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A B S T R A C T   

Effectively incorporating technology into teaching and learning can be accomplished through the 
application of information and communication technology (ICT). Nonetheless, the extent to 
which ICT is employed in educational environments is heavily impacted by numerous factors. 
Teachers’ ICT integration in China was investigated with the aim of identifying the specific 
factors that influence it. The research sample consists of 680 educators, and it highlights three 
primary elements that affect their adoption of ICT: attitudes, self-efficacy, and digital compe-
tence. Employing a partial least squares structural equation modeling (PLS-SEM) method, the 
results indicate that all three elements play a significant role in the effective integration of ICT by 
educators. The study also indicated the mediating effect of attitudes and digital competence. 
Furthermore, the research identified no substantial disparities in the factors based on sex or age, 
except for the correlation between self-efficacy and attitudes. By providing useful insights for the 
development of successful instructional designs that integrate ICT, this study contributed to the 
advancement and impact of educational technology.   

1. Introduction 

Various concerns have been raised about the extensive implementation of ICT in education [1]. The existing educational system 
must be adaptable to change for ICT to be effectively integrated into classrooms [2]. Despite educators’ growing familiarity and 
competence with ICT, their utilization of it remains constrained and auxiliary [3]. Many academics have demonstrated curiosity in the 
consequences of ICT on educational systems, particularly in emerging nations such as China [4,5]. Certain scholars have investigated 
the reasons behind educators’ reluctance to use ICT in classrooms, while others have focused on the specific obstacles educators face 
when integrating ICT into their teaching [6–8]. The ICT-based teaching and learning tools and the requisite technology infrastructure 
have been updated to fulfill the need for ICT integration in educational institutions. This is because enhanced ICT in schools can lead to 
significant educational and pedagogical benefits for both teachers and students [9]. However, excessive optimism about ICT inte-
gration in education might result in some disappointments regarding overall progress [10]. Therefore, understanding the reasons 
behind and the effectiveness of ICT integration as a teaching tool is essential. 

However, there are several difficulties in implementing information technology in education. Incorporating subjective assistance, 
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interacting with students, and attaining good teaching outcomes are typically overlooked by educators when transferring classroom 
teaching materials to online courses. These inquiries center on ways to improve the convergence of technology and education. They 
include how to assist students in studying independently, how to improve instructor training, and how to successfully integrate online 
teaching models [11]. Even with the introduction of some rules, a small proportion of China’s educators—who possess differing 
degrees of expertise—have not been adequately trained to use technology into their teaching practices. Students’ development may be 
hampered if their teachers do not use technology effectively [12]. 

The use of ICT in education has been the subject of much research, with many studies looking at a range of contributing variables, 
including the attitudes, self-efficacy, and digital competence of instructors [8,13,14]. There are still not enough studies looking at the 
particular contextual elements that affect ICT integration among Chinese instructors, despite a lot of research being done in this area. 
By providing a thorough examination of these elements within China’s unique cultural, educational, and technological context, this 
research seeks to close this knowledge gap. 

Furthermore, while previous research has predominantly employed traditional statistical methods [15], Partial Least Squares 
Structural Equation Modeling (PLS-SEM) is used in this study to provide a more thorough knowledge of the correlations among the 
variables. This methodological approach allows for the examination of complex interactions and offers deeper insights into how these 
factors collectively influence ICT adoption. 

In addition to these primary factors, the study also examines the influence of demographic variables, including gender and age, on 
ICT integration. These variables were chosen based on existing literature suggesting that age and gender can significantly influence 
technology adoption and usage patterns. For example, prior research has indicated that younger teachers may be more comfortable 
with technology and more inclined to incorporate it into their teaching practices compared to their older counterparts [16]. Similarly, 
research suggests that men instructors may have stronger self-efficacy about ICT use than their female counterparts. Gender variations 
in technology usage and attitudes have also been noted [17]. 

This study aims to provide a more thorough knowledge of the many factors impacting ICT integration by using age and gender as 
variables. Addressing these demographic factors is crucial for creating targeted interventions and support systems that meet the needs 
of different teacher groups, ultimately improving the effectiveness of ICTadoption in educational settings. 

In summary, this study presents a novel angle by contextualizing the investigation within the Chinese educational system, 
employing advanced statistical methods, and taking into account the impact of demographic factors like age and gender. By fore-
grounding these aspects in the introduction, the uniqueness and relevance of this research are clearly highlighted, addressing the 
reader’s suggestion for demonstrating the study’s novelty and the need to investigate these additional variables. 

Therefore, this study addresses three research questions. First, what is the relationship between teachers’ attitudes, self-efficacy, 
digital competence, and ICT integration? Second, do teachers’ gender and age affect their attitudes, self-efficacy, digital compe-
tence, and ICT integration? Third, what model can be proposed to effectively enhance ICT integration among teachers, taking into 
account their attitudes, self-efficacy, and digital competence? 

2. Literature review 

2.1. Theoretical framework 

The Will-Skill-Tools (WST) model and the Technology Acceptance Model (TAM3) serve as the main theoretical foundations for this 
investigation. The TAM3 was developed based on four dimensions: facilitating conditions, individual differences, social influence, and 
system characteristics [18]. TAM 3 establishes a more detailed causal relationship between the various factors that affect individuals’ 
inclination to adopt and utilize innovative technologies [18–20]. Therefore, the variables attitude and self-efficacy adopt from TAM3 
model. 

The WST model relies on three components that together can shed light on why some educators use digital tools more than others 
[21]. These categories are designed to investigate the connections between teachers’ attitudes toward computers (will), often referred 
to as attitudes towards digital technologies in modern terms, teachers’ technological skills (skill), and the availability of digital re-
sources (tool). These three elements, which are crucial for successfully incorporating digital technology into classroom practice, draw 
attention to the model’s importance and distinctiveness. For integration to be effective, there must be a sufficient technology infra-
structure, positive attitudes, and talents [22]. Accordingly, the variable digital competence is derived from WST model. 

For example, research by Multazam et al. (2023) examined how web-based assessments affected student learning outcomes in 
higher education using the WST model. Their study demonstrated that the WST model effectively facilitated the collection of large- 
scale data and provided insights into student engagement and performance, highlighting its utility in educational settings [23]. An 
further example is the research conducted by Smith and colleagues (2020), whereby the WST model was utilized to assess the efficacy 
of virtual teacher professional development initiatives. Their findings indicated that the WST model not only supported efficient data 
collection but also enabled detailed analysis of teacher attitudes and competencies related to technology integration [24]. 

By including these examples, this study will build on the established applications of the WST model and TAM3, thereby enhancing 
the theoretical framework and providing a solid foundation for understanding the dynamics of technology adoption among educators. 

2.1.1. Attitude toward ICT integration 
ICT in education encompasses the use of computers, the Internet, and related technologies to facilitate teaching and learning. This 

includes utilizing software applications, digital tools, and online resources to convey knowledge, enhance educational quality, and 
offer richer, more interactive learning experiences. The goal of integrating ICTinto education is to provide a more dynamic, adaptable, 
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and varied learning environment that will support students’ general growth and acquisition of information. By integrating technology, 
educators can better address the needs of students and instruction, as well as adapt to evolving learning environments. 

The attitude of an individual is defined as their level of preference for using ICT and their perception of its effectiveness [25]. 
According to the latest study results, ICT offers numerous ways for students to learn and allows teachers to employ various teaching 
methods. Technological advancements have enabled teachers to become proficient with technology. It is essential for educators to 
maintain a positive attitude while using it innovatively and effectively [26]. Meanwhile, teachers’ attitudes regarding utilizing digital 
technology in the classroom are closely correlated with their level of technological competency [27]. For instance, a research by Clipa 
et al. (2023) found a strong positive link between the usage of technology in classrooms and teachers’ opinions about it (r = 0.45, p <
0.01) [28]. 

Attitudes are also one of the most influential elements influencing digital competence [29,30]. The authors of these studies link 
attitudes to self-directed learning and ICT integration in the classroom. Similarly, another study reveals a correlation between 
teachers’ positive attitudes towards using technology in the classroom and their proficiency with both hardware and software [31]. It 
is important to emphasize the role that technology plays in education and the significance of motivation in digital contexts. Recog-
nizing the advantages of ICT integration in the classroom is also crucial [32]. 

The TAM approach examines how subjective norms affect instructors’ perceptions, attitudes, and behavioral intentions to utilize 
technology. It was discovered that attitudes about using computers were the best indicators of behavioral intention [33]. Furthermore, 
it found that teachers’ attitudes and abilities greatly impact how they use ICT [34]. Moreover, instructors’ views significantly impacted 
the use of ICT [35]. Therefore, it’s critical to provide teachers the tools they need—infrastructure, in-service training, and refresher 
courses—in order to support and inspire them and change their views regarding ICT. 

2.1.2. Self-efficacy and ICT integration 
Researchers in education who use Bandura’s self-efficacy model concur that instructors’ self-efficacy ought to represent their 

assurance in incorporating ICT into their lesson plans [17].According to a research by Paetsch et al. (2023), educators who felt highly 
confident in their ability to use technology were more likely to integrate it into their lesson plans. A reported correlation value of 0.52 
(p < 0.01) between self-efficacy and technological integration was shown to be a strong predictor of the latter [36]. The study found 
that attitudes and self-efficacy have a high correlation and that both are positively correlated with ICT integration [37]. Additionally, 
attitudes are greatly influenced by perceived self-efficacy in ICT usage, which is the strongest predictor of ICT-based activity con-
sumption [38]. 

Meanwhile, teachers’ ICT usage and digital competency may be impacted by their sense of self-efficacy [7]. Self-efficacy in using 
ICT moderated the relationship between instructors’ ICT experience and their ability to develop digital competence. Individuals who 
are self-assured about their ability to use ICT are more capable of acquiring digital competence [39]. Similarly, educators’ propensity 
for lifelong learning is influenced by their professional abilities and self-efficacy in incorporating technology [40]. When it comes to 
utilizing ICT, older teachers are more likely to be self-efficacious than younger ones [17]. Teachers have low self-efficacy attitudes 
about their online teaching, and many do not feel competent or have the perceived potential to educate by utilizing sophisticated 
technology in classrooms [41]. 

As a result, increasing teachers’ self-efficacy could significantly increase their ICT integration. 

2.1.3. Digital competence 
Another important component of ICT integration in education is teachers’ digital competency. ICT competency has been measured 

using a number of well-established frameworks in recent years, which have introduced words like ICT literacy, digital literacy, and ICT 
proficiency [42]. The phrase "ICT competency" is most frequently used to refer to using digital technology. The efficient use of digital 
knowledge, abilities, and attitudes is known as digital competence [43]. 

The introduction of COVID-19 and its profound effects on the field of education have brought online learning and instructors’ 
digital competency to a whole new level. It has been confirmed that digital competence greatly influences ICT integration [44], and the 
more digitally proficient the instructor, the more frequently ICT is utilized [45]. Furthermore, there was a favorable relationship 
between the quantity of educational tools instructors used in the classroom and their degree of digital competency [46]. Liu’s (2023) 
study, for instance, focused on user involvement on e-learning platforms and highlighted how computer-based mind mapping might 
enhance students’ learning outcomes, cognitive presence, and reflection in online courses. This study found that interactive tools not 
only significantly contributed to higher levels of engagement but also improved students’ digital competence by requiring them to 
utilize and navigate various digital tools effectively [47]. Additionally, Liu (2023) studied computer-supported collaborative idea 
mapping and found that students’ views of cooperation had a favorable impact on their understanding of the material, their behavior, 
and their digital competency. This study emphasized that the use of collaborative tools fostered an engaging and interactive learning 
environment, which in turn enhanced students’ abilities to use digital technologies competently [48]. 

2.1.4. Gender and age with ICT integration 
Teachers’ opinions on incorporating ICT into classrooms are influenced by a number of characteristics, such as age and gender, 

among others [49,50]. There appears to be a relationship between a teacher’s age and how they feel about using ICT in the classroom 
[51], applicable to both male and female instructors [52]. When it comes to utilizing ICT in the classroom, novice instructors were 
found to be more upbeat than their more seasoned colleagues [53]. However, several studies [54,55] have concluded that no evidence 
of a substantial variation in ICT use and viewpoints according to the age and gender of instructors. 

Meanwhile, research has shown that during ICT integration, instructors’ age, gender, or self-efficacy are all the same [6,41]. But 
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some researchers [17,40] have reported contradictory findings. 
Additionally, there are fewer studies examining the relationship between digital competence, gender, and age [56,57]. According 

to research, younger instructors are more digitally competent than their older colleagues, and women are often less proficient than 
men in this area [46]. On the other hand, some contend that age and gender have little bearing on digital competency [11]. 

2.2. Hypothesis development 

The studies mentioned above lead to the following hypotheses. 

H1a. Attitudes have a direct and substantial impact on digital competence during teachers’ ICT integration. 

H1b. The influence of attitudes on digital competence differs significantly between male and female. 

H1c. The influence of attitudes on digital competence differs significantly between the teachers aged ≤35 years old and ≥36 years 
old. 

H2a. Attitudes have a direct and substantial impact on teachers’ ICT integration. 

H2b. The influence of attitudes on teachers’ ICT integration differs significantly between male and female. 

H2c. The influence of attitudes on teachers’ ICT integration differs significantly between teachers aged ≤35 years old and ≥36 years 
old. 

H3. Attitudes have an indirect and substantial impact on teachers’ ICT integration through digital competence. 

H4a. Self-efficacy has a direct and substantial impact on attitudes during teachers’ ICT integration. 

H4b. The influence of self-efficacy on attitudes differs significantly between male and female. 

H4c. The influence of self-efficacy on attitudes differs significantly between the teachers aged ≤35 years old and ≥36 years old. 

H5a. Self-efficacy has a direct and substantial impact on digital competence during teachers’ ICT integration. 

H5b. The influence of self-efficacy on digital competence differs significantly between male and female. 

H5c. The influence of self-efficacy on digital competence differs significantly between the teachers aged ≤35 years old and ≥36 years 
old. 

H6a. Self-efficacy has a direct and substantial impact on teachers’ ICT integration. 

H6b. The influence of self-efficacy on teachers’ ICT integration differs significantly between male and female. 

H6c. The influence of self-efficacy on teachers’ ICT integration differs significantly between teachers aged ≤35 years old and ≥36 
years old. 

H7. Self-efficacy has an indirect and substantial impact on teachers’ ICT integration through attitudes. 

H8. Self-efficacy has an indirect and substantial impact on teachers’ ICT integration through digital competence. 

H9a. Digital competence has an indirect and substantial impact on teachers’ ICT integration. 

H9b. The influence of digital competence on teachers’ ICT integration differs significantly between male and female. 

H9c. The influence of digital competence on teachers’ ICT integration differs significantly between teachers aged ≤35 years old and 
≥36 years old. 

In this study, hypotheses were formulated based on a thorough review of existing literature. The nomination of alternative hy-
potheses was guided by empirical findings and theoretical frameworks relevant to the factors influencing ICT integration among 
teachers. While some hypotheses are directly supported by specific studies, others are derived from broader theoretical insights or 
indirect evidence. 

Several hypotheses in this study are strongly supported by previous research. For example, the hypothesis that teachers’ attitudes 
towards technology positively influence their ICT integration is well-documented in studies such as Clipa et al.(2023), which 
discovered a strong positive link between these factors [28]. Similarly, the hypothesis that self-efficacy affects technology adoption is 
supported by Pedaste et al. (2023), who highlighted how important self-efficacy is to the integration of technology [58]. 

Other hypotheses, while not directly supported by a specific study, are grounded in established theoretical frameworks. For 
instance, the hypothesis that digital competence influences ICT integration is derived from WST model and its focus on how crucial 
digital skills are to making efficient use of technology. The hypothesis that demographic factors such as age and gender impact 
ICTintegration is supported by broader sociological and educational research indicating that these variables can affect technology use 
and adoption patterns [59]. 

For hypotheses that may appear less directly supported, additional literature and theoretical perspectives provide a rationale for 
their inclusion. For example, while specific empirical studies on how gender affects ICT integration among Chinese teachers may be 
limited, general findings from studies on gender differences in technology adoption support the hypothesis that gender can play a role 
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in ICT integration [40]. 
To ensure a robust foundation for all hypotheses, a comprehensive literature review was conducted. This review synthesized 

findings from various studies and theoretical frameworks, ensuring that each hypothesis is rooted in a well-established body of 
knowledge. Where direct empirical support was lacking, theoretical insights and related empirical findings were used to justify the 
hypotheses. 

By clearly articulating the theoretical and empirical basis for each hypothesis, this study demonstrates that all hypotheses, 
including alternative hypotheses, are well-supported by the literature. This approach not only strengthens the credibility of the hy-
potheses but also underscores the rigorous methodological approach underpinning the research. 

Fig. 1 shows the comprehensive recommended structure for this project, which is based on the previously described literature 
review. This study will address two primary questions. 

RQ1. What is the relationship between teachers’ attitudes, self-efficacy, digital competence, and ICT integration? 

RQ2. Do teachers’ gender and age affect their ICT attitudes, self-efficacy, digital competence, and ICT integration? 

RQ3. What model can be proposed to effectively enhance ICT integration among teachers in Henan Province, considering their 
attitudes, self-efficacy, and digital competence? 

3. Methodology 

This study uses a PLS-SEM technique to investigate the factors influencing teachers’ ICT integration, with an emphasis on attitudes, 
self-efficacy, and digital competence. The use of ICT in schools is being influenced by rapid technology breakthroughs and pedagogical 
changes in China, which is the focus of the research. This research intends to offer insights that are especially pertinent to China’s 
distinct educational, cultural, and technological environment by analyzing these elements within the Chinese context. 

Researchers use the Smart PLS 3.3.3 algorithm in conjunction with a 5000 sub-sample resampling approach in this investigation. 
This method is applied to assess the model’s measurement and structural design. This technique is called PLS-SEM [60]. PLS-SEM is an 
approach that explains how latent or hidden variables are related. A latent variable is any dormant, unnoticed, or concealed deter-
minant that contributes to the relationship between the variables under evaluation. PLS can be used to improve latent variables by both 
using them and determining measurement errors. 

PLS-SEM was used in conjunction with the SmartPLS program to evaluate the survey data. PLS-SEM is a potent statistical method 
that makes it possible to analyze intricate connections between latent and observable variables. Among the primary statistical tech-
niques were: 

Descriptive Statistics: These were calculated to summarize the demographic characteristics and survey responses. 
Reliability and Validity Analysis: The composite reliability and Cronbach’s alpha were employed to assess the survey scales’ in-

ternal consistency. Average Variance Extracted (AVE) was used to evaluate convergent validity, and cross-loadings and the Fornell- 
Larcker criterion were used to estimate discriminant validity. 

Measurement Model Assessment: The measurement model was evaluated to ensure that the constructs were measured accurately 

Fig. 1. The proposed framework of factors influencing teachers’ ICT integration.  
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and consistently. This involved examining factor loadings, reliability, and validity metrics. Items with loadings below 0.70 were 
considered for removal to improve the model fit. 

Structural Model Assessment: To investigate the connections between teachers’ attitudes toward technology, self-efficacy, digital 
competence, and technology adoption, the structural model was evaluated. We computed path coefficients and used bootstrapping 
approaches with 5000 resamples to assess their significance. The paths’ degrees of statistical significance are indicated by the notation 
"p < 0.01, **p < 0.05, *p < 0.10"; a p-value of less than 0.01 is regarded as highly significant, less than 0.05 as significant, and less than 
0.10 as marginally significant. 

Exploratory Factor Analysis (EFA): An initial EFA was conducted in order to identify the underlying factor structure of the survey 
questions pertaining to attitudes, self-efficacy, and digital competence, even though PLS-SEM was the principal analytical tool. This 
analysis ensured that the constructs were accurately measured. 

The methodology section gives a thorough overview of the procedures involved in this study by including thorough descriptions of 
the research instrument and the PLS-SEM analytic methods employed. This level of detail ensures transparency and allows for the 
replication of the research. 

3.1. Sampling and data collections 

Teachers in the Henan Province of China made up the study’s sample. While there is debate about China’s classification as a 
developing nation due to its rapid economic growth, significant regional disparities remain. Henan, one of the most populous and 
resource-rich regions, presents unique challenges and opportunities for ICT integration in education [61]. Despite China’s overall 
progress, Henan faces economic and educational disparities, making it a representative case for studying ICT integration in regions 
with limited resources. Henan’s large teacher population provides a robust sample for examining ICT practices, and the challenges they 
face are similar to those in other developing regions globally [62]. The Chinese government’s initiatives to promote ICT in education, 
especially in underdeveloped areas, make Henan an ideal location to assess policy effectiveness. Moreover, Henan’s strategic 
importance in national development plans highlights the significance of studying ICT integration in this province. By focusing on 
Henan, the study aims to offer insights into ICT integration in a region that exemplifies both progress and challenges in educational 
development, providing valuable findings applicable to other similar contexts. 

The probability sampling approach known as snowball sampling was used to choose the sample. While it is true that teachers are 
not a hidden population and can be identified through formal inquiries and verifications, snowball sampling was used to ensure that 
the participants selected were highly relevant to the research objectives. By leveraging the professional networks of initial participants, 
the study aimed to identify teachers who are particularly experienced with ICT integration, thus providing richer and more targeted 
insights. In addition, snowball sampling can be more efficient and practical in certain contexts [63]. Given the constraints of time and 
resources, this method allowed for a quicker identification and recruitment process. Initial participants, who are familiar with the 
study’s requirements, were able to recommend colleagues who met the criteria, hence making the process of gathering data easier. 
Finally, this approach made it easier to gather detailed information from participants who are knowledgeable about ICT integration 
techniques. Teachers who are actively engaged with ICT are likely to recommend other similarly engaged colleagues, ensuring that the 
sample is composed of individuals with relevant experience and knowledge. 

Therefore, the non-probability sampling technique known as "snowball sampling" was employed in this investigation due to the 
necessity for thorough, pertinent, and efficient data [63]. The approach was carefully considered to ensure that the sample, though not 
random, provided meaningful and valuable insights into ICT integration among teachers. This explanation addresses the reader’s 
concern and clarifies the methodological choice made in the study. 

The researchers made contact with twenty in-service teachers from different public elementary and secondary schools in Henan 
Province to help with data collecting. It was required of each of these educators to collect information from no less than thirty-five 
other in-service teachers. The survey was available from December 20, 22 until January 20, 2023, a period of four weeks. Six hun-
dred and eighty-eight samples of the 700 questionnaires that were disseminated online were successfully gathered. In addition to 
providing their informed consent, participants also supplied demographic data, including age and gender. The study’s ethical 
guidelines were closely followed in order to protect the anonymity of the data supplied. 

The sample represents the total number of responses received via the online platform. The data was reduced to 680 useable re-
sponses after outliers and missing values were removed. Table 1 displays the demographics of this study’s participants, which show 
that out of 680 replies, 207 are male teachers and 473 are female teachers, accounting for 30.4 % and 69.6 % of the sample, 
respectively. Furthermore, most instructors are older than 36 years old, accounting for 63 percent of all respondents, while 37 percent 

Table 1 
Demographic information of the sample.  

Variables Number Percent (%) 

Gender 
Male 207 30.4 
Female 473 69.6 
Age 
≤35 252 37.0 
≥36 428 63.0  
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are younger than or equal to 35 years old. In China, the age range for young teachers is generally from 22 to 35 years old, while the age 
range for middle-aged and senior teachers is typically from 36 to 55 years old. The retirement age for teachers in China is 55. Therefore, 
this research uses 35 years old as the dividing line to classify teachers into the categories of young and middle-aged/senior teachers 
(Zhou et al., 2020). 

3.1.1. Research instrument 
The questionnaire employed in this study had been previously used in similar research and was validated through pilot testing and 

expert review [64–67]. It utilizes a 5-point Likert scale (ranging from "strongly disagree" to "strongly agree") and consists of 20 items 
across four categories: attitude (AT), self-efficacy (SE), digital competence (DC), and teachers’ ICT integration (TICTI). Table 2 outlines 
the construction code and the total number of indicators. Fig. 2 illustrates the test model for the factors influencing teachers’ ICT 
integration. 

The pilot test involved a sample of 30 teachers from various educational institutions in China. Its purpose was to evaluate the 
clarity, relevance, and comprehensiveness of the survey items. Feedback from participants was used to make minor adjustments to the 
wording and format of the questions. 

Content validity was ensured through expert review. The survey items were examined by three specialists in the field of educational 
technology to determine its applicability and level of representativeness for the constructs under study. Their feedback confirmed that 
the items adequately covered the domains of attitudes towards technology, self-efficacy, and digital competence. 

Using the results of the pilot test, exploratory factor analysis (EFA) was used to assess construct validity. The calculation of the 
Kaiser-Meyer-Olkin (KMO) measure of sample adequacy was done to make sure factor analysis was appropriate. The KMO value 
obtained was 0.86, which indicates a high level of adequacy for factor analysis (values between 0.80 and 0.89 are considered meri-
torious) [68]. This result suggests that the correlations between items are sufficiently large for factor analysis. According to the EFA 
results, the items aligned with the theoretical constructs and loaded adequately into their corresponding factors. Items with factor 
loadings below 0.70 were considered for removal to improve the model fit. 

Through employing Cronbach’s alpha, the reliability of the instrument was evaluated. The pilot test results displayed the following 
dependability scores: Cronbach’s alpha values for attitudes, self-efficacy, and digital competence were 0.85, 0.82, and 0.88, respec-
tively. These scores indicate good internal consistency for each of the constructs measured [68]. 

By detailing the validation and reliability testing, the study ensures transparency and rigor in utilizing the research instrument. The 
pilot test confirmed that the instrument was both valid and reliable for measuring the intended constructs within the context of this 
study. 

4. Results 

After determining the sample’s characteristics, the proposed measurement model was subsequently analyzed to test the hypoth-
eses. Initially, the reliability of the measurement scale was examined. Secondly, researchers analyzed the model-predicted relation-
ships between the variables to determine whether they were in fact related. Ultimately, a multi-group analysis was performed to 
ascertain whether demographic variables like age and gender moderated the relationships between the dimensions. 

4.1. Measurement model 

RQ1 states that while PLS-SEM is non-parametric and does not need normally distributed data, being aware of the distribution of 
the data can aid in the interpretation of results and the identification of potential drawbacks. 

Table 3 illustrates that the p-values of the Shapiro-Wilk and Kolmogorov-Smirnov tests are larger than 0.05 for the variables ICTI, 
AT, SE, and DC. This suggests that the null hypothesis, which states that the distribution of the data is normal, cannot be disproved. 
Consequently, it can be concluded that the data for these four variables is normally distributed. 

Based on the collinearity statistics provided in Table 4, there is no significant multicollinearity among the independent variables 
(AT, SE, and DC) in relation to the dependent variable ICTI. Since every tolerance value is greater than 0.1 and every VIF value is less 
than 10, multicollinearity is not a problem in this model. This suggests that the independent variables can be reliably used in the 
regression analysis without the risk of inflated standard errors. 

To figure out how reliable each item is, we use either standardized loading or simple correlation. A threshold of 0.55 must be met by 
the items’ Cronbach’s alpha for them to be considered reliable [60]. Thus, it can be inferred from Table 3 that all the items are 
trustworthy and satisfy the predetermined criteria. 

PLS-SEM considers AVE, composite reliability, and Cronbach’s alpha to assess convergent validity. Convergent validity at the 

Table 2 
Constructs, number of indicators, and indicators.  

Construct (Code) No. of indicators Indicators Adopted and modified from 

Attitudes (AT) 5 AT1 AT2 AT3 AT4 AT5 [64] 
Self-efficacy (SE) 5 SE1 SE2 SE3 SE4 SE5 [65] 
Digital competence (DC) 5 DC1 DC2 DC3 DC4 DC5 [66] 
Teachers’ ICT integration (TICTI) 5 TICTI1 TICTI2 TICTI3 TICTI4 TICTI5 [67]  
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construct level is frequently evaluated using AVE. The construct-related indicators’ squared loadings’ grand mean value, or the total of 
the loadings divided by the number of indicators, is what determines this statistic. Consequently, AVE is the same as the communality 
of the construct. When an indicator’s AVE value is 0.5 or higher, a construct is considered to account for, on average, more than half of 
its indicators’ variance. On the other hand, an AVE of less than 0.5 suggests that generally speaking, there is more error in the items 
than the constructions can explain [60]. 

All of the variables meet the first condition for dependability because, as Table 5 demonstrates, their Cronbach’s alpha values are 
all above.55. The variables also satisfy this requirement as the combined reliability of all of the variables is higher than the benchmark 
value of 0.7 that has been set. AVE is greater than 0.5, which is the last requirement that the variables meet [60]. As a result, the 
variables’ convergent validity is established. 

The HTMT, cross-loading, and the square root of the AVE (Fornell-Larcker criteria) are the three parameters taken into account 
when assessing discriminant validity [60]. The current study satisfies the first requirement for discriminant validity, as indicated by 
Table 6, which is that the square root of AVE (diagonal value) for each construct in the correlation matrix must be higher than the 
correlations between the latent constructs. 

Each item’s loading should be higher than the loading of the variable it is linked with, and there should be a difference between the 
cross-loadings that is more than zero [60]. This is the second condition for discriminant validity. As a result, it can be concluded from 
Table 7 that the second requirement has also been satisfied. 

A value of less than 0.85 for the HTMT is the third requirement for proving discriminant validity [60]. Table 8 demonstrates that the 
variables also satisfy this criterion, demonstrating that discriminant validity is also established. By measuring the amount of variation 

Fig. 2. The factors influencing teachers’ ICT integration test Model.  

Table 3 
Test of normality.   

Kolmogorov-Smirnova   Shapiro-Wilk   

Statistic df Sig. Statistic df Sig. 

ICTI 0.209 680 0.062 0.868 680 0.054 
AT 0.176 680 0.056 0.896 680 0.063 
SE 0.146 680 0.072 0.928 680 0.081 
DC 0.17 680 0.067 0.907 680 0.076  

Table 4 
Collinearity statistics.   

Tolerance VIF 

(Constant) 
AT 0.559 1.787 
SE 0.717 1.394 
DC 0.603 1.659 

a Dependent Variable: ICTI. 
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Table 5 
Measurement model result.  

Constructs Items Loadings Cronbach’s α Constructs Average Variance Extracted 

Attitudes AT1 0.839 0.9 0.926 0.714 
AT2 0.862    
AT3 0.837    
AT4 0.846    
AT5 0.841    

Self-efficacy SE1 0.815 0.862 0.9 0.644 
SE2 0.809    
SE3 0.807    
SE4 0.781    
SE5 0.800    

Digital competence DC1 0.824 0.864 0.902 0.647 
DC2 0.807    
DC3 0.818    
DC4 0.786    
DC5 0.786    

Teachers’ ICT integration TICTI1 0.744 0.823 0.876 0.586 
TICTI2 0.717    
TICTI3 0.783    
TICTI4 0.780    
TICTI5 0.801     

Table 6 
Fornell-Lacker criterion.   

AT DC SE TICTI 

AT 0.845    
DC 0.619 0.805   
SE 0.534 0.492 0.802  
TICTI 0.661 0.624 0.574 0.766  

Table 7 
Cross loadings.   

AT DC SE TICTI 

AT1 0.839 0.517 0.456 0.557 
AT2 0.862 0.544 0.432 0.566 
AT3 0.837 0.528 0.434 0.542 
AT4 0.846 0.521 0.477 0.562 
AT5 0.841 0.507 0.456 0.566 
DC1 0.507 0.824 0.391 0.515 
DC2 0.488 0.807 0.381 0.521 
DC3 0.505 0.818 0.398 0.473 
DC4 0.498 0.786 0.415 0.523 
DC5 0.493 0.786 0.392 0.474 
SE1 0.430 0.418 0.815 0.479 
SE2 0.441 0.385 0.809 0.447 
SE3 0.452 0.431 0.807 0.502 
SE4 0.407 0.364 0.781 0.435 
SE5 0.407 0.368 0.800 0.434 
TICTI1 0.501 0.466 0.460 0.744 
TICTI2 0.524 0.490 0.453 0.717 
TICTI3 0.513 0.491 0.414 0.783 
TICTI4 0.485 0.451 0.439 0.780 
TICTI5 0.504 0.486 0.428 0.801  

Table 8 
Heterotrait-Monotrait Ratio (HTMT) results.   

AT DC SE TICTI 

AT     
DC 0.703    
SE 0.605 0.568   
TICTI 0.768 0.739 0.679   
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in the dependent variables that the model predicts, the explanatory power of the model is determined. 

4.1.1. Structural model 
There are five phases in the structural model evaluation process. The variance inflation factor (VIF) and multicollinearity among all 

endogenous constructs are first looked at. The t-value and p-value are evaluated in the second phase. Examining the Coefficient of 
Determination (R2) is the third stage. In the last stage, the effect size (f2) is evaluated, and the model’s predictive power (Q2) is 
evaluated. Reporting the model fit, together with the SRMR and NFI values, is the last step [60]. 

As expected, there is no problem with multicollinearity; all of the predictors in the model have VIF values less than 5, which 
qualifies the model for assessment. Inner VIF ratings were utilized by the researchers since all of the elements are reflecting rather than 
formative. Table 9 displays the inner VIF scores of the predictors in the model. The researchers used a bootstrapping sampling 
approach using 5000 iterations of a sub-sample to evaluate the assumptions of the structural model. The R square, effect sizes, and Q 
square are shown in Table 10. When the R2 value for endogenous constructs is 0.25, 0.50, or 0.75, respectively, it is considered weak, 
moderate, or considerable [60]. Table 8 demonstrates that although the other factors in the model have moderate power, attitudes 
have low power. Values larger than 0.02, 0.15, and 0.35 are regarded as minor, medium, and high effect sizes (f2), respectively [60]. 
Table 9 shows that although self-efficacy (f2 = 0.398) has a considerable impact on attitudes, attitudes have a large effect size on digital 
competence (f2 = 0.307). All three predictors (AT, SE, DC) show a minor impact size when f2 for ICT integration is taken into account. 

Using the blindfolding approach, the predictive power of the model was evaluated. Table 10 indicates that the model is predictive 
because all endogenous constructs had Q2 values larger than zero. To avoid model misspecification, PLS-SEM can use the SRMR as a fit 
measure. Acceptable SRMR values are those that are less than 0.08 or 0.10. A better match is indicated by values nearer 1 in the NFI 
range of 0–1 [60]. There is 0.881 NFI. This suggests that the model matches the data rather well, as Table 11 illustrates. 

The route analysis is displayed with the assumptions in Table 12 and Fig. 3. The hypotheses between dependent and independent 
variables are represented by the coefficients’ sign, size, and significance. The intensity with which independent factors impact 
dependent variables is demonstrated by p values, sometimes referred to as coefficient values, in contrast to p values, which indicate the 
significance of the hypothesis and must be less than.1 [60]. Therefore, all of the hypotheses are accepted at a significance level of.01, 
and all of the routes are positive, as shown by Table 12 and Fig. 3. 

The findings presented above imply that this study’s hypotheses are all supported. H1a (β = 0.499, p < 00.01) displays the 
relationship between attitudes and digital competence, indicating that attitudes unquestionably have a major influence on digital 
competence when impacting the integration of instructors. Moreover, H2a (β = 0.355, p < 00.01) suggests that attitudes play a major 
influence in the ICT integration of instructors. Additionally, H3 (P < 00.01) shows that attitudes significantly and favorably influence 
ICTI indirectly through digital competence. Thus, it can be inferred that attitude enhances the digital competence and ICT integration 
of teachers. H4a (β = 0.534, p < 00.01) and H5a (β = 0.225, p < 00.01), which show how self-efficacy affects attitudes and digital 
competence under the effect of teacher integration, show how self-efficacy strongly influences attitudes and digital competence. 
Furthermore, H6a (β = 0.245, p < 00.01), representing the path connecting self-efficacy with ICT integration, suggests that self- 
efficacy significantly influences teachers’ ICT integration. Additionally, H7 (p < 00.01) and H8 (p < 00.01) predict that self- 
efficacy influences ICT integration indirectly and significantly through attitudes and digital competency. Thus, a teacher’s attitude 
and aptitude for utilizing technology in the classroom are influenced by their level of self-efficacy. A teacher can successfully use 
information technology into their lessons if they have a high feeling of self-efficacy. Moreover, H9 (β = 0.220, p < 00.01) shows that 
digital competence also enhanced the ICT integration of teachers. Fig. 3 shows the suggested model of variables impacting the ICT 
integration of in-service instructors. 

4.1.2. Multi-group analysis 
Regarding RQ2, a multi-group analysis was used to examine the remaining hypotheses about the moderating effects of age and 

gender on the correlations among the four dimensions. Researchers began by conducting variable measurement invariance checks 
(MICOM). Without MICOM, multi-group analysis cannot be performed [69]. 

Tables 13 and 14 summarize the findings of the MICOM analysis. Step 1: Normality is automatically established based on the 
results. Step 2: The permutation p-value is more than 0.05 and the initial correlation is larger than 5 %. Step 3: (a) Since the original 
difference value is not included in all confidence intervals for the latent variable score means, equal means are not present. (b) Since 
not all confidence intervals for the latent variable score variances include the initial differences, equal variances are thus absent [70]. 
These findings allowed us to conduct a multi-group analysis to identify any significant differences based on gender and age. 

Table 15 shows that none of the hypotheses could be accepted due to a gender-moderating effect. Gender moderation does not 
differ between the male and female groups, according to an analysis of the association between these characteristics. Table 16 il-
lustrates this association between attitudes and self-efficacy, the age moderation is greatest in the group of people under 35 years old 

Table 9 
Inner VIF.   

AT DC SE TICTI 

AT  1.398  1.828 
DC    1.724 
SE 1 1.398  1.485 
TICTI      
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Table 10 
R square, effect sizes (f2), and Q square.    

f2     

R2 AT DC SE TICTI Q2 

AT 0.284  0.307  0.154 0.201 
DC 0.418    0.104 0.269 
SE  0.398 0.063  0.091  
TICTI 0.550     0.318  

Table 11 
The model fit parameters.   

Saturated Model Estimated Model 

SRMR 0.053 0.053 
d_ULS 0.591 0.591 
d_G 0.213 0.213 
Chi-Square 896.676 896.676 
NFI 0.881 0.881  

Table 12 
The results of path analysis and hypothesis.  

Hypo Paths Effect type Beta T-value Decision 

H1a AT - > DC Direct Effect 0.499 15.942a supported 
H2a AT- > TICTI Direct Effect 0.355 10.501a supported 
H3 AT- > DC- > TICTI Indirect effect  7.146a supported 
H4a SE - > AT Direct Effect 0.534 18.053a supported 
H5a SE - > DC Direct Effect 0.225 6.270a supported 
H6a SE - > TICTI Direct Effect 0.245 8.220a supported 
H7 SE - > AT- > TICTI Indirect effect  8.474a supported 
H8 SE - > DC- > TICTI Indirect effect  4.788a supported 
H9a DC - > TICTI Direct Effect 0.283 8.500a supported 

p < 0.01. 
**p < 0.05. 
*p < 0.10. 

Fig. 3. The Model of factors influencing teachers’ ICT integration.  
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and lowest in the group of people over 36 years old. Age, on the other hand, has no effect on the impact of any other relationships. 
Accordting to RQ3, Fig. 4 depicts the results of the model’s multi-group evaluation. 

5. Discussion 

Contextual variables have been added to the acceptance paradigm, as demonstrated by the incorporation of ICTs in the classroom. 
This study used PLS-SEM to investigate the factors influencing ICT adoption among educators in a developing country. To determine 
the variables influencing in-service teachers’ use of technology in the classroom, the research integrated the TAM3 and WST models 
into a single framework. To gain a deeper understanding of teachers’ ICT usage, additional characteristics were taken into account, 
including their attitudes, self-efficacy, and digital competence. The model was found to be sufficient based on the good findings of all 
validity metrics, including discriminant validity, convergent validity, and Cronbach’s alpha. As a result, the variables showed 

Table 13 
Results of invariance measurement testing using permutation (MICOM) of gender.  

Constructs Configural 
Invariance (step 
1) 

Composition 
Invariance (Step 2) 

Patrial 
Measurement 
Invariance 

Equal Mean Assessment (Step 
3a) 

Equal Variance Assessment 
(Step 3b) 

Full 
Measurement 
Invariance  

Original 
Correlation 

5 %  Original 
difference 

Confidence 
Interval 

Original 
difference 

Confidence 
Interval  

AT yes 1 1 yes 0.185 [-0.163; 
0.156] 

− 0.143 [-0.142; 
0.156] 

No/No 

DC yes 1 0.999 yes 0.261 [-0.170; 
0.179] 

− 0.159 [-0.158; 
0.161] 

No/No 

SE yes 0.999 0.998 yes 0.091 [-0.174; 
0.156] 

− 0.263 [-0.154; 
0.163] 

Yes/No 

TICTI yes 0.999 0.998 yes 0.05 [-0.150; 
0.166] 

− 0.135 [-0.203; 
0.235] 

Yes/Yes  

Table 14 
Results of invariance measurement testing using permutation (MICOM) of age.  

Constructs Configural 
Invariance 
(step 1) 

Composition 
Invariance (Step 2) 

Patrial 
Measurement 
Invariance 

Equal Mean Assessment (Step 
3a) 

Equal Variance Assessment 
(Step 3b) 

Full 
Measurement 
Invariance  

Original 
Correlation 

5 %  Original 
difference 

Confidence 
Interval 

Original 
difference 

Confidence 
Interval  

AT yes 1 1 yes − 0.154 [-0.153; 
0.158] 

− 0.001 [-0.155,0.134] No/No 

DC yes 1 1 yes − 0.194 [-0.165; 
0.157] 

0.188 [-0.163,0.141] No/No 

SE yes 0.999 0.999 yes − 0.171 [-0.162; 
0.148] 

0.389 [-0.165,0.140] No/No 

TICTI yes 0.999 0.999 yes − 0.082 [-0.157; 
0.154] 

0.258 [-0.216,0.198] Yes/No  

Table 15 
Multi-group hypothesis testing of gender.  

Hypothesis Male Female 

Path 
coefficient 

CIs (Bias 
corrected) 

Path 
coefficient 

Cis (Bias 
corrected) 

Path coefficient 
differences 

p-value 
Henseler’s MGA 

p-value 
parametric test 

supported 

H1b: AT - >
DC 

0.457 [0.325; 
0.561] 

0.513 [0.441; 
0.594] 

− 0.056 0.44 0.426 No 

H2b: AT- >
TICTI 

0.331 [0.231; 
0.451] 

0.365 [0.281; 
0.443] 

− 0.034 0.617 0.628 No 

H4b: SE - >
AT 

0.562 [0.457; 
0.676] 

0.518 [0.442; 
0.588] 

0.044 0.518 0.513 No 

H5b: SE - >
DC 

0.255 [0.121; 
0.393] 

0.217 [0.128; 
0.287] 

0.038 0.641 0.629 No 

H6b: SE - >
TICTI 

0.260 [0.145; 
0.361] 

0.238 [0.158; 
0.308] 

0.022 0.752 0.76 No 

H9b: DC - >
TICTI 

0.289 [0.186; 
0.403] 

0.289 [0.212; 
0.370] 

0.000 0.992 0.999 No  
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statistically significant and positive correlations with one another. 
Regarding RQ1, this study evaluated the attitudes, self-efficacy, and digital competence of instructors as crucial requirements for 

improving the effectiveness and productivity of ICT integration. As a result, it’s still uncertain if ICT is used to its full potential or not in 
developing nations. The results of this study show that teachers’ attitudes have a considerable beneficial influence on their digital 
competence and ICT integration, which is consistent with prior studies [29,34,35]. According to the report, educators think that 
encouraging attitudes encourage pupils to utilize ICT in the classroom, which helps to assist their teaching. Schools in underdeveloped 
countries should encourage teachers to utilize computers to promote favorable attitudes toward ICT as part of global development [30, 
31]. Moreover, attitudes have a greater coefficient value than the other two components, indicating a significant influence on ICT 
integration [49]. The study findings of Clipa et al. (2023) indicate a similar association with the positive correlation (r = 0.45, p <
0.01) between teachers’ views towards technology and their actual usage of it in the classroom [28]. This bolsters the notion that 
successful technology integration in education requires positive attitudes toward technology. 

The study also showed that attitudes, digital competency, and ICT integration were highly impacted by teachers’ self-efficacy. 
These results support the research of Paetsch et al. (2023), who highlighted the significance of self-efficacy in predicting teachers’ 
use of technology. Their research revealed that, with a path coefficient of 0.52 (p < 0.01), self-efficacy strongly predicted the adoption 
of technology [58].This explains why the viewpoints appear difficult or less beneficial to instructors who have poor self-efficacy 
regarding ICT use. As a result, the results align with other research of a similar nature [17,38], which studies show that better atti-
tudes, digital competency, and ICT integration are displayed by educators who have greater levels of self-efficacy. Furthermore, digital 

Table 16 
Multi-group hypothesis testing of age.  

Hypothesis ≤35 ≥36 

Path 
coefficient 

CIs (Bias 
corrected) 

Path 
coefficient 

CIs (Bias 
corrected) 

Path coefficient 
differences 

p-value 
Henseler’s MGA 

p-value 
parametric test 

supported 

H1c: AT - >
DC 

0.558 [0.424; 
0.669] 

0.471 [0.389; 
0.546] 

0.088 0.230 0.203 No 

H2c: AT- >
TICTI 

0.408 [0.262; 
0.537] 

0.351 [0.275; 
0.416] 

0.057 0.480 0.435 No 

H4c: SE - >
AT 

0.716 [0.656; 
0.770] 

0.405 [0.313; 
0.490] 

0.311 0.000a 0.000a Yes 

H5c: SE - >
DC 

0.243 [0.127; 
0.366] 

0.179 [0.087; 
0.263] 

0.065 0.398 0.397 No 

H6c: SE - >
TICTI 

0.203 [0.084; 
0.335] 

0.269 [0.183; 
0.328] 

− 0.067 0.374 0.324 No 

H9c: DC - >
TICTI 

0.208 [0.106; 
0.322] 

0.327 [0.241; 
0.403] 

− 0.118 0.105 0.900 No 

p < 0.01. 
**p < 0.05. 
*p < 0.10. 

Fig. 4. The Final Model of factors influencing teachers’ ICT integration.  
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competence has a favorable impact on teachers’ ICT integration. According to earlier studies, educators still need to develop their 
digital teaching techniques [42,43,47]. The more digitally proficient an educator is, the more adept they are at incorporating tech-
nology [17]. To improve teachers’ attitudes and self-efficacy in utilizing digital technology, schools and legislators must continue to 
create fair rules that motivate educators to improve their digital abilities and actively engage in digital technology training. To use ICT 
in the classroom and improve the caliber of their education, educators must also concentrate on honing their digital abilities [56]. 

Subsequently, in relation to RQ2, this research model helps test the differences between gender and age factors influencing 
teachers’ ICT integration. Consistent with previous research [6,54], the findings showed that there was no discernible gender dif-
ference in the correlations between the variables. China has a long history of promoting gender equality, which has led to a small 
gender gap in education and no appreciable differences in these areas between men and women [32]. Initially, the utilization of ICT in 
education relies chiefly on the proficiency of teachers in operating the technology and employing it for teaching, rather than being 
contingent upon their gender. The adaptability in utilizing technology within classroom instruction is primarily determined by an 
individual’s skill set and training, rather than their gender identity [6]. Additionally, the advancement and widespread adoption of ICT 
has afforded educators the chance to partake in training and gain relevant knowledge, irrespective of their gender. All genders may 
typically access a wide range of digital tools and teacher education programs, giving educators the chance to incorporate technology 
into their pedagogical approaches [41]. Furthermore, the gender of teachers does not have a direct correlation with their pedagogical 
philosophy or professional growth. ICT integration in education is more directly correlated with curriculum design, student needs, and 
pedagogical goals of teachers—factors that are not contingent on the gender of the instructor [40]. Hence, the gender of a teacher does 
not serve as the pivotal determinant in the application of ICT in education. Rather, the essential factors include the technical profi-
ciency of the teacher, their instructional strategies, their openness to technology, and their willingness to implement it. Gender should 
not serve as the primary criterion for evaluating the capabilities and potential of teachers in utilizing ICT for teaching purposes. 

The findings also showed that most correlations between variables do not significantly change based on the age of the variables. 
However, teachers aged ≤35 have significantly stronger age moderation between self-efficacy and attitudes than teachers aged ≥36. 
Younger educators are prone to embracing fresh technologies and incorporating them into their teaching practices. Their increased 
exposure to a variety of digital tools during their upbringing has fostered a greater familiarity and comfort with technology and digital 
surroundings [35]. Furthermore, these younger teachers might have undergone more extensive training in digital education or 
encountered more instances of technology implementation within educational curricula, thus instilling in them a heightened sense of 
assurance and proficiency in employing technology [17,40]. Ultimately, the younger demographic tends to display a more proactive 
approach towards exploring and adjusting to novel concepts, displaying a greater readiness to experiment and acquire new techno-
logical skills, thereby displaying more enthusiasm towards digital teaching practices [40]. The absence of a direct correlation between 
age and digital proficiency can be attributed to the fact that, while age might influence how open and receptive an individual is to 
technology, digital skills are primarily contingent on an individual’s inclination to learn, technical training, and ongoing education. 
Age, in itself, does not serve as a definitive factor in determining a person’s digital skills; instead, it is an individual’s mindset and the 
opportunities they have to acquire and adapt to new technologies that play a more pivotal role [15]. Therefore, teachers of all ages can 
be seen as the driving force behind digital education. Enhancing training for both younger and older teachers is crucial when it comes 
to digital technology abilities. 

Regarding RQ3, based on the findings from the first two research questions, a comprehensive model is proposed to enhance ICT 
integration among teachers. Important elements covered by this approach are teachers’ attitudes toward technology, their level of self- 
efficacy, their level of digital competency, and the particular difficulties they face. Key components include tailored professional 
development programs, ongoing support and mentorship, enhanced access to technology, and resource allocation. It also focuses on 
attitudinal and motivational support, collaborative networks, and partnerships with ICT experts. Additionally, the model emphasizes 
policy and administrative support, developing supportive policies, and encouraging administrative leadership. The implementation of 
this model should be phased, with pilot programs and robust feedback mechanisms to allow for iterative improvements. The suggested 
strategy seeks to increase ICT adoption in educational settings, raising the standard of instruction and better preparing students for the 
digital era by addressing professional development, infrastructure, attitudinal support, collaboration, and policy. 

6. Conclusion 

This research provides educators with a fresh resource for enhancing their pedagogical practices by highlighting the factors 
involved in ICT integration. The results indicate that teachers’ attitudes, self-efficacy, and digital competence can all affect their ICT 
integration, which means that the management of educational institutions should recognize the relevance of teachers’ roles in this 
process. The results, therefore, suggest that to successfully integrate ICT into the classroom, support, and resources should be made 
available to the teachers. 

There are many restrictions on this study. First off, the results cannot be applied universally because the data were gathered in 
China’s Henan Province. It is advised that future research collect information from educators abroad. Furthermore, the results might 
not apply to other courses because this study only included teachers of a single language subject. Subsequent studies must to think 
about involving educators with diverse topic backgrounds. The sample size represents the third constraint. Despite the fact that the 
sample included a heterogeneous mix of educators from different kinds of schools, there might not have been enough participants 
overall to apply the results to all Chinese educators. A bigger sample size would be advantageous for future studies in order to improve 
the results’ generalizability. 

The study’s conclusions have significant real-world ramifications for Chinese educational policy and practice. Firstly, educational 
policymakers should develop and implement comprehensive professional development programs aimed at improving teachers’ 
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attitudes towards technology, self-efficacy, and digital competence. Schools should integrate ICT skills into the curriculum for both 
teachers and students to ensure effective digital tool usage. Additionally, investing in supportive technological infrastructure, such as 
reliable internet and modern devices, is crucial. Developing collaborative platforms for teachers to share best practices can further 
support ICTintegration. Larger and more varied sample sizes, longitudinal studies to monitor changes over time, and qualitative 
techniques to identify contextual elements should all be a part of future study. Deeper insights may be obtained by examining the 
effects of particular ICT tools on teaching and learning and evaluating the efficacy of educational policies. This study directs stake-
holders toward better educational practices and results by highlighting the critical roles that attitudes, self-efficacy, and digital 
competence play in ICT integration in China. 

Institutional review board statement 

Approval was obtained from the Committee of Ethics and Deontology of Research at the University and the number is UM. TNC2/ 
UMREC_2298. 

Institutional review board statement 

This study was reviewed and approved by the Universiti Malaya Research Ethics Committee with the approval number: UM. TNC2/ 
UMREC_2298, dated January 2023. 

Informed consent statement 

All participants provided written informed consent to participate in the study and for their data to be published. 

Data availability statement 

The datasets generated during and/or analyzed during the current study are available from the corresponding author upon 
reasonable request. 

CRediT authorship contribution statement 

Ran Peng: Writing – original draft. Rafiza Abdul Razak: Writing – original draft. Siti Hajar Halili: Writing – review & editing. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e34234. 

References 

[1] S. Luo, D. Zou, A systematic review of research on technological, pedagogical, and content knowledge (TPACK) for online teaching in the humanities, J. Res. 
Technol. Educ. (2022) 1–15. 

[2] I.M. Sutama, et al., ICT utilization in Indonesian language learning at the junior high school level in Buleleng Regency, Bali, Indonesia, International Journal of 
Information and Education Technology 12 (9) (2022) 947–955. 

[3] R.J. Fakhlina, L. Lolytasari, L. Rahmi, A systematic literature review of knowledge sharing based on ICT during COVID-19 ERA, in: 2022 10th International 
Conference on Cyber and IT Service Management (CITSM), IEEE, 2022. 

[4] S.M. Tsegay, et al., Online teaching during COVID-19 pandemic: teachers’ experiences from a Chinese university, Sustainability 14 (1) (2022) 568. 
[5] X. Li, P.A. Shaikh, S. Ullah, Exploring the potential role of higher education and ICT in China on green growth, Environ. Sci. Pollut. Control Ser. 29 (43) (2022) 

64560–64567. 
[6] M.O. Ogalo, C. Omulando, P. Barasa, Assessment of Teachers’ Technological and Pedagogical Knowledge of Integrating ICT in Teaching English in Secondary 

Schools in Nairobi County, Kenya, 2022. 
[7] T. Dolighan, M. Owen, Teacher efficacy for online teaching during the COVID-19 pandemic, Brock Education Journal 30 (1) (2021) 95, 95. 
[8] D. Lu, Y.-N. Xie, Critical thinking cultivation in TESOL with ICT tools: a systematic review, Comput. Assist. Lang. Learn. 37 (1–2) (2024) 222–242. 
[9] Q. Wang, G. Zhao, ICT self-efficacy mediates most effects of university ICT support on preservice teachers’ TPACK: evidence from three normal universities in 

China, Br. J. Educ. Technol. 52 (6) (2021) 2319–2339. 
[10] V. Kumar, et al., Adoption of ICTs as an emergent business strategy during and following COVID-19 crisis: evidence from Indian MSMEs, Benchmark Int. J. 30 

(6) (2023) 1850–1883. 
[11] L. Zhou, et al., ’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, Best evid chin edu 4 (2) (2020) 501–519. 
[12] M. Ma, et al., Factors affecting EFL teachers’ affordance transfer of ICT resources in China, Interact. Learn. Environ. 30 (6) (2022) 1044–1059. 

R. Peng et al.                                                                                                                                                                                                           

https://doi.org/10.1016/j.heliyon.2024.e34234
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref1
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref1
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref2
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref2
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref3
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref3
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref4
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref5
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref5
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref6
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref6
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref7
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref8
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref9
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref9
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref10
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref10
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref11
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref11
http://refhub.elsevier.com/S2405-8440(24)10265-4/sref12


Heliyon 10 (2024) e34234

16

[13] X. Lai, et al., Classes of problematic smartphone use and information and communication technology (ICT) self-efficacy, J. Appl. Dev. Psychol. 83 (2022) 
101481. 

[14] C.H. Liao, et al., Exploring the relationship between computational thinking and learning satisfaction for non-STEM college students, International Journal of 
Educational Technology in Higher Education 19 (1) (2022) 43. 

[15] B.A. Lukas, M.M. Yunus, ESL teachers’ challenges in implementing E-learning during COVID-19, International Journal of Learning, Teaching and Educational 
Research 20 (2) (2021) 330–348. 

[16] R.V. Staddon, Bringing technology to the mature classroom: age differences in use and attitudes, International Journal of Educational Technology in Higher 
Education 17 (1) (2020) 11. 
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