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ABSTRACT

The present study examines the application of Natural Language Processing (NLP)
in enhancing learning and education, focusing on its implications for Iran's
educational system. This research was conducted using a mixed-methods approach,
including both qualitative and quantitative data analysis. In the qualitative section,
interviews with 20 teachers and 10 technology experts revealed that integrating NLP
can enable personalized learning, automated assignment evaluation, and early
identification of learning difficulties. However, challenges such as insufficient
school infrastructure, the need for teacher training, and ethical concerns related to
data privacy were also identified. In the quantitative section, 400 high school
students in Tehran were divided into experimental (n=200) and control (n=200)
groups. The experimental group used NLP-based software for English language
learning, while the control group received traditional instruction. The results showed
that NLP tools had a significant positive impact on students' academic performance,
learning motivation, and English language skills. This study highlights the
transformative potential of NLP in education and underscores the need to address
challenges such as infrastructure development, teacher training, and ethical and
cultural issues for its successful integration. Investment in specialized tools for Iran's
educational system and the development of ethical policies are essential for the
successful implementation of this technology in education.
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Extended Abstract

Introduction

This study explores the application of Natural Language Processing
(NLP) in enhancing education, with a focus on Iran’s educational
system. Using a mixed-methods approach combining qualitative and
quantitative analyses, the findings indicate that NLP can facilitate
personalized learning, automated assignment evaluation, and early
detection of learning difficulties. However, challenges such as
inadequate infrastructure, the need for teacher training, and ethical
concerns related to data privacy were identified. In the quantitative
phase, NLP tools demonstrated a positive impact on students’ academic
performance, learning motivation, and English language skills. The
study underscores NLP’s transformative potential and highlights the
necessity of addressing infrastructural, educational, and ethical
challenges for its successful implementation.

In the digital era, emerging technologies like Natural Language
Processing (NLP), a subset of artificial intelligence, play a pivotal role
in transforming education. NLP enables computers to understand and
generate human language, offering significant potential for improving
learning outcomes. Iran’s educational system faces challenges such as
resource scarcity, unequal access to education, and a lack of
personalization. Linguistic and cultural diversity further complicates
these issues. NLP can address these challenges by providing culturally
and linguistically tailored educational content and personalized
learning experiences. This study aims to comprehensively investigate
NLP’s application in Iran’s educational system, evaluating its impact
on academic performance, motivation, and language skills while
identifying barriers to its implementation.

Importance of NLP in Education

NLP, by analyzing human language, enables personalized learning,
automated assessment, and immediate feedback. It can adapt
educational content to individual student needs, automatically evaluate
assignments, and provide educational chatbots to address student
queries. In language education, NLP offers tools for practicing
conversation, correcting grammar, and improving pronunciation.
However, research in Iran has primarily focused on language learning,
with limited exploration of NLP’s broader educational impact. This
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study, centered on Iran’s educational system, analyzes cultural and
infrastructural challenges and employs a mixed-methods approach to
assess NLP’s effectiveness.

Research Innovations
This study introduces several innovative aspects:

1. Focus on Iran: Unlike studies in developed countries, this research
examines Iran-specific challenges.

2. Mixed-Methods  Approach: Combines qualitative analysis
(interviews with teachers and experts) and quantitative analysis
(experiments with students).

3. Multi-Variable Analysis: Evaluates NLP’s impact on academic
performance, motivation, and language skills simultaneously.

4. Use of Rosetta Stone: Implements this NLP-based software in real
classroom settings in Tehran schools.

5. Identification of Local Challenges: Examines infrastructural,
cultural, and ethical barriers in Iran.

6. Real-World Study: Conducted in actual school environments rather
than controlled laboratory settings.

Literature Review

NLP originated in the 1950s with machine translation and has since
expanded its educational applications with advancements in deep
learning. Global studies demonstrate that NLP enhances academic
performance, motivation, and language skills. In Iran, initial research
indicates NLP’s positive impact on English writing and speaking skills,
but comprehensive studies are scarce. Challenges such as weak
infrastructure and a shortage of NLP specialists have also been noted.

Methodology
The study employed a sequential exploratory mixed-methods design:

- Qualitative Phase: Semi-structured interviews with 20 teachers and 10
educational technology experts to identify challenges and NLP’s
potential. Data were analyzed using qualitative content analysis.

- Quantitative Phase: A quasi-experimental study with 400 high school
students in Tehran (200 in the experimental group, 200 in the control
group). The experimental group used the NLP-based Rosetta Stone
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software for English learning. Measurement tools included an academic
achievement test, a learning motivation questionnaire, and a language
skills test. Data were analyzed using multivariate analysis of covariance
(MANCOVA).

Rosetta Stone Software:

Rosetta Stone optimizes language learning through NLP by enabling
speech recognition, grammar correction, personalized education, and
real-world conversation simulation. In this study, students engaged in
interactive exercises, and their performance data were recorded.

Results
- Qualitative Phase: Five main themes emerged:

1. Educational System Challenges: Resource shortages, inequality, and
weaknesses in language education.

2. NLP’s Potential: Personalization, automated assessment, and
progress analysis.

3. Implementation Barriers: Weak infrastructure, high costs, and
teacher resistance.

4. Teacher Training Needs: Familiarity with NLP and technical skills.

5. Ethical Concerns: Data privacy and reduced human interaction.

Quantitative Phase: NLP tools significantly impacted academic
performance (F=15.32, p<0.001), learning motivation (F=12.76,
p<0.001), and language skills (English: F=18.45, p<0.001; Persian:
F=9.84, p<0.01). The greatest impact was observed in English language
skills.

Discussion

The findings highlight NLP’s significant potential to enhance
education. Improved academic performance stemmed from immediate
feedback and personalized content, while increased motivation resulted
from interactivity and gamification. Language skill advancements were
driven by interactive exercises. However, challenges like inadequate
infrastructure, teacher training needs, and ethical concerns must be
addressed. NLP should complement, not replace, traditional education.

Practical Implications
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1. Infrastructure Investment: Develop technology in schools,
particularly in underserved areas.

2. Teacher Training: Implement programs to familiarize teachers with
NLP.

3. Ethical Considerations: Formulate data protection policies.

4. Human-Machine Interaction: Use NLP as a supportive tool for
teachers.

Limitations
- Short study duration (one semester).
- Limited to Tehran and secondary school students.

- Use of a single tool (Rosetta Stone), focusing on listening and
speaking skills.

- Software performance dependent on internet and equipment quality.
Suggestions
- Conduct longitudinal studies to assess long-term effects.

- Investigate NLP’s impact on specific groups (e.g., students with
special needs or in remote areas).

- Develop NLP models for Persian and other local languages.

- Explore various NLP tools (e.g., chatbots, automated assessment
systems).

Conclusion

NLP holds substantial potential to improve education quality in Iran,
but its success requires investment in infrastructure, teacher training,
and attention to ethical and cultural issues. This study provides
guidance for policymakers to devise strategies for modernizing and
equitizing Iran’s education system.
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