
 

Teacher education is a deeply pedagogical process rooted in values, ethics, and the 
social purpose of schooling. Globally, it sits at the core of educational quality and 
fairness, as research in comparative and international education demonstrates: the 
training of teachers directly influences students’ learning chances, social inclusion, 
and the democratic aims of schools. Teachers are not simply transmitters of 
curricula, but active professionals whose convictions, reflective skills, and ability to 
manage the complexities of classroom life give shape and substance to the 
educational experience itself. 
The pedagogical dimension of teacher education frames teaching as a relational, 
context-aware, and ethically grounded profession rather than just a set of 
procedural skills. From a research perspective, this demands robust research 
methodologies that can critically examine the complex realities of schools and 
inform evidence-based policies. Equally important is the connection between theory 
and practice, which helps to bridge the persistent gap between universities and 
schools. 
The contributions gathered in this volume reflect the richness and diversity of 
experiences showcased during the ATEE Spring Conference 2024, held at the 
University of Bergamo from May 29 to June 1, 2024. The volume presents 70 
selected papers out of more than 300 presented by researchers representing over 
40 countries. 
This broad spectrum of studies highlights promising directions that can inspire 
renewed inquiry and concrete proposals aimed at improving contemporary 
educational systems. 
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Teachers’ Technology Pedagogy Content Knowledge and 
Virtual Learning Environment Success  

Roxana-Madalina Cristea, Babes-Bolyai University, roxana.cristea@ubbcluj.ro 

Abstract 

Teachers' Technology Pedagogy Content Knowledge (TPACK) skills and virtual learning environments 
(VLE) outcomes register an increasing interest from various stakeholders. Using a quantitative 
research design, the article aims to investigate the relationship between TPACK and VLE success. 
Following an informed consent, data was collected from 107 teachers who answered an online 
questionnaire. The statistical analyses revealed a strong positive correlation between TPACK 
components and VLE success, teachers with higher TPACK levels achieving greater success in the 
VLE. The findings underscore the importance of enhancing TPACK skills through teacher training 
programs and policy reforms to improve VLE outcomes. Future research should explore longitudinal 
impacts and mixed-method approaches.  

Keywords: TPACK; VLE; teacher training; digital pedagogy; pre-university teachers. 
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1. Introduction  
 
Nowadays, the integration of technology in education has a great contribution in transforming 
teaching practices, offering new opportunities that enhance students' learning and engagement 
(Mishra & Koehler, 2006; Selwyn, 2011). The Technological, Pedagogical, and Content Knowledge 
(TPACK) framework provides a comprehensive model for understanding how technology can be 
integrated effectively into teaching practice by considering the interplay between pedagogy, content, 
and technology (Mishra & Koehler, 2006). As Koehler and colleagues (2013) has shown teachers are 
able to create more engaging and effective learning experiences for their students if they manage to 
influence the synergy between technological tools, pedagogical strategies, and content knowledge 
in a meaningful and contextually adapted manner. 
With the growing prevalence of Virtual Learning Environments (VLEs), which facilitate remote and 
blended learning through digital platforms, teachers must adapt their practices to leverage these 
technologies effectively (Bates, 2019; Picciano, 2017). VLEs offer different kinds of tools and 
functionalities that support teaching and learning, yet their successful implementation requires a 
deeper understanding of how technology, pedagogy, and the domain-specific content intersect 
(Aydin & Gumus, 2016). 
Although there are some previous studies that have highlighted the importance of the TPACK 
framework in the effectiveness of integrating technology (Chai et al., 2013; Koehler & Mishra, 2009), 
limited research has examined its specific impact on teachers' perceived success in what concerns 
VLEs usage in their classroom practice. Therefore, the present study aims to cover this gap by 
investigating the way in which in-service pre-university teachers’ TPACK level influences their 
perceived success in using VLEs in teaching highlighting the importance of understanding the 
integration of technology, pedagogy, and content knowledge in modern educational contexts.  
 
 
2. Theoretical background  
 
The Virtual Environment Learning Success, as defined by Awang and collaborators (2018), is a 
construct comprising the information quality, system quality, service quality, intention to use, use, 
user satisfaction and the net benefits perceived by the teachers. These dimensions reflect the overall 
success or satisfaction of a VLE from the user's perspective, namely the pre-university in-service 
teachers, encompassing both technological and pedagogical aspects. Recent studies have shown 
that teachers’ satisfaction and perceived benefits from using VLEs are strongly associated with their 
ability to effectively integrate technology, pedagogy, and content knowledge in their teaching 
practices (Caprara, & Caprara, 2022). Previous studies have shown that teachers define VLE as 
successful when they are able to use the VLE to enhance their teaching and their students' learning 
experiences in meaningful ways (Lawless & Pellegrino, 2007; Liu, 2012; Orlando, 2013). Moreover, 
research has shown that virtual environments such as platforms that simulate professional work 
experiences are an excellent source for teachers’ TPACK development. For instance, through virtual 
internships, namely epistemic games which put professionals in a situation (Oner, 2020). 
The TPACK framework facilitates the integration of technology into teaching, relating it with content 
knowledge and pedagogical knowledge, understanding the relationship between TPACK and teaching 
success in virtual environments is crucial for enhancing educational outcomes in digital settings, 
recent research highlighting a positive impact of TPACK on virtual teaching readiness and 
effectiveness. According to Thohir et al. (2023) TPACK positively influences pre-service teachers’ 
readiness and ability to integrate virtual reality (VR) into science education, enhancing their perceived 
usefulness and ease of use of VR tools. Moreover, using the TPACK model in university development 
training leads to improvements in teaching abilities, effectiveness and in course design for online 
instruction (Brinkley-Etzkorn, 2018). 
Teachers' first-hand experience with virtual technologies in education settings provides critical 
insights for TPACK growth. For instance, virtual exchange programs support the development of 
TPACK competencies, though the degree of growth may differ across participants. Prior TPACK 
proficiency can also shape the acquisition of other skills, such as foreign language abilities (Rets et 
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al., 2020; Rienties et al., 2020). Another manner of increasing teachers’ TPACK level is by learning to 
create technology-enriched lesson plans on virtual platforms, this being proven to substantially 
boosts teachers' self-confidence in their TPACK and their capacity to integrate educational 
technology into their classroom practice (Kapici, & Akcay, 2020). 
 
 
3. The present study  
 
The paper aims to provide a comprehensive overview of teachers’ practice regarding the integration 
of TPACK in the teaching process, presenting the relationships between TPACK and the success in 
the virtual learning environment as perceived by pre-university teachers.  
 
3.1  Research questions  
This study seeks to investigate the following research questions: 
 

1. What are the differences between teachers’ TPACK usage in terms of age, teaching 
environment, academic background, subject they teach and position status? 

2. What is the relationship between in-service teachers' TPACK and their perceived success in 
implementing VLE in their teaching practice?  

3. Is teachers’ TPACK level a predictor for VLE success? 
 
 
4. Methodology  
 
4.1 Participants and sampling 
The study included 107 pre-university teachers from the public school system who voluntarily 
participated to the study. A convenience sampling method was employed, and data collection was 
conducted through an online questionnaire distributed on Google Forms platform.  
The majority of participants were comprised in the 30 to 39 years old range (38.3%) and in the 40- 49 
years range (32.7%). Younger teachers (under 25 and 25-29) accounted for 8.4% and 11.2% of the 
sample, respectively, while older participants (50-59 and over 60) comprised 8.4% and 0.9%. Also, the 
most part of the participants worked in urban environments (66.4%), while 33.6% were based in rural 
areas. 
In what concerns the academic background of the teachers, nearly all participants held higher 
education qualifications. The majority had earned a bachelor’s degree (52.3%), followed by master’s 
degree holders (43%). A small proportion reported having a Ph.D. (1.9%), while 2.8% declared high 
school as their highest level of education. 
The largest proportion of participants were primary education teachers (43.9%), followed by 
vocational educators (18.7%), language teachers (15.9%), social sciences teachers (10.3%), sciences 
teachers (8.4%), and mathematics teachers (2.8%). Moreover, in terms of the position status, the 
majority of participants (61.7%) have indicated to held a temporary position, while 38.3% indicated 
their position as a permanent one. 
 
4.2 Instruments 
The Virtual Learning Environment Success (VLES) Scale developed by Awang and collaborators (2018) 
was used to assess in-service teachers’ satisfaction regarding the use of VLE in their teaching 
practice. The VLES scale comprises 45 items grouped in 7 dimensions, namely the information quality, 
system quality, service quality, intention to use, use, user satisfaction and the net benefits perceived 
by the teachers. The scale has an alpha Cronbach value for this sample of .967, indicating an excellent 
level of reliability. 
The TPACK questionnaire (Liu et al., 2015) was employed for measuring teachers’ TPACK as it is a well-
known and validated instrument. This questionnaire consists of 29 items organized in 7 dimensions: 
Content Knowledge (CK), Pedagogical Knowledge (PK), Technological Knowledge (TK), Pedagogical 
Content Knowledge (PCK), Technological Content Knowledge (TCK), Technological Pedagogical 
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Knowledge (TPK), Technological Pedagogical Content Knowledge (TPACK). The TPACK questionnaire 
showed a Cronbach’s alpha of .944. 
 
4.3 Procedure 
The participants to the study are pre-university in-service teachers. They were informed about the 
purpose of the study through an informed consent form. The participation was voluntary, ensuring 
that the teachers could withdraw at any stage without providing a reason. The questionnaire was 
filled-in by accessing Google Forms platform. 
 
 
5. Results  
 
The investigation of the results started with a normality test of the VLE success and TPACK scores. 
The results indicated that while VLE success scores were approximately normally distributed 
(Kolmogorov-Smirnov statistic = 0.056, p = 0.200; Shapiro-Wilk statistic = 0.979, p = 0.094), TPACK 
scores deviated from normality (Kolmogorov-Smirnov statistic = 0.117, p = 0.001; Shapiro-Wilk statistic 
= 0.975, p = 0.042).  
Based on these findings, we proceeded to verify the validity of the following research hypothesis: 
H1: There are significant differences in the level of TPACK integration among teachers based on their 
age, teaching environment, academic background, subject they teach and position status.   
In order to determine if there were differences in the level of TPACK integration based on teachers’ 
age a Kruskal-Wallis test was conducted. The results showed no statistically significant difference 
between the level of TPACK integration perceived by teachers when teaching in the virtual 
environment according to the age group they belong to, χ²(5) = 5.738, p = .333.  
The Mann-Whitney U test was performed in order to compare the level of TPACK integration between 
teachers based in rural and urban environments. The results showed no significant difference between 
these two groups, U = 1101.0, p = .243. 
To assess the relationship between the academic background and the level of TPACK integration a 
Kruskal-Wallis test was conducted, the results revealing no significant differences, χ²(3) = 1.870, (p = .393). 
The Kruskal-Wallis test was performed in order to check for the differences concerning the level of TPACK 
integration across the different subject specializations (Mathematics, Science, Social Sciences, 
Languages, Primary Education, Vocational Education). The results showed no significant differences, χ²(5) 
= 1.623, p = .898. 
For assessing whether the position status (permanent or temporary) has an impact on the level of TPACK 
integration a Mann-Whitney U test was carried out. With a U = 1273.5 and a p = .610, it has been found that 
there is no significant difference between the temporary and permanent position holders. Therefore, 
we fail to reject the null hypothesis. 
H2: There is a significant relationship between the level of integration of technological pedagogical 
content knowledge and the success in using the virtual learning environment, the TPACK level of the 
teachers predicting the success of the VLE. 
A linear regression analysis was performed to investigate the relationship between TPACK and VLE 
success among pre-university teachers. The results showed that teachers’ TPACK level significantly 
predicts the VLE success (β = 0.486, p < .001), explaining 23.6% of the variance in VLE success as R² 
= 0.236, and with a F(1,105) = 32.391, (p < .001). The unstandardized regression coefficient (B = 0.595) 
indicates that for each unit increase in TPACK, VLE success increases by 0.595 units. 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 

1 
Regression 7.091 1 7.091 32.391 .000b 
Residual 22.988 105 .219   
Total 30.079 106    

Table 1: Dependent Variable: VLE Success Overall; Predictors: (Constant), TPACK Overall 
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For the purpose of assesing the relationship between teachers’ TPACK level and VLE succes a non-
parametric alternative was used due to the fact that the distribution of the TPACK variable is not 
normal. The Spearman’s rho coefficient (rs= .515, p < .001, N = 107) has confirmed a strong positive 
correlation between the two variables of the study, namely teachers’ technological pedagogical and 
content knowledge integration level and the success they perceived concerning the virtual learning 
environment usage in their classroom practice. These results confirm the robustness of the 
relationship identified by the parametric test. 
 

 
 TPACK Overall VLE Success 

Overall 

Spearman's rho 

TPACK Overall 
Correlation Coefficient 1.000 .515** 
Sig. (2-tailed) . .000 
N 107 107 

VLE Success Overall 
Correlation Coefficient .515** 1.000 
Sig. (2-tailed) .000 . 
N 107 107 

**. Correlation is significant at the 0.01 level (2-tailed). 
Table 2: Correlations. 

As may be seen in the table below, we have addressed not only the relationship between the overall 
TPACK and VLE Success scores, but also deeper insights into the relationships between the 
components of the TPACK framework and the components of the VLES scale. Therefore, the 
Spearman’s rho coefficients were computed in order to assess these relationships, the results 
indicating several significant associations. 
 

VLE Success components TPACK components 
CK PK TK PCK TCK TPK TPACK 

Information Quality 0.127 0.337** 0.315** 0.292** 0.332** 0.303** 0.310** 
System Quality 0.183 0.358** 0.278** 0.318** 0.263** 0.322** 0.293** 
Service Quality 0.307** 0.486** 0.284** 0.224* 0.223* 0.376** 0.280** 
Intention to Use 0.203* 0.404** 0.462** 0.291** 0.455** 0.453** 0.490** 
Use 0.202* 0.418** 0.375** 0.175 0.326** 0.303** 0.333** 
User Satisfaction 0.279** 0.507** 0.328** 0.273** 0.428** 0.395** 0.370** 
Net Benefits 0.204* 0.439** 0.245** 0.127 0.230** 0.254** 0.312** 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

Table 3: VLE Components. 

As clearly illustrated by the table above PK, TK, PCK, TCK, TPK and TPACK components have registered 
moderate positive significant correlations with the Information Quality and the System Quality of the 
VLE, with correlation coefficients ranging between rₛ= 0.263 and rₛ= 0.358, with a p< 0.01, highlighting 
the contribution of these integrative knowledge forms to information and system quality perceived 
as offered by the VLE.  
Significant moderate correlations were also found across the majority of components in terms of 
Service Quality, operationalized as responsiveness, assurance, empathy and tangibility. In this case, 
stronger associations were observed for PK (rₛ= 0.486, p<0.01) and TK (rₛ= 0.284, p< 0.01), but also CK 
has shown to have a significant association (rₛ= 0.307, p< 0.01). These findings empower us to imply 
that both pedagogical and technological expertise enhance teachers’ satisfaction with VLE services.   
Teachers’ Intention to Use VLE was observed to correlate stronger with TK (rₛ= 0.462, p< 0.01) and 
TPACK (rₛ = 0.490, p< 0.01), this suggesting the fact that technological and integrative TPACK 
knowledge significantly impact their intention to use VLEs. Nevertheless, in what concerns the VLE 
usage, understood as frequency and nature of usage (testing students, gathering educational 
information, accessing resources or communicating to students and colleagues), PK and all the 
technology-related dimensions demonstrated strong correlations, particularly TK (rₛ= 0.462, p< 0.01) 
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and TPACK (rₛ= 0.490, p< 0.01). Whereas VLE success is concerned, the critical roles are played by PK 
(rₛ= 0.507, p<0.01) and TPK (rₛ= 0.395, p< 0.01) in enhancing teachers’ satisfaction. 
When it comes to VLE’s Net benefits, namely perceiving VLE as being time-saving or improving 
teachers’ productivity and contributing to their personal development, significant positive 
correlations were found specially with PK (rₛ= 0.439, p< 0.01) and the TPACK dimension (rₛ= 0.312, p< 
0.01). 
As it has been shown, the current results indicate that the integrated components of TPACK, 
particularly TPACK, TPK, and PK, reliably show moderate to strong positive correlations with the 
dimensions of VLE success, particularly with Intention to Use, User Satisfaction, and Net Benefits. 
This suggests that teachers’ ability to synthesize technological, pedagogical, and content knowledge 
significantly influences their effective use and perceptions of virtual learning environments. 
The findings of the present study highlight the critical role played by the integration of the TPACK 
components in driving the success of the VLE. To sum up, we may advocate that teacher training 
programs should focus on fostering a holistic integration of technology, pedagogy, and content 
knowledge in order to maximize the effectiveness and the benefits of the virtual learning 
environments perceived by in-service pre-university teachers.  
 
 
6. Conclusions and discussion  
 
The main concern of the paper was to analyse the relationship between in-service teachers’ perceived 
TPACK integration in their teaching practice and the success level registered through the usage of the 
virtual learning environment. To our knowledge, this is the first Romanian study to examine the link 
between the two educational constructs. We have also considered the consequences of some 
demographic factors that may have an implication in integrating the TPACK framework in the educational 
process. 
Summing up the results of the study, it can be concluded that teachers’ TPACK level plays a significant 
role in the success of virtual learning environments perceived by the teachers. However, no significant 
differences were observed when considering the demographic factors such as teachers’ age, 
environment, academic background, specialization or position status. Furthermore, the linear regression 
analysis revealed that TPACK significantly predicts VLE success, a finding reinforced by the Spearman’s 
correlation analysis conducted due to the non-normality of the TPACK scores. These results highlight the 
need for focused professional development programs that enhance TPACK competencies for virtual 
teaching success no matter the demographic variables. Therefore, an important implication of these 
findings resides in the fact that enhancing TPACK skills could lead to more effective use of digital tools, 
fostering better outcomes in terms of virtual learning environments usage. 
The paper clearly has shown that higher levels of TPACK are associated with higher levels of success in 
the virtual learning environment. Therefore, enhancing teachers’ ability to integrate technology with 
pedagogy and content can lead to better outcomes in virtual teaching environments. Moreover, the 
results are of direct practical relevance, consequently we may state that in order to improve teachers’ 
TPACK skills and also the effectiveness of their teaching practice in the virtual environment some of the 
following measures may be implemented: 
 

- integrating TPACK into initial and continuing training programs;  
- promoting the exchange of good practices; 
- updating educational policies. 

 
One of the first limitations that should be acknowledged involves of the use of a convenience sampling 
which may have restricted the generalizability of this study’s findings. Additionally, the reliance on self-
reported measures may present the possibility of a response bias. With a view to overcoming the 
limitations of this investigation mixed-methods research appears to be needed for a better understanding 
of the relationship between teachers’ TPACK levels and VLE outcomes in different educational contexts. 
Nevertheless, future research could explore longitudinal impacts of TPACK training on VLE outcomes and 
investigate the contextual factors that affect its application in different learning environments. 
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