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Abstract:

This study was conducted to identify and prioritize the dimensions and components for evaluating the quality of virtual physics education.
The research method is applied in terms of purpose, descriptive-survey in terms of data collection, and mixed-methods in terms of data type.
The qualitative section utilized the content analysis strategy, while the quantitative section employed a survey method. Participants in the
qualitative phase included secondary school physics teachers in Iraq with at least five years of teaching experience in this subject, as well as
experts in education from Iraqi universities. The sample size for this phase consisted of 15 individuals, selected purposefully based on the
principle of theoretical saturation. The statistical population in the quantitative phase included all secondary school physics teachers in Iraq,
from whom 246 individuals were selected as the sample using the modified Cochran formula and a cluster random sampling method. The
research instrument in the qualitative phase was a semi-structured interview, while in the quantitative phase, a researcher-developed
questionnaire was used. The findings indicated that the evaluation of virtual physics education quality includes eight dimensions:
management, satisfaction, interaction, educational services, educational content, infrastructure and technology, feedback, and student
characteristics, along with 26 components. The quantitative results showed that the satisfaction variable ranked the highest, while the student

characteristics variable was in the eighth priority.
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Extended Summary

Introduction

Virtual education has emerged as a critical alternative to traditional classroom learning, driven by advancements in
technology and the growing demand for flexible learning environments. The transition to online education has been
significantly accelerated by global events, particularly the COVID-19 pandemic, which compelled educational institutions
worldwide to shift to virtual platforms (Timbi-Sisalima et al., 2024; Torres Martin et al., 2021). Virtual learning environments
offer various formats, including synchronous, asynchronous, and hybrid models, each catering to different learning needs.
While synchronous learning fosters real-time interaction and engagement, asynchronous methods provide students with
flexibility to access materials at their own pace. Hybrid models integrate both approaches, ensuring a more comprehensive
learning experience (Abbasifard et al., 2024; Mueller & Strohmeier, 2011).

Despite the growing popularity of virtual education, its effectiveness and quality remain subjects of debate. While some
researchers argue that online learning enhances accessibility and fosters personalized learning experiences, others highlight
challenges such as digital disparities, reduced student engagement, and concerns over content delivery quality (Delavar et al.,
2024; Ferri et al., 2018). The digital divide remains a major obstacle, as differences in access to technology can exacerbate
educational inequalities among students from diverse socio-economic backgrounds. Additionally, issues related to teacher
preparedness, data privacy, and student participation continue to generate discussions among educators and policymakers
(Elfakki et al., 2023; Jafari et al., 2024).

The assessment of virtual education quality is a critical aspect of ensuring its effectiveness. Given the increasing reliance
on online learning, especially in science disciplines such as physics, it is imperative to establish evaluation frameworks that
encompass various dimensions such as student satisfaction, interaction, technological infrastructure, and educational content.
Studies have shown that assessing student and teacher experiences in virtual education helps identify areas for improvement,
thereby enhancing overall learning outcomes (Lassoued et al., 2020; Nehrir et al., 2022). In physics education, specifically,
virtual learning requires a structured approach that integrates interactive teaching methods, cognitive learning strategies, and
technology-enhanced content delivery (Delavar et al., 2024; Jafari et al., 2024). This study aims to identify and prioritize the

key dimensions and components necessary for evaluating the quality of virtual physics education in Irag.
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Methods and Materials

This study employed a mixed-methods research design, incorporating both qualitative and quantitative methodologies. The
qualitative phase involved a content analysis strategy to identify critical dimensions of virtual physics education evaluation.
Participants included secondary school physics teachers in Iraq with a minimum of five years of teaching experience and
education experts from lraqgi universities. The sample size for this phase was determined based on theoretical saturation,
resulting in 15 purposefully selected participants. Semi-structured interviews were conducted to gather in-depth insights into
the challenges and best practices of virtual physics education.

The quantitative phase aimed to validate and prioritize the identified dimensions through a survey method. The study
population consisted of all secondary school physics teachers in Irag, from which 246 individuals were selected using the
modified Cochran formula and a cluster random sampling method. A researcher-developed questionnaire, based on the
qualitative findings, was used as the primary data collection tool. The questionnaire included Likert-scale items assessing the
importance of various dimensions and components related to virtual education quality.

Descriptive and inferential statistical analyses were performed using SPSS and AMOS software. In the descriptive analysis,
frequency distributions, means, and standard deviations were calculated. For inferential analysis, Kaiser-Meyer-Olkin (KMO)
and Bartlett’s test of sphericity were used to confirm sample adequacy. Confirmatory factor analysis (CFA) was conducted to
evaluate the structural validity of the identified components, while reliability was assessed using Cronbach’s alpha.

Findings

The findings of this study revealed that the evaluation of virtual physics education quality comprises eight dimensions:
management, satisfaction, interaction, educational services, educational content, infrastructure and technology, feedback, and
student characteristics. A total of 26 components were identified within these dimensions. The results of the quantitative
analysis indicated that among these dimensions, student satisfaction ranked highest, followed by management, interaction,
feedback, educational services, educational content, infrastructure and technology, and student characteristics.

The dimension of satisfaction was identified as the most significant factor influencing the perceived quality of virtual physics
education. Respondents reported that effective content delivery, accessibility of resources, and interactive learning experiences
were essential determinants of student satisfaction. Management was ranked second, highlighting the importance of
administrative strategies in structuring online learning environments. Key components within this dimension included course
planning, time allocation, and instructional guidance.

Interaction emerged as the third most critical dimension, underscoring the role of teacher-student and peer-to-peer
engagement in virtual learning. The study found that structured online discussions, collaborative projects, and real-time
feedback mechanisms significantly contributed to student engagement. Feedback, ranked fourth, played a vital role in assessing
student progress and ensuring continuous improvement in teaching methodologies.

Educational services and content quality were also identified as crucial determinants of virtual education effectiveness. The
study found that well-structured course materials, multimedia-enhanced learning resources, and user-friendly digital platforms
significantly impacted students’ learning experiences. Infrastructure and technology were ranked seventh, with participants
highlighting concerns regarding internet connectivity, platform stability, and access to digital devices. Lastly, student
characteristics, including digital literacy and motivation levels, were found to influence the overall effectiveness of virtual

learning.
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Discussion and Conclusion

The study underscores the multifaceted nature of virtual physics education quality assessment, emphasizing the need for a
comprehensive evaluation framework that integrates multiple dimensions. The prioritization of student satisfaction as the most
influential factor aligns with existing literature, which highlights the importance of engaging and interactive learning
experiences in online education. The role of management in structuring virtual education was also reaffirmed, suggesting that
well-organized course delivery enhances student learning outcomes.

Interaction was found to be a key determinant of virtual education quality, reinforcing the idea that active participation and
communication significantly impact student engagement. The study's findings suggest that fostering collaborative learning
environments and leveraging interactive digital tools can enhance student motivation and academic performance. The
significance of feedback mechanisms was also highlighted, emphasizing the need for timely and constructive evaluations to
support student progress.

The findings further reveal that educational services and content play an integral role in shaping students’ virtual learning
experiences. The provision of high-quality digital resources, interactive simulations, and adaptive learning technologies can
significantly enhance comprehension and retention in physics education. The study also highlights the critical role of
technological infrastructure in ensuring seamless online learning experiences. Addressing challenges related to internet access,
platform usability, and technical support is essential for optimizing virtual education quality.

Despite the benefits of virtual education, certain challenges persist, particularly concerning student characteristics and digital
preparedness. The study indicates that variations in students’ technological proficiency and self-regulation skills may impact
their ability to engage effectively in online learning environments. Therefore, integrating digital literacy training into virtual
education programs can help bridge these gaps and enhance student performance.

Overall, the study provides valuable insights into the key dimensions and components necessary for evaluating virtual
physics education quality. The findings contribute to ongoing discussions on improving online education by offering a
structured approach to assessment. Future research should explore additional factors influencing virtual learning, including
psychological aspects of student engagement, teacher training programs, and the long-term impact of digital education on
academic achievement. By continuously refining virtual education quality assessment frameworks, educational institutions can

ensure that online learning remains an effective and inclusive mode of instruction.
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