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Introduction: This study investigates the factors influencing the acceptance of 

digital technologies among physical education (PE) teachers, aiming to support 

the integration of contemporary digital tools into movement-based learning. 

Drawing on the Unified Theory of Acceptance and Use of Technology (UTAUT), 

the research explores how contextual and personal factors shape teachers’ 

willingness and ability to use digital technologies in their professional practice.

Methods: A quantitative survey was conducted with 239 physical education 

teachers. The collected data were analysed using structural equation modelling 

(SEM) to identify relationships among the UTAUT constructs and additional 

variables, including formal and informal learning opportunities, age, and gender.

Results: The analysis revealed that supportive conditions and behavioural 

intention equally predicted the actual use of digital technologies. Perceived 

usefulness and social influence significantly affected behavioural intention, 

whereas perceived ease of use showed no significant effect—suggesting a 

generally high baseline of digital literacy among the participating PE teachers. 

Informal learning opportunities exerted a stronger influence on performance 

expectancy and effort expectancy than formal learning opportunities. Age 

and gender were not significant predictors of technology acceptance.

Discussion and Conclusion: The findings indicate that digitalisation is 

increasingly embedded in educational practice across demographic groups. 

To enhance digital technology integration in PE, stakeholders should invest in 

both digital infrastructure and teacher development, prioritising informal, 

collaborative, and practice-oriented learning environments that foster 

sustained technology use in movement-based education.

KEYWORDS

digital technology, technology acceptance, UTAUT, informal learning, professional 

development (PD), workplace learning, structure equation modeling (SEM)

1 Introduction

The acceptance of digital technologies by physical education (PE) teachers may be seen as 
one element of contemporary PE. For example, we find numerous examples of how digital 

technologies can be implemented to foster students’ learning or help teachers organise 
themselves (1, 2). In saying this, we do not imply that every single use of digital technology 

guarantees high-quality teaching and learning or that every use is to be regarded as 
pedagogically meaningful (3). From our perspective and based on the literature, we wish to 
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provide certain reasons why digital technologies may be meaningful in 
PE. Digitalisation and the growth of a culture of digitality (4) are 

having such a huge impact that the culture in our society is 
changing, even the movement culture (5, 6). Examples of the many 

small changes are the already enormous and still-growing number 
of video tutorials on learning a movement, tracking technologies 

and training processes as well as the worldwide connection of 
people with special interests via social media.

Academics in sport pedagogy argue that physical education should 
prepare students to participate in the culture of movement, promote 

individual self-cultivation or movement education, encourage 
lifelong physical activity, and cultivate general competencies in line 

with societal values (7–9). In German sport pedagogical debates, this 
is referred to as education in and through sport, play and movement 
(9, 10). Digital technology can be considered legitimate if it re3ects 

established cultural (digital) practices within movement culture and 
facilitates self-cultivation. Participation in this movement culture 

involves making responsible, re3ective choices rather than simply 
replicating existing practices.

Digital technology also has legitimacy when it effectively supports 
students’ learning processes, as the development of knowledge and 

skills provides the basis for responsible decision-making. According 
to learning theory, increasing engagement and optimising time 

spent on meaningful activities can significantly improve learning 
outcomes (11). In addition, the quality of these activities is crucial 

(12, 13). Other theories emphasise media support for the 
acquisition of motor skills (14) or social environments that foster 

autonomy (15). There are more reasons to legitimise the use of 
digital technologies in PE, including the development of media 

competences (16). However, the two reasons mentioned above— 
educational goals and learning outcomes—are central from our 

perspective. Given that digital technologies are not only legitimate, 
depending on how they are used and with what justification, but 

also a central aspect of contemporary PE, PE teachers’ acceptance 
of such technologies is fundamental. We are not advocating for a 

maximisation of technology acceptance but rather for a critical 
acceptance and openness towards technologies in educationally 

legitimised teaching scenarios.
This paper elaborates on what in3uences PE teachers’ 

behavioural intention (BI) and use behaviour (UB) as two 
aspects of technology acceptance with regard to different digital 

technologies. We use the unified theory of acceptance and use 
of technology (UTAUT) to identify and model in3uencing 

factors. Furthermore, we aim to identify interconnections with 
the development aspects of other professional competences.

1.1 Influence of internal and external 
factors on behavioural intention

The increasing prevalence and accessibility of digital technologies 

have prompted researchers to examine teachers’ receptivity and 
utilisation of these tools in the classroom (17). In recent decades, 

many models have been proposed to describe the mechanisms and 
factors in3uencing technology adoption. Notable examples are the 

UTAUT and the technology acceptance model (TAM). The 

UTAUT model is a prominent model for understanding the 
factors contributing to individuals’ acceptance and use of 

technology (2). The UTAUT (18) postulates that there are four 
fundamental determinants of user intention and actual use of 

technology: performance expectancy (PE), effort expectancy (EE), 
social in3uence (SI) and facilitating conditions (FC). It is 

hypothesised that the effects of these determinants are moderated 
by individuals’ gender, age and experience and the voluntariness of 

technology use (19). The UTAUT model has been extensively 
employed in consumer technology, substantiating its efficacy in 

forecasting and elucidating technology acceptance (20, 21).
However, the UTAUT model’s application in the context of 

educational research, particularly among PE teachers, remains 
scarce. There is a paucity of empirical data on teachers’ 
technology acceptance (22). The extant literature indicates that the 

adoption and implementation of digital technologies in PE 
remains a complex and multifaceted issue (23). While some digital 

technologies are more widely used by physical educators, various 
external and internal barriers can impede their integration. 

External barriers encompass constraints such as limited time, 
insufficient expertise and inadequate resources. For example, 

teachers have noted that the brief duration of PE classes leaves 
little opportunity for the effective incorporation of digital tools, 

while a lack of dedicated training and limited access to up-to-date 
technological resources further restrict the implementation 

process. By contrast, internal barriers are primarily related to 
teacher beliefs and the adherence to established pedagogical 

practices (24). A further avenue for research would be to adapt 
the UTAUT model to investigate the acceptance of technology by 

PE teachers. This could provide valuable insights into the factors 
in3uencing their adoption and use of educational technology (17). 

Educators’ perceptions of the feasibility, technical competence and 
availability of support can significantly in3uence their willingness 

to incorporate digital technologies into their teaching practices (25).

1.2 Differences between teachers in their 
use of digital technologies

According to the German sample of the International 
Computer and Information Literacy Study (ICILS) 2023, more 

than 70% of participating teachers used digital technologies in the 
classroom at least once a day. The international average of 61% is 

significantly lower (26). Even in ICILS 2018, 55% of participating 
German teachers stated that they had been using digital 

technologies in the classroom for over five years (27). The type of 
use is very diverse, but computer-based information sources are 

used most frequently (27). These data refer to the German 
sample and all teachers, not just PE teachers. Therefore, the next 

step is to learn more about PE teachers’ use of digital technology.
To demonstrate the variety of options available to PE teachers, 

various authors have attempted to summarise them. Wibowo et al. 
(6) compiled list of product categories, which included the 

following seven categories: presentation tools, learning management 
systems, data exchange tools, production tools, movement-related 

tools, databases and research tools. Similarly, Jastrow et al. (2) 

Wibowo et al.                                                                                                                                                         10.3389/fspor.2025.1653809 

Frontiers in Sports and Active Living 02 frontiersin.org



described different uses to better relate different studies on the use of 
digital technologies in PE and their benefits and limitations, listing six 

options for use: recording data, video evaluation, tagging movement, 
game situations, creating media products, and wikis (2). Some of these 

seem to correspond to the categories of Wibowo et al. (6), such as 
production tools and the creation of media products. However, 

there are major differences between the two versions. For example, 
Jastrow et al. (2) did not list any learning management systems or 

data exchange tools. Well-planned use in PE lessons, regardless of 
the use type, can benefit pupils and teachers (1). Teachers can make 

their lessons more student-centred, with developmentally 
appropriate feedback and more effective learning experiences (1). 

For students, digitally based PE lessons can increase their digital 
literacy, video evaluation can optimise sport-specific motor skills 
and abilities and increase game- and sport-related knowledge, and 

game situations can make PE lessons more interactive and 
motivating while also appealing to challenging students (1, 2). 

When analysing the use of digital technologies, a distinction should 
be made between different types, as there are apparent differences 

in their benefits.
Besides the findings on the types and frequency of usage of digital 

technologies, some studies have indicated that teachers differ 
significantly in their use of these technologies in accordance with 

specific properties. In the German teacher sample of the ICILS 
2018, there was a significant difference between teachers below the 

age of 49 (the younger teachers) and the group of older teachers 
(>50), as teachers under 50 used digital technologies more 

frequently (28). Further findings from the same study showed no 
differences concerning teachers’ daily use in relation to gender or 

experience of using digital technologies.

1.3 Influence of different learning 
opportunities

Integrating digital technologies also depends on teachers’ 
professional development (29, 30). Formal learning opportunities 

(29, 31), as well as informal learning activities (32–34), are 
considered important factors. Experts from the field of adult 

learning assume that learning in work–life occurs predominantly 
informally (35, 36). It has been repeatedly stated that formal learning 

opportunities often involve transferring abstractly acquired 
knowledge to concrete applications in everyday work–life situations 

(37–39). Within informal learning opportunities, this problem 
should occur less, as this type of learning is structured through 

concrete everyday work–life problems and finding solutions for 
them (34, 40, 41). Concerning the acceptance of digital technologies 

by PE teachers, informal learning opportunities should have a 
stronger impact on the person’s internal factors (PE, EE) than 

formal learning opportunities.
According to the mainly non-PE findings, it can be assumed 

that the UB of PE teachers differs in terms of the frequency of 
use and how these technologies are used. The in3uencing factors 

can be discerned as both internal (PE and EE) and external (SI 
and FC) factors, while the internal factors are probably in3uenced 

by the formal and informal learning opportunities (FLO and ILO).

2 Research questions and hypotheses

Based on these findings, we formulate three main research 

questions (RQs) and 19 hypotheses (Figure 1). 

• RQ1: What in3uences the use behaviour (UB) of physical 
education teachers with regard to digital technologies? 

○ H1.1 Age has a negative effect on UB.
○ H1.2 There are no differences between genders in UB.

○ H1.3 Experience has no effect on UB.
○ H1.4 FC have a significant in3uence on UB.

○ H1.5 The effect of FC on UB is stronger for older and 
more experienced teachers.

○ H1.6 BI has a significant in3uence on UB.
• RQ2: What in3uences the behavioural intention (BI) of 

physical education teachers towards digital technologies? 
○ H2.1.1 PE has a significant in3uence on BI.

○ H2.1.2 The effect of PE on BI is larger for men than 
for women.

○ H2.1.3 The effect of PE on BI is larger for younger than 
for older teachers.

○ H2.2.1 EE has a significant in3uence on BI.
○ H2.2.2 The effect of EE on BI is larger for women than 

for men.

○ H2.2.3 The effect of EE on BI is larger for older than for 
younger teachers.

○ H2.2.4 The effect of EE on BI is larger for less 
experienced than for more experienced teachers.

○ H2.3.1 SI has a significant in3uence on BI.
○ H2.3.2 The effect of SI on BI is larger for women than 

for men.

FIGURE 1 

Research model (EXPDM = experience with digital media).
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○ H2.3.3 The effect of SI on BI is larger for older than for 
younger teachers.

○ H2.3.4 The effect of SI on BI is larger for less experienced 
than for more experienced teachers.

• RQ3: Do different learning opportunities in3uence the internal 
factors relating to the technology acceptance of physical 

education teachers? 

○ H3.1 ILO have a stronger positive effect on PE than FLO.

○ H3.2 ILO have a stronger positive effect on EE than FLO.

3 Materials and methods

3.1 sampling strategy and participants

To validate the delineated model, the current study conducted an 

empirical analysis based on an online survey of regular PE teachers, 
focusing on those teaching Grades 5–13. The recruitment was 

executed using a two-step strategy. First, emails with an invitation 
were sent to all school secretaries of all relevant schools (n = 1,167) 

in North Rhine–Westfalia (186 lower secondary schools, 358 
comprehensive schools and 623 grammar schools). After a 

relatively low response of 168 teachers, the second step was to post 
calls for participation on social media platforms (Facebook groups 
for PE secondary teachers and the Instagram channel of a major 

in3uencer in the PE area). Despite bias concerns, this strategy was 
chosen for economic reasons (see the Limitations section).

Thus, 239 PE teachers (125 females and 114 males) from various 
school types (121 grammar schools, 77 comprehensive schools, nine 

secondary schools, seven lower secondary schools and 25 other 
schools) were surveyed (see Table 1). The mean age of participants 

was 41.8 years (M = 41.8, SD = 11.2, min. = 20, max. = 68), and the 
mean teaching experience was 13.7 years (M = 13.7, SD = 9.9, 

min. = 1, max. = 40). The average experience of using digital 
technologies for PE was 4.3 years (M = 4.3, SD = 4.5, min. = 0, 

max. = 31).

3.2 Instruments

This study measured eight latent variables, using re3ective 

measurement scales. Items were measured on a 5-point Likert scale.

The variables for the UTAUT model (PE, EE, FC, SI and BI) 
were adapted from Venkatesh et al. (19), taking into account the 

German translation in Nistor, Wagner and Heymann (42) and 
the subject of PE (see Supplementary Table 1).

UB was measured using the nine product categories 
(presentation tools, learning management systems, cloud services, 

production tools, movement-related tools, searching tools, social 
media, messenger, and orientation tools) from Wibowo et al. (6) 

and the 5-point ordinal scale from ICILS 2018: never; less than 
once a month; at least once a month, but not every week; at least 

once a week, but less than daily; daily (27). The integration of the 
usage of all product categories meant that this was not a mere 

representation of the quantity of technology use but also a 
representation of the variety of use.

The construct of ILO was measured using three items derived 

from Kyndt et al. (33). Due to economic reasons, only these three 
items were considered, as they were assumed to be most important 

for PE teachers. The construct of FLO was measured by asking for 
the number of professional development courses taken within the 

last two years (see Table 2).
The descriptive statistics supported the assumption of normal 

distributions. The kurtosis observed oscillated between a 
minimum of −1.108 for the BI scale and a maximum of 7.902 

for FLO, while the asymmetry values ranged from −0.769 (EE, 
min.) to 2.645 (FLO, max.).

3.3 Methods

The dataset was evaluated using structural equation modelling 
(SEM). This method was used because of the following advantages 

compared to other evaluation methods (43): 

• SEM multivariate analyses of causal models can be performed, 

and the effects of the independent and dependent variables can 
be estimated simultaneously.

• Models can be constructed that contain latent factors 
and constructs.

• Free determinants or parameters that cannot be derived by 
assumptions can be estimated simultaneously in structural 

equation models.
• Measurement errors can be considered or corrected so that the 

reliability of the model analysis increases.TABLE 1 Demographic variables for the teacher sample.

Demographics n %

Age ≥50 68 28.5

<50 171 71.5

Gender Male 114 47.7

Female 125 52.3

Experience using digital tools 0–10 216 91.1

>10 23 8.9

School type Grammar school 121 50.6

Comprehensive school 77 32.2

Secondary school 9 3.8

Lower secondary school 7 2.9

Other 25 10.5

TABLE 2 Descriptive statistics of the standardised latent variables.

Construct Med. Min. Max. Kurtosis Skewness

BI .03 −1.72 1.46 −1.108 −.152

EE .18 −2.74 1.36 .068 −.769

FC −.10 −2.15 1.74 −.881 .078

FLO −.51 −.51 4.79 7.902 2.645

ILO −.27 −1.66 2.93 −.017 .599

PE .05 −2.89 1.62 −.119 −.520

SI −.18 −2.21 1.84 −.849 .050

UB −.14 −1.96 3.39 .568 .857
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• Due to improved estimation algorithms, non-multivariate 
normally distributed variables can also be considered in 

the models.

A covariance analysis approach was also chosen within the SEM, 
as it is particularly suitable for empirical examination of a 

theoretically based hypothesis system (44). However, a variance 
analysis approach is preferable if no theoretical or logical 

models can be derived (44).
We estimated our model by using partial least squares 

structural equation modelling (PLS-SEM) and SmartPLS 3.0 
software (45). According to Chin (46), PLS-SEM estimation 

provides several benefits compared to covariance-based methods, 
especially when testing complex structural models (47). Among 

other benefits, PLS-SEM maximises the explained variances, 
increases prediction accuracy and does not make strict 

distributional assumptions. PLS-SEM is primarily used to 
develop theories in exploratory research (47). Moreover, 

mediation, moderation and multi-group analysis can be 
performed using PLS-SEM. This study applied a mean- 

replacement approach for missing values (<1%) and a 
conservative no sign changes bootstrapping procedure based on 

5,000 bootstrap runs. The bootstrapping results can be used to 
test hypotheses by using p-values, t-statistics or t values. It can 

be inferred that the link examined is significant at the 5% level, 
using a significance threshold of 0.05 (=5%, p < 0.05). T-statistics 

are also compared to t-table or crucial values for one-tailed 
testing, with a significance level of 0.05 (=5%) of 1.65. As a 
result, if the t-statistics or t values are greater than 1.65, the 

hypothesis value is acceptable.
Using SmartPLS 4.1 software, PLS-SEM was used to model 

and analyse the data. The PLS path model was made up of two 
parts: (i) the structural model (also known as the inner model 

in PLS-SEM), which shows the correlation between latent 
variables/constructs; (ii) the measurement model (also known as 

the outer model in PLS-SEM), which shows the correlation 
between latent variables/constructs and their indicators.

3.4 Measurement model assessment

All constructs in the research model were first-order re3ective.
Cronbach’s alpha is a measure of the internal consistency or 

reliability of a construct, that is, how closely related the set of 
items comprising the construct are as a group. The result is 

usually a number from 0 to 1, but a negative Cronbach’s alpha 
can also occur, suggesting that something is seriously wrong 

with the operation (e.g., if some score items have reversed 
polarity relative to others, the mean of all the inter-item 

correlations can be negative: The polarity of the items should 
always be aligned). The general guidelines on Cronbach’s alpha 

for construct reliability and validity are as follows: Below 0.60 is 
unacceptable, 0.60–0.70 is minimally acceptable, 0.70–0.80 is 

respectable, 0.80–0.90 is very good, and above 0.90 is strong (48).
The Fornell–Larcker Criterion was used to determine 

discriminant validity. Discriminant validity determines whether 

the constructs in the model are highly correlated among 
themselves. It compares the square root of the average variance 

extracted (AVE) of a particular construct with the correlation 
between that construct and other constructs. It is generally 

suggested that the square root of the AVE should be higher than 
the correlation of the construct with others. Otherwise, the 

individual construct does not provide much discrimination (i.e., 
unique explanatory power).

Table 3 depicts the reliability and validity statistics and the 
factor loadings.

All factor loadings were significant. The factor reliability 
values were above the recommended thresholds. Internal 

consistency was assessed via Cronbach’s alpha coefficient, and 
all values were above 0.7, indicating respectable reliability for all 
constructs. Furthermore, the Fornell–Larcker ratio indicated the 

discriminant validity of the measurement.
Measurement quality was verified by examining convergent 

validity, discriminant validity and internal consistency.
Convergent validity was assessed as follows: Item reliability 

was inspected for each convergent item, and validity required 
indicator loadings to be 0.5 or more. The indicators had 

loadings above 0.5. Two items in the UB construct did not 
reach the threshold. However, to re3ect the widely differing 

media types used in teaching, we decided to include media 
types with a lower impact on the latent UB construct. The 

remaining item loadings (see Table 3) demonstrated acceptable 
convergent validity and were retained for subsequent analysis.

For re3ective models, outer loadings are the key indicators 
showing the trajectory of the latent variable towards the 

observed variables. Therefore, they show how much each 
observable variable or item contributes absolutely to the 

definition of the construct or latent variable.
Regarding discriminant validity, we compared all the items 

loaded for which we expected a higher value with the same 
construct compared to other variables (see Table 4). This 

comparison satisfied the discriminant validity criterion suggested 
by Chin (49).

4 Results

Bootstrapping was performed to provide the significance 
level for each hypothesised relationship. The parameter 

settings for bootstrapping included no sign changes and 5,000 
samples. All results are summarised in Table 5. As illustrated 

in Figure 2, the impact of experience, FC and BI on UB was 
found to be significantly positive. Moreover, PE and SI 

showed significant effects on BI, as well as ILO on EE and 
PE. Hence, Hypotheses 1.2, 1.4, 1.6, 2.1.1, 2.2.1 and 2.3.1, as 

well as 3.1 and 3.1, were confirmed by the findings (Table 5). 
Regarding the moderating effects, it was determined that 

experience and age did not exhibit significant (p > .05) 
interactions with any of the constructs when considering all 

possible higher-order interactions. According to the data, age 
and gender showed no significant interaction at all; only 

experience showed a negative interaction with the direct effect 
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of SI on BI. Therefore, only Hypothesis 2.3.4 could 
be confirmed.

5 Model fit

The determination coefficient R2 was between 0 and 1. The R2 

value indicated the proportion of variance of the endogenous 

construct explained by all predecessor constructs associated with 

the endogenous construct. Moreover, 52.8% of the variance of 
BI was explained by the former construct (R2 = 0.528). This 

implied that 47.2% of the variance was not explained. For UB, 
EE and PE, R2 was 0.403, 0.191 and 0.211, respectively.

Before testing the structural model, fit adjustment with an 
SRMR value was evaluated. The result was an SRMR of 0.094, 

which indicated an acceptable fit adjustment.

6 Discussion

The findings of this study align with prior research on 

technology acceptance among educators, confirming the role of 
performance expectancy, social in3uence, facilitating conditions, 

and informal learning in shaping PE teachers’ behavioural 
intention. However, beyond these individual and structural 

factors, revisiting the broader pedagogical justification for digital 
technology in PE is crucial. As discussed in the introduction, 

movement culture is increasingly shaped by digital tools, from 
tracking technologies to online movement tutorials. If PE aims 

to enable students to critically engage with contemporary 
movement practices (9), then teachers’ acceptance of these 

technologies is an essential prerequisite. Technology acceptance 
is not merely about ease of use or external expectations; instead, 

it is about ensuring that PE remains relevant to the evolving 
movement culture. This broader cultural perspective provides 

additional depth to the significance of the findings, particularly 
the strong in3uence of informal learning opportunities, which 

may re3ect teachers’ engagement with digital movement 
practices beyond formal training.

Concerning RQ1 (what in3uences the use behaviour of PE 
teachers with regard to digital technologies?), our data showed that 

the internal factor (total effect of BI on UB: 0.376) and the external 
factor (total effect of FC on UB: 0.358) in3uenced UB to almost 

the same extent. Nevertheless, approximately 60% of the variance 
of UB remained unexplained (R2 for UB = 0.403), which is 

comparable to studies using similar approaches (18). The 
hypothesised differences in technology use between different age 

levels (28) could not be supported by the data. This finding might 
have been due to the rapid spread of digital technologies. While in 

general research on technology acceptance, gender is assumed to 

TABLE 3 Reliability and validity statistics.

C Discriminant Validity: Fornell–Larcker Criterion

Cronbach’s Alpha (1) (2) (3) (4) (5) (6) (7) (8) (9)

(1) BI 0.84 0.87

(2) EE 0.91 0.42 0.88

(3) EXPDM N/A 0.12 0.04 1.000

(4) FC 0.73 0.41 0.59 0.06 0.81

(5) FLO N/A 0.33 0.13 0.15 0.27 1.000

(6) ILO 0.71 0.57 0.43 0.14 0.38 0.46 0.80

(7) PE 0.90 0.56 0.45 0.14 0.27 0.22 0.46 0.88

(8) SI 0.78 0.49 0.28 0.11 0.39 0.19 0.46 0.39 0.78

(9) UB 0.78 0.52 0.43 0.21 0.49 0.43 0.60 0.41 0.41 0.66

N/A, not applicable (single-item construct).

TABLE 4 Cross-factor loadings and reliability of constructs.

Item BI EE FC FLO ILO PE SI UB

BI_1 0.94 0.42 0.41 0.30 0.56 0.55 0.49 0.53

BI_2 0.73 0.25 0.25 0.24 0.34 0.41 0.36 0.28

BI_3 0.93 0.41 0.40 0.32 0.56 0.51 0.42 0.52

EE_1 0.29 0.86 0.47 0.11 0.33 0.34 0.25 0.32

EE_2 0.39 0.90 0.50 0.13 0.38 0.44 0.27 0.38

EE_3 0.40 0.86 0.58 0.14 0.39 0.39 0.23 0.40

EE_4 0.39 0.91 0.53 0.09 0.41 0.42 0.26 0.40

FC_1 0.30 0.35 0.87 0.24 0.24 0.18 0.39 0.40

FC_2 0.42 0.78 0.68 0.18 0.45 0.39 0.28 0.39

FC_5 0.28 0.32 0.87 0.24 0.23 0.10 0.26 0.40

FLO 0.33 0.13 0.27 1.000 0.46 0.22 0.19 0.43

ILO_2 0.54 0.35 0.28 0.34 0.83 0.40 0.50 0.54

ILO_3 0.35 0.34 0.28 0.41 0.73 0.33 0.24 0.36

ILO_4 0.45 0.34 0.39 0.35 0.82 0.36 0.33 0.52

PE_1 0.51 0.42 0.31 0.22 0.41 0.84 0.36 0.39

PE_2 0.51 0.45 0.23 0.19 0.43 0.91 0.35 0.39

PE_3 0.45 0.37 0.22 0.23 0.38 0.90 0.31 0.32

PE_4 0.47 0.35 0.18 0.15 0.40 0.86 0.34 0.34

SI_1 0.38 0.22 0.21 0.18 0.44 0.38 0.82 0.30

SI_2 0.44 0.27 0.27 0.21 0.50 0.40 0.83 0.35

SI_3 0.35 0.18 0.36 0.05 0.23 0.18 0.75 0.31

SI_4 0.33 0.20 0.38 0.11 0.20 0.21 0.71 0.30

PC_1 0.42 0.22 0.35 0.35 0.47 0.39 0.34 0.76

PC_2 0.41 0.39 0.36 0.25 0.46 0.35 0.37 0.74

PC_3 0.30 0.24 0.29 0.21 0.33 0.18 0.22 0.68

PC_4 0.47 0.48 0.42 0.31 0.49 0.34 0.29 0.78

PC_5 0.34 0.34 0.37 0.41 0.46 0.24 0.33 0.64

PC_6 0.14 0.03 0.17 0.24 0.17 0.12 0.01 0.47

PC_7 0.04 0.07 0.09 0.24 0.14 0.03 −0.01 0.43

PC_8 0.29 0.86 0.47 0.11 0.33 0.34 0.25 0.32

PC_9 0.39 0.90 0.50 0.13 0.38 0.44 0.27 0.38

Bold values in a column belong to the construct in the column heading.
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in3uence technology acceptance (19), the data supported the finding 

from research on the technology use of teachers that there 
is no significant difference between genders (28). Moreover, 

contradicting the ICILS 2018 findings, there were differences 

between more and less experienced teachers concerning the use of 

digital technologies. In the sample of this study, PE teachers who 
were more experienced in using digital technologies used digital 

technologies significantly more often than less experienced 
teachers. The data could not confirm the moderating effects of age 

and experience as hypothesised by the UTAUT model (19).
Concerning RQ2 (What in3uences the behavioural intention 

of PE teachers towards digital technologies?), the data showed 
that the variance of BI was explained to 53.8%, with significant 

in3uences from PE and SI. Unexpected EE did not show a 
significant in3uence. This non-significant result may indicate 

that ease of use is no longer a decisive factor for this group of 
teachers—possibly due to a generally high baseline of digital 

competence—highlighting the need for future research that 
includes differentiated measures of digital literacy to explain 

variance in Effort Expectancy effects. The hypothesised 
moderation effects of age, gender and experience on the direct 

effects of PE, EE and SI on BI could not be confirmed by the 
data, with the exception of the light negative effect of experience 

on the direct effect of SI on BI. It seemed that teachers who 
were less experienced in using digital technologies were more 

dependent on their intention to use digital technologies than 
their more experienced colleagues. The non-significant effect of 

EE suggested that teachers in the sample might already have 
possessed a high baseline level of digital literacy, making 

perceived ease of use a less relevant determinant of their 
technology adoption. A further possible explanation for the lack 

of a significant EE effect is that PE teachers may prioritise 

TABLE 5 Summary of hypothesis testing.

Hypothesis Path Moderator Effect t- 
value

p- 
value

Result

1.1 Age has a negative effect on UB Age → UB −0.088 1.343 0.179 r 
Reject

1.2 There are no differences between genders in UB Gender → 

UB
−0.169 1.572 0.116 Confirm

1.3 Experience has no effect on UB Exp → UB 0.168 2.347 0.019 Reject

1.4 FC have a significant in3uence on UB FC → UB 0.358 3.877 0.000 Confirm

1.5.1 The effect of FC on UB is stronger for older and more experienced teachers FC → UB Age −0.113 1.908 0.056 Reject

1.5.2 The effect of FC on UB is stronger for more experienced teachers FC → UB Experience 0.035 0.440 0.660 Reject

1.6 BI has a significant in3uence on UB BI → UB 0.376 6.680 0.000 Confirm

2.1.1 PE has a significant in3uence on BI PE → BI 0.301 3.814 0.000 Confirm

2.1.2 The effect of PE on BI is larger for men than for women PE → BI Gender 0.066 0.541 0.589 Reject

2.1.3 The effect of PE on BI is larger for younger than for older teachers PE → BI Age 0.050 0.950 0.342 Reject

2.2.1 EE has a significant in3uence on BI EE → BI 0.147 1.772 0.076 Confirm

2.2.2 The effect of EE on BI is larger for women than for men EE → BI Gender −0.114 0.961 0.336 Reject

2.2.3 The effect of EE on BI is larger for older than for younger teachers EE → BI Age 0.028 0.423 0.672 Reject

2.2.4 The effect of EE on BI is larger for less experienced than for more experienced 
teachers

EE → BI Experience −0.032 0.448 0.654 Reject

2.3.1 SI has a significant in3uence on BI. SI → BI 0.173 2.154 0.031 Confirm

2.3.2 The effect of SI on BI is larger for women than for men SI → BI Gender 0.007 0.054 0.957 Reject

2.3.3 The effect of SI on BI is larger for older than for younger teachers. SI → BI Age −0.001 0.014 0.988 Reject

2.3.4 The effect of SI on BI is larger for less experienced than for more experienced 
teachers

SI → BI Experience −0.135 1.961 0.050 Confirm

3.1 ILO have a stronger positive effect on PE than FLO ILO → PE 0.451 7.879 0.000 Confirm

FLO → PE 0.018 0.349 0.727

3.2 ILO have a stronger positive effect on EE than FLO ILO → EE 0.468 8.947 0.000 Confirm

FLO → EE −0.084 2.027 0.043

Standardised root mean square residual (SRMR) = 0.094; chi-square = 1,761.97.

FIGURE 2 

Effect of latent constructs: path diagram.
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pedagogical value over usability, as indicated by data on motives 
for professional development (50). While ease of use can be a 

barrier in some contexts, PE teachers may be more motivated 
by whether digital tools effectively support skill acquisition, 

student engagement and movement-related learning outcomes. 
This interpretation is supported by the strong effect of 

performance expectancy, indicating that teachers’ decisions to 
adopt technology are primarily driven by perceived educational 

benefits rather than ease of use.
The unexpected missing effects of the moderating variables 

(especially age and gender) might be explained by recent data 
indicating that technology use is now more institutionalised and 

widely accepted (51, 52), contrasting with the findings of earlier 
studies [e.g., (19)].

Concerning RQ3 (Do different learning opportunities in3uence 

the internal factors relating to the technology acceptance of physical 
education teachers?), the data clearly showed that informal learning 

opportunities, such as interaction with colleagues, reading literature, 
and re3ecting on one’s practice, had a stronger impact on the 

performance and effort expectancy towards digital tools than 
formal learning opportunities. While we found highly significant 

and strong effects of informal learning opportunities on 
performance expectancy and effort expectancy, formal learning 

opportunities showed no effect on performance expectancy and a 
light negative effect on effort expectancy. The advantage of ILO is 

in line with what was hypothesised, but surprisingly, FLO showed 
no effect or even a light negative effect (on EE). This apparent 

difference might be explained by approaches that consider the 
situatedness of teacher knowledge acquisition (37, 53). According 

to this perspective, it is an enormous challenge for teachers to 
transfer rather abstract knowledge as it is often presented in formal 

development settings to concrete contexts, such as planning for a 
concrete learning group. Informally acquired knowledge is per se 

bound to a concrete problem relating to work–life; therefore, no 
transfer is needed (33, 34). The missing impact of FLO might have 

been due to the low quality of the FLO measures. This aspect 
might be addressed by FLO components that regard the quality of 

the learning opportunities and the engagement of the teachers 
who participate.

7 Conclusion, limitations and future 
research

If it is reasonable to support teachers’ use of digital 

technologies, two results of this study might guide interventions. 
First, personal internal and external factors are equally relevant. 

In other words, a willing teacher needs to have an appropriate 
environment, and a well-equipped environment needs to have 

willing teachers. Therefore, discussions about priorities in 
fostering digitalisation in schools should not focus on the 

teachers or the hardware but equally on both aspects.
Second, it seems worthwhile to support informal learning 

opportunities for teachers to in3uence their behavioural 
intentions towards using digital technologies. The hesitant 

debates about recognising and promoting informal learning may 

provide an indication that fostering informal learning is not easy 
to implement. Although much more research is needed to 

understand the complex nature of informal learning, two key 
factors for fostering informal learning are time to re3ect on 

one’s own practice individually and in communities of practice 
and high-quality materials and products that support working 

processes such as lesson planning. To strengthen teacher 
development, future initiatives should incorporate structured 

support for informal learning, such as peer exchange formats 
and integrated time for collaborative re3ection.

Several methodological limitations should be considered. First, 
the sample that was reached (N = 239 teachers) did not represent 

all PE teachers in the research area. According to the Statistical 
Bureau, of North Rhine–Westfalia, the federal state has a total 
of 180,340 teachers (54). Moreover, based on the graduation 

numbers in university teacher education (the proportion of 
graduates in PE is 3.9%; (55), the population size is 7,033. With 

a confidence interval of 95% and a margin error of 5%, a 
minimum of 365 teachers would build a representative sample. 

Second, recruiting via social media is known to be selective and, 
therefore, biased. An age bias, as discussed by Darko, Klieb, and 

Olson (56), was not indicated by the sample’s descriptive data, 
with participants having a mean age of 41.9. Furthermore, it 

might be argued that the sample contained more people using 
digital technologies intensely due to social media recruitment. 

Such a bias was not indicated by the descriptive data. The ICILS 
showed a 69.9% rate of teachers using digital technologies daily 

(over all subjects; (51). In our sample, the teachers only 
indicated a 40.2% rate for their weekly usage. The lower rate 

might be seen as an indicator of not having a pro-digital 
technology usage bias in the dataset.

A third methodological limitation was the use of self-reported 
data for the UB construct, as these kinds of data are known to be 

susceptible to social desirability bias. This problem has also been 
reported in relation to working time analysis for teachers (57). 

This might have biased the dataset in terms of higher UB 
values. For economic reasons, other methods, such as 

observations or time–use protocols, were not an option.
An important future research perspective is to deepen the 

understanding of teachers’ technology acceptance and its 
potential to in3uence learning processes in the workplace. Given 

the assumption that digital technologies, such as databases, 
feedback tools, and AI agents, have the potential to be learning 

opportunities for teachers, it is essential to gain a better 
understanding of the relationship between utilisation/learning 

processes and learning outcomes. It must be assumed that 
different technologies bear different learning potentials and have 
different impacts on professional competences. In future studies, 

other components of professional competence, such as self- 
efficacy (58), teacher beliefs (59), and digital competences (60), 

might be considered to map learning outcomes. Moreover, 
future studies could examine the role of institutional support, 

especially the role of the school administration (50), as an 
additional factor in3uencing BI and UB.

Furthermore, the unexplained variance of BI and UB indicates 
additional missing factors relating to technology acceptance. In 
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future research, other constructs, such as attitude towards 
technology (58) and perceived risk (61), might be considered to 

reach higher levels of explanation.
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