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Abstract
Although the impact of Artificial Intelligence (AI) on English writing is significant, EFL learners’ 
writing anxiety can adversely affect their performance. Much research has explored the individual 
effects of metacognitive strategies or writing self-efficacy on writing performance. However, there 
is limited investigation into how these constructs influence writing anxiety, particularly within AI-
assisted writing contexts. This study aimed to investigate the effects of metacognitive strategies 
and AI-based writing self-efficacy on writing anxiety among EFL learners, as well as to explore the 
mediating role of AI-based writing self-efficacy in the interrelationship between metacognitive 
strategies and writing anxiety by structural equitation modeling (SEM). A total of 193 participants 
completed questionnaires on metacognitive strategies, AI-based writing self-efficacy, and writing 
anxiety. The results indicated that metacognitive strategies encompassing planning, monitoring, 
and evaluating, and AI-based writing self-efficacy have a negative impact on writing anxiety. 
Specifically, AI-based writing self-efficacy fully mediates the relationship between planning 
strategies and writing anxiety, while partially mediating the relationships between monitoring and 
evaluating strategies and writing anxiety. These findings underscored the crucial role of AI-based 
writing self-efficacy in alleviating writing anxiety among EFL learners in AI-assisted contexts and 
suggested that enhancing metacognitive strategies can reduce learners’ writing anxiety by boosting 
their confidence in using AI-based tools.
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1 Introduction 

English writing is a multifaceted process (Rad et al., 2023) that requires learners to structure their 
compositions and present diverse perspectives on assigned topics (Lee & Yuan, 2021). This process 
can also be considered complex (Hartwell & Aull, 2023; Rasool et al., 2023) due to the writers’ limited 
vocabulary and insufficient grammatical knowledge of the English language (Sabti et al., 2019). For 
most EFL learners, varying levels of language proficiency (Graham et al., 2021) and limited language 
input (Huang & Renandya, 2018; Zhang, 2018) significantly influence their writing performance. These 
limitations hinder their ability to express themselves cohesively and coherently, leading to a lack of 
confidence in writing tasks (Sabti et al., 2019). 

In response to this challenge, the integration of artificial intelligence (AI) in writing classes offers a 
promising solution for EFL learners aiming to improve their language proficiency and writing skills. AI-
assisted tools can be employed to revise and enhance writing skills, such as translation (Barrot, 2023; 
Marzuki et al., 2023) and grammar correction (Waer, 2021; Zhao, 2022) in language learning (Yamaoka, 
2024). These tools are designed to support the writing process from generating topic ideas to ensuring 
grammatical accuracy and refining writing style (Hartwell & Aull, 2023). For instance, ChatGPT assists 
writers in generating coherent text and checking grammatical accuracy, thereby refining their writing and 
improving their use of language forms (Barrot, 2023). Zhao (2022) highlighted that AI-assisted tools are 
suitable for users with varying levels of English proficiency. Students can input sentences that contain 
phrases from their native language, and the AI generates rewritten or paraphrased versions in English 
based on those sentences. Additionally, AI-assisted tools enhance writing assessment by providing 
learners immediate, accurate, personalized, and contextualized feedback (Rad et al., 2023). 

However, beyond concerns about language proficiency and writing evaluation, additional challenges 
arise from a limited understanding of AI utilization (Song & Song, 2023) among EFL learners. Learners 
may lack the motivation and confidence to use AI in writing activities, struggle with organizing their 
work, and ultimately experience negative emotions during the writing process. These negative emotions, 
such as fear, tension, and avoidance, often lead to anxiety in writing (Cheng, 2002; Yang & Wu, 2023). 
Writing anxiety significantly hampers learners’ performance, particularly in traditional English as a 
Foreign Language (EFL) contexts. Learners suffering from writing anxiety often exhibit reluctance 
to confront writing difficulties, resulting in avoidance of writing activities (Blasco, 2016; Huerta et 
al., 2016; Zhang, 2019). Additionally, in AI-assisted learning contexts, learners face an overwhelming 
abundance of learning resources, making it difficult to effectively organize and utilize these materials, 
which increases cognitive load during the writing process (Sun & Fan, 2022; Zhang, 2019). Therefore, 
addressing the challenge of alleviating writing anxiety becomes a crucial consideration in AI-assisted 
learning environments. 

Responding to these challenges, numerous studies have underscored the importance of effective 
metacognitive strategies for enhancing writing skills (Alfaifi, 2021; Qin & Zhang, 2019; Teng, 2021a; 
Teng et al., 2022) in a multimedia learning context. Metacognition reflects learners’ beliefs and 
awareness regarding their cognitive processes. Metacognitive strategies for writing encompass planning, 
monitoring, and evaluating strategies to regulate learners’ cognitive processes throughout the entire 
writing process (Alfaifi, 2021; Teng et al., 2022; Teng & Wang, 2022). In particular, before commencing 
a writing task, learners establish goals based on their knowledge and the given topic. They then 
meticulously track their progress through monitoring and controlling, and assess their writing outcomes 
through peer, teacher, or self-assessment (Qin & Zhang, 2019). Thus, learners with well-developed 
metacognitive strategies can manage writing anxiety more calmly and confidently, with fewer worries 
(Balsco, 2016).

Moreover, learners who effectively employ metacognitive strategies can navigate the complexities of 
AI-assisted writing contexts, such as in the flipped classroom model (Khodaei et al., 2022), whiteboard 
activities (Teng, 2021b), and automatic feedback systems (Sun & Fan, 2022; Waer, 2021). The use of 
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metacognitive strategies in flipped classrooms not only enhances learners’ writing proficiency but also 
facilitates engagement in writing activities through extensive cooperation and collaboration with teachers 
and peers (Khosravi et al., 2023). Consequently, metacognitive strategies emerge as indispensable and 
effective tools for fostering writing proficiency. Despite cognitive awareness, learners often experience 
a lack of confidence and heightened anxiety during writing tasks, making the enhancement of self-
confidence a critical area of concern.

Writing self-efficacy refers to one’s confidence in organizing and accomplishing writing tasks 
(Khosravi et al., 2023). Learners with high confidence in their writing abilities experience a reduction 
in writing anxiety (Huerta et al., 2016). Furthermore, existing research indicated that learners with high 
self-efficacy in technology-based learning settings are more inclined to exert effort to solve problems 
(Teng et al., 2021; Teng & Yang, 2023) when they encounter learning difficulties. These learners are also 
more willing to utilize metacognitive strategies to enhance their self-efficacy in writing. For instance, 
the assistance of AI-assisted tools provides flexible online resources (Zhang, 2019) and checks the 
accuracy of language proficiency (Shen & Teng, 2024), enabling learners to effectively organize their 
compositions and reduce negative emotions associated with writing.

However, contemporary research has predominantly focused on investigating the impact of 
metacognitive strategies on writing performance or examining the role of writing self-efficacy in using 
AI-assisted tools to improve writing proficiency. A conspicuous gap exists, with a scarcity of studies 
examining the concurrent effects of metacognitive strategies and writing self-efficacy on writing 
performance, particularly within AI-assisted learning environments. In response to this gap, the present 
study examined the impact of metacognitive strategies and AI-based writing self-efficacy on writing 
anxiety. Moreover, it investigated the role of AI-based writing self-efficacy on metacognitive strategies 
and writing anxiety within an AI-based writing context. This research aims to contribute valuable insights 
into pedagogical approaches for reducing EFL learners’ writing anxiety within AI-assisted educational 
settings.

2 Literature Review

2.1 Writing anxiety in AI-assisted learning context

Writing anxiety is a negative emotion related to self-awareness, manifesting as fear and tension 
when writers feel they cannot meet their expectations regarding writing tasks. Anxious students often 
experience low confidence in their writing abilities (Cheng, 2002; Cheng et al., 1999). This lack 
of confidence frequently leads to reluctance to participate in writing activities (Yang & Wu, 2023) 
and worries about evaluations from teachers and peers, which can impede their writing proficiency 
(Cheng, 2004a; Zhang & Zhang, 2022). Consequently, students with low confidence in writing tend to 
underestimate their abilities and harbor negative expectations about their performance. 

Several factors influence anxiety related to learners’ performance. Horwitz et al. (1986) identified 
three key components of foreign language anxiety affecting learning performance: communication 
apprehension, test anxiety, and fear of negative evaluation. Communication apprehension is defined 
as “a type of shyness characterized by fear of or anxiety about communicating with people” (p. 127). 
Similarly, test anxiety is closely interconnected to foreign language anxiety. Students who experience test 
anxiety often set unrealistic expectations for themselves, viewing anything less than perfect performance 
as a failure. In the same vein, fear of negative evaluation may arise, as anxious students may worry about 
being perceived as less competent by their peers or receiving negative judgments.

However, Horwitz et al.’s (1986) theory does not address learners’ negative emotions in specific 
learning tasks, such as writing assignments. Building on this, Cheng (2002, 2004a) categorized writing 
anxiety into three types: somatic anxiety, cognitive anxiety, and avoidance anxiety. Somatic anxiety 
refers to physical symptoms, characterized by heightened sensitivity to negative emotions such as fear 
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and tension. Cognitive anxiety involves negative emotional experiences, including low expectations 
for writing output, excessive concern about others’ perspectives, and negative self-appraisals of writing 
performance, particularly in linguistic and cognitive aspects. Anxious students often fear that they will 
not fully comprehend all language input. They are apprehensive about making mistakes in their writing 
and lack the confidence to confront language learning tasks (Horwitz et al., 1986). Avoidance behavior 
is characterized by procrastination and withdrawal from writing tasks. Therefore, writing anxiety is a 
form of negative self-awareness, reflected in behaviors that adversely affect writing performance (Rasool 
et al., 2023). Further, Cheng (2004b) explored learners’ attitudes towards writing and their perceptions, 
categorizing writing anxiety into four areas: instructional practices, personal beliefs about writing and 
learning to write, self-perceived competence, and interpersonal threats. For example, when instructors 
assign topics that students are familiar with and provide reasonable time for completion, it can mitigate 
some anxiety. However, anxious students often focus on avoiding mistakes due to their limited writing 
proficiency and lack of experience with English writing. Consequently, these students fear that their 
mistakes and perceived inadequacies will be exposed and judged negatively by others.

Furthermore, writing anxiety highlights the importance of a non-threatening and supportive learning 
environment to boost self-confidence in writing (Cheng et al., 1999). With the rapid development of 
AI (Cotton et al., 2023), technology-based tools are increasingly integral to the writing process within 
AI-assisted contexts (Marzuki et al., 2023). For example, Zhang’s (2019) study demonstrated that 
writing anxiety decreases with the effective use of online resources, promoting students’ motivation 
and engagement. Students often utilize online resources to enhance their writing skills, recognizing the 
value of new knowledge gained through digital learning platforms to address their negative emotions 
associated with writing. A study by Waer (2021) on Egyptian university students indicated that automated 
writing evaluation tools, such as the Write & Improve software, offer numerous revision opportunities 
and immediate feedback, which help alleviate writing apprehension and improve grammar knowledge. 
Conversely, Huang and Renandya (2018), in their survey of 67 non-English major students, found that 
while automated feedback tools like Pigai assist in identifying and correcting lexical and mechanical 
errors, they did not improve the revised drafts of low-proficiency learners. This lack of improvement 
was attributed to inadequate language proficiency and unfamiliarity with the tools, leading to negative 
attitudes towards their use. Similarly, a quasi-experimental study by Sun and Fan (2022) investigated the 
impact of automated writing assessment tools on writing performance. The study unveiled that writing 
anxiety did not mediate the relationship between assessment approaches and writing performance. This 
lack of mediation was attributed to learners’ moderate levels of writing anxiety prior to the experiment. 
Moreover, there was no evidence linking anxiety to writing performance, except for avoidance 
behaviors. Overall, the levels of writing anxiety significantly influence learners’ writing performance and 
assessment outcomes. 

While AI-assisted writing contexts can influence writing anxiety, there are drawbacks to these 
environments. Technology-based tools cannot replace human intelligence, and over-reliance on them 
can hinder learners’ self-reflection during the writing process (Alharbi & Rahman, 2023; Barrot, 2023). 
In addition, since writing is a cognitive activity that reflects the writer’s ability to organize structure and 
generate ideas (Lee & Mak, 2018; Marzuki et al., 2023), over-reliance on AI tools may cause writers to 
focus more on language accuracy than on the cognitive process involved in writing. Therefore, enhancing 
learners’ cognitive awareness can improve writing performance and reduce writing anxiety in AI-based 
writing contexts.

2.2 Metacognitive strategies and writing anxiety

Metacognition refers to an individual’s awareness and understanding of their own cognitive processes 
and thoughts (Teng, 2021a; Teng & Huang, 2021; Wenden, 1998). Cheng and Chan (2021) provided 
a comprehensive summary of metacognition as a higher-order cognitive process involving the critical 
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analysis of one’s own knowledge and cognitive functions. They defined metacognition as “a mechanism 
for monitoring cognition, which encompasses mental processes such as memory, learning, problem-
solving, attention, and decision-making” (p. 12). This mechanism enables learners to actively control 
their cognitive processes, thereby promoting the generation of new knowledge and the effective use of 
previously acquired information. Effective metacognitive control can significantly enhance learning 
achievements. Building on this foundation, metacognition comprises four key elements: metacognitive 
knowledge, experiences, cognitive goals, and cognitive strategies (Flavell, 1979). These elements 
govern the monitoring and regulation of cognitive processes to facilitate effective learning. Schraw and 
Dennison (1994) expanded on Flavell’s theory by categorizing metacognition into two components: 
knowledge of cognition and regulation of cognition. The former refers to an individual’s awareness 
of their own learning processes and the factors influencing performance, while the latter involves the 
methods used to regulate and control cognitive activities.

Metacognitive strategies, which regulate cognition, involve controlling cognitive activities by 
managing and directing cognitive processes (Teng, 2019; Teng & Huang, 2021; Wenden, 1998). Among 
these strategies, planning pertains to the selection of strategies and allocation of resources necessary for 
effectively accomplishing a task or achieving a specific goal (Qin & Zhang, 2019). Monitoring involves 
“analyzing the effectiveness of the strategies or plan being used” (Harris et al., 2009, p. 134). Evaluation 
refers to “determining progress being made toward the goal, resulting in revisions or modifications to the 
initial plan, further monitoring, and further evaluation” (Harris et al., 2009, p. 134). Moreover, writing, as 
a cognitive process (Lee & Mak, 2018;  Shen & Teng, 2024), involves planning, translating, and revising 
to generate well-organized compositions, making it a complex activity for most writers (Rowe, 2022). 
These complex writing processes can be regulated by metacognitive strategies to manage cognitive load, 
including working and long-term memory, thereby reducing negative emotions associated with writing 
activities (Teng & Qin, 2024; Teng & Zhang, 2024). In other words, “a metacognitive learner possesses 
self-awareness and accurate self-knowledge regarding their learning style, strength and weakness, beliefs 
and motivation, strong knowledge of different strategies and the ability to apply and transfer these 
strategies” (Cheng & Chan, 2021, p. 16). Thus, the utilization of metacognitive strategies in writing, by 
monitoring and controlling one’s cognitive processes and performance, can help reduce cognitive load 
and facilitate more effective writing.

Most research has investigated the effect of metacognitive strategies on writing performance, 
particularly in technology-based writing settings (Balta, 2018; Qin & Zhang, 2019; Teng & Qin, 2024; 
Teng et al., 2022). For example, using the Mann-Whitney U Test method, Qin and Zhang (2019) surveyed 
126 EFL learners and found a significant relationship between metacognitive strategies and academic 
writing performance in multimedia writing contexts across different language proficiency levels. Using 
the Pigaiwang technology-based platform, learners with high writing proficiency demonstrated a clear 
understanding of goals and better preparation before writing. They effectively managed their thoughts 
and actions during the writing process and used appropriate strategies to revise their writing content and 
organization. Further studies by Teng and Qin (2024) indicated that metacognitive regulatory strategies, 
including planning, monitoring, and evaluating, positively impact writing performance. In addition, 
metacognitive knowledge, learning motivation, and interest influence writing performance. However, 
emotional control, corrective feedback, and information management strategies did not predict writing 
performance, likely due to the Chinese examination-oriented environment. This leads to a lack of 
confidence in using technology to manage and process writing information.

Some research has also gradually explored the combination of metacognitive strategies and writing 
anxiety. As stated by Balta (2018), there is a relationship between writing anxiety, metacognitive 
awareness, and writing performance. Argumentative writing skills are improved by increasing 
metacognitive awareness and decreasing writing anxiety. Khosravi et al. (2023) revealed that cognitive 
and metacognitive strategies decrease learners’ writing anxiety and enhance writing performance. 
Learners who are well-prepared, more knowledgeable about writing, and engaged in writing tasks 
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through cooperation tend to experience reduced writing anxiety. These studies examined the impact 
of metacognitive strategies on learners’ writing performance and writing anxiety. However, a lack of 
confidence can also influence the effectiveness of metacognitive instruction on writing and writing 
anxiety. Therefore, learners’ self-confidence should be a key focus in efforts to reduce their writing 
anxiety.

2.3 AI-based writing self-efficacy as a mediator

Self-efficacy relates to one’s confidence in performing a learning task, referring to “beliefs about one’s 
capabilities to organize and implement actions necessary to attain designated performance of skills 
for specific tasks” (Zimmerman, 2000, p. 14). Self-efficacy in writing specifically refers to “learners’ 
evaluation of their writing skills and their confidence in successfully accomplishing writing tasks” 
(Khosravi et al., 2023, p. 7). Learners with low self-efficacy often struggle to manage negative emotions 
in their language learning process. These students tend to lack confidence in their ability to use strategies 
effectively in language learning and show little motivation to engage in learning tasks (Piechurska-Kuciel, 
2019). Besides, the structure of self-belief systems and their influence on individuals’ confidence in 
their writing abilities were also examined. For instance, Bandura (2012) identified four key mechanisms 
through which these beliefs are shaped: mastery experience, social modeling, cognitive, motivational, 
affective, and decision processes, and self-development and changes related to choice processes. Mastery 
experiences, where individuals overcome obstacles through persistent effort, significantly enhance their 
self-efficacy. Success achieved through perseverance boosts one’s aspirations and confidence in their 
capabilities. Additionally, motivation and persistence during challenges in the learning process play 
crucial roles in sustaining effort. 

With advancements in technology, Holden and Rada (2011) introduced the concept of technology-
based self-efficacy, which refers to an individual’s belief in their ability to use technology effectively. 
Those with high self-efficacy believe they can successfully utilize technology in their learning. 
However, Holden and Rada’s study primarily focused on teachers as participants. Wang and Chuang 
(2023) identified several factors that influence an individual’s AI self-efficacy, including assistance, 
anthropomorphic interaction, comfort with AI, and technological skills. The first two dimensions reflect 
an individual’s perception of using technologies as valuable tools or interacting with AI technology. 
The last two dimensions represent an individual’s emotions and confidence when using AI technology. 
Therefore, AI-based self-efficacy plays a crucial role in influencing learners’ self-confidence.

Several studies have explored the impact of self-efficacy on writing anxiety. Effective use of online 
resources has been shown to reduce writing anxiety by enhancing learners’ motivation and engagement 
(Zhang, 2019). According to Huerta et al. (2016), self-efficacy significantly influences learners’ writing 
proficiency, with those possessing high self-efficacy experiencing lower levels of writing anxiety. Gender 
differences are evident, as females tend to exhibit higher levels of writing anxiety compared to males. 
Furthermore, self-efficacy affects the use of metacognitive strategies in language learning and writing 
performance among EFL learners (Teng & Wang, 2022). Teng et al. (2021) conducted a cross-sectional 
survey involving 590 Chinese students, revealing that learners with high self-efficacy invest greater effort 
in overcoming challenges within remote learning environments. Conversely, learners with low self-
efficacy frequently question their ability to employ metacognitive strategies effectively. A longitudinal 
study by Teng and Yang (2023) involving 590 undergraduate students found that metacognitive strategies 
mediate the relationship between self-efficacy and learning performance. Learners with high self-
confidence are more likely to share their knowledge with peers in online settings, build confidence 
through their learning experiences, and regulate their emotions through cognitive development. Training 
in planning, goal-setting, and reflection before and after writing positively impacts self-efficacy and 
writing outcomes (Chung et al., 2021). Also, the use of metacognitive strategies in a flipped classroom 
setting increases learners’ writing self-efficacy and decreases writing anxiety (Khosravi et al., 2023). 
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Therefore, while most studies emphasized the crucial role of self-efficacy in improving learners’ writing 
performance or alleviating writing anxiety in both online and offline contexts, there is a notable scarcity 
of research focusing on the investigation of learners’ negative emotions, such as anxiety, specifically 
within AI-assisted learning environments. Greater attention is needed to explore how cognitive and 
affective factors can be integrated to mitigate writing anxiety effectively. 

2.4 Rationale of the study

Several studies have investigated the role of metacognitive strategies in writing performance and writing 
anxiety, highlighting their importance in regulating learners’ cognitive processes during writing tasks to 
reduce writing anxiety (Alfaifi, 2021; Qin & Zhang, 2019; Teng, 2021b; Teng & Qin, 2024; Teng et al., 
2022). Metacognitive strategies facilitate learners’ understanding of the requirements of a learning task, 
help them identify various problems and challenges encountered during the learning process, and enable 
them to select and apply appropriate strategies. By monitoring and regulating cognitive processes, these 
strategies guide learners in effectively organizing and structuring their writing tasks. Other research has 
demonstrated the impact of writing self-efficacy on learners’ writing performance and anxiety in both 
online and offline learning contexts (Chung et al., 2021; Huerta et al., 2016; Khosravi et al., 2023; Teng 
& Wang, 2022). The relationship between writing self-efficacy and metacognitive strategies has also 
been shown to influence writing performance and reduce writing anxiety across these settings.

However, these studies have primarily focused on the effects of metacognitive strategies or writing 
self-efficacy on writing performance within online or offline contexts, with limited exploration of their 
impact on writing anxiety, especially in AI-assisted learning environments. Consequently, the present 
study aimed to examine the effects of metacognitive strategies and AI-based writing self-efficacy on EFL 
learners’ writing anxiety. Beyond that, this study investigated the role of AI-based writing self-efficacy 
in relation to metacognitive strategies and writing anxiety within the context of AI-assisted writing, as 
illustrated in Figure 1. 

Figure 1 
The Role of AI-based Writing Self-efficacy on Metacognitive Strategies and Writing Anxiety

Note. P= Planning; M=Monitoring; E=Evaluating; AIWSE=AI-based writing self-efficacy; WA=Writing 
anxiety. 
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Based on the preceding discussion, the research questions for this study were outlined as follows:
1.   To what extent do metacognitive strategies and EFL learners’ AI-based writing self-efficacy 

impact their writing anxiety in an AI-assisted writing context?
2.   To what extent can AI-based writing self-efficacy mediate the relationship between metacognitive 

strategies and writing anxiety among EFL learners in an AI-assisted writing context?

3 Method

3.1 Participants 

The study’s population consisted of 193 undergraduate undergraduate students from northern China, all 
English as a Foreign Language (EFL) learners. Participants were selected through convenience sampling 
and were aged between 18 and 22. They were chosen because most had passed the College English Test 
Band 4 (CET-4), indicating that they had achieved a basic level of English proficiency. All participants 
had completed a writing course during their first year of English studies, which provided instruction on 
writing strategies. Furthermore, they utilized AI-based applications such as Quillbot and DeepL to revise 
and refine their writing in a writing course. However, they had not received formal training in how to 
effectively use these tools or in applying metacognitive strategies to their writing.

3.2 Instruments

3.2.1 Metacognitive Strategies Questionnaire

The Metacognitive Strategies Questionnaire was adapted from the research of Zhang and Qin (2018) 
to assess learners’ use of metacognitive strategies in multimedia writing environments. Our study 
combined similar items (e.g., items 12, 13, and 14) into a single item (e.g., “I consider how to connect 
different parts of my essay using transitional words, correct grammar, and appropriate punctuation and 
letter case”). The questionnaire consists of three dimensions: planning strategy, with 7 items that focus 
on how learners set writing goals before beginning a task; monitoring strategy, with 10 items that track 
learners’ management of the writing process; and evaluating strategy, with 4 items that involve learners 
assessing their writing outcomes after completion. Participants responded using a 5-point scale, ranging 
from 1 (strongly disagree) to 5 (strongly agree). In this study, the Cronbach’s alpha coefficient was .900, 
indicating high internal consistency. 

3.2.2 AI-based Writing Self-Efficacy Questionnaire 

The AI-Based Writing Self-Efficacy Questionnaire was adapted by Lung-Guang (2019) from Hood et 
al.’s (2015) self-regulated learning questionnaire to evaluate learners’ beliefs and confidence in their 
ability to utilize AI-based learning tools for writing tasks. This questionnaire comprises 6 items (e.g., 
“I set goals to help me manage study time using AI-assisted writing tools for my writing”). Participants 
responded using a 5-point scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The Cronbach’s 
alpha coefficient for this study was .888, indicating strong internal consistency.

3.2.3 Writing Anxiety Questionnaire 

The Writing Anxiety Questionnaire, developed by Cheng (2004a), is designed to assess the extent of 
learners’ anxiety related to writing. It comprises three dimensions: somatic anxiety, cognitive anxiety, and 
avoidance behavior. Somatic anxiety, measured by 7 items, refers to physical manifestations of anxiety. 
Cognitive anxiety, measured by 8 items, pertains to individual perceptions of anxiety, particularly fears 
of receiving negative evaluations from peers and teachers. Avoidance behavior, assessed through 7 
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items, relates to passive behaviors exhibited during writing tasks. Participants respond on a 5-point scale, 
ranging from 1 (strongly disagree) to 5 (strongly agree). In this study, the Cronbach’s alpha coefficient 
was .924, indicating excellent internal consistency. 

3.3 Data collection

Before conducting the study, the ethical considerations and purpose were thoroughly explained to all 
participants to ensure the validity and confidentiality of the research (Sun & Wang, 2020). Subsequently, 
participants completed the AI-Based Writing Self-Efficacy Questionnaire, the Metacognitive Writing 
Strategies Questionnaire, and the Writing Anxiety Questionnaire, each within a 15-minute timeframe. 
Upon completion, the questionnaires were reviewed by the instructor to ensure their quality.

3.4 Data analysis 

After data collection, descriptive analysis was conducted to assess the means, standard deviations, and 
the normality of the data distribution. Pearson correlational analysis was then employed to explore the 
relationships between AI-based writing self-efficacy, metacognitive strategies, and writing anxiety within 
the AI-based learning environment. Prior to conducting structural model analysis, confirmatory factor 
analysis was performed to verify the model’s validity and reliability. This includes checking model fit, 
convergent validity, and construct reliability. Model fit was assessed using the following indices: Chi-
Square (X2) < 5.0, Goodness-of-Fit Index (GFI) > .90, Comparative Fit Index (CFI) > .90, Tucker-Lewis 
Index (TLI) > .90, and Root Mean Square Error of Approximation (RMSEA) < .08 (Hair et al., 2010). 
Convergent validity is confirmed by ensuring that all factor loadings were greater than .50 and that the 
Average Variance Extracted (AVE) exceeded .50. Construct Reliability (CR) is deemed satisfactory if 
the value is above .70. Finally, structural model analysis was conducted using Amos 24.0 to assess the 
impact of metacognitive strategies on writing anxiety, with particular emphasis on the mediating role of 
AI-based writing self-efficacy (Kline, 2011). 

4 Results 

4.1 Descriptive analysis

Table 1 presents the means and standard deviations for various metacognitive strategies, including 
planning, monitoring, and evaluating, which range from 3.18 (SD = .89) to 3.22 (SD = .89). These results 
indicated that EFL learners have a basic understanding of metacognitive strategies in writing within an 
AI-based context. The mean score for AI-based writing self-efficacy is 3.28, reflecting a moderate level 
of confidence among learners in using AI-based tools for writing. The mean score for writing anxiety 
is 2.63, suggesting a relatively low level of writing anxiety within the AI-assisted writing environment. 
Skewness values for these dimensions range from -0.515 to -0.078, and kurtosis values range from 
-1.070 to -0.616, indicating that the data follows a normal distribution (Wu & Leung, 2017).

Table 1 
Descriptive Analysis of Metacognitive Strategies, AI-based Writing Self-efficacy and Writing Anxiety

M SD  Skewness Kurtosis
P 3.18 .78 -.143 -1.070 
M 3.17 .61 -.396 -.718 
E 3.22 .82 -.515 -.873 
AIWSE 3.28 .94 -.078 -.901 
WA 2.63 .73 -.257 -.616 
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Note. P= Planning; M=Monitoring; E=Evaluating; AIWSE=AI-based writing self-efficacy; WA=Writing 
anxiety. 

4.2 Correlational analysis

Table 2 illustrates the correlations between metacognitive strategies, AI-based writing self-efficacy, and 
writing anxiety. Specifically, metacognitive strategies including planning, monitoring, and evaluating 
showed positive correlations with AI-based writing self-efficacy, ranging from .317 to .356. Conversely, 
these strategies were negatively correlated with writing anxiety, with correlations ranging from -.552 
to -.506. Moreover, AI-based writing self-efficacy demonstrated a negative correlation with writing 
anxiety, at -.549. These findings collectively indicated significant relationships between writing anxiety, 
metacognitive strategies, and the writing performance of EFL learners.

Table 2 
Correlational Analysis of Metacognitive Strategies, AI-based Writing Self-efficacy and Writing Anxiety

P M E AIWSE WA
P 1
M .583** 1
E .408** .355** 1
AIWSE .356** .381** .317** 1
WA -.519** -.506** -.552** -.549** 1

4.3 Confirmatory factor analysis 

The confirmatory factor analysis results are presented in Table 3. The analysis revealed that the factor 
loadings for P1 in the planning strategy and for M1, M2, and M3 in the monitoring strategy were below 
.50. These items were subsequently removed from the model. The factor loadings of the planning, 
monitoring, evaluating strategies, AI-based writing self-efficacy, and writing anxiety, range from .56 to 
.83, all surpassing the threshold of .50. This indicates a satisfactory fit for the model. Furthermore, the 
average variance extracted (AVE) for these factors ranges from .457 to .574, which is close to or exceeds 
the acceptable level of .50. Besides, the composite reliability (CR) values range from .713 to .880, 
demonstrating convergent solid validity for the model.

Table 3 
Confirmatory Factor Analysis 

Items Factor loadings AVE CR
P P2 .78 .523 .880

P3 .77
P4 .72
P5 .79
P6 .77
P7 .78

M M4 .72 .501 .875
M5 .67
M6 .73
M7 .75
M8 .69
M9 .71
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M10 .68
E E1 .75 .555 .833

E2 .74
E3 .76
E4 .74

AIWSE AIWSE1 .83 .574 .889
AIWSE2 .78
AIWSE3 .65
AIWSE4 .74
AIWSE5 .78
AIWSE6 .75

WA SoA .71 .457 .713
CoA .56
AoB .75

4.4 Mediating analysis of structural model

The direct effects of metacognitive strategies on writing anxiety are detailed in Table 4. In other words, 
planning (β = -.208, p = .025), monitoring (β = -.244, p = .009), and evaluating (β = -.621, p = .000) each 
have a negative impact on writing anxiety. These results suggested that when EFL learners effectively 
plan their writing goals, continuously monitor their writing process to adjust strategies, and evaluate their 
writing outcomes to make revisions, their writing anxiety decreases. 

Table 4 
Results of the Mediating Model 
Mediating model  Beta P 95% CI Decision 

LL     UL  
Direct model 
P →WA -.208 .025
Mediating model
P→AIWSE .200 .021
AIWSE→WA -.377 .000
P →AIWSE  WA -.146 .082 
Std. Indirect Effect (SIE) -.076 .012 -.167 -.017 Full Mediation
Direct model
M→WA -.244 .009
Mediating model
M→AIWSE .209 .013
AIWSE→WA -.377 .000
M→AIWSE→WA -.165 .048 
Std. Indirect Effect (SIE) -.079 .009 -.164 -.021 Partial Mediation
Direct model
M→AIWSE -.621 .000
Mediating model
E→AIWSE .240 .009
AIWSE→E -.377 .000
E→AIWSE→WA -.520 .009 
Std. Indirect Effect  (SIE) -.091 .005 -.174 -.027 Partial Mediation
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Figure 2
Mediating Model Results

The mediating model presented in Table 4 and Figure 2 demonstrates that planning (β=.200, p=.021), 
monitoring (β=.209, p=.013), and evaluating strategies (β=.240, p=.009) positively influence AI-based 
writing self-efficacy, suggesting that these metacognitive strategies enhance learners’ self-confidence in 
writing. Furthermore, AI-based writing self-efficacy is found to negatively impact writing anxiety (β=-
.377, p=.000), indicating that learners with higher confidence in using AI tools exhibit lower levels of 
writing anxiety, and vice versa. Notably, while monitoring (β=-.165, p=.048) and evaluating strategies 
(β=-.520, p=.009) have a negative effect on writing anxiety when accounting for AI-based writing self-
efficacy, the planning strategy (β=-.146, p=.082) does not significantly affect learners’ writing anxiety.

Thus, AI-based writing self-efficacy fully mediates the relationship between planning strategies 
and writing anxiety (SIE=-.076, p=.012). The 95% confidence interval, ranging from -0.167 to -0.071 
and excluding zero, indicates that only learners with high levels of AI-based writing self-efficacy can 
effectively set goals to reduce their anxiety prior to writing. Conversely, AI-based writing self-efficacy 
partially mediates the relationship between monitoring (SIE=-.079, p=.000), and evaluating strategies 
(SIE=-.091, p=.005) and writing anxiety. The 95% confidence intervals for these strategies also exclude 
zero, showing that while monitoring and evaluating strategies can directly reduce writing anxiety, high 
levels of AI-based writing self-efficacy enhance learners’ confidence in using AI tools. This, in turn, helps 
them manage their writing tasks and evaluate their writing outcomes more effectively, thereby further 
decreasing their anxiety.

5 Discussion

This study primarily explored the impact of metacognitive strategies and AI-based writing self-efficacy 
on EFL learners’ writing anxiety. Additionally, it examined the mediating role of AI-based writing self-
efficacy in the relationship between metacognitive strategies and writing anxiety within AI-assisted 
writing environments.

The results indicated that planning, monitoring, and evaluating strategies can negatively predict EFL 
learners’ writing anxiety in AI-assisted settings. These findings expand on the concept of metacognition 
as articulated by Cheng and Chan (2021), Schraw and Dennison (1994) and Wenden (1998). They 
described metacognition as a higher-order thinking that involves learners critically analyzing and 
regulating their cognitive processes, thereby enhancing their ability to manage cognitive regulation. 
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This perspective aligns with previous research (Balta, 2018; Qin & Zhang, 2019; Teng & Qin, 2024; 
Teng et al., 2022; Waer, 2021). Our study builds on the research of Qin and Zhang (2019) and Teng 
and Qin (2024), revealing that learners who set clear goals, engage in effective planning, and actively 
monitor and evaluate their writing processes to reduce anxiety. This active engagement enables learners 
to manage cognitive load and enhance their writing capabilities in multimedia contexts. Qin and Zhang 
(2019) described metacognitive strategies as a “fundamental skill” (p. 404), with monitoring referred 
to as a “cluster of online resources” (p. 405), and evaluating as an effective skill for refining automated 
writing proficiency in multimedia learning contexts. These insights supported our findings, showing that 
metacognitive strategies can be developed and utilized to mitigate writing apprehension. Furthermore, 
Waer (2021) corroborated our results by illustrating that evaluative methods can automatically alleviate 
writing anxiety and boost motivation, particularly for struggling and apprehensive writers in technology-
based settings. These studies collectively highlighted that planning, monitoring, and evaluating strategies 
enhance learners’ awareness of appropriate strategy selection, thereby reducing anxiety by setting goals, 
monitoring progress, and appraising outcomes in supportive environments (Cheng et al., 1999).

Conversely, our findings contrasted with those of Sun and Fan (2022), and Huang and Renandya 
(2019), who found that the automated feedback and assessment tools were not associated with reduced 
writing anxiety among learners. This discrepancy may be attributed to differences in language proficiency 
among individuals. In particular, learners with lower writing proficiency tend to emphasize grammatical 
accuracy and sentence structure, which can exacerbate anxiety (Huang & Renandya, 2018). According 
to the studies by Qin and Zhang (2019) and Teng and Qin (2024), metacognitive strategies significantly 
impact writing performance in multimedia contexts by enhancing learners’ metacognitive awareness. 
These studies highlighted the importance of thorough preparation before writing and the regulation of 
the writing process to identify strengths and weaknesses. In the context of AI-assisted writing, such 
strategies can help mitigate negative emotions and improve overall writing effectiveness. In our study, 
however, participants had prior experience with AI-assisted learning tools, leading them to focus more 
on producing well-organized writing rather than on anxiety. Consequently, our findings suggested that 
metacognitive strategies can effectively mitigate writing anxiety for EFL learners in AI-assisted contexts.

Secondly, the findings revealed that AI-based writing self-efficacy negatively predicts writing anxiety 
within AI-assisted contexts, aligning with the results of previous research by Chung et al. (2021), Hurta et 
al. (2016), Teng and Wang (2022), and Zhang (2019). Building on Zhang’s (2019) assertion that the use 
of online resources enhances learners’ confidence and motivation in writing activities, our study found 
that learners with high AI-based writing self-efficacy experience lower levels of anxiety. Furthermore, 
our research extended the work of Hurta et al. (2016) and Teng and Wang (2022) by highlighting the 
role of self-efficacy as a key factor in both improving writing proficiency and alleviating writing anxiety. 
Our findings also advanced Holden and Rada’s (2011) concept of technology self-efficacy in AI-assisted 
writing contexts by reflecting learners’ confidence in utilizing AI-based tools for their essays.

Conversely, Teng and Qin (2024) observed that emotional factors did not predict writing proficiency 
in Chinese examination-oriented contexts, where learners face increased pressure. This discrepancy 
in our study can be attributed to the fact that most EFL learners are engaged in more flexible and less 
threatening writing environments with the aid of AI tools. Hence, learners with higher AI-based writing 
self-efficacy experience reduced writing anxiety. Writers are more likely to leverage AI-based tools to 
integrate ideas, organize information, and clarify their viewpoints to achieve their writing objectives.

Finally, these findings indicated that AI-based writing self-efficacy fully mediates the relationship 
between planning strategies and writing anxiety. Additionally, AI-based writing self-efficacy partially 
mediates the relationships between monitoring strategies and writing anxiety, as well as between 
evaluating strategies and writing anxiety. These results were consistent with the studies of Teng et al. 
(2021), Teng and Yang (2023), Teng and Wang (2022), Chung et al. (2021), and Khosravi et al. (2023). 
Our research advanced the understanding of AI-based writing self-efficacy in metacognitive strategies 
and writing anxiety under AI-based contexts. Building on the research of Teng et al. (2021), which 
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employed a cross-sectional design, and Teng and Yang (2023), which utilized a longitudinal approach, 
we found that metacognitive strategies mediate the relationship between EFL learners’ self-efficacy and 
their academic achievement. These studies suggested that learners with lower levels of metacognitive 
strategies may experience diminished self-efficacy in online learning environments. Furthermore, Teng 
and Wang (2022) examined several dimensions of L2 learners’ writing self-efficacy, including linguistic 
knowledge efficacy, information organization efficacy, rehearsal and memory efficacy, self-regulatory 
efficacy, and writing performance efficacy. They identified metacognitive mechanisms as essential 
for enhancing writing performance. These studies predominantly investigated the mediating role of 
metacognitive strategies in learners’ self-efficacy and its impact on learning outcomes. Our research 
built on this by examining the influence of metacognitive strategies on writing anxiety, with AI-based 
writing self-efficacy serving as a mediator. Learners employing metacognitive strategies can “direct and 
regulate cognitive, motivational, and behavioral processes” (Teng et al., 2021, p. 5) to enhance writing 
proficiency. Besides, learners with high AI self-efficacy are more likely to exert effort in managing their 
negative emotions when facing challenges in AI-assisted writing contexts.

Our study incorporated the role of AI-based writing self-efficacy in addressing writing anxiety, 
highlighting the importance of emotional factors in AI-assisted learning contexts. In addition, it aligned 
with Chung et al. (2021), which found that learners adept in goal setting, planning, reflection, and self-
evaluation exhibit greater self-efficacy and reduced writing anxiety. In our study, students with high AI-
based self-efficacy are more motivated to manage their writing process through metacognitive strategies, 
“such as monitoring, regulating, setting goals, and organizing information” (Teng & Yang, 2023, p. 13). 
This increased confidence in their abilities contributes to enhanced control over their writing process and 
a reduction in writing anxiety in AI-assisted contexts. Thus, this study integrated previous research on 
the impact of metacognitive strategies on self-efficacy and writing performance, demonstrating how AI-
assisted learning contexts can enhance EFL learners’ writing self-efficacy and mitigate anxiety through 
the strategic use of metacognitive approaches to regulate cognitive processes.

6 Conclusion 

This study revealed metacognitive strategies including planning, monitoring and evaluating, and AI-
based writing self-efficacy have a negative impact on EFL learners’ writing anxiety in AI-assisted writing 
contexts. In addition, AI-based writing self-efficacy fully mediates the relationship between planning 
strategies and learners’ writing anxiety. It also partially mediates the relationships between monitoring 
strategies and writing anxiety, as well as between evaluating strategies and writing anxiety within AI-
assisted writing contexts. 

However, there are several limitations to this study. It employed quantitative research methods to 
investigate the effects of AI-based writing self-efficacy and metacognitive strategies on writing anxiety 
among EFL learners. Future research could benefit from incorporating qualitative methods, such as 
interviews, to gain deeper insights into learners’ perspectives on using AI-assisted tools in writing, 
thereby enhancing the understanding of writing proficiency. In addition, this study primarily focused on 
the impact of metacognitive strategies on writing anxiety. Future research could include experimental 
studies on metacognitive training during writing tasks to evaluate its effects on learners’ writing 
achievements and self-efficacy. Combining quantitative and qualitative approaches in future studies 
could provide a more comprehensive analysis of cognitive factors.

These findings have several implications for writing pedagogy. Emotional factors, such as writing 
anxiety, should be addressed in writing instruction. Educators should incorporate appropriate learning 
strategies, such as metacognitive approaches, to enhance learners’ cognitive awareness and improve 
their writing proficiency. Metacognitive strategies facilitate the organization of information from 
various sources, aiding learners in achieving their writing goals on specific themes. Additionally, with 
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advancements in technology, AI-assisted tools should be considered in writing tasks. These tools can 
assist learners in producing automated assessments independently, reducing anxiety related to peer or 
teacher feedback, and offering diverse methods to enhance language proficiency. This is particularly 
beneficial for learners with varying language backgrounds, as AI tools can support more fluent 
expression. Consequently, this study contributes to the field of writing instruction by promoting increased 
learner confidence and cognitive capability within AI-assisted learning environments.
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