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With the expansion of online education, particularly in specialized fields such as agriculture and
natural resources, examining the quality of student learning and interaction has become increasingly
important. This study aimed to validate the Community of Inquiry (Col) framework instrument and
assess the state of cognitive, social, and teaching presence in agricultural e-learning environments.
The statistical population consisted of 120 students from the Faculties of Agriculture and Natural
Resources at the University of Tehran, and data were collected using the Community of Inquiry
questionnaire. Given the non-normal distribution of the data, instrument validation was conducted
using the Partial Least Squares Structural Equation Modeling (PLS-SEM) approach. The reliability
of the instrument was confirmed, with Cronbach’s alpha and Composite Reliability (CR) values
exceeding 0.7, while convergent validity was established with an Average Variance Extracted
(AVE) above 0.5. Discriminant validity was also verified using the Fornell-Larcker criterion and
the Heterotrait-Monotrait (HTMT) ratio. The results demonstrated that the Col instrument possesses
adequate validity and reliability for measuring the three presences in the context of online
agricultural higher education. Nevertheless, the average levels of students’ cognitive, social, and
teaching presence were significantly below the scale midpoint. The greatest challenge was observed
in the cognitive dimension, with teaching and social presence also falling below the expected levels.
These findings underscore the need to focus on instructional design, facilitate meaningful
interactions, and create an effective social space in online agricultural classes to achieve deep and
meaningful learning.

1. Introduction

The rapid expansion of online education, particularly following the COVID-19 pandemic, has transformed higher
education and created new opportunities for flexible and accessible learning (Timotheou et al., 2023; Castro &
Tumibay, 2019). However, the effectiveness of online education depends not only on technological infrastructure but
also on the quality of interactions among instructors, students, and learning content (Abdon et al., 2008; Vasyukova
etal., 2022). This issue is particularly important in agricultural higher education, where learning traditionally involves
practical, experiential, and field-based activities (Joshi et al., 2022; Kanwar et al., 2015). Although many theoretical
components of agricultural education can be delivered online, transferring practical learning experiences to virtual
environments remains challenging (Abd Hamid & Wan Yahaya, 2023; Danylchenko-Cherniak, 2025). The
Community of Inquiry (Col) framework provides a well-established approach for examining online learning through
three interrelated dimensions: cognitive, social, and teaching presence (Garrison et al., 2017; Patwardhan et al., 2020).
Despite its extensive application, evidence regarding its applicability to agricultural higher education in Iran remains
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limited. Therefore, this study aimed to validate the Col instrument in the context of online agricultural higher
education and assess the levels of cognitive, social, and teaching presence among students at the University of Tehran.

2. Methodology

This applied study employed a survey research design. The study population comprised students from the Faculties
of Agriculture and Natural Resources at the University of Tehran who experienced fully online education during the
first semester of the 2021 academic year. The initial sample size was estimated using G*Power at 90 students, based
on a statistical power of 0.80, a significance level of 0.05, and an effect size of 0.30. Considering possible attrition,
120 students were included in the study. Data were collected using the Community of Inquiry questionnaire developed
by Arbaugh et al. (2008), comprising 34 items measuring teaching, social, and cognitive presence on a five-point
Likert scale. The measurement model was evaluated using partial least squares structural equation modeling (PLS-
SEM) in SmartPLS 3. Reliability was assessed using Cronbach’s alpha and composite reliability (CR), while
convergent and discriminant validity were examined using factor loadings, average variance extracted (AVE), the
Fornell-Larcker criterion, and the heterotrait—-monotrait ratio (HTMT). The variance inflation factor (VIF) was used
to assess multicollinearity. The Sign Test was then applied to determine whether the three dimensions differed
significantly from the scale midpoint.

3. Results

The findings supported the reliability and validity of the Col instrument. Cronbach’s alpha coefficients were 0.830 for
teaching presence, 0.813 for cognitive presence, 0.833 for social presence, and 0.876 for the overall scale. After
removing four items with weak factor loadings, 30 items remained. All retained factor loadings exceeded 0.70. AVE
values were 0.642, 0.637, and 0.607 for teaching, social, and cognitive presence, respectively, while CR values were
0.952, 0.940, and 0.933, respectively. VIF values for teaching and social presence were both 1.915. The Fornell—-
Larcker criterion was satisfied, and all HTMT values were below 0.85, with the highest value being 0.777 between
cognitive and teaching presence. Despite the satisfactory psychometric properties of the instrument, students reported
significantly low levels across all three dimensions. For teaching presence, 104 students were below the midpoint and
16 were above it (Z =—7.942, p < 0.001). For social presence, 101 were below the midpoint and 19 were above it (Z
=—7.394, p < 0.001). Cognitive presence showed the greatest imbalance, with 111 students below the midpoint and
only 9 above it (Z =-9.220, p <0.

4, Discussion

The findings indicate that the Col framework is suitable for evaluating online learning in agricultural and natural
resources education, consistent with previous validation research (Arbaugh et al., 2008; Shea & Bidjerano, 2009).
More importantly, the low levels across all three dimensions suggest substantial weaknesses in students’ online
learning experiences. The particularly low level of cognitive presence is important because agricultural education
requires reflection, analysis, problem-solving, and connections between theoretical knowledge and field conditions
(Garrison & Anderson, 2003). The low level of teaching presence may indicate insufficient instructional design,
facilitation, and feedback, while the low level of social presence suggests limited opportunities for interaction and the
development of a learning community (Anderson et al., 2001; Richardson & Swan, 2003). These dimensions are
interrelated; weaknesses in teaching and social presence may constrain students’ opportunities for deeper cognitive
engagement. This issue is particularly consequential in agricultural education because of its practical and experiential
nature. Strategies such as case-based learning, the use of real agricultural data, simulations, collaborative projects,
structured discussions, and practical problem-solving activities could strengthen the online learning experience.

5. Conclusion

This study demonstrates that the Community of Inquiry framework has satisfactory psychometric properties for
assessing online learning in agricultural and natural resources higher education. Nevertheless, the significantly low
levels of teaching, social, and especially cognitive presence indicate that simply transferring conventional instruction
to online platforms is insufficient. Improving online agricultural education requires deliberate attention to interaction,
inquiry, feedback, collaboration, and authentic problem-solving. Future studies should examine the relationships
between Col dimensions and outcomes such as satisfaction, engagement, and academic performance, preferably
through multi-university and intervention-based research.
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