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ABSTRACT

—: In light of recent crises such as the COVID-19 pandemic, distance education

has become a vital tool for maintaining learning continuity within educational systems. This study aimed to
identify the challenges and key factors contributing to the improvement of distance learning quality from the
perspective of students. ﬁ: This applied research employed a survey—exploratory approach. The
statistical population consisted of 385 male and female 11th-grade students during the 2020-2021 academic
year, selected from public, private, and SAMPAD (gifted) schools across urban and rural areas of Shahriar
County. The data collection instrument was a researcher-made questionnaire with 55 items, validated and
revised based on expert consultation (Cronbach’s alpha = 0.88). Data were analyzed using exploratory factor
analysis (EFA) with principal component analysis and Varimax rotation. The KMO measure was 0.944, and
Bartlett’s test was statistically significant (p < 0.001). -: Six principal factors affecting distance
learning were identified: interactive and motivational content (22.06%), psychological factors (8.31%), the
educational system/platform (8.17%), hardware and internet access (6.05%), supplementary educational
content (5.70%), and type of assessment (3.43%). Students reported the most significant shortcomings in
motivation, teacher interaction, internet instability, and anxiety. Additionally, there was a low inclination
toward project-based evaluations. _: Enhancing human interaction in virtual environments,
designing engaging and purposeful content, improving digital infrastructure, and addressing students’ mental
well-being are essential not only for improving the quality of distance education but also for fostering a more
human-centered, equitable, and sustainable learning experience.
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Extended Abstract

Introduction

The convergence of global crises, extreme climate events, energy instability, and pandemics like COVID-
19-has exposed the fragility of traditional education systems, compelling a rapid shift toward distance
education as both a necessity and a transformative opportunity (Aghakathiri et al., 2012). Technological
advancements have liberated education from the constraints of time, age, and geography, positioning remote
learning as a cornerstone of modern pedagogy (Zahedbabolan et al., 2021). While digital tools demonstrate
efficacy rivaling in-person instruction (Abdoli et al., 2015; Sharifi et al., 2019), persistent challenges such
as inadequate virtual laboratories for hands-on disciplines like chemistry (Mohtaram et al., 2023) and
disparities in digital access threaten to deepen educational inequities (Ozdemir et al., 2018). Socioeconomic
divides in device ownership, coupled with uneven internet infrastructure and low digital literacy,
marginalize vulnerable populations, while educators struggle to balance technical adaptation with fostering
engagement (Bakhtiari et al., 2021; Rasmitadila et al., 2020). Effective distance learning hinges on well-
designed, interactive content and robust teacher-student interaction (Anderson et al., 2004; Zhao et al.,
2009), yet systemic gaps in feedback mechanisms and resource distribution persist (Tabebardbar et al.,
2021). This study examines upper-secondary students’ perspectives to identify barriers and opportunities in
remote education, offering insights to bridge divides in access, enhance pedagogical strategies, and advance
equitable learning ecosystems. By prioritizing student voices, it aims to inform policies that align
technological innovation with inclusivity, ensuring education remains resilient and adaptive in an evolving
world.

Methodology

This applied, exploratory survey study employed exploratory factor analysis to investigate systemic
challenges in distance education for eleventh-grade science and mathematics students in Shahriar, Iran
(2020-2021). A researcher-developed questionnaire, refined through iterative consultations with five
chemistry education scholars and twelve experienced teachers, distilled 100 initial variables into 55
validated items. A 4-point Likert scale (excluding a neutral midpoint) minimized response bias, while
Cronbach’s alpha (average o = 0.88) confirmed reliability across six identified factors.

A purposive sample of 385 students exceeding Krejcie & Morgan’s (1970) recommendations for enhanced
precision ensured representation across gender (68.6% female, 31.4% male), school type (65.2% public,
22.9% private, 11.9% gifted), and geography (95.6% urban, 4.4% rural). Academic performance and
socioeconomic factors were contextualized to address infrastructural inequities. Digital distribution via
chemistry teachers facilitated participation, with KMO = 0.944 validating analytical suitability. By
prioritizing student voices and methodological rigor, this approach balanced theoretical insights with
practical solutions for equitable education reform.

Results and Discussion
Exploratory factor analysis (PCA with varimax rotation) of 55 questionnaire items revealed six core factors
shaping the challenges of distance education for eleventh-grade students (KMO = 0.944; Bartlett’s test, p
< 0.001). Despite eigenvalues suggesting 11 components, the scree plot’s inflection at six factors
(explaining 63% cumulative variance) prioritized interpretability over statistical thresholds, aligning with
Tabebardbar et al. (2021). The dominant factor, Engaging and Interactive Content (22.06% variance, o =
0.97), emphasized students’ demand for dynamic, teacher-designed materials with timely feedback,
highlighting gaps in motivational pedagogy during virtual instruction. Psychological Factors (8.31%, a =
0.82) underscored anxiety and peer interaction deficits, resonating with global reports on remote learning’s
emotional toll (Rasmitadila et al., 2020).

Infrastructural challenges emerged through Educational Platforms (8.17%, o = 0.86) and
Hardware/Internet (6.05%, o = 0.79), mirroring disparities in digital access noted by Ozdemir et al. (2018),
particularly for rural participants (4.4% of the sample). While Supplementary Materials (5.70%, o = 0.63)
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and Assessment Methods (3.43%, o = 0.61) were less pronounced, students rejected project-based
evaluations, favoring clarity in grading criteria, a tension between innovation and tradition.

These findings stress the need for holistic reforms: enhancing content interactivity, addressing psychosocial
barriers, and bridging infrastructural divides. By centering student voices, this study advances equity-
focused strategies for resilient distance education ecosystems, urging policymakers to balance technological
integration with human-centered design (Dewitt, 2020).

Conclusion

This study identifies six pivotal factors shaping the efficacy of distance education for eleventh-grade
science and mathematics students, ranked by significance: engaging and interactive content (22.06%
variance), psychological well-being, educational platforms, hardware/internet access, supplementary
materials, and assessment methods. The dominance of content quality underscores its role in sustaining
motivation and effective learning, echoing global calls for dynamic, teacher-designed resources with timely
feedback (Zahedbabolan et al., 2021). Psychological challenges, particularly anxiety linked to technological
instability, highlight the need for emotional support structures in virtual classrooms, aligning with
Rasmitadila et al. (2020).

Infrastructural barriers, such as unequal access to reliable platforms and internet, exacerbate
educational inequities, mirroring findings by Ozdemir et al. (2018). While supplementary materials and
diversified assessments emerged as less critical, students’ resistance to project-based evaluations contrasts
with Anderson et al. (2004), suggesting cultural or contextual nuances in assessment preferences.
Practical implications include prioritizing interactive content design, modernizing digital platforms,
expanding mental health support, and bridging the digital divide through equitable resource distribution.
However, geographical constraints, self-reporting biases, and unexamined external factors (e.g., familial
support) limit generalizability.

By integrating these insights, policymakers and educators can cultivate resilient, student-centered
distance education ecosystems. Future research should explore longitudinal impacts and cross-cultural
variations to refine strategies for inclusive, adaptive education in a digitally evolving world.
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