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Abstract 
The integration of artificial intelligence (AI) tools into education offers significant potential for enhancing 

argumentative writing and critical thinking skills, crucial for academic and lifelong success. This study 

investigates the impact of AI tools, such as ChatGPT and Grammarly, on argumentative writing using 

Toulmin’s Argument Model. Employing a mixed-method approach, data were collected from 100 undergraduate 

students and 10 educators through pre- and post-test evaluations, analyzed quantitatively using SPSS Version 

19 and qualitatively via thematic and structural analysis. The findings reveal notable improvements in 

argumentative writing, including enhanced specificity of claims, logical coherence, and incorporation of 

rebuttals. Statistical analysis demonstrated significant post-test score increases, with AI-supported essays 

outperforming non-AI ones. Qualitative analysis highlighted greater alignment with Toulmin’s components, 

showcasing the tools’ capacity to scaffold argument construction and strengthen logical reasoning. Interviews 

with participants affirmed AI’s utility but also raised concerns about over-reliance, ethical implications, and 

potential erosion of critical thinking. This study emphasizes the need for a balanced approach, advocating for 

AI as a supportive tool within human-centered learning frameworks. Practical implications include guiding 

educators in leveraging AI effectively while addressing ethical concerns and promoting equitable access.  
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1. Introduction  

The modern methodologies of teaching have merged the artificial intelligence with the 

framework of education to further hone the critical thinking skills as well as to make the 

arguments(Arendt & Ehrlich, 2024). Argumentation forms the core of cognitive growth, 

allowing the students to analyze, evaluate, and construct logical assertions. Cognitive 

frameworks, like Toulmin's Argument Model, give educational settings a slightly stronger leg 

to stand on when talking about the argument structure with regards to claims, evidence, and 

counterarguments(Hauptmann, Krenzer, Völkel, & Puppe, 2024). AI integration opens up 

new avenues that can be used to improve it in ways that have never been possible before: 

educators can bridge theory and development(Chuang & Yan, 2022). 

Artificial intelligence is perhaps considered one of the most significant developments in 

human life, making education change with the speed of its improvement (Black et al., 2022). 

One of the influential factors in this process of change is regarded to be how AI affects 

critical thinking as well as argumentation skills. Arguing: the ability to build, assess, and 

effectively communicate well-supported arguments, is at the heart of learning because it 

develops critical reasoning and decision-making skills(Volkan, 2024). This skill cuts across 
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disciplines and enables students meaningfully to engage in every academic, professional, and 

social setting. In the toolkit of teachers for many years has been structuring argumentation 

using models such as Toulmin's Model of an Argument(Yang, 2022). This model gives a 

systematic way of breaking down arguments into six parts: claim, grounds, warrant, backing, 

qualifier, and rebuttal, allowing for a more in-depth analysis of logical relationships(Li & 

Zhang, 2022). 

The integration of AI in the subject area opens new avenues of pedagogy. AI applications, 

such as ChatGPT, Grammarly, and Turnitin, are able to analyze arguments, inform about the 

structure of argumentation, and propose a rebuttal(João Manoel da Silva & Odete Pacubi 

Baierl, 2020). The tools not only enhance the technicality of writing but also expose the 

learners to several perspectives that create nuanced critical thinking skills. For instance, AI 

can mimic debates, provide evidence of logical fallacies, or offer evidence-based 

recommendations-all of which help to breathe new life into the traditional classroom(Rui, 

2022). Recent empirical research indicates that AI-enhanced learning environments 

strengthen students' argumentation skills and promote interest in tasks that demand higher-

order thinking (Johnson & Park, 2022; Smith et al., 2023). 

Objectives 

The primary goals of this paper are to: 

 Examine whether AI tools improve the argumentative writing of students by utilizing 

Toulmin's Argument Model; 

 Find out if there is a pattern between arguments of human creation and those 

generated by AI; 

 Discuss the pedagogical benefits of teaching argumentation using AI. 

Research Questions 

1. How do AI tools influence the quality of argumentative writing in students? 

2. What are the recurring patterns in argumentative structures when students use AI tools 

compared to traditional methods? 

3. What are the perceptions of students and educators regarding the integration of AI 

tools in teaching argumentation? 

2. Literature Review 

The literature review focuses on the interaction of the different argumentation theories-most 

notably, Toulmin's Argument Model and the AI elements in education. The synthesis of 

existing research will make for an establishment of a base point for understanding what 

exactly AI tools bring out in enhancing critical thinking and good argumentative writing. 

Finally, this chapter is divided into three main parts: 

(1) Argumentation in Educational Contexts 

(2) The Role of AI in Education, and  

(3) Integration of AI and Argumentation Models. 

2.1. Argumentation in Educational Contexts 

Argumentation is one of the most important pedagogical tools for higher-order 

thinking skills, allowing students to evaluate evidence, construct logical arguments, and 

engage in meaningful debates(Katie & Trevor, 2021). Toulmin's Argument Model, first 

outlined in The Uses of Argument (1958), is probably still one of the most useful outlines for 

the analysis and teaching of argumentation. The model includes six components: claim, 

grounds, warrant, backing, qualifier, and rebuttal, which provide an ordered framework for 

constructing arguments(Cornelia, Magnus, & Linnéa, 2024). Studies have shown that 

inclusion of argumentation exercises in the curricula enhances students' critical thinking and 

reasoning skills (Nussbaum, 2022). 
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Argumentation has been widely utilized in classrooms for developing the analytical talents of 

students from all subjects like science, social studies, and language arts(Faraon, Granlund, & 

Ronkko, 2023). For instance, Kuhn and Crowell (2011) mentioned that argumentation 

enhances metacognitive awareness since the students begin to examine their thought process. 

As mentioned by Felton et al. (2019) structured argumentation frameworks enable students to 

present their views cohesively and defend them. Teaching, in the argumentation aspect, is 

tough since it demands much scaffolding, along with the development of certain linguistic 

competencies(Pierrès, Darvishy, & Christen, 2024). 

2.2. The Role of AI in Education 
Introduction of AI has modified the educational practices through innovative and 

extraordinary tools which assist in teaching and learning processes(Peng et al., 2023). 

Moreover, AI-based platforms, such as ChatGPT, Grammarly, or Turnitin have become more 

popular, especially regarding writing instruction, immediate feedback, and finally the results 

of learning outcomes(Pei-Shan, 2023). These tools are especially valuable in answering the 

multilateral needs of students because it adapts to an individual's way of learning and 

provides personal feedback (Luckin et al., 2023). 

The value of AI in teaching the skill of writing is best represented by its application in 

teaching and instruction to write argumentative essays. For example, one study showed that 

AI applications can scan for coherence in text along with logical flow and evidence-based 

reasoning supportive for students developing well-structured arguments (Zawacki-Richter et 

al., 2019). What's more, AI applications promote engagement through interactive learning 

environments designed to mirror real-world conditions(Molinet, Marro, Cabrio, & Villata, 

2024). According to Chen et al. (2021), such tools allow learners to try out different 

argumentative moves and receive instant feedback with incremental improvements toward 

their writing. 

While AI has several benefits, it also has issues on ethical and overreliance aspects by 

students. According to Selwyn (2022), an uncritical embracement of AI in education may 

reduce the capabilities of students to exercise independent critical thought. In that respect, the 

balanced use of AI tools requires their roles as supplementary tools instead of being stand-ins 

for traditional pedagogical methods(Larrain et al., 2021). 

2.3. AI and Argumentation Models Integration 

It is a promising area for the fusion of AI and argumentation models, like Toulmin's, that can 

promote critical thinking and linguistic capabilities(Abukhadijah & Nashwan, 2024). AI can 

break down argumentative constituents and identify claims, warrants, and rebuttals as 

students write. This will certainly lighten the instructors' workload and will provide constant 

feedback for the students (Gibson et al., 2023). 

Recent studies have just started to research the degree to which AI tools facilitate 

argumentative writing. For instance, Zhang et al. (2020) explored the application of AI in 

argumentative essay analysis and demonstrated its value in enhancing student writings. In 

fact, the tool helped illustrate good and poor logical consistency by basing its 

recommendations on the evidence for improvement. Likewise, Bhatia et al. (2021) 

established that AI-powered tools were instrumental in students' understanding how complex 

structures of argumentation operate and bringing about deeper comprehension of logical 

frameworks. 

Despite these developments, AI in argumentation has yet to be extensively explored, 

especially for linguistically diverse classrooms. Kim and Li (2022) study found that language 

barriers and cultural differences may interfere with teaching argumentation through AI tools. 

Additionally, concerns regarding the accuracy of AI-generated feedback and ethical 
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implications require deeper insights into how the same can be optimized for equitable use and 

responsibility. 

The literature highlights the transformative potential of AI in education and the development 

of argumentative models, such as Toulmin's. While AI contributes innovative pedagogical 

solutions, the integration must be considered in the light of contextual factors along with the 

ethical and practical considerations that are present(Ahmet, 2024). This article highlights the 

need for further study of the more subtle interaction between AI and argumentation, thereby 

expanding further areas still underdeveloped in knowledge, and serves as a guide for the 

effective implementation of the technology in schools. 

3. Research Methodology 
A combination of qualitative and quantitative techniques will be used to try to get a total 

understanding of the use of AI tools to bolster argumentative writing and critical thinking, 

particularly in conjunction with Toulmin's Argument Model. 

3.1. Research Design 

This research embraced a mixed-method approach to achieve depth as well as breadth in the 

study. The incorporation of qualitative and quantitative methods was necessary to ensure 

thoroughness in the analysis of the research objectives. 

3.1.1. Qualitative Analysis:  

Toulmin's Argument Model was used to analyze the argumentative structures of student 

essays for the analysis of logical coherence and their reasoning patterns. 

3.1.2. Quantitative Analysis:  

Statistical techniques have been applied in order to analyze how the AI tools impact the 

students' argumentative performance; data analysis was performed with SPSS Version 19. 

The amalgamation of these methods permits triangulation, thereby increasing validity and 

reliability in the findings. 

3.2. Participants 

The study involved 100 undergraduate students and 10 educators from universities offering 

English language and literature programs. 

 Students: Participants were selected using stratified random sampling to ensure 

diversity in language proficiency and exposure to AI tools. 

 Educators: Purposeful sampling was used to identify educators experienced in 

teaching argumentation and critical thinking. 

3.3. Data Collection 

3.3.1. Qualitative Data 

 Student Essays: A corpus of 200 argumentative essays was collected. Half of these 

essays were AI-assisted (e.g., using ChatGPT), while the other half were written 

without AI assistance. 

 Interviews: Semi-structured interviews were conducted with 15 students and 5 

educators to explore their experiences with AI in writing and teaching. 

3.3.2. Quantitative Data 

 Pre-test and Post-test Scores: Students participated in a pre-test (without AI) and a 

post-test (with AI) to measure improvements in argumentative writing. 

 Questionnaire: A Likert-scale questionnaire was distributed to students to assess 

their perceptions of AI's effectiveness in improving their writing. 

3.4. Instruments 

1. Toulmin's Argument Model: Used as an analytical framework to evaluate the 

components of argumentative writing (claim, grounds, warrant, backing, qualifier, and 

rebuttal). 
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2. SPSS Version 19: Utilized for statistical analysis, including descriptive statistics, 

paired-sample t-tests, and regression analysis to determine the impact of AI on 

students' performance. 

3. Interview Guide: Designed to collect qualitative insights from students and 

educators. 

3.5. Data Analysis 

3.5.1. Qualitative Analysis 

The collected essays were analyzed using Toulmin’s model to identify recurring patterns and 

deviations in argumentative structures. Thematic analysis was applied to interview transcripts 

to identify key themes related to AI’s role in teaching and learning argumentation. 

3.5.2. Quantitative Analysis 

SPSS Version 19 was used to analyze the quantitative data: 

 Descriptive Statistics: To summarize students' pre-test and post-test scores and 

responses to the questionnaire. 

 Paired-Sample T-Tests: To compare the mean differences in students' performance 

before and after using AI tools. 

 Regression Analysis: To explore the predictive relationship between AI usage and 

improvements in argumentative quality. 

3.6. Ethical Considerations 

Informed Consent: All the participants were exposed to the purpose of the study and 

given written consent before participation. 

Confidentiality:  

The participant data was anonymized, and results presented in aggregate form. 

Voluntary Participation:  

Participants were informed that they are at liberty to withdraw at any time without any 

further penalty. 

4. Analysis and Results  

4.1. Quantitative Analysis 

The quantitative analysis thus juxtaposes with the study's objectives, which involve the 

evaluation of AI tools on argumentative writing as well as students' and educators' 

perceptions regarding their integration into education. 

4.1.1. Descriptive Statistics  

Descriptive statistics is calculated to summarize performance differences between 

argumentative essays written before and after the use of AI tools. Differences are mapped to 

components of Toulmin's model of corresponding progressions on the part of students in 

argumentation skills.  

Table 1:  

Descriptive Statistics of Pre-Test and Post-Test Scores 

Measure 
Mean  

(Pre-Test) 

Mean  

(Post-Test) 

Standard Deviation  

(Pre-Test) 

Standard Deviation  

(Post-Test) 

Argument 

Quality 
6.4 8.9 1.2 0.9 

Logical 

Coherence 
6.1 8.6 1.3 1.1 

Use of 

Rebuttals 
5.7 8.2 1.5 1.2 
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Therefore, the post-test results show significant increases in the three dimensions that were 

measured: argumentative quality, logical coherence, and provided rebuttals. All these 

correspond to the research aim of analyzing the effects that AI tools, such as ChatGPT and 

Grammarly, impose on the quality of structural and logical coherence in argumentative 

writing. For example: 

 Argument Quality:  

Essays had stronger statements which were supported with better diverse evidence, which 

was depicted how AI helped in presenting a well-rounded argument. 

 Logical Coherence:  

The coherence between premises and conclusions was enhanced due to the fact that students 

exploited AI suggestions while organizing their essays. 

 Use of Rebuttals:  

With the use of AI tools, students began to think in advance and include counterarguments 

that the non-assisted essays lacked. 

4.1.2. Paired-Sample T-Test 

This test shows the establishment of statistical significance within the improvements seen. 

These paired-sample tests compare differences between pre-test and post-test scores from the 

same participants. 

Table 2:  

Paired-Sample T-Test Results 

Measure t-Value p-Value 
Significance  

(p < 0.05) 

Argument Quality 9.45 0.001 Yes 

Logical Coherence 8.67 0.001 Yes 

Use of Rebuttals 7.23 0.001 Yes 

 

The t-test proves improvements in all dimensions of argumentative writing. For example, the 

t-value for "Argument Quality" indicates a substantial positive effect of AI usage, with p-

values well below 0.05. This aligns with the research question regarding how AI tools 

improve argumentative structures by aiding students in generating evidence and articulating 

coherent claims. 

4.1.3. Regression Analysis 

Regression analysis was employed to determine the predictive relationship between AI tool 

usage (independent variable) and improvements in argumentative writing (dependent 

variable). 

Table 3:  

Regression Analysis of AI Usage and Argument Quality 

Model R² F-Statistic p-Value 

AI Usage → Argument Quality 0.62 45.67 0.001 

 

The model explains 62% of the variance in argument quality, a substantial contribution 

indicating that AI tools are a significant predictor of improvement. This supports the 

objective of exploring the effectiveness of AI-assisted writing in enhancing critical thinking 

and reasoning. 
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4.2. Qualitative Analysis 

4.2.1. Toulmin’s Argument Model Analysis 

Qualitative data were analyzed by mapping students’ essays onto Toulmin’s framework. 

Patterns in the use of claims, warrants, and rebuttals highlighted improvements in 

argumentation structure after using AI tools. 

Example Analysis: 

Non-AI-Assisted Essay: 
 Claim: "AI is useful in education." 

 Grounds: "It helps with assignments." 

 Rebuttal: Not present. 

AI-Assisted Essay: 
 Claim: "AI tools are revolutionizing education by enhancing accessibility and 

efficiency." 

 Grounds: "AI organizes information, offers real-time feedback, and provides 

alternative perspectives, helping students refine their arguments." 

 Rebuttal:  "Whereas AI promotes dependency, controlled deployment can augment 

traditional training and promote independent thinking. "" 

AI-assisted essays showed specificity in claims and also backed evidence-driven 

counterarguments to claims, suggesting the impact of these tools in encouraging critical 

engagement with counterarguments. 

4.2.2. Thematic Findings Based on Interviews 

Semi-structured interviews with teachers and students provided three major themes: 

1. Improved clarity and interest:  

Pupils appreciated the systematic feedback provided by AI, which ensured that 

ideas were clarified while sustaining interest in the writing process. 

2. Dangers of over-reliance:  

The teachers feared that students began to rely so much on AI tools that they 

ended up losing independent analytical capabilities. 

3. Hybrid approaches:  

Both parties resolved to blended models where the use of AI tools and 

traditional methods are fully integrated for optimal learning. 

4.2.3. Comparative Analysis of Essay Features 

Comparative analysis was performed between AI-assisted and non-assisted essays to gauge 

developments in Toulmin's argumentative components. 

Table 4:  

Comparison of Toulmin’s Model Components in Essays 

Component Non-AI-Assisted Essays AI-Assisted Essays 

Claims General and vague Specific and focused 

Grounds Limited evidence Rich, diverse, and relevant 

Warrants Implicit or missing Explicit and logically connected 

Rebuttals Rarely included Frequently and effectively included 

 

The table represents significant progressions in argumentative structures within AI-supported 

essays about the research question of whether patterns emerged in the arguments AI supports. 

5. Results and Discussion 

The quality of argumentative writing is improved by AI tools. Evidence use and rebuttal in 

text, as well as logical coherence, improve with the use of AI tools. Such findings validate the 
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study's objectives: namely, to discover how AI can support students applying Toulmin's 

Argument Model and to explore patterns in the structure of arguments in AI-supported 

writing. 

The main outcomes are as follows 

 Superficially, the results of the AI-assisted essays showed greater precision in the 

claims made and the evidence presented as well as statistically increased post-test 

scores. 

 Rebuttals were found to appear much more frequently in the AI-assisted essays, 

demonstrating a level of counter-argument engagement. 

 Perceived Value of AI Tools: There was a perception among students that AI tools 

would allow for immediate feedback and support; educators felt that AI could be a 

helpful complement to teaching. 

5.1. Discussion of Results 

5.1.1. Effectiveness of AI in Improving Argumentative Writing 

The quantitative findings, based on the descriptive statistics and paired-sample t-tests, have 

shown that the quality of argumentative writing significantly improved after students used AI 

tools. For instance, the mean score for argument quality rose from 6.4 (pre-test) to 8.9 (post-

test). This is consistent with the earlier study by Zhang et al. (2020), which showed that AI 

tools improve the construction of well-organized and coherent arguments among students. 

The tools helped to come up with ideas, organize, and polish arguments in favor of well-

supported claims. AI tools like Grammarly and ChatGPT made significant contributions in 

enhancing quality essay writing because of contextual feedback. 

5.1.2. Critical Engagement Through AI 

For rebuttal-a skill quite obviously challenging for most students-there is a mean score 

increase from 5.7 on the pre-test to 8.2 on the post-test. This would indicate that the use of AI 

tools inspires students to think ahead to potential counterarguments-the heart of critical 

thinking. 

Studies by Bhatia et al. (2021) state that AI can represent debates and facilitate alternative 

perspectives, which may make students engage with the opposing views. In this study 

findings seem to validate those observations; in fact, AI has the potential to encourage critical 

engagement. 

5.1.3. Students' and Educators' Perception 

Qualitative data revealed positive perceptions of AI tools. Students found these tools helpful 

for brainstorming and revising arguments, while educators acknowledged their utility in 

reducing the time required for providing feedback. 

Some instructors raised their concern on over-reliance on AI, a warning declared by Selwyn 

(2022), that independent thoughts may be affected. In fact, the required balance should be an 

integration of AI as a complement in lieu of replacing traditional teaching. 

5.1.4. Patterns in AI-Assisted Argumentative Structures 

Utilizing Toulmin's Argument Model, AI-assisted essays followed the model components 

more closely. Claims were more specific, evidence was varied and pertinent, and warrants 

were explicit and logically related. 

Example Comparison: 
 Non-AI-Assisted Claim: "AI is useful in education." 

 AI-Assisted Claim: "AI tools revolutionize education by enhancing accessibility, 

efficiency, and individualized feedback." 
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 Interpretation: The shift from generic to specific claims demonstrates AI’s role in 

helping students refine their arguments. This finding aligns with the research 

objective of identifying recurring patterns in AI-supported argumentative writing. 

5.2. Addressing the Research Objectives and Questions 

Researchers can answer all research questions directly from the findings: 

1.How do AI tools impact students' quality of argumentative writing? 

2. What are some of the most recurring patterns in argumentative structures when using AI 

compared to other traditional ways of doing things? 

The essays produced by AI showed more of Toulmin's components with precise claims, 

abundant evidence, and clear warrants consistently appearing. 

3. What attitudes do students and educators have toward AI as part of the teaching-learning 

environment for argumentation? 

The need for students and educators to embrace AI as a useful resource for improving the 

writing skills of students comes with reservations on dependency and ethical usage. 

AI tools dramatically enhance essays with respect to the structural and logical quality they 

allow for; thereby, students easily construct specific claims with strong, rebutting moves. 

5.3. Implications of the Findings 

 For Educators 

The study highlights the potential of AI tools to complement traditional teaching methods. 

Educators can use AI as a scaffold to help students develop critical thinking skills, 

particularly in constructing logical arguments and addressing counterarguments. 

 For Policy-Makers 

The findings support the integration of AI into curricula, emphasizing the need for training 

programs to help educators and students effectively use these tools. 

 For Researchers 

This study provides a foundation for further research into the ethical and practical 

implications of AI in education, including its role in promoting equity and addressing biases. 

6. Conclusion 

As such, the findings underscore the transformative potential of AI that can raise 

argumentative quality significantly, logical coherence as well as the quality of critical 

engagement. However, the lessons emerging from these studies still point to the threats to 

over-reliance on AI and ethical considerations in such practice; the need for appropriate, 

meaningful infusion of AI in education, which allows it to positively foster a generation that 

is critically equipped for the complexities of modern life. 

The integration of AI tools into educational practices has emerged as a revolutionary 

approach to enhancing critical thinking and argumentative writing. This paper explored how 

AI tools were applied in light of Toulmin's Argument Model and examined the quality of 

argumentative essays and the perceptions of students and educators. The results showed that 

AI tools strongly enhance the structural, logical, and critical dimensions of argumentative 

writing, yet with challenges that demand careful reflection. 

7. Future Directions 

7.1. Integrating Ethical AI 
The future research will be directed towards appropriate solution for the ethical challenges 

posed by AI for education, including issues of data privacy, bias in AI generated content, and 

academic integrity. The benefits will be best unlocked by frameworks for responsible use of 

AI. 
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7.2. AI and Multimodal Argumentation 

With the development of AI, its uses can go as far as to include multimodal argumentation 

that will incorporate text, graphics, and audio. Knowing how these advances would affect 

students' ability to argue in complex presentations would bring a lot of value. 

7.3. Interdisciplinary Applications 

Applying AI in teaching argumentation across disciplines in science, law, and social studies 

could prove vital in providing an overview of AI applicability and efficacy. 

7.4. Personalization and Localization 

Future studies can focus on the ways by which AI devices can be tailored to specific cultural 

and linguistic demands to remain relevant and effective in different academic settings. 

7.5. AI-Facilitated Collaborative Learning 

It would be possible for researchers to analyze how AI devices can provide collaborative 

learning environments that give students opportunities to construct arguments in cohorts and 

provide peer feedback with the support of AI-driven platforms. 

This study proves the capability of AI in how it can produce critical thinking and 

argumentative writing. While the results verified the positive impact of AI, they also laid 

down the gap between its incorporation and a balanced respect for human creativity and the 

ethical considerations it supposes. Thoughtful approaches by educators, policy-makers, and 

researchers can orchestrate AI's hands in developing a generation of learners equipped with 

critical skills required to deal with complexities at every angle of 21st-century living. The 

outcomes were results that paved a way for future exploration, ensuring AI would be a strong 

ally in the pursuit of excellence in education.  
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