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Abstract:

The present study aimed to identify the e-learning standards for mathematics education in terms of human infrastructure within the educational
ecosystem of Irag. This research employed a qualitative approach based on thematic analysis as well as a quantitative (descriptive-survey)
method. The qualitative research environment included all articles indexed in international databases such as Elsevier, Emerald,
ScienceDirect, Springer, and reputable websites between the years 1997 and 2023 that focused on e-learning standards for mathematics
education. Accordingly, the research environment comprised 30 articles and books related to e-learning standards for mathematics education
from the perspective of human infrastructure. The sampling method used in this study was purposive criterion-based sampling. The statistical
population of the quantitative section included all mathematics teachers in Irag, from which 384 individuals were selected through
convenience sampling. The instrument used in the quantitative part was a researcher-made questionnaire derived from the qualitative section
of the study, consisting of 25 items on a five-point Likert scale. The findings indicated that the organizing theme of human infrastructure
comprises two dimensions: students and teachers. According to the five indices (NFI, RFI, IFI, GFI, CFl), the results showed that the model

of e-learning standards for mathematics education in the dimension of human infrastructure demonstrated a good fit.
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Extended Summary

Introduction

The advent of digital technologies has dramatically transformed traditional models of education, particularly in how
instruction is delivered and experienced. E-learning, as a result, has emerged as a fundamental pillar of modern educational
ecosystems, enabling distance learning that transcends time and location constraints. Scholars argue that the rise of information
and communication technology has significantly altered various aspects of human interaction, including the ways people think,
work, and learn (Guragain, 2016). These developments have ushered in a new era of virtual learning environments where
synchronous and asynchronous instructional methods coexist (Qazi et al., 2024). E-learning systems now simulate traditional
classrooms through multimedia content and interactive tools, enhancing both accessibility and instructional quality (Mulhanga
& Lima, 2017).

Despite these advantages, e-learning environments present numerous challenges, particularly in the context of developing
nations. Issues such as digital infrastructure, lack of technical skills, content development complexities, and limited interactivity
between students and instructors have been frequently cited (Taufikin Zulfa et al., 2021). Within this framework, the need for
standardized e-learning models that can guide instructional design and implementation has become increasingly pressing. As
such, standards serve as a common language for educators, developers, and policymakers to ensure educational efficiency and
quality (Bayer, 2024; Hameed Majid, 2023).

Among the academic subjects, mathematics is often perceived as inherently difficult, and learners frequently struggle with
understanding its abstract concepts (Fleming et al., 2020). The Iraqi educational system is no exception, as students and teachers
alike report low satisfaction and high levels of anxiety and avoidance related to learning mathematics (Meehan & Umland,
2020). Several psychological factors—including lack of confidence, math anxiety, and negative attitudes—are linked to these
challenges (Galustyan et al., 2019). The intersection of these barriers with the limitations of virtual education environments
makes the standardization of human-centered e-learning infrastructure particularly urgent.

Furthermore, multiple scholars have highlighted the importance of addressing both technological and psychological
dimensions when designing effective online math learning systems. Recommendations include integrating digital platforms
with emotional and motivational scaffolding, designing interactive content, and ensuring proper teacher training (Kacic, 2020;
Ragib, 2023). Standardizing e-learning for mathematics, especially in countries like Irag, thus requires comprehensive attention
to the human infrastructure—the teachers’ competencies and the students’ readiness and attitudes. Against this backdrop, the
present study aims to identify standards for e-learning in mathematics based on human infrastructure in Iraq's educational
ecosystem.

Methods and Materials

This study employed a mixed-methods approach combining qualitative and quantitative methodologies. The qualitative
phase was conducted using thematic analysis. Data were extracted from 30 scholarly articles and books published between
1997 and 2023 from reputable international databases such as Elsevier, Emerald, Springer, and ScienceDirect. Thematic codes
were derived through a criterion-based purposive sampling strategy. Data coding and theme formation followed a systematic
process of identifying recurring concepts and organizing them into basic, organizing, and global themes.

In the quantitative phase, the statistical population consisted of all mathematics teachers in Irag. A total of 384 participants

were selected via convenience sampling. The instrument was a researcher-constructed questionnaire based on the qualitative
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findings. It contained 25 items on a five-point Likert scale. VValidity was verified through expert reviews and structural validity
methods, while reliability was confirmed using internal consistency measures. Data were analyzed using confirmatory factor
analysis (CFA) with AMOS23 software.

Findings

Confirmatory factor analysis confirmed the construct validity of the human infrastructure model. All factor loadings for the
questionnaire items exceeded 0.3, validating their inclusion. The standard model fit indices—IFIl = 0.944, NFI = 0.923, TLI =
0.912, CFI = 0.914, and RMSEA = 0.066—indicated a good model fit.

The model categorized human infrastructure into two dimensions: teacher-related and student-related components. In the
teacher dimension, items included time management, creation of stimulating virtual environments, integration of multimedia
teaching methods, attention to target audience characteristics, communication skills, problem-solving in mathematics, platform
proficiency, goal-setting abilities, and troubleshooting of technical issues. For students, components included digital literacy,
prior learning experience, psychological readiness, effective listening, time management, teamwork skills, content
organization, and self-directed learning.

Overall, the human infrastructure model was supported by statistically significant correlations and model fit indices,
affirming its applicability to e-learning standards for mathematics in the Iragi context.

Discussion and Conclusion

This study highlights the central role of human infrastructure in shaping effective e-learning experiences in mathematics
education. By identifying key components associated with teachers and students, the research underscores the necessity of
developing targeted standards to address both instructional delivery and learner engagement in virtual environments.

Teachers, as facilitators, must transcend traditional roles and embrace digital competencies that include not only
technological fluency but also the ability to create motivational, interactive, and responsive learning environments. They must
be trained to diagnose student difficulties, design digital content, and navigate various educational platforms confidently.
Meanwhile, students require more than access to devices; they need psychological readiness, self-discipline, and digital literacy
to engage meaningfully with virtual content.

The model validated in this study provides an actionable framework for policymakers and educational planners to develop
comprehensive e-learning standards grounded in the realities of Iraq’s educational system. It affirms that a well-structured
human infrastructure—comprising both competent teachers and prepared learners—is essential for successful online
mathematics education.

Given the limitations of this study, including its focus on human infrastructure and its context-specific sample, future
research should explore other dimensions such as technological, managerial, and content infrastructure. Moreover, extending
the participant pool to include students, educational administrators, and IT professionals would provide a more holistic view
of e-learning readiness.

In conclusion, this research provides an evidence-based framework for developing and implementing human-centered e-
learning standards in mathematics education. It offers clear pathways for capacity-building through teacher training and student
support, and it advocates for the contextual adaptation of educational technologies to better serve diverse learner needs. With
strategic investment and policy alignment, the findings of this study can contribute to creating a more equitable and effective

digital learning ecosystem in Iraqg.
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