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Abstract

This study aimed to design and validate a virtual education model for primary school teachers in Tehran. This applied study employed a
sequential exploratory mixed-methods design comprising qualitative and quantitative phases. In the qualitative phase, an emergent
grounded theory approach was adopted. The study population consisted of educational sciences experts, of whom 15 were selected through
purposive snowball sampling until theoretical saturation was achieved. Data were collected through semi-structured interviews and
brainstorming sessions and analyzed using open, axial, and selective coding. In the quantitative phase, the statistical population included
3,525 primary school teachers in Tehran. Based on Morgan’s sample-size table, 347 teachers were selected through random sampling. A
researcher-developed questionnaire derived from the qualitative findings was used for data collection. Qualitative validity was established
through the triangulation of data, researchers, theories, and methodological perspectives. The questionnaire demonstrated excellent
internal consistency, with an overall Cronbach’s alpha coefficient of 0.98. Quantitative data were analyzed using confirmatory factor
analysis and structural equation modeling in LISREL. The qualitative analysis identified 5 dimensions, 16 components, and 92 indicators.
The dimensions comprised individual stakeholder capabilities, organizational policies, technological infrastructure, educational content,
and instructional methods. Confirmatory factor analysis showed that all relationships between the observed indicators and their
corresponding latent constructs were statistically significant at the 0.001 level, with all t-values exceeding the critical value of 1.96. The
structural model demonstrated satisfactory fit indices: y*/df=2.36, RMSEA=0.046, CFI=0.95, IFI=0.95, RFI=0.94, GFI=0.92, and
AGFI=0.90. These results supported the construct validity and overall empirical adequacy of the proposed model. The validated model
indicates that effective and sustainable virtual education for primary school teachers depends on the coordinated interaction of stakeholder
capabilities, supportive organizational policies, appropriate technological infrastructure, accessible and high-quality educational content,
and synchronous, asynchronous, and blended instructional methods.

Keywords: Virtual education, primary school teachers, stakeholder capabilities, organizational policies, technological infrastructure,
educational content, instructional methods.
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The rapid development of information and communication technologies has transformed the structure,
delivery, and management of education. Virtual education is no longer regarded merely as an emergency
substitute for face-to-face instruction; rather, it has become a significant component of contemporary
educational systems. Digital platforms, learning management systems, multimedia resources, online
communication tools, and intelligent educational technologies have extended learning beyond the temporal
and spatial boundaries of the conventional classroom. When supported by appropriate instructional design,
virtual learning environments can facilitate active participation, collaborative knowledge construction, access
to diverse learning resources, and continuous interaction among learners and instructors. Online collaborative-
learning strategies, for example, have been associated with improved learner engagement and educational
outcomes, indicating that the effectiveness of virtual education depends not only on technological access but
also on the pedagogical organization of learning activities (Cole, 2020).

Virtual education should therefore be understood as a multidimensional educational system rather than as the
simple digital transmission of conventional classroom content. It involves the coordinated design, delivery,
management, support, interaction, and evaluation of learning through digital technologies. An effective virtual
curriculum requires alignment among educational objectives, instructional content, teaching strategies, learner
activities, communication processes, and assessment procedures. Models developed for implementing virtual
curricula through collaborative-learning approaches have emphasized that technological tools produce
meaningful educational outcomes only when they are integrated into a coherent pedagogical framework
(Enayati Novinfar et al., 2018). Consequently, the quality of virtual education depends on the interaction of
human, organizational, instructional, and technological elements.

These requirements are particularly important in primary education. Primary-school students differ from older
learners in terms of cognitive development, attention span, self-regulation, technological independence, and
need for emotional and instructional support. They may experience difficulties in managing learning time,
understanding online instructions, maintaining concentration, completing assignments independently, and
using digital tools purposefully. Therefore, virtual learning at this level requires continuous teacher guidance
and active family participation. A validated virtual reading-instruction model for primary education has
highlighted the central role of teacher—student and parent—child interactions in sustaining children’s learning
in online environments (Soleimani Shabilou et al., 2022). This suggests that the effectiveness of virtual
primary education is determined not only by teacher competence but also by the coordinated participation of
students, parents, school administrators, and other stakeholders.

Teachers remain the principal designers and facilitators of the virtual learning process. Their responsibilities
include selecting appropriate technologies, producing or adapting digital content, managing online
interactions, evaluating student performance, providing feedback, and supporting learners emotionally and
academically. Accordingly, teachers require a combination of technological, pedagogical, communicative,
managerial, and assessment competencies. A model developed to improve virtual primary education through
a school-productivity approach has similarly emphasized teacher empowerment, effective use of educational
resources, and coordination among school-level factors (Almasian et al., 2021). However, teacher competence
cannot be developed or sustained without supportive organizational conditions, clear policies, relevant
professional-development opportunities, and reliable technical assistance.

The COVID-19 pandemic exposed both the potential and the limitations of virtual education. The sudden
transition from face-to-face instruction to online learning revealed inequalities in access to digital devices,
internet connectivity, teacher preparedness, instructional support, and student participation. Evidence from
teacher education during the pandemic showed that limited infrastructure, insufficient digital literacy, weak
technical support, and reduced interaction were among the principal barriers to effective e-learning
implementation (Matete et al., 2023). At the same time, the pandemic accelerated institutional familiarity with
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online teaching and demonstrated the need to incorporate virtual learning into long-term educational planning
rather than treating it as a temporary crisis response.

Post-pandemic educational planning has increasingly moved toward hybrid and blended forms of instruction.
In these approaches, face-to-face learning is integrated with synchronous and asynchronous virtual activities.
A developmental model designed to maintain and expand virtual-education opportunities in primary schools
has shown that the transition toward hybrid education requires the preservation of successful digital practices,
the restructuring of teacher roles, the strengthening of infrastructure, and the establishment of supportive
policies (Kamali Hosseinzadeh et al., 2024). Therefore, virtual education should not necessarily be positioned
in opposition to conventional schooling. It can instead complement classroom instruction by increasing
flexibility, extending access to learning resources, and supporting differentiated instructional practices.
Technological infrastructure constitutes another essential component of virtual education. Infrastructure
includes not only computers, tablets, smartphones, and internet access but also learning management systems,
communication software, content-production tools, data-security mechanisms, middleware, and technical-
support services. A model of learning environments enriched by virtual social networks demonstrated that
effective digital learning requires coordination among technological facilities, instructional interaction,
accessibility, user characteristics, and support mechanisms (Toofani Nejad et al., 2018). Without reliable
infrastructure, competent teachers may still be unable to provide stable and equitable virtual instruction.

The quality, accessibility, transferability, and cultural relevance of educational content are equally important.
Digital content for primary-school students should be scientifically accurate, developmentally appropriate,
visually engaging, interactive, and compatible with different devices and platforms. It should also reflect the
language, culture, curriculum, and educational needs of the target population. Evidence concerning virtual
learning platforms has indicated that appropriately designed digital instruction can improve primary-school
students’ reading comprehension, writing organization, and literacy performance (Ali & Khan, 2024).
Nevertheless, transferring printed textbook materials directly into electronic formats does not in itself
constitute effective virtual instruction. Digital content must be pedagogically redesigned to encourage
attention, participation, practice, and feedback.

Recent developments in artificial intelligence and virtual reality have further expanded the possibilities of
virtual learning. These technologies can support adaptive instruction, individualized feedback, immersive
experiences, and personalized learning pathways. Artificial intelligence and virtual reality have been identified
as potentially valuable tools for personalizing children’s learning and presenting educational concepts through
more interactive formats (Hairit, 2025). Similarly, personalized learning in intelligent and immersive virtual
classrooms has been associated with increased student engagement and participation (Weng & Zhang, 2025).
Longitudinal evidence from K-12 virtual education also suggests that patterns of artificial-intelligence use
may be related to student engagement, achievement, and perceptions of online learning (McGehee, 2025).
However, the value of these technologies depends on purposeful teacher guidance, equitable access, ethical
data practices, and alignment with educational objectives.

At the organizational level, virtual education requires effective leadership, coherent policies, resource
allocation, professional support, monitoring, and quality assurance. Educational managers’ digital skills can
influence the planning, organization, supervision, and evaluation of e-learning activities (Nazemi, 2025). In
addition, digital human resource management frameworks emphasize technological knowledge, technical
support, data security, staff participation, transformational leadership, and continuous monitoring as essential
elements of organizational digitalization (Hosseini et al., 2025). These considerations are directly relevant to
schools, where teachers need institutional encouragement, training, feedback, and participation in decisions
concerning digital instruction.
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Previous research on virtual primary education has identified theoretical gaps, limited digital competencies,
infrastructural problems, traditional organizational structures, insufficient managerial support, work—family
interference, reduced emotional interaction, and weaknesses in virtual assessment (Eskandari et al., 2025).
Although these studies have addressed important dimensions of virtual education, many have focused on
isolated elements such as teacher competencies, infrastructure, parental interaction, instructional content,
management, or digital tools. A comprehensive and contextually grounded model integrating these elements
for primary-school teachers in Tehran remains necessary. Accordingly, the present study aimed to design and
validate a virtual education model for primary-school teachers in Tehran using an exploratory mixed-methods
approach.

Methods and Materials

This applied study used a sequential exploratory mixed-methods design consisting of qualitative and
quantitative phases. In the qualitative phase, an emergent grounded theory approach was employed to identify
the dimensions, components, and indicators of virtual education for primary-school teachers. The qualitative
population comprised university faculty members and experts in educational sciences with relevant knowledge
and experience in virtual education, primary education, educational technology, or educational management.
Participants were selected through purposive snowball sampling. Sampling and data collection continued until
theoretical saturation was achieved, which occurred after interviews with 15 experts. Data were collected
through semi-structured interviews and expert brainstorming sessions. The qualitative analysis involved open,
axial, and selective coding. During open coding, relevant concepts and indicators were extracted from the
interview data and supporting theoretical materials. During axial coding, related concepts were categorized
into broader components and dimensions. Selective coding was used to refine the categories, establish
relationships among them, and develop the final conceptual model. The qualitative validity of the findings was
examined through triangulation of data, researchers, theoretical perspectives, and methodological procedures.
In the quantitative phase, the statistical population consisted of 3,525 primary-school teachers in Tehran,
including 2,350 women and 1,175 men, all of whom held at least a bachelor’s degree. Based on Morgan’s
sample-size determination table, 347 teachers, comprising 231 women and 116 men, were selected through
random sampling. The findings of the qualitative phase were converted into a researcher-developed
questionnaire by assigning response scales to the finalized indicators. The instrument was administered to the
quantitative sample.

The questionnaire demonstrated high internal consistency, with an overall Cronbach’s alpha coefficient of
0.98. Data analysis was conducted in two stages. Descriptive statistics were used to summarize participant
responses and examine the distribution of the variables. The Kolmogorov—Smirnov test was used to evaluate
normality. Confirmatory factor analysis was subsequently performed to assess the relationships between the
observed indicators and their corresponding latent constructs. Structural equation modeling was used to
evaluate the general model and the relationships among its dimensions. Quantitative analyses were performed
using LISREL, and model adequacy was assessed through multiple absolute, comparative, and parsimonious
fit indices.

Findings

The qualitative analysis resulted in the identification of 5 major dimensions, 16 components, and 92 indicators.
The five dimensions were individual stakeholder capabilities, organizational policies, technological
infrastructure, educational content, and instructional methods. Individual stakeholder capabilities comprised
four components: parents, teachers, students, and school administrators. Organizational policies consisted of
intra-organizational and extra-organizational policies. Technological infrastructure comprised software,
hardware, and middleware. Educational content included quality, accessibility, transferability, and
localization. Instructional methods comprised synchronous, asynchronous, and blended approaches.
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The normality analysis showed that the significance levels obtained for all five dimensions were greater than
0.05. Therefore, the null hypothesis of normal distribution was not rejected, and the data were considered
suitable for parametric statistical analyses and confirmatory factor analysis.

The confirmatory factor analysis supported the measurement structure of all five dimensions. For the
stakeholder-capability dimension, the t-values associated with the relationships between the observed
indicators and the latent construct were above 13. For organizational policies, the t-values ranged
approximately from 14 to 19. The corresponding values for technological infrastructure ranged from
approximately 11 to 17, while the educational-content dimension produced t-values ranging from
approximately 11 to 18. For instructional methods, the t-values ranged from approximately 16 to 18. All values
substantially exceeded the critical threshold of 1.96, and the relationships between the indicators and their
corresponding constructs were statistically significant at the 0.001 level.

Following confirmation of the measurement models, the overall structural model was examined. The chi-
square value was 3518.64 with 1,489 degrees of freedom. Given the sensitivity of chi-square to sample size,
the chi-square-to-degrees-of-freedom ratio was used as an important indicator of model fit. The obtained ratio
was 2.36, which was below the accepted threshold of 3. The root mean square error of approximation was
0.046, indicating a low approximation error and a highly satisfactory fit.

The comparative fit index and incremental fit index were both 0.95. The relative fit index was 0.94, the
goodness-of-fit index was 0.92, and the adjusted goodness-of-fit index was 0.90. These values met or exceeded
the commonly accepted criteria for model adequacy. Overall, the findings confirmed that the proposed model
had satisfactory construct validity and that the five dimensions collectively represented a coherent structure
for virtual education among primary-school teachers in Tehran.

Discussion and Conclusion

The findings indicate that virtual education for primary-school teachers is a multidimensional system whose
success depends on the coordinated functioning of human, organizational, technological, content-related, and
pedagogical factors. The identification of stakeholder capabilities as a principal dimension demonstrates that
virtual education cannot be assigned exclusively to teachers. Teachers, students, parents, and administrators
perform complementary functions. Teachers design and facilitate learning, students participate and develop
self-management skills, parents provide environmental and motivational support, and administrators
coordinate resources and institutional processes.

The organizational-policy dimension shows that successful virtual education requires both system-level and
school-level support. National or external policies can provide standards, resources, infrastructure, and
regulatory direction, whereas internal school policies translate these provisions into operational practices.
Without coherent policies, differences in access, instructional expectations, teacher support, and quality
assurance may reduce the consistency and sustainability of virtual education.

The confirmation of technological infrastructure as an independent dimension demonstrates that educational
quality depends on the availability and integration of hardware, software, and middleware. Nevertheless,
infrastructure becomes educationally meaningful only when it supports accessible content, effective
communication, appropriate assessment, and stable interaction. Investment in equipment should therefore be
accompanied by technical support, system compatibility, security, and user-oriented design.

Educational content emerged as another central dimension. Its four components indicate that content should
not only be accurate but also accessible, portable across technologies, and adapted to local cultural and
curricular contexts. For primary-school learners, digital materials should be developmentally appropriate,
visually clear, engaging, and sufficiently interactive. Content quality is therefore inseparable from instructional
design.
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The inclusion of synchronous, asynchronous, and blended methods confirms the need for pedagogical
flexibility. Synchronous instruction supports immediate interaction and teacher presence, whereas
asynchronous instruction allows repeated access and self-paced learning. A blended approach can combine
these benefits and reduce the limitations associated with exclusive reliance on either format. Method selection
should therefore be based on instructional objectives, content characteristics, learner age, access conditions,
and the need for interaction.

The satisfactory structural fit indicates that the five dimensions are empirically compatible and jointly explain
the proposed virtual education construct. The model offers a systematic framework for evaluating school
readiness, identifying teacher-development needs, allocating resources, designing digital content, and selecting
instructional methods. It also highlights that isolated interventions are unlikely to produce sustainable
improvements. Providing devices without teacher preparation, developing content without accessible
platforms, or introducing policies without operational support may have limited effects.

In conclusion, the validated model demonstrates that effective and sustainable virtual education for primary-
school teachers in Tehran depends on the integrated development of stakeholder capabilities, supportive
organizational policies, reliable technological infrastructure, high-quality and localized educational content,
and flexible instructional methods. The model can serve as a practical and conceptual basis for educational
planning, teacher professional development, school-level evaluation, and the future expansion of virtual and
blended primary education.
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