digital tools use, and ICT integration based on their age. The pre-

vious study also confirmed the same results [52,53]. Teachers aged 31–35 years have
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significantly stronger digital abilities, the use of digital tools, and the ability to integrate ICT

than those aged 20–30 years or older than 35 years. Therefore, teachers around 30 years old

can be regarded as the main force of digital teaching, and in the training process of training

digital technology ability, we should focus on strengthening the ability training of young teach-

ers and older teachers.

The results also exposed that there is no significant difference between in-service teachers’

digital tools use but that there is a significant difference between their attitudes, self-efficacy,

digital competence, and ICT integration regarding their teaching experience [33,38]. Teachers

with less than three years of teaching experience have a significantly stronger attitude, self-effi-

cacy, digital competence, and ICT integration than teachers with more than 10 years of experi-

ence. Teachers with more teaching experience will slack off in their ability to apply ICT, while

teachers with less experience may be the reason for new careers, and have a stronger desire to

work and learn, so the cultivation of their digital applications will be more efficient. Therefore,

successful technology integration in formal learning frequently necessitates overcoming reluc-

tance and barriers from teachers, students, and even the institution itself [69]. Eliminating

these hurdles is required but not sufficient for formal learning innovation to be sustained.

Conclusion

This study presents a novel model that combines the TAM3 and WST model with ICT integra-

tion elements that influence in-service instructors. In the interim, our model validates a piece

of this research that focuses on teacher determinants and the increase of TAM3 and WST

model. The purpose was to build a rigorous model within a more modernized framework that

focuses on the factors influencing the incorporation of ICT by in-service teachers in institu-

tions that may be considered significant contributors to innovative strategies for sustainable

application of educational technology system.

This study demonstrates that teachers’ attitudes, self-efficacy, digital competencies, and dig-

ital tools all impact their ICT integration and that these four elements interact. According to

our findings, in-service teachers will benefit if ICT content, collaboration, and communication

methods are optimized for maximum efficiency. Instructors believe that a positive attitude and

self-efficacy, strong digital skills, and the use of digital tools will facilitate ICT integration, and

institutions should design various ways to improve these influencing factors through seminars,

training, and other methods.

The study’s results also could inform strategies for incorporating technology into class-

rooms by providing guidance on how to analyze and incorporate current technology demands

[56]. Educators and educational institutions must create an atmosphere that reflects and sup-

ports the external realities of current society if they are to provide students with a holistic and

inclusive learning experience based on creativity and divergent thinking [62]. This can only be

accomplished by a commitment to constant introspection and development.

Through the interplay between technology and imagination, educators now have access to

engaging new tools for instruction, and students have access to outlets for their own creative

expression that were previously unavailable to them [70]. This has implications for educational

policy, teacher training, and the assessment of student learning. Educational stakeholders, leg-

islators, and academics might use the findings to advocate for a more goal-oriented workplace

that incorporates technology.

Although this study offers forward-thinking ideas on theoretical and real-world elements

influencing in-service instructors’ ICT integration, it also has several shortcomings. First,

because the data were gathered in China, the findings of this study cannot be generalized.

Therefore, it is advised that future studies collect data from teachers in other countries.
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Furthermore, only four influencing factors were validated in this study, and the study of influ-

encing factors had certain quantitative limitations. Future research could focus on other coun-

tries through a comparative analysis of factors influencing in-service teachers’ ICT integration.

Supporting information

S1 Data.

(XLSX)

Author Contributions

Writing – original draft: Ran Peng.

Writing – review & editing: Rafiza Abdul Razak, Siti Hajar Halili.

References
1. Dele-Ajayi O, Fasae OD, Okoli A. Teachers’ concerns about integrating information and communication

technologies in the classrooms. PLOS ONE. 2021; 16(5). https://doi.org/10.1371/journal.pone.0249703

PMID: 33939735

2. Fakhlina RJ, Lolytasari L, Rahmi L. A systematic literature review of knowledge sharing based on ICT

during COVID-19 ERA. 2022 10th International Conference on Cyber and IT Service Management

(CITSM). 2022; 1–5.

3. Tsegay SM, Ashraf MA, Perveen S, Zegergish MZ. Online teaching during COVID-19 pandemic:

Teachers’ experiences from a Chinese University. Sustainability. 2022; 14(1):568.

4. Li X, Shaikh PA, Ullah S. Exploring the potential role of higher education and ICT in China on green

growth. Environmental Science and Pollution Research. 2022; 29(43):64560–7. https://doi.org/10.

1007/s11356-022-20292-0 PMID: 35474423

5. Pokhrel S, Chhetri R. A literature review on impact of COVID-19 pandemic on teaching and learning.

Higher Education for the Future. 2021; 8(1):133–41.

6. Aruleba K, Jere N, Matarirano O. An evaluation of technology adoption during remote teaching and

learning at tertiary institution by gender. IEEE Transactions on Computational Social Systems. 2022;1–

12.

7. Dolighan T, Owen M. Teacher efficacy for online teaching during the COVID-19 pandemic. Brock Edu-

cation Journal. 2021; 30(1):95.

8. Wang Q, Zhao G. ICT self-efficacy mediates most effects of university ICT support on Preservice

Teachers’ TPACK: Evidence from three normal universities in China. British Journal of Educational

Technology. 2021; 52(6):2319–39.

9. Kaser D. A classroom model for virtual reality integration and unlocking student creativity. Immersive

Education. 2022;249–72.

10. Seufert S, Guggemos J, Sailer M. Technology-related knowledge, skills, and attitudes of pre- and in-

service teachers: The current situation and emerging trends. Computers in Human Behavior. 2021;

115:106552. https://doi.org/10.1016/j.chb.2020.106552 PMID: 32921901

11. Jaafar R, Aherfi S, Wurtz N, Grimaldier C, Van Hoang T, Colson P, et al. Correlation between 3790

quantitative polymerase chain reaction–positives samples and positive cell cultures, including 1941

severe acute respiratory syndrome coronavirus 2 isolates. Clinical Infectious Diseases. 2020; 72(11).

12. Yu H, Hu J. ICT self-efficacy and ICT interest mediate the gender differences in digital reading: A multi-

level serial mediation analysis. International Journal of Emerging Technologies in Learning (iJET).

2022; 17(05):211–25.
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53. Šabić J, Baranović B, Rogošić S. Teachers’ self-efficacy for using information and communication tech-

nology: The interaction effect of gender and age. Informatics in Education. 2021; 21(2), 353–73.

54. Tondeur J, Scherer R, Baran E, Siddiq F, Valtonen T, Sointu E. Teacher educators as gatekeepers:

Preparing the next generation of teachers for technology integration in education. British Journal of Edu-

cational Technology. 2019; 50(3):1189–209.

55. Méndez VG, Suelves DM, Méndez CG, Mas JA. Future teachers facing the use of technology for inclu-

sion: A view from the digital competence. Education and Information Technologies. 2022; 1–19. https://

doi.org/10.1007/s10639-022-11105-5 PMID: 35668900

56. Raygan A, Moradkhani S. Factors influencing technology integration in an EFL context: Investigating

EFL teachers’ attitudes, TPACK level, and educational climate. Computer Assisted Language Learning.

2020; 35(8):1789–810.

57. Fominykh M, Shikhova E, Soule MV, Perifanou M, Zhukova D. Digital Competence Assessment Survey

for Language Teachers. Learning and Collaboration Technologies: New Challenges and Learning

Experiences. 2021;264–82.

58. Roll MJ, Ifenthaler D. Multidisciplinary digital competencies of pre-service vocational teachers. Empiri-

cal Research in Vocational Education and Training. 2021; 13(1).

PLOS ONE Factors influencing in-service teachers’ technology integration model

PLOS ONE | https://doi.org/10.1371/journal.pone.0286112 August 24, 2023 18 / 19

https://doi.org/10.1007/s11528-021-00639-z
https://doi.org/10.1007/s11528-021-00639-z
http://www.ncbi.nlm.nih.gov/pubmed/34378007
https://doi.org/10.1007/s10639-021-10867-8
http://www.ncbi.nlm.nih.gov/pubmed/35095323
https://doi.org/10.1007/s10639-022-11105-5
https://doi.org/10.1007/s10639-022-11105-5
http://www.ncbi.nlm.nih.gov/pubmed/35668900
https://doi.org/10.1371/journal.pone.0286112


59. Kallas K, Pedaste M. How to improve the digital competence for e-learning? Applied Sciences. 2022; 12

(13):6582.

60. Chonsalasin D, Khampirat B. The impact of achievement goal orientation, learning strategies, and digi-

tal skill on engineering skill self-efficacy in Thailand. IEEE Access. 2022; 10:11858–70.

61. Ogodo J. A., Akubo M., Morris D., Simon M. Examining K-12 teachers’ digital competency and technology

self-efficacy during COVID-19 pandemic. Journal of Higher Education Theory and Practice. 2021; 21(11).

62. Saltos-Rivas R, Novoa-Hernández P, Serrano Rodrı́guez R. On the quality of quantitative instruments

to measure digital competence in Higher Education: A systematic mapping study. PLOS ONE. 2021; 16

(9). https://doi.org/10.1371/journal.pone.0257344 PMID: 34506585

63. Mugisha M, Uwitonze AM, Chesire F, Senyonga R, Oxman M, Nsangi A, et al. Teaching critical thinking

about health using digital technology in lower Secondary Schools in Rwanda: A qualitative context anal-

ysis. PLOS ONE. 2021; 16(3). https://doi.org/10.1371/journal.pone.0248773 PMID: 33750971

64. Lucas M, Bem-Haja P, Siddiq F, Moreira A, Redecker C. The relation between in-service teachers’ digi-

tal competence and personal and contextual factors: What matters most? Computers & Education.

2021; 160:104052.

65. Zhou L, Wu S, Zhou M, Li F. ’school’s out, but class’ on’, the largest online education in the World

Today: Taking China’s practical exploration during the COVID-19 epidemic prevention and control as

an example. SSRN Electronic Journal. 2020; 4(2), 501–19.

66. Hermanto YB, Srimulyani VA. The challenges of online learning during the COVID-19 pandemic. Jurnal

Pendidikan dan Pengajaran. 2021; 54(1):46.

67. Mitra N, Banerjee A. An extensive survey on ICT-based English language teaching and learning.

Emerging Technologies in Data Mining and Information Security. 2022;277–86.

68. Nuhu KM, Onojah AO. Effect of webinar multimedia platform on students’ academic performance in

selected Educational Technology Concepts in university of ilorin. Indonesian Journal of Multidiciplinary

Research. 2021; 2(1):9–20.
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