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Abstract
The aim of the present study was to assess the effectiveness of artificial intelligence (AI) in improving HUFLIT English-majored sophomores’ syntactic skills with the core textbook “Analyzing Sentences: An Introduction to English Syntax” by Noel Burton-Roberts (5th edition, 2022). In consideration of the scarcity of research on the application of AI in Syntax subject, a quasi-experimental mixed-methods approach was employed. A total of 80 second-year students majoring in English at HUFLIT University were randomly selected.
The methods used for collecting the data included a pretest, a posttest, a perception questionnaire, and semi-structured interviews. The experimental group used AI tools, including ChatGPT, NotebookLM, and Edtechcorner.com with Text2Tree to support learning and practice. Quantitative findings show that the experimental group significantly outperformed the control group on three aspects of syntactic ability: conceptual understanding, applied knowledge, and structural analysis, and large effect sizes were recorded.
The findings showed large effect sizes for these three aspects. The qualitative findings indicated that AI technology made learners more autonomous and motivated. However, there were limitations such as dependence and inaccuracies.
The results imply that AI can potentially serve as a pedagogical scaffold in the teaching of the Syntax subject. This study adds to the body of research on AI in assisting language learning by expanding its scope to another underexplored area of language acquisition and providing implications for the integration of AI in higher education settings. Briefly, AI provides valuable tools for teaching learners’ syntactic competence effectively.
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1. Introduction
The rapid integration of artificial intelligence (AI) is currently changing the paradigm of higher education. Regarding the Teaching English to Speakers of Other Languages (TESOL) program, the potential of AI has already been well researched concerning its ability to improve communicative macro-skills, yet its applicability within formal linguistic studies, particularly English syntax – remains uncharted territory. For sophomore students majoring in English, the process of learning language mechanics becomes a mentally demanding task, entailing a move from instinctive to systematic language behavior.
1.1 The Problems of Teaching Syntax
The syntax curriculum of Ho Chi Minh University of Foreign Languages-Information Technology is built based on the syntax curriculum of Noel Burton-Roberts in 2022. This model requires students to understand X-bar Theory, Hierarchical Phrase Structure Markers, and Constituent Analysis. Historically, the teaching of these theoretical aspects of linguistics takes place in a deductive manner. As a result, students may experience linguistic fossilization or become overwhelmed with anxiety because of their inability to conceptualize the relationships between various elements on a deep structure level.
1.2 AI as a Cognitive and Visual Scaffold
Considering this matter, the arrival of LLMs in conjunction with EdTech technologies provides a wonderful chance to do so. The mentioned combination of ChatGPT and NotebookLM, along with solution-oriented tools like Text2Tree, builds interactive scaffolds for students. Technology offers experiments with creating trees, which leads to getting immediate feedback, unlike traditional textbooks. AI technology helps make syntax more engaging.
1.3 The Research Gap 
Even though there is a lot of empirical evidence supporting the use of AI in general English language learning, there is still a lack of literature addressing its effectiveness in acquiring theoretical knowledge about the syntax of the language. Most studies deal either with the use of AI in acquiring lexicon or improving stylistics; there is little knowledge about the role of AI in the process of forming concepts, knowledge, and structural analysis.
To fill this gap, the current study applies a quasi-experimental mixed-method approach, which aims to measure the effect of using artificial intelligence on syntactical skills. The sample includes 80 English major sophomores studying at HUFLIT. This study analyzes both quantitative indicators of syntactical competence improvement and qualitative ones related to the growth of autonomous and motivated behavior among students.
1.4 Research Questions
To achieve the objectives of the study, the following research questions are proposed:
1. To what extent does AI-supported instruction improve English syntactic competence among English-majored sophomores at HUFLIT compared to traditional instruction? 
2. How does the application of AI-assisted instruction affect the students’ skills in  analyzing English Syntax, such as the identification of sentence constituents and the building of phrase structures?  
3. How do students discern the usefulness and applicability of AI-assisted English syntax study tools?
2. Literature Review
2.1. Theoretical Foundations of Syntactic Competence
2.1.1. Syntactic Competence and the Role of AI in EFL Education
Syntax remains one of the important aspects of language proficiency, which is mostly about formulating grammatically accurate sentences. According to contemporary SLA studies, the syntax can no longer be defined as the linear order of words. Instead, the term denotes the hierarchical structure of constituents following specific internal rules. The definition correlates with the understanding of language in terms of cognitive and generative linguistics as a rule-governed system in the mind (Ellis, 2006; VanPatten, 2004). However, despite being crucial for language competence, syntax is often called the hardest part of teaching English as a foreign language due to its abstract nature.
2.1.2. The Problem with Hierarchical Processing
Analytically, syntactic competence is knowledge of dimensions such as constituency, grammatical category, and grammatical function. This requires that learners move beyond surface-level pattern recognition and achieve structural understanding. According to VanPatten (2004), many students have challenges shifting from linear processing to hierarchical processing and, instead, depend on shallow features for comprehension purposes. Factors related to cognition and memory exacerbated this challenge. Therefore, the idea of Cognitive Load (Sweller et al. 2011) is crucial; if the structural complexity is higher than processing capability, learning becomes problematic.
2.1.3. Integrating Structure and Communication
However, it is important to note that syntactic competence should not be considered separately from communicative competence. Though earlier models distinguished between competence and performance, later models underscore that “grammatical competence” forms the basis for communication (Canale & Swain, 1980). There exists empirical evidence suggesting that the higher the level of grammatical sophistication, the more proficient students become at producing speech and texts. In most cases, however, in EFL contexts, teachers prefer mechanical drills rather than grammatical explanations.
2.1.4. The Catalyst of Generative AI
Technical breakthroughs, such as generative artificial intelligence technologies, for example, ChatGPT, can provide the necessary ways to handle the highlighted challenges. While conventional TELL was focused on interaction and autonomy (Chapelle, 2001), new opportunities arise with AI for personalization and cognitive engagement (Zawacki-Richter et al., 2019; Kasneci et al., 2023).
Among the most important features that need to be highlighted is the ability of AI to offer real-time feedback, which is crucial for making students "notice" certain linguistic features (Nassaji & Kartchava, 2017). At the same time, AI enables self-directed learning and allows teachers to customize the curriculum to meet the learners' needs (Kasneci et al., 2023).
2.1.5. Limitations and Gaps in Research
Such opportunities also bring risks when it comes to using AI. Misconceptions or “hallucinations” might arise from AI-generated data, and the trustworthiness of AI in formal structural analysis is still under question (Kasneci et al., 2023). Moreover, successful integration depends on pedagogical literacy, which can easily lead to passive and overly reliant learners on automation.
Finally, while there is a growing body of research on AI and general language abilities (vocabulary, writing, speaking), there is a serious lack of studies on syntax acquisition. Only a few quasi-experimental studies have examined the precise effect of AI-driven training on the development of syntactic competence, leaving a large gap for future empirical study.
2.2. Syntactic Competence in EFL Settings
Syntax is essential in the language but is frequently poorly taught in many EFL environments where traditional teaching approaches are used. Explicit instruction enhances declarative knowledge, but it rarely transfers to procedural performance (Ellis, 2006). This gap contributes to explain why learners often generate simpler texts, with fundamental coordination rather than complicated hierarchization, such as subordination or embedding (Lu, 2011).

Recent frameworks reconceptualize syntactic competence as a multidimensional construct of complexity, accuracy and fluency (CAF), rather than simply the control of individual rules (Bulté & Housen, 2012). Research has shown that combining grammar education with communicative utility (Norris & Ortega, 2000) and high-frequency, interactive input (Ellis, 2002) is essential for its success. These problems are much more apparent in places like Vietnam, where testing matters. Testing students on isolated themes and forcing them to learn things by heart does not help them to develop actual advanced language abilities.
2.3. The Challenges of Syntax Teaching and Learning
Syntax can be quite difficult to understand because of its abstract and hierarchical character. Learning syntax is different from lexical acquisition in that it comprises the establishment of unobservable structural linkages in the minds of the learners, imposing a significant cognitive load on working memory (Sweller J, 2020). This load is especially evident in input-poor contexts when learners do not have enough exposure to reinforce these sophisticated mental models.
The main problem is that L2 learners often rely on linear processing methods. Students concentrate on surface features like word order and do not understand the hierarchy underlying the information (Rod Ellis, 2006). Therefore, L2 writing is marked by the absence of syntactic diversity, and learners tend to generate simplified sentences and avoid sophisticated syntactic structures, such as subordination and embedding (Xiaofei Lu, 2011).
Traditional pedagogies that emphasized isolated explanations and repetitious exercises tended to worsen such difficulties. Meta-analytic evidence reveals that such strategies are only effective when paired with meaningful communication (Norris John M. & Ortega, 2000). While technology-mediated environments provide important opportunities for engagement, feedback and various exposures (Ellis, N.C., 2002), they do not necessarily eliminate the basic cognitive demands of syntactic processing.
2.4. Artificial Intelligence in Syntax Learning
One of the greatest benefits of AI is that it can provide instant and accurate feedback. Traditional classroom feedback is often delayed, while AI can spot syntactic problems in real time. This immediacy fosters “noticing” (a cognitive state important for internalizing language’s non-observable hierarchical patterns) (Trude Heift & Mathias Schulze, 2007). The application of Artificial Intelligence (AI) in language teaching offers a revolutionary method of solving the intangible problems of syntactic acquisition. Unlike conventional training, AI-mediated training creates an interactive data-driven environment that supports complex mental mapping with personalized scaffolding, a basic tenet of usage-based acquisition theories (Nick C. Ellis, 2002). AI is also a useful tool for visualizing the structure of phrases. AI allows the learner to produce and manipulate phrase markers (tree diagrams), leading the learner step-by-step to identify constituents and label phrases. It can also help minimize the cognitive load of abstract structural analysis.
Moreover, AI also facilitates autonomous and self-regulated learning by allowing students to verify their theories of language through continuous interaction. Recent studies suggest that AI-enabled environments help with personalization and student engagement (Chang & Sun, 2024; Peña-Acuña & Corga Fernandes Durão, 2024). However, there are limitations in reference to AI’s capacity to handle deep recursion and complicated hierarchy. Therefore, AI should be used as a tactical scaffold rather than a complete substitute for pedagogical oversight to avoid surface learning. 


2.5. Research Gap
Although there is much research on the impact of AI-aided language acquisition, it is important to clarify how far these developments contribute to the evolution of syntax as a hierarchical system. Recent meta-analyses (Fang et al., 2023; Zhang et al., 2023) have often confirmed positive benefits of AI-based therapies on general competency (in particular vocabulary and writing), but specific research on syntactic advances is limited, rather than cognitive processes driving syntactic translation. There is a gap between AI applications and formal linguistic theory. Finally, yet another concern is the dearth of quasi-experimental studies on English majors in the Southeast Asian environment, such as Vietnam. This project aims to fill these gaps by examining the contribution of AI-supported instruction to the deep syntactic competency of HUFLIT sophomores.
2.6 Implications for Syntax Pedagogy
TELE’s second disruption is to use artificial intelligence to teach students the rules of grammar.  These technologies promote engagement and cognitive scaffolding in real-time environments, where learners can receive immediate feedback on tough language challenges (Egwim & Aloyo, 2026). Such automated algorithms can be used to uncover defects to learn the grammar rules and improve the writing skills (Yang et al., 2025).
However, artificial intelligence learning works when the design of education and teacher involvement is proper. The learners may focus on correcting surface-level errors rather than making more profound structural changes in the absence of a clear instructional framework, which results in a greater cognitive burden (Egwim & Aloyo, 2026). Furthermore, AI is highly adept at identifying grammar but may not always be able to capture the nuance needed to analyze content (Egwim & Aloyo, 2026). Thus, the teacher’s role is indispensable in evaluating the feedback provided by AI and guiding learners to reach both theoretical accuracy and functional syntactic competence (Egwim & Aloyo, 2026; Yang et al., 2025).
3. Methodology
3.1. Research Design
This study adopts a quasi-experimental mixed-methods design to explore the effects of artificial intelligence (AI) tools on the syntactic competency of sophomore English major students at HUFLIT University. The methodology permitted both quantitative and qualitative analysis of the effects of AI-supported learning on learners’ Conceptual Understanding (theoretical understanding), Applied Knowledge (function labeling), and Structure (creating X-bar tree diagrams).
Pre- and post-intervention test results with students’ reflections and interviews are merged to provide a detailed understanding of the instructional benefits of AI in Syntax education. The selection of the quasi-experimental method was driven by its efficiency and suitability in the context of real-life education, especially when random assignments are impractical. As pointed out by Dörnyei (2007), quasi-experiments have proven to be quite advantageous in conducting studies in classrooms since they can compare while accommodating the limitations of the organizational setting. In this study, two Syntax classes were divided into control and experimental groups, thereby reducing disruption to the current curriculum while maintaining comparability.




3.2. Context and Participants 
            This study was conducted at Ho Chi Minh City University of Foreign Languages and Information Technology (HUFLIT), and particularly in its English Department. 80 sophomore students participated, divided equally into the control and experimental groups, each having 40 students, respectively. All the participants in the experiment had the same level of English skills as confirmed by their placement tests.
In contrast to the control group, where conventional teaching techniques such as teacher feedback and task completion from the textbook were used, the experimental group learned through the integration of the same curriculum and AI-integrated technology tools, including ChatGPT (for getting immediate feedback iteratively on constituent analysis), NotebookLM (mind maps, infographics, and quiz contents of the core textbook), and Text2Tree (Edtechcorner.com) (for making hierarchies of structures and phrase markers). This achievement was made possible by introducing students to all the mentioned AI tools within one week of beginning the lessons.
Both groups followed the same core textbook, “Analyzing Sentence: An Introduction to English Syntax” (Burton-Roberts, 5th edition, 2021). Both groups were taught by the same instructor.
3.3. Instruments
           To evaluate the effectiveness of the intervention, different tools and techniques were utilized to provide an overall evaluation of the effectiveness of the intervention Conceptual Understanding (theoretical comprehension), Applied Knowledge (function):
a. Syntactic competency tests: consist of a pretest and a posttest in three domains:conceptual understanding, applied knowledge,and phrase marker (structures). All the questions are based on the pedagogical model of Analyzing Sentences by Burton-Roberts. The reliability of the test was determined using the Cronbach's Alpha measure, and the result was 0.89.
b. Questionnaire for Perception: A tool that measures motivation, autonomy, and usability using a 5-point Likert scale from “1 – Strongly Disagree” to “5 – Strongly Agree”. Apart from this, certain open-ended questions were also asked. The questionnaire was distributed through the internet following the intervention to assess the extent of engagement among students along with their perception regarding learning using AI. This questionnaire was designed based on existing measurement tools related to student engagement, which comprised of the following three aspects: Behavioral Engagement (participation, effort), Cognitive Engagement (commitment towards learning, strategic use), Emotional Engagement (interest, enjoyment, attitudes).
c. Semi-Structured Interview: A randomly selected set of 10 students (experimental group) were interviewed at the end of the class to learn more about their experiences with cognitive offloading during this time.
 3.4. Procedure
The research extended for twelve weeks, corresponding to the typical academic term. During the first week, the two groups took part in a pre-test conducted in an experimental setting. On the other hand, members of the experimental group underwent orientation on AI technology during the first week.
Weeks two to eleven involved the two groups undergoing the same syllabus on Analyzing Sentences: An Introduction to English Syntax (Noel Burton-Roberts, fifth edition 2021).
 The primary distinction was in Syntax practice. The control group did their tasks manually, got extra practice through conventional worksheets and feedback from teachers (without AI) supervised by the instructor, whereas the experimental group performed similar tasks with the help of AI-based platforms. To solve the problem of AI analysis contrary to the curriculum of Burton-Roberts, a framework of the CREATE query was introduced (Character, Request, Examples, Adjustments, Type, and Extras). The experimental group were guided to set the AI's role as a linguistics expert proficient in the 5th edition of Burton-Roberts.  They utilized ChatGPT as an instant “tutor” in class to get an instant formative feedback system from AI. A completely new teaching method has been used to replace drawing X bar tree-diagrams on paper by using Text2Tree (EdTech Corner.com). Students will work in groups to draw and label phrase markers (tree- diagram) based on report titles. NotebookLM was used for mind maps, infographic, summarizing the structures of the core text book, creating quizzes to review the contents of the chapters. Participants in the experimental group were prompted to make use of these tools both during classroom activities and while studying independently. Each week, they responded to reflection questions to evaluate their learning progress and their engagement with the AI tools. To facilitate the seamless integration of AI into the learners' study process, instructors made sure that the tools were used correctly while imposing few limitations. The final week of the study was dedicated to carrying out post-testing, interviewing, and completion of the online survey by all participants.
3.5. Data Analysis 
Quantitative data from pre- and post-tests were analyzed using paired-sample t-tests to identify within-group gains and independent-sample t-tests to detect between-group differences. Effect sizes were calculated using Cohen’s d to interpret the practical significance of the findings. Statistical analysis was carried out using SPSS version 26 (IBM Corp., 2019).
The qualitative data were anlyzed using MAXQDA software. To allow categories and patterns to emerge naturally from the data, coding was done inductively. Themes such as “confidence growth,” “feedback appreciation” and “AI-related challenges” were identified and compared with the instructor’s observational notes to ensure reliability. 
						 4. Results
The statistical data indicated significant improvement in the level of syntactic competence in the experimental group relative to the control group. The use of AI’s instant feedback feature along with visualization features in the software led to a big jump in the performance rate.
4.1 Effectiveness of Academic Competence
Both groups started with low initial competencies, since it is common for students to find it challenging to begin studying syntax. However, after 12 weeks, there was significant progress in the experimental group.
Table 1
Comparison of Score Results between EG and CG (100-point scale)
	Statistical Index
	Experimental
	Control
	p
	Cohen’s d

	Average Pre-test
	29.44 (SD=7.21)
	29.72 (SD=7.47)
	 > .05 (n.s.)
	0.04

	Average Post-test
	81.39 (SD=4.39)
	66.11 (SD=3.01)
	< 0.001
	4.06

	Average Increase
	+51.95
	36.39
	< .001
	

	
	
	
	
	








Figure 1    Comparison of Experimental and Control Groups
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4.1.1. Baseline Equivalence (Pre-test Analysis)
Before the introduction of the pedagogical intervention, the experimental group and the control group exhibited almost the same baseline proficiency in English language. The experimental group obtained an average score of 29.44 (SD = 7.21), and the control group obtained an average score of 29.72 (SD = 7.47). The high p-value obtained (p > .05) proves that there was no statistical significance between the two scores above, although the very small effect size obtained (d = 0.04) proves their total similarity.
4.1.2. Post-test Evaluation and Pedagogical Impact
There were improvements made for both the control group and the experimental group during the experiment period. However, there was a very significant difference seen between the two groups with respect to performance. The Experimental Group had a mean score of 81.39 (SD = 4.39), which showed a very high mean difference of +51.95. The Control Group had a mean score of 66.11 (SD = 3.01), which demonstrated a low mean difference of +36.39.
The Independent Samples t-test shows that this difference is highly significant (p < .001)
4.1.3. Interpretation of Effect Size
The most convincing result for language instructors would be the Cohen’s d calculation which yielded 4.06. In any research on education, an effect size of 0.80 is considered significant. Effect size of 4.06 is indicative of an immensely profound effect on teaching and learning.
As far as reality is concerned, the mean of the experimental group is four standard deviations higher compared to that of the control group. This clearly shows that the novel method, tool or framework used in the experimental group surpasses the conventional methods employed in the control group, thus providing clear guidance for future curriculum development in TESOL contexts.
Table 2
Accuracy Rate by Knowledge Content (Post-Assessment)

	Content Knowledge
	Experimental Group
	Control Group
	Performance gap

	Part of Speech Identification(POS)
	88.5%
	72.3%

	16.2%

	Verb Phrase & Auxiliary Analysis
	84.2%
	61.5%
	22.7%

	Tree Hierarchy
	79.8%
	52.4%
	27.4%

	Structure Resolution
	76.1%
	51.6%
	24.5%



The most significant improvement (+27.4%) was in the "Tree Hierarchy" skill. Thanks to Edtech corner.com, Experimental group students were able to flexibly adjust nodes and branches, helping them better understand the dominant and sister relationships in the X-bar structure. Students were 76.1% accurate on the “Structural Ambiguity Resolution” task —they understood how the same words arranged differently mean different things. 
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4.2. Qualitative Results 
Analysis of surveys and interviews demonstrated consistent items that confirm the quantitative results:
4.2.1 Section 2: Behavioral Engagement
Table 3
Behavioral Engagement in AI-supported Learning
	Item
	Statement
	Mean Score
	Interpretation

	Q1
	Active participation
	4.25
	High

	Q2
	Task Completion
	4.07
	High

	Q3
	Time-on-task (AI & Traditional)
	3.99
	Moderate-High

	Q4
	Instruction Compliance
	4.34
	High

	Q5
	Extra Exploration
	4.29
	High

	Total
	Overall Behavioral Engagement
	4.19
	High



Behavioral Engagement has been greatly improved by AI techniques. The mean value for this dimension was 4.19, which means that the student was quite active in the course.
One of the significant results of the utilization of AI technology is students’ attentiveness in finishing assignments (M = 4.07) and desire to dig into detail regarding the subject beyond class hours (M = 4.29). The results reveal that learners perform better in practice with the help of AI technology (M = 3.99).
4.2.2. Section 3: Cognitive Engagement
Table 4
Summary of Overall Cognitive Engagement
	Item
	Statement
	Mean Score
	Interpretation

	Q6
	Strategic Understanding
	4.28
	High

	Q7
	Knowledge Integration
	4.25
	High

	Q8
	Self- Monitoring
	4.07
	High

	Q9
	Problem-Solving
	4.19
	High

	Q10
	Feedback Application
	4.09
	High

	Total
	Overal Cognitive Engagement
	4.18
	High



An in-depth examination of the Cognitive Engagement ratings clearly indicates that an AI-based teaching technique ensured that the learning process had depth rather than being superficial. The fact that the average rating of all four items is 4.18 points leads to the conclusion that significant cognitive effort has been exerted. 
If AI-assisted exercises are related to students’ previous knowledge, one can note the presence of a noticeable trend (M = 4.25), as well as a high degree of tolerance for challenges when faced with difficult situations (M = 4.19). As far as TESOL instructors are concerned, the results indicate that AI technologies may be utilized during syntax instruction and regarded as "cognitive tools" for students, who are expected to reflect upon their understanding (M = 4.07) and use feedback correctly (M = 4.09).
4.2.3. Section 4: Emotional Engagement
Table 5
Emotional Engagement and Learner Motivation
	Item
	Statement
	Mean Score
	Interpretation

	Q11
	Enjoyment of use
	4.38
	Very High

	Q12
	Excitement for activities
	4.21
	high

	Q13
	Interest in subject matter
	4.10
	high

	Q14
	Increased interest in syntax
	4.40
	Very High

	Q15
	Satisfaction/Achievement
	4.34
	Very High

	Total
	Overall Emotional Engagement
	4.29
	Very High



The AI-supported learning environment appears to elicit a very positive emotional reaction in terms of emotional engagement. With an average score of 4.29, the students felt happy and satisfied. It is worth noting that the AI software was quite efficient in making the process of learning the English syntax enjoyable (M=4.40).
This made the learning process much easier for students because the subject was considered a difficult one. Moreover, the high degree of contentment related to the completion of tasks (M = 4.34) indicates that the immediacy of feedback from the AI contributes to emotional satisfaction, which promotes learning success.
4.2.4 Section 5: Perceived Usefulness (TAM)
Table 6
Summary of  Perceived Usefulness
	Item
	Statement
	Mean Score
	Interpretation

	Q16
	Better Understanding
	4.41
	Very High

	Q17
	Improved Accuracy
	4.32
	Very High

	Q18
	Learning Efficiency
	4.29
	Very High

	Q19
	Helpful Feedback
	4.35
	Very High

	Total
	Overall Perceived Usefulness
	4.31
	Very High



Based on the results of the investigation conducted on the concept of PU, the students have a very positive view about the application of AI as facilitators for their learning objectives. On average, the mean score on this construct is 4.31 and is classified under the "Very High" level. Based on the data presented, the most prominent advantage of the incorporation of AI technology in the learning process would be the improvement of knowledge about syntax (M = 4.41) and feedback using AI (M = 4.35). As such, the application of AI technology is not considered simply a means but rather a necessity in achieving efficiency (M = 4.29) and accuracy (M = 4.32).
4.2.5 Section 6: Perceived Ease of Use (PEOU)
Table 7
Summary of Perceived Ease of Use (PEOU)
	Item
	Statement
	Mean Score
	Intepretation

	Q20
	AI tools are easy to use
	4.13
	High

	Q21
	I can use AI tools without much difficulty
	4.09
	High

	Q22
	It is easy to learn how to use AI tools for syntax learning.
	4.19
	High

	Q23
	I feel confident using AI tools independently.
	4.15
	High

	Total
	Average Perceived Ease of Use
	4.14
	High



Effectiveness of Syntax Learning with AI Assistance: As seen in Q22, the maximum mean score achieved was regarding the ease of learning the AI technology for syntax learning. In other words, the AI-based design had managed to reduce the amount of cognitive load usually imposed when learning about complicated syntactic rules, such as X-bar theory.
Operational Independence: The excellent results in Q23 (4.15) are an indication of a high degree of confidence among the participants. The quasi-experimental approach offered sufficient guidance to enable the students to move from guided instruction to independent AI practice seamlessly.
Lack of Technical Complexity: The minimum score (2.76) obtained in Q21 demonstrates that more than 81% of the students (32.4% agreed strongly while 48.5% were of the same opinion) found the technology user-friendly.
Considering the Technology Acceptance Model, a high level of PEOU is one of the key predictors of a person’s PU as well as his/her intention to use the technology. The results indicate that since students found it easy to use the AI applications, they were more motivated to study the challenging English Syntax.
Cronbach’s alpha test revealed that the perceived ease of use scale had excellent internal consistency since its value exceeded the minimum acceptable level of 0.70.



4.2.6 Section 7: Behavioral Intention
Table 8
Summary of Behavioral Intention
	Item
	Statement
	Mean Score

	Q24
	Intention to continue use
	4.32

	Q25
	Recommendation to others
	4.35

	Total
	Overall Behavioral Intention
	4.34



The impact of the students' Behavioral Intention (BI) was considered to determine whether they would like to use the technology further to perform tasks in class. There is a very high acceptance rate on the part of the respondents (M=4.34). Moreover, it should be noted that students are eager to continue using the tool to learn English syntax (M = 4.32), and they have been quite supportive regarding recommendation of the tool (M = 4.35). This particular result is especially important when comparing BI to the previously mentioned indicator, namely, Perceived Ease of Use (M = 4.14).The mean for BI has increased by several scores, indicating that benefits from using AI tools exceeded possible difficulties. Therefore, obtained high BI score is sufficient evidence of the acceptability of AI tools used to teach linguistic phenomena, such as X-bar theory, to sophomore students.
4.2.7 Section 8: Open-Ended Questions
Online questionnaires and interviews showed a very high level of acceptance among the students belonging to the experimental group, their average scores being 3.97 out of 5. They valued most their ability to lessen anxiety while studying a difficult subject like Syntax.



Table 9
Students' level of agreement on the dimensions of AI (EG)
	Cognitive Dimension
	Average Score (1-5)
	Popular Interview Topics

	Ease of Use

	3.94
	"Drawing trees using software is much more intuitive than drawing them by hand."

	Promoting self-learning
	3.86
	"I can analyze sentences in daily news articles using AI."

	Moral Awareness
	3.88
	"I know AI can create 'illusions,' so I always compare it to my textbook."

	Utilities
	4.22
	"AI provides instant explanations when I'm in doubt about a schema node."



As shown in Table 9, the experimental group demonstrated a positive perception toward the cognitive aspects of using AI, except for the component of utility, which received the lowest mean score (M = 3.87). In contrast, utility was considered the most important aspect (M = 4.22), suggesting that students appreciated AI for offering real-time explanations in case they faced challenges in drawing syntactic trees. Thus, AI worked as a tool that facilitated students' problem-solving process and served as a cognitive scaffold. Another important cognitive component that scored rather highly was ease of use (M = 3.94). Students mentioned that digital drawing of trees is much easier than doing so by hand since it is a more convenient visual.
Nevertheless, self-learning (M=3.86) means that there is a moderately positive attitude, which implies that the respondents have taken advantage of AI technology to investigate real language data, for example, news headlines, independently. Therefore, the use of AI technology has encouraged self-regulated learning among the EFL learners outside the classroom environment. Finally, moral awareness (M=3.88) reveals that the respondents have critically reflected on the results produced by AI technology while being aware of potential issues, such as hallucinations, and verifying the data against appropriate materials used in their courses.
The results obtained from the interview showed that 77.78% of the participants rated their interest in the study of Syntax to be “high” and “very high.” The learning experience was described as “interactive and game-based,” which helped students overcome psychological barriers when abstracting language.
Briefly, in each category (Behavioral, Cognitive, Emotional Engagement, PU, PEOU, and BI), the evidence reflects a consistent level of "High to Very High" acceptance of the AI system. This provides a very compelling storyline for our study: not only does the system make learning simple (PEOU), it also engages learners when they learn difficult language theories (Engagement; PU).
5. Discussion 
The success of the AI-assisted teaching system at HUFLIT is not just a matter of technology substitution but a fundamental change in both perception and pedagogy. In the preceding analysis, it can be stated that AI has an irreplaceable function in the process of scaffolding that bridges the gap between students’ linguistic skills and reasoning capacities.

5.1 Offloading and Structural Focus
The most striking finding is the ability of AI to reduce the "extraneous cognitive load." However, the success of the model of AI-enabled teaching at HUFLIT represents not only a shift in technologies but also a major structural reorganization from the perspectives of cognition and pedagogics. The statistics prove that AI performs the important role of a “scaffolding system” that supports the shift from natural language competency to analytical competence.
5.2. Offload Mechanism and Emphasis on Logical Structure
Another important finding of this study is AI can discharge the offloading of "extraneous cognitive load.” In traditional methods, students are often overwhelmed by having to both memorize rules for drawing binary branches and present diagrams proportionally on paper, leaving them with insufficient mental energy to contemplate the logic of the component relationships. The use of Edtechcorner.com allows students to perform "cognitive offloading" for surface presentation tasks, thereby focusing all resources on "germane load"—that is, building mental schemas of hierarchical structures and complement functions.
This does not detract from the process of critical thinking but encourages the concept of "Strategic Hybridization." The instant feedback that students get when working on the diagrams in a digital environment enables them to learn the syntax rules by getting engaged actively, rather than passively listening to lectures.
5.3 Overcoming Linguistic and Cultural Obstacles for Vietnamese Students
Positive correlations between students’ self-confidence and use of AI (r=0.46, p<0.01) were observed. Thus, students who used the AI more often were more confident. Taking into account Vietnamese culture, where “face” matters, the importance of using AI to create a “low stakes” environment cannot be underestimated. The EG students were brave enough to try Wh-Movement type sentences or multi-NOM types of sentences without worrying about criticism by others.
In addition, the use of AI was quite advantageous in dealing with the problem caused by the "topic-comment" type of sentences in Vietnamese. The approach of using "movement tests" and "substitution tests" with verification by the AI was useful in making students change their thinking from equivalent translation to structure-based.

5.4. AI Competence and Prompt Engineering's Importance
One important takeaway from the experience is that the application of the tools alone is not sufficient. The success of the interventions largely depends on the students’ AI competence and prompt engineering skills. Students well-trained in the "CRAFT" framework are better able to control AI, identifying when AI produces analyses that deviate from the 5th edition of Burton-Roberts.
The phenomenon of "AI hallucination" remains a significant pedagogical risk. LLM models sometimes produce parsings that sound reasonable but violate binary branching principles or mislabel complementizers. Therefore, to maintain academic integrity in AI classrooms, students must be positioned as "critical testers" rather than "passive consumers.”
5.5. Implications for the Development of the TPACK-AI Model
The research provides empirical evidence for the evolution of the TPACK model into "TPACK-AI.” The interdependence between pedagogical knowledge, technology, and content is evident in the fact that instructors must master subtle changes in the 5th edition (such as the numeration of word numbers) to design prompts that allow the AI ​​to accurately reflect these theoretical updates. In the process of implementation of the AI tool, there is no substitution for teachers; rather, their ability is augmented to give personalized and quality feedback to all the 80 learners, which was not possible before.
Secondly, it validates the TRAIT hypothesis, which holds that success depends on the extent to which the model generated by AI is influenced by skills and knowledge of a highly qualified human instructor. Without it, students are more likely to become overly reliant on technology.
6. Conclusion
Learning syntax through artificial intelligence (AI) technology can be considered a unique approach, which contributes to improving the overall academic results and motivational aspects for the students learning languages. Application of the technologies of artificial intelligence and syntax diagram software in the Burton-Roberts (2021) educational model successfully solved the issue of low engagement and low-level analytical skills of sophomores.
6.1 Effectiveness of the Initiative
In terms of its effectiveness, the initiative has proven to be very effective in several ways:
 Educational Results: The experimental class attained a mean score after evaluation of 81.39, which is a very remarkable change from their starting mark of 29.44, thus changing their proficiency levels from “Weak” to “Good/Excellent,” which is far better than the control group.
Participation Rate: The percentage of students showing interest in the course was able to rise to 77.78% due to less pressure on the part of having to draw things manually and receiving diagnostic feedback.
Efficiency in Teaching: The use of AI feedback enables a teacher to instruct up to 80 students simultaneously.
6.2. Recommendations for Implementation
 Based on the research results, we offer the following specific recommendations for English departments at HUFLIT and equivalent training institutions:
             Develop an official AI Usage Guide: Universities should establish flexible policies that allow and guide students to use AI for scaffolding-related tasks such as preliminary structural analysis and diagram sketching.
             Integration of Prompt Literacy into the Syllabus: The learners should be able to study linguistics as well as come up with theoretical AI prompts that do not have any ambiguity and avoid misinterpretations.
             Hybrid Feedback Approach: The method where the AI program will provide the draft feedback while the teachers develop the final feedback for cultural and academic correctness is highly significant. • Technology Spending: The technology spending for the hybrid feedback strategy should entail spending on high-speed internet and technological learning methods, including teacher training on the "AI-TPACK" principle.
6.3. Lessons Learnt and Future Perspective
           The most important learning here is that AI is a “double-edged sword,” in the sense that whereas AI helps students to be “powerful innovators,” it could be harmful to independent thought if not used wisely in an educational setting. The lecturers are no longer knowledge providers; instead, they need to metamorphose into cognitive experience designers and critical discourse facilitators.
            In terms of outlook, it is essential to emphasize that the integration of foreign language competence and digital literacy remains a vital competitive edge in HUFLIT education. In future research, the focus may be shifted toward investigating how students retain their knowledge through AI, as well as how novel multimodal approaches influence the analysis of increasingly complex clauses. In conclusion, the study of syntax in the age of the computer is not about the metaphorical planting of trees; rather, it is about discovering a method to create synergy with technology to reveal the mysteries of the human mind.
----------------------------------------------------------------------------------------------------------- 
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Appendix A
Syntactic Competence Rubric
This rubric is designed to assess the three domains consistently across both tests.
	Criteria
	1 - Beginning
	2 - Developing
	3 - Proficient
	4 - Mastery

	Conceptual Understanding
	Misidentifies core terms (e.g., confusing 'Head' with 'Specifier').
	Defines terms correctly but fails to explain the logic behind X-bar rules.
	Accurately explains theory; understands the 'Single-bar' necessity.
	Demonstrates deep insight into theory; explains recursion and projection.

	Applied Knowledge
	Cannot distinguish between complements and adjuncts.
	Identifies functions correctly in simple NPs but fails in VPs or PPs.
	Consistently distinguishes Specifier, Complement, and Adjunct functions.
	Perfectly labels functions even in complex, nested, or ambiguous phrases.

	Structure (X-Bar Trees)
	Trees are flat; lacks intermediate projections or incorrect branching.
	Basic X-bar structure is present but contains labeling errors or crossed lines.
	Accurate tree structure; correct binary branching and hierarchical height.
	Flawless representation of complex structures, including correct trace/movement.



















Appendix B
Pre-Test: Foundational Syntax
Section 1: True/False (Conceptual Understanding) (20 pts)
1. Statement: In X-bar theory, every phrase must contain a head of the same category (e.g., a Noun Head projects a Noun Phrase). (True/False)
2. Statement: An adjunct is structurally required by the head and is always a sister to the Head (X). (True/False)
3. Statement: The "Specifier" position in a Noun Phrase is typically occupied by a Determiner. (True/False)
4. Statement: Phrase markers (trees) are used to represent the linear order of words but not their hierarchical relationships. (True/False)
Section 2: Multiple Choice (Applied Knowledge) (20 pts)
1. In the phrase "the king of France," the string "of France" functions as:
a) Adjunct    b) Complement    c) Specifier    d) Head
2. Which of the following is an intermediate projection?
a) XP             b) X'                     c) X               d) Head
3. The relationship between a Head and its Complement is one of:
a) Sisterhood b) Adjunction       c) Specifying d) Coordination
4. A recursive rule is one that:
a) Ends the sentence   b) Only allows one modifier   c) Can be applied repeatedly   d) Is always exocentric
Section 3: Phrase Markers (Structure) (60 pts)
Draw full X-bar trees for:
1. [NP The student of syntax]
2. [VP quickly left the room]






Appendix C
Post-Test: Advanced Syntactic Analysis
Section 1: True/False (Conceptual Understanding) (20 pts)
1. Statement: One-substitution is a reliable test to distinguish between complements and adjuncts in a Noun Phrase. (True/False)
2. Statement: A single head can have multiple complements in a standard X-bar structure. (True/False)
3. Statement: Adjuncts are attached to the tree at the X' level, creating a recursive X' node. (True/False)
4. Statement: Movement (such as in questions) leaves a "trace" that preserves the original syntactic position. (True/False)
Section 2: Multiple Choice (Applied Knowledge) (20 pts)
1. In the sentence "He ate the cake with a fork," the PP "with a fork" is:
a) A complement of the Verb b) An adjunct of the VP c) A specifier of the NP d) The head of the VP
2. Structural ambiguity (e.g., "I saw the man with a telescope") is caused by:
a) Different word meanings    b) Different possible tree attachments c) Spelling errors   d) Lack of a head
3. Which node is a sister to X' and daughter of XP?
a) Complement          b) Adjunct        c) Specifier         d) Head
4. According to Burton-Roberts, the "S" node is replaced in X-bar theory by:
a) NP                          b) VP                c) IP (or TP)        d) PP
Section 3: Phrase Markers (Structure) (60 pts)
Draw full X-bar trees for:
1. [NP A very tall teacher of English with a book]
2. [IP The students might believe that the exam is easy]







Appendix D
QUESTIONNAIRE
Students’ Perceptions of AI-Supported Instruction in Learning English Syntax
Section 1: Participant Information 
1. Gender
· Male 
· Female 
· Prefer not to say 
2. How long have you been learning English?
· Less than 5 years 
· 5–10 years 
· More than 10 years 
3. Have you used AI tools before this course?
· Yes 
· No
Section 2: Behavioral Engagement
Instruction:
Please indicate your level of agreement with the following statements.
(Scale: 1 = Strongly Disagree 2= Quite Disagree 3= Disagree 4= Agree
→ 5 = Strongly Agree)
1. I actively participated in AI-supported syntax learning activities. 
2. I completed assigned tasks using AI tools regularly. 
3. I spent more time practicing syntax with AI tools than in traditional classes. 
4. I followed instructions carefully when using AI tools. 
5. I was willing to explore additional AI-based exercises beyond requirements. 
Section 3: Cognitive Engagement
6. AI tools helped me understand sentence structure more clearly. 
7. I was able to analyze complex sentences more effectively using AI. 
8. AI tools helped me identify grammatical constituents (e.g., NP, VP, PP). 
9. I could construct syntactic tree diagrams more accurately after using AI tools. 
10. AI tools encouraged me to think more deeply about sentence structure. 
Section 4: Emotional Engagement
11. I found learning syntax with AI tools enjoyable. 
12. AI-supported lessons made syntax learning more interesting. 
13. I felt more confident when analyzing sentence structures using AI. 
14. AI tools reduced my anxiety when learning syntax. 
15. I felt motivated to learn syntax when using AI tools. 
Section 5: Perceived Usefulness (TAM)
16. AI tools are useful for learning English syntax. 
17. AI tools improve my performance in syntax tasks. 
18. AI tools make learning syntax more efficient. 
19. AI tools help me achieve better learning outcomes. 
Section 6: Perceived Ease of Use (TAM)
20. AI tools are easy to use. 
21. I can use AI tools without much difficulty. 
22. It is easy to learn how to use AI tools for syntax learning. 
23. I feel confident using AI tools independently. 
Section 7: Behavioral Intention
24. I would like to continue using AI tools for learning English syntax. 
25. I would recommend AI tools to other students. 
Section 8: Open-Ended Questions (Short Answer)
26. What do you like most about using AI tools in learning syntax? 
27. What difficulties did you experience when using AI tools? 
28. Do you have any suggestions to improve AI-supported syntax learning? 








Appendix E
This set of 20 prompts is specifically designed for X-bar theory. The prompts are divided into levels, from introductory concepts to complex analysis, allowing sophomores to interact with AI as if it were a one-on-one teaching assistant.

Group 1: Understanding the Basic Structure of X-bar (X-bar Schema)
1. Explain the X-bar diagram: "Explain the basic X-bar diagram structure consisting of 3 levels: Specifier, Head, and Complement. Why is this structure superior to the traditional direct branching structure (Phrase Structure Rules)?"
2. Identify the Head (Central Word): "In the phrase [fill in the phrase, for example: 'very proud of his son'], identify the Head (X), the Complement, and the Specifier according to X-bar theory. Explain why."
3. Distinguishing Adjunct and Complement: "How do you differentiate between Adjunct and Complement in an X-bar diagram? Give an example illustrating the difference in their positions on the syntax tree."
4. Recursion Rule: "Explain the recursion of Adjunct in X-bar theory. Why can we have multiple X-prime levels (X') for Adjunct but only one for Complement?"
Group 2: Tree Drawing Practice (Coding for Tree Drawing Tools)
5. Creating Labelled Bracketing Code (Basic): "Analyze the noun phrase (NP) 'the long road to success' according to X-bar theory and provide Labelled Bracketing code for me to paste into the Syn tree plotter. Note that the N-prime levels must be clearly shown."
6. Sentence Structure (IP/TP): "Analyze the sentence 'The student will pass the exam' using either an Inflectional Phrase (IP) or a Tense Phrase (TP). Identify the Head of the IP and explain why."
7. Verb Phrase Structure (VP): "Draw the X-bar structure for the VP phrase: 'read the book in the library'. Note that 'in the library' is an Adjunct."
8. Adjective and Prepositional Phrases (AP & PP): "Analyze the X-bar structure for the phrase 'quite fond of cats'. Show the similarity between this AP structure and the NP structure."
Group 3: Analysis of Advanced Concepts
9. DP Hypothesis: "Why, in modern X-bar theory, is 'the book' analyzed as a Determiner Phrase (DP) instead of a Noun Phrase (NP)? Draw the DP structure for this phrase."
10. C-command and structural relationships: "Explain the concept of a C-command within the context of an X-bar tree. In the sentence 'John's mother loves herself,' use a C-command to explain why 'herself' refers to 'mother' and not 'John.'"
11. Complementary Phrase (CP) analysis: "When a sentence acts as a complement (e.g., 'I think that he is honest,'), how is the CP structure formed? Draw an X-bar tree for this sentence."
12. Question structure (Wh-movement): "Explain how X-bar theory handles Wh-questions (e.g., 'What did you eat?'). Indicate the position of the CP specifier and the trace of the question word."
Group 4: Critical Thinking
13. Self-Correction: "I intend to plot the phrase 'students of syntax with long hair' with 'with long hair' as a Complement of N. Is this correct? Please use syntax tests (such as Substitution 'one') to verify this for me."
14. Model Comparison: "Compare how a negative sentence is analyzed between the simple IP model and the Split-INFL model (separating AgrP, TenseP, NegP). Which one adheres more strictly to the X-bar rule?"
15. Adverb Handling: "Where should the adverb in the sentence 'He often eats pizza' be placed in the VP's X-bar diagram? Explain the Specifier vs. Adjunct position for adverbs." 16. Binary Branching: "Why does X-bar theory require binary branching (only splitting into 2)? How does this help in solving ambiguous sentences?"
Group 5: Challenges and Self-Practice Exercises
17. Create an exercise: "Give me 5 English phrases with complex structures (including Adjunct and Complement) and ask me to identify their X-bar structure. Then grade my answer."
18. Role-play as a Tutor: "Imagine you are a syntax teacher. I will describe how I draw an X-bar tree, and you find the logical error in my hierarchical structure."
19. Analyzing a Real Sentence: "Take a headline from today's newspaper and analyze it using a top-level X-bar diagram (including DP, TP, CP)."
20. Summary of the rule: "Create a summary table of the Golden Rules for drawing X-bars so that I never violate the rules regarding the placement of Heads, Specifiers, and Complements."

Note to students: AI can confuse different schools of linguistics. When using these prompts, students should refer to the main textbook in class (e.g., the textbooks of Noel Burton -Roberts, Andrew Carnie, or Liliane Haegeman) to ensure consistency.

----------------------------------------------------------------------------------------- 


image1.png
Scores (100-point scale)

80

70

60

Comparison of Experimental and Control Groups

—e— Experimental Group
—e— Control Group

Pre-test Post-test

Test Phase




image2.png
80

o
=)

IS
S

Accuracy (%)

20

Figure 2. Accuracy Rates by Knowledge Content (Post-Assessment)

W Experimental Group
== Control Group

e

Knowledge Content

\eﬁ“CN

xot
PR
X
o





Enhancing English Syntactic Competence through AI - Supported Instruction:    A Quasi - Experimental Study of English - Majored Sophomores at HUFLIT   Myphuongnguyen
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    Abstract   The aim of the present study was to assess the effectiveness of artificial intelligence (AI) in  improving HUFLIT English - majored sophomores’ syntactic skills with the core textbook  “Analyzing Sentences :   An Introduction to English Syntax” by Noel Burton - Roberts (5th  edition,   202 2 ). In consideration of the scarcity of research on the application of AI in Syntax  subject, a quasi - experimental mixed - methods approach was employed. A total of 80 second - year students majoring in English at HUFLIT University were randomly selected.   The methods used for collecting the data included a pretest, a posttest, a perception  questionnaire, and semi - structured interviews. The experimental group used AI tools ,   including ChatGPT, NotebookLM, and Edtechcorner.com with Text2Tree to support learning  and practice. Quantitative findings show that the experimental group significantly  outperformed the control group on three aspects of syntactic ability: conceptual  unde rstanding, applied knowledge, and structural analysis, and large effect sizes were  recorded.   The findings showed large effect sizes for these three aspects. The qualitative findings  indicated  that AI technology  made  learners more autonomous and motivated. However, there  were limitations such as dependence and inaccuracies.   The results imply that AI can potentially serve as a pedagogical scaffold in the teaching of  the  Syntax subject. This study adds to the body of research on AI in assisting language learning  by expanding its scope to another underexplored area of language acquisition and providing  implications for the integration of AI in higher education settings. Bri efly, AI provides  valuable tools for teaching learners’ syntactic competence effectively .   Keywords :   artificial intelligence, syntactic competence, AI - supported instruction,  higher education pedagogy     1. Introduction   The rapid integration of artificial intelligence (AI) is currently changing the paradigm  of higher education. Regarding the Teaching English to Speakers of Other Languages (TESOL)  program, the potential of AI has already been well researched concerning its   ability to improve  communicative macro - skills ,   yet its applicability within formal linguistic studies ,   particularly  English  s yntax  –   remains uncharted territory. For sophomore students majoring in English, the   
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