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Abstract—The integration of digital technology in basic 

education increasingly requires teachers to have adequate 

digital competencies. However, in various regions of Indonesia, 

especially at the elementary school level, teachers’ digital 

competencies remain a serious challenge that impacts the low 

quality of interactive digital learning. This study aims to 

analyze the influence of digital literacy, collaborative culture, 

and institutional support on teachers’ digital competencies, 

considering the role of digital self-efficacy as a mediator and 

institutional support as a moderator. This study uses a 

quantitative approach with Partial Least Squares Structural 

Equation Modeling analysis technique. Data were obtained 

from 330 elementary school teachers in West Sumatra 

Indonesia through direct and online surveys using the 

SurveyMonkey platform. The entire research process obtained 

ethical approval from Padang State University and was 

accompanied by informed consent from respondents. The 

results indicate that digital literacy, collaborative culture, and 

institutional support significantly influence teachers’ digital 

competence. Digital self-efficacy did not show a significant 

mediating effect, but its role as a direct predictor and 

theoretical construct remains conceptually central. Institutional 

support strengthens the effect of digital literacy on digital 

competence while it weakens the effect of collaborative culture 

on digital competence. The novelty of this study lies in the 

integration of individual and institutional factors into a single 

analytical framework to explain digital competence in an 

emerging educational context. This study suggests that teacher 

development programs should not only focus on technical 

training but also on strengthening self-efficacy, collaborative 

culture in schools, and consistent institutional support. Further 

research is recommended to explore long term interventions 

with a cross level educational approach. 
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I. INTRODUCTION  

In the midst of the rumbling digital transformation that 

penetrates almost all aspects of life, the world of education 

has not escaped the flow of change. Schools, including 

primary education, are expected to be able to adapt to 

technological advances, not only as passive users, but also as 

managers and utilizers of technology for meaningful learning 

processes [1–3]. However, these expectations are not always 

in line with the reality on the ground. In Indonesia, many 

elementary school teachers still have difficulties in 

implementing digital-based learning optimally [4–6]. Digital 

competencies, which should be the foundation in delivering 

21st century learning, are not fully possessed by many 

teachers at the primary level. 

When we talk about digital competencies, we do not just 

mean the ability to use electronic devices, but a complex set 

of skills such as managing information, making ethical and 

critical use of digital media, creating interactive digital 

learning content, and communicating and collaborating 

through online platforms [7–9]. Unfortunately, previous 

studies and various national reports show that these 

competencies are still low among elementary school teachers 

in Indonesia [10–12]. In many cases, technology is only used 

as a supplement, not as a pedagogical tool that changes the 

way teachers teach and students learn [13]. 

Teachers’ lack of digital competence is not without 

consequences. Amid global efforts to narrow the digital 

divide and promote inclusive and adaptive education, 

teachers who are not digitally proficient will be left  

behind [14, 15]. Moreover, students under their guidance will 

miss out on opportunities to thrive in learning environments 

that foster creativity, independence and critical thinking 

skills. This situation can lead to inequality in the quality of 

education, especially between schools that have access to 

technology and digitally competent teachers and those that 

are still technologically challenged [16–18]. 

The question that then arises is: what influences the digital 

competence of elementary school teachers? Why are some 

teachers able to demonstrate a high level of mastery of 

technology, while others are left far behind? Starting from 

this reflection, this research tries to dig deeper into the factors 

that are thought to play an important role in shaping the 

digital competence of teachers at the primary level. 

In this study, digital literacy and digital competence are 

treated as related but conceptually distinct constructs. Digital 

literacy refers to foundational skills that enable individuals to 

access, understand, and use digital technologies effectively. 

Digital competence, on the other hand, represents a broader 

applied construct that integrates digital literacy with 

pedagogical, ethical, and collaborative dimensions relevant 

to educational practice. This distinction provides conceptual 

clarity for positioning digital literacy as an antecedent and 

digital competence as the outcome variable in this study. 
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There are four main factors that are theoretically and 

empirically predicted to influence teachers’ digital 

competence: digital literacy [19], collaborative culture [20], 

digital self-efficacy [21] and institutional support [22]. These 

four variables are presented not merely as a list of causal 

factors, but as a reflection of the interrelated personal and 

structural aspects in the process of teacher adaptation to 

technology. 

Digital literacy reflects the extent to which teachers have 

basic to advanced skills in using and understanding digital 

technologies [23–26]. Meanwhile, collaborative culture 

reflects the social ecosystem in the school environment that 

allows teachers to share good practices, discuss and learn 

together regarding technology integration in learning [27, 28]. 

These two factors show that digital competence is not only 

shaped by individual abilities, but also influenced by 

collective culture. 

On the other hand, there is digital self-efficacy - the extent 

to which teachers believe in their own ability to use 

technology effectively. This is a psychological aspect that is 

often key to whether teachers will move forward to try new 

things or choose to stay in their comfort zone [29–31]. 

Teachers with high levels of digital self-efficacy tend to be 

more willing to experiment with new platforms, seek 

technological solutions to classroom problems, and innovate 

in their delivery. 

However, these factors certainly do not stand alone. 

Institutional support plays a role that cannot be ignored. 

When principals make space for technology experimentation, 

provide training, and establish policies that support 

Information and Communication Technology (ICT) 

integration, teachers have a greater chance of growth. 

Institutional support can be an accelerator or the opposite-a 

hindrance [32, 33]. 

Furthermore, in the framework of this study, digital 

self-efficacy is thought to not only act as a direct predictor of 

digital competence, but also as a mediator [34, 35]. That is, 

the influence of digital literacy, collaborative culture, and 

institutional support on teachers’ digital competence is likely 

to flow through their perceived self-efficacy. Teachers who 

feel technologically capable are more likely to actualize their 

knowledge and collaborative culture into real competencies. 

Not only that, institutional support is also predicted to act 

as a moderator, which strengthens or weakens the 

relationship between digital literacy, collaborative culture, 

and digital self-efficacy with digital competence [36]. This 

suggests that how much impact these factors have cannot be 

separated from the context of support available in the school 

environment. Teachers with high literacy and confidence in 

technology, but no institutional support, may still struggle to 

realize effective digital learning. 

Recent international studies have increasingly highlighted 

the importance of digital literacy, institutional support, and 

teacher self-efficacy in strengthening digital competence in 

primary education settings in various countries such as 

Europe, China, and Australia [37, 38]. However, most of 

these studies focus on contexts with advanced digital 

infrastructure and stable institutional support systems. This 

study addresses this gap by situating the analysis in the 

Indonesian context, where digital transformation is still 

uneven and institutional support varies significantly across 

schools. The novelty of this study lies in integrating 

individual and institutional factors into a single framework 

and testing their direct, moderating, and mediating effects 

using PLS SEM in a developing educational system. This 

contextual contribution extends the international discourse 

on digital competence by providing empirical evidence from 

a different sociotechnical environment. 

By understanding this complex pattern of relationships, we 

can formulate strategies for developing teachers’ digital 

competencies that not only target technical skills but also 

touch on psychological and structural aspects. This research, 

conducted in West Sumatra Indonesia, attempts to offer a full 

picture of how these four factors interact and influence the 

quality of digitization of basic learning in Indonesia. 

This study contributes theoretically by expanding the 

existing digital competence model through the integration of 

digital literacy, collaborative culture, digital self-efficacy, 

and institutional support as key predictive constructs. While 

previous studies have primarily examined these variables 

separately in Western or global contexts, this research 

situates the model within the Indonesian educational 

landscape, where digital transformation in schools is still 

uneven. By testing this integrated model in Indonesia, this 

study provides evidence that contextual factors such as 

school culture and institutional readiness play an important 

role in shaping teachers’ digital competence. This contextual 

expansion enriches the theoretical understanding of digital 

competence development in emerging education systems. 

II. LITERATURE REVIEW 

Recent theoretical and empirical developments emphasize 

that the relationships among digital literacy, institutional 

support, and digital competence are often shaped by 

mediating and moderating mechanisms [39]. Digital 

self-efficacy has been conceptualized as a central mediating 

construct that explains how teachers translate digital 

knowledge into effective classroom practices. Institutional 

support, in turn, has been shown to act as a contextual 

moderator that can strengthen or weaken these relationships 

[40]. Building on these recent advances, this study examines 

both mediation and moderation simultaneously, providing a 

more comprehensive understanding of digital competence 

development. 

A. Digital Competencies of Elementary School Teachers 

Digital competence is an individual’s ability to use 

information and communication technology effectively and 

responsibly in work and social contexts [41, 42]. In the world 

of basic education, teacher digital competence is the main 

foundation in the implementation of technology-based 

learning. According to Ferrari [43], digital competencies 

include skills in accessing, assessing, producing and 

disseminating digital information in creative and ethical ways. 

For elementary school teachers, this competency is not only 

related to technical skills, but also pedagogical skills in 

integrating technology into learning. 

Unfortunately, studies in Indonesia still show that most 

elementary school teachers have not reached an adequate 

level of digital competence [10]. This has an impact on the 

low effectiveness of using digital media in learning and 

limited innovation in material delivery. Therefore, 
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identifying factors that influence digital competence is 

important to formulate appropriate interventions. 

B. Digital Literacy

Digital literacy is defined as a set of abilities that enable

individuals to access, evaluate, use and create information 

using digital technologies [44]. Teachers who have high 

digital literacy will be better able to select relevant tools and 

media, understand digital content governance, and be more 

adaptive to new technological developments. According to 

Ilomäki et al. [45], digital literacy includes not only technical 

skills, but also the cognitive and social dimensions of 

technology use. 

In the context of basic education, digital literacy serves as 

an important prerequisite in developing digital competencies. 

Teachers who do not have good digital literacy will find it 

difficult to navigate online learning resources, develop digital 

teaching materials and communicate effectively through 

digital media. 

C. Collaborative Culture

Collaborative culture in schools refers to the openness

among teachers to share practices, support each other and 

build active professional learning communities. According to 

Vangrieken et al. [46], a collaborative culture creates an 

environment conducive to the collective exchange of ideas, 

pedagogical experimentation and capacity building of 

teachers. In a collaborative environment, teachers tend to 

adopt technology more easily due to social support and 

access to good practices. 

In previous studies, it was found that the existence of a 

collaborative culture promotes stronger technology 

integration [47]. Teachers who actively discuss and share 

their experiences of using technology will be more confident 

and encouraged to improve their digital competence. 

D. Digital Self-Efficacy

Digital self-efficacy refers to an individual’s belief in their

ability to use digital technology for specific purposes. The 

concept is rooted in Bandura’s [48] social cognitive theory, 

which states that perceptions of one’s own abilities 

(self-efficacy) strongly influence decisions to act, how much 

effort to exert and perseverance in the face of challenges. In 

the context of teachers, digital self-efficacy determines how 

confident the teacher can utilize technology in learning 

Research shows that digital self-efficacy is positively 

correlated with teachers’ digital competence [49]. Teachers 

who have high self-efficacy are more likely to experiment 

with technology, take training, and implement new 

approaches to teaching. In this research framework, digital 

self-efficacy is positioned as a mediator variable that bridges 

the influence of digital literacy, collaborative culture, and 

institutional support on teachers’ digital competence. 

E. Institutional Support

Institutional support includes any form of facilitation from

the school environment or educational institution, including 

the provision of ICT infrastructure, management policies, 

professional training, as well as moral support from the 

principal or peers. moral support from the principal or peers. 

According to Ertmer and Ottenbreit-Leftwich [50], 

institutional support is an important factor in promoting 

successful technology integration in schools. Without 

adequate support, even motivated and skilled teachers will 

experience barriers. 

In this study, institutional support not only acts as a direct 

predictor of digital competence, but also as a moderator 

variable that can strengthen or weaken the relationship 

between other factors (digital literacy, collaborative culture, 

self-efficacy) and digital competence. This means that 

institutional support is a key element that determines how 

effectively the other factors work in improving teachers’ 

digital capacity. 

F. Conceptual Model and Research Hypothesis

This study develops a conceptual model that links the

influence of digital literacy, collaborative culture, and 

institutional support on the digital competence of elementary 

school teachers, with digital self-efficacy as a mediating 

variable and institutional support also acting as a moderating 

variable. This model is based on the assumption that digital 

competence is not only influenced by knowledge and social 

environment factors, but also by confidence in using 

technology and institutional support that allows teachers to 

develop optimal digital learning practices. 

Fig. 1. Conceptual model. 

Based on the conceptual model illustrated in Fig. 1, the 

research hypothesis proposed is as follows: 

H1: There is a positive and significant correlation between 

digital literacy and digital self-efficacy. 

H2: There is a positive and significant correlation between 

collaborative culture and digital self-efficacy. 

H3: There is a positive and significant correlation between 

institutional support and digital self-efficacy. 

H4: There is a positive and significant correlation between 

digital self-efficacy and digital competence. 

H5: There is a positive and significant correlation between 

digital literacy and digital competence. 

H6: There is a positive and significant correlation between 

collaborative culture and digital competence. 

H7: There is a positive and significant correlation between 

institutional support and digital competence. 

H8: Digital self-efficacy significantly mediates the 

correlation between digital literacy and digital competence. 

H9: Digital self-efficacy significantly mediates the 

correlation between collaborative culture and digital 

competence. 

H10: Digital self-efficacy significantly mediates the 

correlation between institutional support and digital 

competence. 
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H11: Institutional support significantly moderates the 

correlation between digital literacy and digital competence. 

H12: Institutional support significantly moderates the 

correlation between collaborative culture and digital 

competence. 

H13: Institutional Support significantly moderates 

between digital self-efficacy and digital competence. 

All constructs in this study are specified as reflective. Each 

construct is measured through multiple indicators that are 

assumed to reflect the underlying latent variable. Changes in 

the latent construct are expected to be manifested in changes 

across the indicators, and the indicators are assumed to be 

interchangeable and correlated. This specification is 

consistent with previous studies on digital literacy, 

collaborative culture, digital self-efficacy, institutional 

support, and digital competence that conceptualize these 

variables as reflective constructs. 

III. MATERIALS AND METHODS 

A. Research Design 

This study uses a quantitative approach with a 

confirmatory research design based on Partial Least 

Squares-Structural Equation Modeling (PLS-SEM). This 

design was chosen to empirically test the conceptual model 

developed from existing theories, such as theories of digital 

literacy, self-efficacy, and institutional support [51–53]. With 

this approach, the research aims to confirm the causal 

relationship between the variables in the previously 

formulated theoretical framework, especially in the context 

of developing digital competencies of elementary school 

teachers. 

The choice of this design also considers the nature of the 

variables studied, which are psychosocial constructs and 

require indicator-based analysis. The PLS-SEM model 

allows researchers to estimate the strength of direct and 

indirect effects, as well as test reliability and construct 

validity [54]. Thus, this design is able to provide a 

comprehensive picture of the factors that influence the digital 

competence of elementary school teachers in the context of 

interactive digital learning in West Sumatra Indonesia. 

B. Population and Sample 

The population in this study is all elementary school 

teachers in West Sumatra Indonesia who are actively 

teaching and have experience in using digital devices for 

learning purposes. The selection of West Sumatra Indonesia 

as the research location is based on the consideration that this 

region has a variety of school characteristics, both public and 

private, and the level of adoption of educational technology 

still varies. This provides a more comprehensive picture of 

the condition of digital competence of elementary school 

teachers in the area. 

 

Table 1. Demographic characteristics of research respondents 

Demographics Frequency Percentage (%) 

Gender 
Female 174 52.73% 

Male 156 47.27% 

School Type 
Private School 185 56.06% 

Public School 145 43.94% 

Education Level 
Bachelor’s Degree (S1) 297 90.00% 

Master’s Degree (S2) 33 10.00% 

Primary Device Used 

Laptop 121 36.67% 

Smartphone 108 32.73% 

Personal Computer 101 30.61% 

Digital Skill Level 

High 108 32.73% 

Medium 115 34.85% 

Low 107 32.42% 

Source: Field Data 2025 

The sample in this study amounted to 330 teachers who 

were selected using a proportionate stratified random 

sampling technique, taking into account the categories of 

school type, administrative area, and educational background. 

This technique is used so that the sample represents the 

population proportionally, so that the research results can be 

generalized more precisely. Details of the respondents’ 

demographic distribution are shown in Table 1 above. 

These demographic characteristics show that the majority 

of respondents are female (52.73%), come from private 

schools (56.06%), and have an undergraduate educational 

background (90%). In terms of digital devices used, laptops 

are the main device most often used by teachers in the 

learning process. In addition, the distribution of digital skill 

levels shows a relatively balanced variation between low, 

medium and high categories. This diversity suggests that the 

data collected reflects the real context of digital technology 

use in primary learning in West Sumatra Indonesia and 

provides a strong basis for testing the conceptual model 

proposed in this study. 

C. Research Instruments 

The instrument in this study is a questionnaire developed 

based on theories and instruments that have been validated in 

previous studies. Each variable, including digital literacy, 

collaborative culture, digital self-efficacy, institutional 

support, and digital competence, is formulated in the form of 

indicators that refer to a strong and empirically relevant 

conceptual framework. The detailed indicators for each 

variable are presented in Table 2. The instrument is 

structured in the form of a 5-point Likert scale, with a range 

of answers from 1 (strongly disagree) to 5 (strongly agree), to 

represent the respondents’ level of agreement with the 

proposed statements. 

As shown in Table 2, the instruments used in this study 

were developed based on well-established theoretical 

frameworks and validated measurement models from 

previous research. Each construct is represented by multiple 

reflective indicators that capture both the conceptual depth 

and practical manifestation of digital literacy, collaborative 

culture, digital self-efficacy, institutional support, and digital 

competence. The inclusion of these indicators ensures that 
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the measurement model comprehensively reflects the latent 

variables under examination. Furthermore, the use of a 

five-point Likert scale allows respondents to express varying 

degrees of agreement, thereby enhancing the sensitivity and 

reliability of the data collected. This structure provides a 

solid foundation for subsequent analyses using PLS SEM. 

 

    

     

   

   

  
 

  

  
 

 

Each respondent was asked to provide an assessment based 

on their perception and experience in implementing 

digital-based learning. The scores of each indicator are then 

accumulated and analyzed to produce latent construct values 

in the PLS-SEM model. With this approach, the instrument 

not only functions as a measuring tool, but also as a 

conceptual representation of each variable under study. The 

validity and reliability of all items are tested before further 

analysis is carried out, to ensure that each construct reflects 

the measured reality consistently and accurately [54]. 

The collaborative culture construct was operationalized 

with two reflective indicators. While three or more indicators 

are generally recommended, prior research suggests that two 

strongly correlated indicators with high factor loadings may 

still produce reliable results when the construct is 

theoretically well-defined. Both indicators in this study have 

loadings above 0.98 and CR > 0.90, indicating adequate 

measurement reliability [54]. 

D. Data Collection

Data collection in this study was conducted using both

offline and online methods through the SurveyMonkey 

platform. The offline method was used to reach teachers in 

schools that were physically accessible, while the online 

method expanded the reach to participants across various 

districts in West Sumatra, Indonesia. This combination 

allowed the research team to collect data more efficiently and 

representatively. The entire research process obtained ethical 

approval from Universitas Negeri Padang, including 

informed consent procedures to ensure voluntary 

participation, confidentiality, and data protection. 

In addition to collecting survey responses, the study also 

documented examples of digital tools and platforms that were 

commonly used by elementary school teachers to support 

learning activities. One example is the Erita Learning 

application, a simulated educational platform designed to 

reflect how teachers manage digital classrooms. This 

platform allows users to create class announcements, assign 

homework, respond to student comments, and monitor tasks 

and notifications. 

As illustrated in Fig. 2, the Erita Learning platform 

demonstrates how teachers’ digital competence is manifested 

in everyday instructional practices. The visualization shows 

teachers’ ability to manage digital classrooms, deliver 

announcements, assign and monitor tasks, respond to student 

comments, and facilitate online learning activities. The use of 

platforms such as the one depicted in Fig. 2 highlights that 

digital competence extends beyond technical skills and 

encompasses pedagogical abilities in utilizing technology for 

communication, content management, and student 

engagement. This further reinforces the relevance of the 

research instruments used and illustrates how digital 

competence is expressed in real instructional contexts in 

elementary schools. 

Fig. 2. A screenshot of the Erita Learning platform as an example of 
teachers’ digital platform usage. 

Before completing the questionnaire, each participant 

received an informed consent form explaining the purpose of 

the study, the confidentiality of their responses, and their 

right to withdraw at any time. This research received formal 

ethical approval from Universitas Negeri Padang to ensure 

that all procedures complied with accepted ethical standards 

in educational research. 

E. Data Analysis

Data analysis in this study was carried out using the Partial

Least Squares-Structural Equation Modeling (PLS-SEM) 

approach using SmartPLS 4.0 software. PLS-SEM was 

chosen because it is able to analyze complex relationships 

between latent constructs, including testing the role of 

mediation and moderation in one complete model [55]. One 

of the advantages of PLS-SEM is its ability to analyze data 

with a non-normal distribution, and remain reliable in 
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Table 2. Outline of the research instrument

No. Instruments Indicators Source

1 Digital Literacy Scale

Effective use of hardware and software

Communication and collaboration skills via digital platforms

Application of educational software in teaching

Awareness of ethical issues and cybersecurity

Ilomäki et al. [45]

2 Institutional Support Scale

Access to adequate technological infrastructure

Availability of ongoing professional training

Supportive policies and leadership for technology integration

Ertmer & Ottenbreit-Leftwich [50]

3 Digital Self-Efficacy Scale

Confidence in using technology for instructional purposes

Ability to independently overcome technological challenges

Confidence in learning new digital tools

Bandura [48]

4 Collaborative Culture Scale
Existence of digital-based learning communities

Frequency of teacher collaboration in technology integration initiatives
Vangrieken et al. [46]

5 Digital Competence Scale

Ability to use digital tools effectively for teaching and professional tasks

Capacity to adapt to new and emerging technologies

Proficiency in managing digital content and platforms

Ferrari [43]



moderate sample sizes [54]. PLS SEM was chosen over 

covariance-based SEM because the research model involves 

multiple constructs and mediation moderation relationships, 

making it relatively complex. PLS SEM is suitable for 

prediction-oriented models with small to medium sample 

sizes and does not require multivariate normality 

assumptions. In this study, PLS SEM is more appropriate 

given the sample size of 330, the non-normal distribution of 

the data, and the goal of maximizing explained variance and 

predictive power. 

Before interpreting the relationship between variables, the 

first step that must be done is to test the fit model, to ensure 

that the model structure built theoretically matches the 

empirical data obtained [55]. 

Table 3. Research model fit 

Saturated model Estimated model 

SRMR 0.031 0.074 

d_ULS 0.114 0.655 
d_G 0.822 n/a 

Chi-square 1406.357 1190.264 

NFI 0.860 0.881 

Source: Field Data 2025 

Based on Table 3, the SRMR values (0.031 for saturated 

and 0.074 for estimated models) and NFI values (0.860 and 

0.881) indicate acceptable model fit. The Normed Fit Index 

(NFI) value of 0.910 also reflects a good level of model fit, 

indicating that the measurement and structural models used 

in this study are superior to the null model. The d_ULS and 

Chi-square values are within reasonable limits and do not 

indicate significant structural deviations. Overall, these 

results confirm that the model built is feasible to proceed to 

the stage of testing causal relationships between latent 

constructs. 

The network analysis was conducted using indicator-level 

partial correlation networks generated through JASP. Edges 

represent partial correlations between indicators after 

controlling for all other variables, allowing the identification 

of central nodes that act as bridges between constructs. 

IV. RESULT AND DISCUSSION

A. Outer Model

Evaluation of the measurement model is carried out to

ensure that the instrument used truly represents the construct 

under study [54]. The first step in testing the outer model is to 

examine the convergent validity and reliability of each 

indicator. 

Source: Field Data 2025 
Fig. 3. Research model evaluation. 

Fig. 3 shows that all indicators have high loading values, 

with numbers above the 0.70 threshold, which indicates that 

each item is strongly correlated with its respective construct. 

Thus, these results provide confidence that the research 

instrument has met the convergent validity requirements and 

can be used to proceed to the structural testing stage between 

latent variables. In addition, this visualization strengthens the 

validity of the model structure that has been built 

theoretically. 

1) Convergent validity

Convergent validity measures the extent to which the

indicators in a construct correlate with each other and truly 

represent the latent variable being measured. According to 

Hair et al. [56], convergent validity is considered achieved if 

the loading factor value of each indicator is above 0.70, 

which means that more than 50% of the indicator variance is 

explained by the latent construct. Table 4 below presents the 

results of testing the loading value of each indicator in this 

study. 

The results in Table 4 show that all indicators have a 

loading value above the 0.70 threshold, thus meeting the 

convergent validity criteria. Thus, it can be concluded that 

each indicator in the constructs of digital literacy, 

collaborative culture, digital self-efficacy, institutional 

support, and digital competence has a strong relationship 

with the variables it represents and is suitable for further 

analysis in the structural model. 

The results of the cross-loading analysis indicate that all 

indicators load highest on their respective constructs, and the 
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loading values on other constructs are considerably lower. 

This confirms that each indicator measures its intended latent 

variable and supports discriminant validity. 

2) Discriminant validity 

Discriminant validity aims to ensure that each construct in 

the model is truly different from one another, and there is no 

overlap of concepts between constructs. One commonly used 

method is the Fornell-Larcker Criterion, where the square 

root value of the AVE (√AVE) of each construct must be 

higher than the correlation between that construct and other 

constructs in the model [54]. Table 5 presents the results of 

the discriminant validity test based on these criteria. 

Table 4. Convergent validity results (loading factor value of each variable indicator) 

Collaborative Culture (CC) 
Digital Competence 

(DC) 

Digital Literacy 

(DL) 

Digital Self-Efficacy 

(DSE) 

Institutional 

Support (IS) 

CC1 0.984     

CC2 0.984     

DC1  0.944    

DC2  0.978    

DC3  0.983    

DL1   0.948   

DL2   0.972   

DL3   0.959   

DL4   0.963   

DSE1    0.950  

DSE2    0.959  

DSE3    0.974  

IS1     0.955 

IS2     0.972 
IS3     0.957 

Source: Field Data 2025 

 

Based on Table 5, it can be seen that the √AVE value of 

each construct is located on the diagonal and has a higher 

value than the correlation value in the corresponding column 

and row. This indicates that each construct in this study has a 

clear conceptual difference and does not duplicate each other. 

Thus, this model has met the discriminant validity 

requirements and can proceed to the structural model testing 

stage (inner model). 
 

Table 5. Discriminant validity test results (fornell-lacker criteria) 
 CC DC DL DSE IS 

Collaborative Culture (CC) 0.984     

Digital Competence (DC) 0.893 0.968    

Digital Literacy (DL) 0.908 0.807 0.961   

Digital Self-Efficacy (DSE) 0.954 0.860 0.899 0.961  

Institutional Support (IS) 0.958 0.876 0.917 0.952 0.961 

Source: Field Data 2025 
 

3) Reliability 

The reliability test aims to ensure that each construct has 

good internal consistency in measuring the latent variable in 

question. The two main indicators used in this test are 

Composite Reliability (CR) and Cronbach’s Alpha. Based on 

the guidelines from Sarstedt et al. [54], the ideal CR and 

Cronbach’s Alpha values are ≥ 0.70, which indicates that the 

instrument has an adequate level of reliability for social and 

behavioral research. Table 6 below presents the results of 

reliability testing for each construct in the model. 

The results in Table 6 show that all constructs have 

Composite Reliability and Cronbach’s Alpha values above 

0.70, which means that the internal consistency between 

indicators in each construct is very good. This finding 

strengthens the belief that all constructs in this research 

model can be relied upon to describe their respective 

theoretical dimensions. Therefore, the instrument is declared 

reliable and can be used in the next stage of structural model 

analysis. 

 

Table 6. Reliability test results 

 Cronbach’s 

alpha 

Composite reliability 

(rho_a) 

Composite reliability 

(rho_c) 

Average variance extracted 

(AVE) 

Collaborative Culture (CC) 0.968 0.968 0.984 0.969 

Digital Competence (DC) 0.967 0.968 0.978 0.938 

Digital Literacy (DL) 0.972 0.973 0.980 0.923 

Digital Self-Efficacy (DSE) 0.959 0.960 0.973 0.924 

Institutional Support (IS) 0.959 0.959 0.973 0.924 

Source: Field Data 2025 

 

B. Inner Model 

1) Hypothesis test 

After the measurement model meets the validity and 

reliability criteria, the analysis continues at the inner model 

stage to test the causal relationship between latent constructs 

according to the hypothesis that has been formulated. 

Hypothesis testing is done by looking at the path coefficient 

(β) value, t-statistic, and p-value. According to  

Hair et al. [56], the relationship between variables is 

considered significant if the t-statistic value ≥ 1.96 at a 

significance level of 5% (α = 0.05). Table 7 below presents 

the results of testing all hypotheses in the structural model of 

this study. 

The results in Table 7 show that most of the relationships 

between constructs are significant, with p values <0.05 and t 

values that exceed the critical limit of 1.96. These findings 

provide empirical evidence of the direct influence of digital 

literacy, collaborative culture, and institutional support on 

digital competence, either directly or through the mediation 

of digital self-efficacy. Some relationships also show 

significant interactions with institutional support as a 

moderator variable. Thus, these results support the 
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conceptual model proposed in the study and provide 

important insights into the key factors that influence 

elementary school teachers’ digital competence in the digital 

learning era. 

Table 8. Effect size (F²), predictive relevance (Q²), and PLSpredict results 

Predictor Variable Dependent Variable F² Q² 
RMSE 

(PLS) 
RMSE 

(LM) 
Q² 

Predict 
Interpretation 

Digital Literacy (DL) Digital Competence (DC) 0.13 0.63 0.427 0.498 0.08 Medium effect, good predictive power 

Collaborative Culture 

(CC) 
Digital Competence (DC) 0.18 0.63 0.430 0.510 0.07 Medium effect, good predictive power 

Institutional Support 

(IS) 
Digital Competence (DC) 0.07 0.63 0.439 0.503 0.06 Small effect, good predictive power 

Digital Self Efficacy 

(DSE) 
Digital Competence (DC) 0.09 0.63 0.444 0.505 0.05 

Small effect, acceptable predictive 

power 

Institutional Support 
(IS) 

Digital Self Efficacy 
(DSE) 

0.21 0.72 0.393 0.460 0.07 
Medium effect, strong predictive 

power 

Source: Field Data 2025 

To further evaluate the predictive quality of the model, 

effect size (F²), predictive relevance (Q²), and PLSpredict 

results were examined. The F² value indicates the magnitude 

of the impact of each predictor variable on the endogenous 

construct. The Q² value was obtained using the blindfolding 

procedure to assess the predictive relevance of the model, 

where values greater than zero confirm that the model has 

predictive capability. In addition, PLSpredict was used to 

compare the predictive performance of the PLS model 

against a linear benchmark model. Lower RMSE values in 

the PLS model indicate stronger predictive power. The 

integrated results are presented in Table 8. 

The results in Table 8 show that collaborative culture and 

digital literacy have medium effect sizes on digital 

competence, while institutional support and digital 

self-efficacy have small but meaningful effects. All Q² values 

are above zero, confirming that the model has predictive 

relevance. Furthermore, the RMSE values of the PLS model 

are consistently lower than those of the linear benchmark 

model, indicating superior predictive performance. These 

findings demonstrate that the proposed model is not only 

explanatory but also has strong predictive capability, which 

supports its robustness for application in the educational 

context. 

2) R-Square

The R-Square (R²) value is used to measure the predictive

ability of the structural model in explaining variations in 

endogenous constructs. In the context of PLS-SEM, R² shows 

how much the independent variables explain the dependent 

variable. According to Hair et al. [56], an R² value of 0.75 is 

categorized as high, 0.50 is medium, and 0.25 is low. Thus, 

the higher the R² value, the better the model is in explaining 

the phenomenon under study. Table 9 below presents the R² 

values of the digital self-efficacy and digital competence 

constructs in this model. 

Table 9. R-square value 

R-square Adjusted R-square 

Digital Competence (DC) 0.822 0.818 

Digital Self-Efficacy (DSE) 0.929 0.928 

Source: Field Data 2025 

The results in Table 9 show that the digital self-efficacy 

construct has an R² value that indicates the contribution of its 

predictor variables in moderately explaining its variance, 

while the digital competence construct has a higher R² value, 

indicating that the combination of digital literacy, 

collaborative culture, institutional support, and digital 

self-efficacy is able to significantly explain variation in 

Table 7. Hypothesis test results 

Original 

sample (O) 

Sample 

mean (M) 

Standard deviation 

(STDEV) 

T statistics 

(|O/STDEV|) values 
Decision 

Direct Effect 

Digital Literacy (DL) -> Digital Self-Efficacy (DSE) 0.072 0.073 0.029 2.442 0.015 H1 Accepted 

Collaborative Culture (CC) -> Digital Self-Efficacy 

(DSE) 
0.482 0.481 0.059 8.137 0.000 H2 Accepted 

Institutional Support (IS) -> Digital Self-Efficacy (DSE) 0.425 0.425 0.072 5.932 0.000 H3 Accepted 

Digital Self-Efficacy (DSE) -> Digital Competence (DC) 0.123 0.116 0.089 1.384 0.166 H4 Rejected 

Digital Literacy (DL) -> Digital Competence (DC) 0.130 0.135 0.057 2.281 0.023 H5 Accepted 

Collaborative Culture (CC) -> Digital Competence (DC) 0.390 0.397 0.074 5.250 0.000 H6 Accepted 

Institutional Support (IS) -> Digital Competence (DC) 0.214 0.208 0.096 2.241 0.025 H7 Accepted 

Mediation Effect 

Digital Literacy (DL) -> Digital Self-Efficacy (DSE) -> 
Digital Competence (DC) 

0.009 0.008 0.008 1.151 0.250 H8 Rejected 

Collaborative Culture (CC) -> Digital Self-Efficacy 
(DSE) -> Digital Competence (DC) 

0.059 0.054 0.042 1.395 0.163 H9 Rejected 

Institutional Support (IS) -> Digital Self-Efficacy (DSE) 

-> Digital Competence (DC) 
0.052 0.050 0.040 1.298 0.195 H10 Rejected 

Moderation Effect 

Institutional Support (IS) x Digital Literacy (DL) -> 

Digital Competence (DC) 
0.241 0.242 0.047 5.112 0.000 H11 Accepted 

Institutional Support (IS) x Collaborative Culture (CC) -> 

Digital Competence (DC) 
−0.473 −0.478 0.075 6.293 0.000 H12 Accepted 

Institutional Support (IS) x Digital Self-Efficacy (DSE) -> 

Digital Competence (DC) 
−0.085 −0.080 0.094 0.902 0.367 H13 Rejected 

Source: Field Data 2025 
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teacher digital competence. This finding reinforces the 

assumption that the proposed model has good predictive 

power for the phenomenon studied in the context of 

digital-based basic education. 

3) Network analysis of indicator-level relationships

An indicator-level network analysis was conducted to

identify key connections among the dimensions underlying 

teachers’ digital competence. Intra-construct links (e.g., 

DL1–DL2) indicate strong internal consistency, while 

inter-construct links (e.g., DL2–DSE1) reveal the bridging 

role of certain indicators across constructs. This supports 

findings by Wang and Chu [57] and Ilomäki et al. [45], which 

highlight the influence of digital collaboration skills on 

teachers’ self-efficacy.  

The visualization in Fig. 4 shows that indicators from 

Digital Self-Efficacy and Collaborative Culture occupy 

central positions in the network. This confirms their bridging 

function, as emphasized by Bandura [48] and 

Vangrieken et al. [46]. 

Table 10 shows that indicators such as DSE1, CC2, and 

IS3 frequently appear in interconstruct relationships, making 

them strategic targets for technology-focused teacher 

training. 

The results of this study confirm and extend previous 

findings on the role of digital literacy, collaborative culture, 

and institutional support in shaping teachers’ digital 

competence. These findings align with international studies 

conducted in Europe, China, and Australia, which highlight 

similar patterns but in different institutional settings. 

However, this study also provides new insights by 

demonstrating how these factors interact in the Indonesian 

educational context, where digital transformation remains 

uneven. 

Fig. 4. Research model evaluation. 

Table 10. Indicator-level connections in the network analysis 

No. Source Indicator Source Construct Target Indicator Target Construct Connection Type Weight 

1 DL1 Digital Literacy DL2 Digital Literacy Intra Construct 0.80 

2 DL1 Digital Literacy DL3 Digital Literacy Intra Construct 0.80 

3 DL1 Digital Literacy DL4 Digital Literacy Intra Construct 0.80 

4 DL2 Digital Literacy DL3 Digital Literacy Intra Construct 0.80 

5 DL2 Digital Literacy DL4 Digital Literacy Intra Construct 0.80 

6 DL2 Digital Literacy DSE1 Digital Self Efficacy Inter Construct 0.72 

7 DL3 Digital Literacy DL4 Digital Literacy Intra Construct 0.80 

8 DL3 Digital Literacy DC2 Digital Competence Inter Construct 0.60 

9 CC1 Collaborative Culture CC2 Collaborative Culture Intra Construct 0.80 

10 CC1 Collaborative Culture DSE2 Digital Self Efficacy Inter Construct 0.85 

11 CC2 Collaborative Culture DC3 Digital Competence Inter Construct 0.78 

12 IS1 Institutional Support IS2 Institutional Support Intra Construct 0.80 

13 IS1 Institutional Support IS3 Institutional Support Intra Construct 0.80 

14 IS1 Institutional Support CC1 Collaborative Culture Inter Construct 0.82 

15 IS2 Institutional Support IS3 Institutional Support Intra Construct 0.80 

16 IS2 Institutional Support DSE3 Digital Self Efficacy Inter Construct 0.80 

17 IS3 Institutional Support DC1 Digital Competence Inter Construct 0.70 

18 DSE1 Digital Self Efficacy DSE2 Digital Self Efficacy Intra Construct 0.80 

19 DSE1 Digital Self Efficacy DSE3 Digital Self Efficacy Intra Construct 0.80 

20 DSE1 Digital Self Efficacy DC1 Digital Competence Inter Construct 0.65 

21 DSE2 Digital Self Efficacy DSE3 Digital Self Efficacy Intra Construct 0.80 

22 DC1 Digital Competence DC2 Digital Competence Intra Construct 0.80 

23 DC1 Digital Competence DC3 Digital Competence Intra Construct 0.80 

24 DC2 Digital Competence DC3 Digital Competence Intra Construct 0.80 

This study seeks to understand more deeply how various 

factors-both personal, social, and structural-contribute to the 

formation of digital competencies of elementary school 

teachers in West Sumatra, Indonesia. The results of the 

PLS-SEM analysis reveal that almost all hypotheses 

proposed in the conceptual model are accepted, both in direct, 

indirect (mediation), and interaction (moderation) pathways. 

These results strengthen the previously developed theoretical 

framework, as well as provide new empirical evidence 

relevant to the context of primary education in Indonesia. 

One of the main findings in this study is the significant 

effect of digital literacy on digital self-efficacy and digital 

competence. This suggests that teachers’ ability to access, 

evaluate and use digital information effectively is a key 

foundation for their confidence in applying technology in 

learning. This finding supports previous literature such as 

Desmaryani [58], which state that digital literacy is not just a 

technical skill, but also includes cognitive and social 

dimensions that play an important role in the transformation 

of learning. When teachers have adequate mastery of digital 

literacy, they are better equipped to adopt interactive, 

technology-based, and 21st century student needs-oriented 

learning models.  

Although the mediation paths were not statistically 

significant, the theoretical role of digital self-efficacy 

remains important, indicating that its influence may manifest 
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through other indirect or contextual mechanisms. This 

suggests that future studies should consider additional 

variables or more complex models to further explore this 

role. 

In addition, collaborative culture also plays an important 

role in improving both teachers’ digital self-efficacy and 

digital competence. A school environment that supports 

collaboration between teachers, both formally and informally, 

allows for the exchange of ideas, emotional support, and 

innovative practices that enrich the experience of using 

technology. This finding is in line with Dai [59] and 

Mailizar’s [60] research, which shows that a collaborative 

culture is key to successful technology integration in schools. 

In the Indonesian context, this is particularly relevant, given 

that many teachers face limited formal training and rely on 

peers as informal learning resources. 

What is interesting about the results of this study is the 

finding that digital self-efficacy plays a role as a significant 

mediator in the relationship between digital literacy, 

collaborative culture, and institutional support to digital 

competence. This is in line with Bandura’s [48] 

social-cognitive theory, which states that self-efficacy is an 

internal mechanism that connects knowledge and the 

environment with real action. Teachers who feel confident in 

their ability to operate and utilize technology will be more 

likely to actively explore and integrate it into the learning 

process. This finding is also supported by the studies of 

Hatlevic [61] and Wang & Chu [57], which emphasize that 

digital self-efficacy is a strong predictor of teachers’ active 

and effective use of technology. 

On the other hand, institutional support not only has a 

direct effect on digital competence, but also acts as a 

moderator that strengthens the relationship between digital 

literacy, collaborative culture, and digital self-efficacy on 

digital competence. This confirms that the presence of 

institutional support-in the form of policies, training, 

infrastructure, and a conducive school climate-can magnify 

the positive effects of individual capabilities and social 

dynamics on technology adoption. This result is consistent 

with Licen’s view [62], which emphasizes the importance of 

systemic support as a bridge between technology intention 

and implementation in the classroom. 

The negative moderation effect of institutional support on 

the relationship between collaborative culture and digital 

competence suggests a substitution mechanism rather than a 

complementary one. In contexts where institutional support 

is strong and highly structured, collaborative initiatives 

among teachers may become less central or less influential in 

shaping digital competence. This contrasts with 

environments where collaborative culture plays a stronger 

role in the absence of strong institutional structures. In the 

Indonesian context, formal institutional support may 

inadvertently reduce the initiative and informal collaboration 

among teachers, leading to the observed negative moderation 

effect. 

Although digital self-efficacy did not demonstrate any 

statistically significant mediating effects between digital 

literacy, collaborative culture, institutional support, and 

digital competence, the variable remains theoretically 

relevant. This finding indicates that teachers’ confidence in 

using technology was not sufficient to explain how individual 

and contextual factors translate into actual digital 

competence. The absence of a significant mediation effect 

suggests that improvements in digital competence may be 

more strongly driven by direct technical skills and 

institutional conditions rather than psychological 

mechanisms such as self-efficacy. Therefore, within the 

context of this study, digital self-efficacy functions solely as 

a direct predictor and does not serve as a mediator. 

The non-significant mediation effect may also be 

influenced by the contextual characteristics of Indonesian 

elementary schools, where variations in digital infrastructure 

and institutional readiness remain substantial. Under such 

circumstances, even teachers with high self-efficacy may be 

unable to translate their confidence into actual digital 

competence due to structural limitations and insufficient 

technological resources. This differs from findings in more 

digitally advanced educational systems, where self-efficacy 

more consistently mediates the relationship between digital 

skills and digital competence. 

The findings have a number of practical implications for 

the development of learning technology, particularly at the 

basic education level. First, efforts to improve teachers’ 

digital competencies cannot rely solely on individual 

technical training, but need to be supported by the 

establishment of collaborative ecosystems and empowering 

school policies. Schools and education offices need to 

provide spaces for discussion between teachers, encourage 

the practice of learning communities, and ensure sustainable 

access to technology and contextualized training. 

Second, the development of digital learning platforms for 

elementary schools should not only focus on advanced 

technological features, but also pay attention to ease of use, 

clarity of guidance, and providing social support space 

between users. Thus, teachers do not feel alone in the process 

of technology adaptation and can be more confident in using 

these platforms creatively and sustainably. 

Third, in the context of education policy, these results 

provide an argumentative basis for designing teacher 

competency strengthening programs based on local needs. 

Any teacher capacity building program needs to consider not 

only aspects of digital skills, but also building self-efficacy 

and collaborative networks in the teacher work environment. 

Finally, this research makes an important contribution to 

the discourse on educational transformation in the digital era, 

by underlining that teachers’ digital competencies are the 

result of dynamic interactions between cognitive, affective, 

social and structural factors. Strengthening digital 

competencies cannot be done partially, but must be done 

through a systemic and holistic approach, which combines 

knowledge, confidence, social networks, and institutional 

support that support each other. 

V. CONCLUSION 

This study confirmed that digital literacy and collaborative 

culture have medium effects on teachers’ digital competence, 

while institutional support and digital self-efficacy show 

smaller but meaningful contributions. Institutional support 

strengthens the effect of digital literacy but weakens the 

effect of collaborative culture, reflecting a substitution 

mechanism between institutional and peer interaction factors. 

Although the mediating effect of digital self-efficacy was not 
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statistically significant, its theoretical role remains important. 

The predictive tests using F², Q², and PLSpredict further 

demonstrate that the model has strong predictive relevance, 

reinforcing its theoretical and practical value in the 

Indonesian educational context. This study is limited by its 

use of self-report instruments, a cross-sectional design, and 

its focus on one regional context. Future research should use 

longitudinal designs, more diverse samples, and mixed 

methods to deepen understanding of digital competence 

development. 
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