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Abstract Key“:rds ffici

The use of information and communication technology in schools should be teacher efficiency
done while maintaining ergonomic standards. The purpose of this study education process
was to investigate the factors affecting the increase in the efficiency of

teachers in the education process with an emphasis on the ergonomics of ergonomics
smart classrooms in the primary schools of Mazandaran province. This

study was conducted with a descriptive method, based on an applied multi-criteria
purpose and with a mixed approach (quantitative-qualitative). The decision-making

statistical population of the research consisted of 10 education experts in
Mazandaran province who had expertise in the field of ergonomics. To
conduct the research, initially, indicators related to the research were
extracted using text content analysis, for this purpose, 42 reputable
domestic and international articles were used. In the quantitative stage, Received:
Delphi questionnaires were used to screen the obtained indicators and AHP )

was used for the final ranking of the indicators. Data analysis was carried 25 february, 2025
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Extended Abstract

Introduction: Failure to adhere to environmental ergonomics and inappropriate educational tools have
been shown to produce varying effects on students' perception of physical pain and the functioning of
their cardiovascular, respiratory, musculoskeletal, and metabolic systems. Increased respiratory rate,
spinal pain, elevated blood pressure and oxygen consumption, reduced strength in engaged muscles, and
early onset of physical fatigue in children are all indicators of this issue. Consequently, extensive research
has been conducted on optimizing and considering ergonomics among students (Badeleh & Sahebi,
2019). A combination of individual, environmental, and organizational factors influences teachers'
efficiency in the teaching and learning process. Based on existing literature, the most significant factors
affecting teachers' efficiency, particularly in smart learning environments, can be categorized as
individual and skill-based factors (Badpar & Ghasemi, 2015; Lotfabadi, 2012; Safin et al., 2020),
ergonomic factors in smart classrooms (Ghovidel et al., 2022; Safin et al., 2020; Bradley et al., 2019), and
organizational and managerial factors (Javornik & Klemenci¢ Mirazchiyski, 2023; Hassani Abiz et al.,
2021). Ergonomic factors in smart classrooms are reflected in the design of educational spaces. The use of
adjustable desks and chairs with height adaptability to accommodate students’ physical needs (Ghovidel
et al., 2022; Safin et al., 2020), flexible classroom layouts that allow for group activities and easy access
to digital equipment (Safin et al., 2020; Badleh et al., 2019), and access to ergonomic smart equipment,
such as interactive boards installed at appropriate viewing angles to reduce visual fatigue (Badleh et al.,
2019), all contribute to achieving ergonomic goals. Additionally, using high-quality audio systems to
alleviate vocal strain among teachers further enhances the ergonomic effectiveness of smart classrooms
(Ghovidel et al., 2022).

Method: The present study employs a mixed-methods (quantitative-qualitative) approach and is
categorized as an applied research study based on its objective. Data collection was carried out through
documentary research (library sources), observations (field studies), and documentation. The research
indicators were identified through a comprehensive review of previous literature, drawing upon 43
selected articles. For the analysis phase, a combined DELPHI-AHP technique was utilized to evaluate the
identified criteria. Following the completion of the qualitative phase and the extraction of relevant
indicators, a three-level model consisting of objectives, criteria, and sub-criteria was developed. To
conduct pairwise comparisons and determine the dependencies among the criteria and sub-criteria,
structured questionnaires were designed and distributed among educational experts in Mazandaran
province. These experts were selected based on their specialized knowledge of ergonomics and their
familiarity with the anatomy of students. Given the general recommendation that the number of expert
interviewees should not be excessive—typically between 5 and 15—the study incorporated a sample of
10 experts from the province’s education sector. The experts were selected through a non-probabilistic
purposive sampling method. These individuals had over 20 years of experience in the education sector,
were employed in the education departments of cities within Mazandaran province during the interview
period, and were recognized as authorities in teacher efficiency or school ergonomics with relevant
publications in these fields. Subsequently, the AHP (Analytic Hierarchy Process) technique was applied
to analyze the collected data and prioritize the identified criteria and sub-criteria. The main objective of
this study was to establish a ranking system for the sub-criteria influencing teachers’ efficiency in the
teaching-learning process, with a specific focus on ergonomics in smart classrooms at the elementary
level in Mazandaran province. AHP provided a structured framework for conducting general analyses and
facilitating decision-making. The validity of the research questionnaire was confirmed using the Delphi
technique, while reliability was assessed by calculating the inconsistency ratio, which remained below 0.1
in all pairwise comparisons, ensuring the robustness of the findings.

Findings: The study aimed to identify criteria and sub-criteria to enhance teacher efficiency in smart
elementary classrooms in Mazandaran province, Iran, emphasizing ergonomic design. A systematic
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review of 87 articles was conducted, with 42 selected for final analysis. Through Delphi rounds and the
Analytic Hierarchy Process (AHP), four main criteria were prioritized: "Educational Space" (0.418),
"Lighting" (0.252), "Noise" (0.197), and "Temperature/Air Quality" (0.133). Sub-criteria were weighted,
revealing critical factors such as noise reduction through strategic school placement (0.110), maximizing
natural light via large windows (0.098), and ergonomic classroom layouts (0.058). Temperature control
systems (0.037) and ventilation to prevent disease spread (0.027) were also emphasized. The Delphi
method confirmed consensus among experts, with Kendall’s coefficients of 0.411 and 0.452 in two
rounds, both statistically significant (p < 0.05). The AHP results highlighted the dominance of
"Educational Space, " encompassing physical, psychological, and cultural adaptations, including furniture
design (0.033), sanitary facilities (0.024), and policies to reduce heavy backpack use (0.022). Lighting
and acoustic adjustments were deemed vital for student focus, while air quality measures addressed health
concerns. Overall, the findings underscore the need for holistic classroom design integrating ergonomic
principles, tailored to regional student demographics. Prioritizing infrastructure adjustments—such as
optimal space allocation, natural lighting, and climate control—can enhance both teacher efficiency and
student well-being. This model provides a framework for policymakers and educators to create safer,
more productive learning environments aligned with ergonomic best practices.

Discussion and Conclusion: This study highlights that the ergonomic design of smart classrooms, digital
equipment, teachers’ preparedness in utilizing technology, organizational support, and professional
motivation are key factors in enhancing teachers’ efficiency in the educational process. Adhering to
ergonomic principles—such as appropriate lighting, standardized temperature, comfortable furniture, and
optimized equipment layout—not only reduces physical and psychological strain on teachers but also
improves teaching quality and student interaction. However, implementing advanced technologies
without considering teachers’ cognitive and psychological capacities may increase stress and reduce
productivity. Continuous training programs to enhance teachers’ technological skills, develop practical
guidelines, and provide technical support can boost their confidence in smart environments. Additionally,
creating incentive systems, improving supportive policies, and involving teachers in technology-related
decision-making strengthen their motivation and professional engagement. Regular monitoring of
technology’s impact on teaching outcomes through periodic research and feedback systems enables
continuous optimization.

Teachers’ physical and mental well-being must be prioritized through stress-management workshops,
welfare services, and mitigating health issues caused by prolonged digital device use. Implementing these
measures, alongside minimizing distractions like environmental noise and improper screen glare,
enhances job satisfaction and productivity. Ultimately, integrating ergonomic design, teacher
empowerment, organizational support, and ongoing evaluation can significantly improve educational
efficiency in smart classrooms and elevate the quality of primary education.
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