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ABSTRACT 
Sung, Siwon and In Chull Jang. 2024. South Korean STEM graduate students’ 

use of ChatGPT in self-initiated L2 writing: A process-tracing study. Korean 

Journal of English Language and Linguistics 24, 1415-1435. 

 

Using process-tracing technologies such as webcam-based eye-tracking, screen 

recording, and stimulated recall, this study explored how South Korean STEM graduate 

students employed ChatGPT in their self-initiated and naturalistic English writing 

settings. The analysis of three 30-minute writing sessions and stimulated recalls, as 

well as semi-structured interviews from four participants, revealed the complex and 

dynamic patterns of tool use and behaviors in ChatGPT-mediated writing. At the tool 

level, participants employed a range of digital tools alongside ChatGPT, guided by 

personal preferences and writing community norms. At the behavioral level, they 

demonstrated that using ChatGPT in L2 writing involved not only diverse gaze and 

non-gaze behaviors but also individualized sequences of these behaviors to meet 

specific writing goals. The closer analysis of the two participants’ cases showed 

idiosyncratic patterns in tool usage and behavior. One participant used ChatGPT in a 

brief and targeted way, focusing only on specific vocabulary and expression searches. 

The other adapted ChatGPT-related behaviors dynamically based on the purpose and 

stage of writing. By unobtrusively tracing L2 writers’ real-time evolutions during the 

writing process, this study suggests that ChatGPT has urged us to rethink conventional 

writing stages and behaviors and to develop new research methods that can capture 

such dynamic processes of AI-mediated L2 writing.  

 

 

KEYWORDS  
academic writing, CALL, ChatGPT, eye-tracking, writing process 

 

 

 

 

 



Siwon Sung & In Chull Jang  South Korean STEM Graduate Students’ Use of ChatGPT 

    in Self-Initiated L2 Writing: A Process-Tracing Study 

© 2024 KASELL All rights reserved   1416 

1. Introduction 

 

The development of Artificial Intelligence (AI) has made profound impacts on perceptions, motivations, and 

methodologies of second language education. The public release of ChatGPT has led to a range of discussions 

regarding the objectives of language education, the roles of teachers, and the ethics of plagiarism, particularly 

since it generates texts in response to a prompt, unlike other new technologies such as machine translators. 

ChatGPT’s ability to generate text has challenged traditional writing practices, which have long been viewed as 

complex textual and discursive processes that require intensive cognitive involvement and conventions of a 

discourse community. As such, Warschauer et al. (2023) point out that new writing practices enabled by AI tools 

will be “as transformational as was the original transition to digital writing” (p. 1). Similarly, Godwin-Jones (2022) 

argues that AI tools will not only support writers throughout the conventional stages of the writing process but 

“reshape the process of authoring and editing” (p. 5). While the expansion of ChatGPT is expected to significantly 

transform conventional writing literacy (Godwin-Jones 2022, Warschauer et al. 2023), it remains unclear how this 

new AI tool might affect a writer’s actions in actual writing processes. To address this gap, this study explores 

micro-processes of tool use and behavioral patterns in ChatGPT-mediated L2 writing, focusing on South Korean 

graduate students’ self-initiated academic writing tasks. 

Although ChatGPT has gained significant attention from L2 researchers for its innovative performance and 

potential as a writing reference tool, the majority of empirical studies have focused on investigating language 

learners’ perceptions of using ChatGPT in completing their writing tasks or proposing methods of pedagogical 

interventions and examining their effects on language learning (Yan 2023, Zou and Huang 2023). What such 

studies have not fully addressed is that most digital tools can be used not only in classrooms where teachers regulate 

students’ use for pedagogical purposes but also in out-of-class settings, or what Sauro and Zourou (2019) call “the 

digital wilds.” Similarly, ChatGPT can be used in everyday writing environments where an individual student’s 

agency, regulations, and goals play important roles in successful writing. Thus, the context of this study is not 

within the classroom but in a naturalistic setting where participants have the flexibility to use various tools and 

behave in ways they usually do. 

To investigate writing processes in naturalistic settings, this study draws attention to data collection methods for 

tracing writing processes. As Hellmich and Vinall (2023) note, process-tracing methodologies “allow researchers 

to empirically observe how participants interact in technologically-mediated spaces and with technological tools” 

(p. 3). For example, screen recording technologies have enabled researchers to capture writing processes without 

their intrusion and increase ecological validity (Séror and Gentil 2023). Along with screen recording, this study 

employed an innovative technology, webcam-based eye-tracking, to capture a finer level of micro-level writing 

processes through gaze movement and fixation. 

The remainder of this paper consists of the following sections. First, it reviews the literature on the use of 

ChatGPT and process-tracing studies in L2 writing. Then, the research contexts, participants, data collection 

procedures, and analytic methods are provided. Specifically, the method section introduces the coding scheme of 

tools and behaviors that were discovered and categorized from the process-tracing data. The results section 

presents an overview of the general tool use and behaviors of four participants in ChatGPT-mediated writing, 

followed by a detailed analysis of two participants’ cases. Finally, this paper discusses the characteristics of 

ChatGPT-mediated writing in a naturalistic setting as well as the methodological and pedagogical implications for 

future research. 
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2. Literature Review 

 

2.1 ChatGPT and L2 Writing 

 

ChatGPT, developed by OpenAI, is an artificial intelligence-generated content (AIGC) model capable of 

understanding natural language and generating contextually appropriate responses to user prompts in an interactive 

manner. Unlike traditional Computer-Assisted Language Learning (CALL) tools, which entail fixed functions and 

predefined educational goals, ChatGPT is a general-purpose tool offering a wide range of possibilities for L2 

writing support. Since its capabilities are not solely determined by its technological affordance but are shaped 

through its interactions with the user, ChatGPT can produce highly adaptable and responsive results to users’ 

specific input. While such inherent flexibility of ChatGPT in use and outcomes may offer personalized support to 

L2 writers’ immediate needs, it also introduces unpredictable and individualized usage patterns. 

Although research on ChatGPT’s role in L2 writing remains in its early stages, the majority of existing studies 

focus on exploratory discussions of ChatGPT’s affordances as a writing assistant and writers’ perceptions 

regarding its use in L2 writing. Since ChatGPT’s public release and recognition of its innovative functionalities, 

scholars in L2 writing and CALL have begun discussing its potential benefits and challenges in L2 writing contexts 

(Barrot 2023). For instance, Su et al. (2023) demonstrated its ability to provide scaffolded instructions and 

feedback to assist students’ argumentative writing. However, Warschauer et al. (2023) point out that ChatGPT 

might trigger contradictions that could ultimately have adverse effects on EFL writers. 

Several intervention studies have explored how EFL writers perceive ChatGPT during writing tasks. Zou and 

Huang (2023) examined ChatGPT’s perceived roles in L2 writing by gathering reflective journals and conducting 

focus group interviews with 219 doctoral candidates at a public university in China. They found that most students 

viewed ChatGPT as a “personal tutor” or a “learning partner.” However, participants also expressed concerns about 

potential drawbacks, such as learning loss, dilution of authorial voice, the generation of unintelligent text, and 

risks to academic integrity. Using survey data from 339 university students, Chan and Hu (2023) examined students’ 

perceptions of ChatGPT’s influence on their writing. They found that participants generally held positive views 

and expressed familiarity with its effects on their writing processes. Similarly, Liu and Ma (2024) surveyed 405 

EFL learners in China to examine their perceptions of ChatGPT outside the classroom. They found that although 

perceived ease of use did not affect learners’ attitudes toward ChatGPT, positive attitudes toward the tool 

significantly increased learners’ intention to use it in informal digital learning contexts. 

While existing studies provide significant insights into language learners’ perceptions of this new tool for L2 

writing, they often overlook the actual behaviors and interactions that are essential for understanding its impact on 

the L2 writing process. Rather than examining ChatGPT use in educator- or researcher-structured writing contexts 

where students must follow predefined workflows, it is important to uncover how L2 writers utilize ChatGPT in 

their everyday writing tasks within authentic real-world contexts. These writing environments can reveal the 

personalized and spontaneous ways in which learners integrate ChatGPT into their authentic writing practices. 

Thus, this study aims to explore the naturalistic moment-by-moment aspects of L2 writers’ ChatGPT use and 

discern the writing behaviors that emerge in ChatGPT-mediated L2 writing processes. 

 

2.2 Process-Tracing Studies in L2 Writing  

 

There has been a notable increase in the use of innovative methodologies within L2 writing process research 

(Manchón and Roca De Larios 2023, Kessler 2024). Process-tracing technologies such as screen capture 
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technology, keystroke logging, and eye-tracking are being actively employed for methodological triangulation, 

allowing for detailed observation and analysis of L2 writers’ digital composing processes (Latif 2019, Leijten and 

Van Waes 2013, Manchón and Roca De Larios 2023). In traditional writing process studies, methods such as 

interviews, think-aloud protocols, and stimulated recalls were commonly utilized. While these methods provide 

valuable insights into writers’ perceptions and intentions during the writing process, their heavy reliance on 

participants’ self-reports restricted researchers from directly investigating behaviors and strategies that occurred 

during writing (Michel et al. 2020). To address these methodological limitations, direct observation methods such 

as keystroke logging and screen recording technology emerged as alternatives (Hamel et al. 2015, Révész et al. 

2019). While used in conjunction with verbal reports, these methods have proven to be minimally invasive yet 

highly effective, allowing for real-time capture of actions on writers’ digital screens during composition. However, 

one limitation in L2 writing process research is that these methods do not sufficiently capture the locations and 

flows of writers’ visual attention. As Leijten et al. (2014) poignantly point out, gaze behaviors matter in the writing 

process as reading is a prerequisite for reviewing and planning. 

Recent scholars are triangulating screen capture technology and keystroke logging with eye-tracking data to 

address these issues. Gánem-Gutiérrez and Gilmore (2018) investigated the temporal aspects of writing using 

screen recording, eye-tracking, and stimulated recall with 22 Japanese EFL writers. They collected gaze plot 

recordings during a 35-minute essay-writing task. Their results indicated that participants dedicated the most time 

to text construction and revision, frequently involving re-reading. Similarly, Liu and Yu (2022) used eye-tracking, 

stimulated recall, and reflective journals to explore how 24 Chinese EFL writers engaged with different feedback 

types (direct and indirect) in an automated writing evaluation (AWE) system. They collected 30 minutes of eye 

gaze plot recordings while participants revised their essays using the AWE system. Based on 25 online behaviors 

identified from gaze plot recordings, their study revealed that participants invested more time and cognitive 

resources in processing indirect feedback. Collectively, these studies illustrate how “eye-tracking methodology is 

diversifying and breaking boundaries, [with] its innovation fueled by different disciplinary traditions” (Godfroid 

et al. 2020, p. 245). By capturing writers’ temporal and dynamic interactions with multiple resources in digital 

writing contexts, this methodology can provide new insights into the complexities of the writing process. 

Although eye-tracking technology offers significant methodological advantages, it has not been widely used in 

L2 writing process research due to its high cost and limited accessibility outside laboratory settings (Stickler and 

Shi 2017). In response to these logistical constraints, webcam-based eye-tracking is emerging as a practical 

alternative (Yang and Krajbich 2021). This technology enables observations in naturalistic environments by 

leveraging webcams commonly integrated into laptops. Although webcam-based eye-tracking does not achieve 

the same level of accuracy and precision as traditional eye-tracking technology, it can still provide valuable insights 

into L2 writing processes. When triangulated with screen recording and stimulated recall data, webcam-based eye-

tracking has the potential to enhance the ecological validity of research, offering a practical solution for studying 

authentic writing behaviors in real-world contexts. 

 

 

3. Method 

 

3.1 Participants and Writing Tasks  

 

This study selected STEM graduate students as participants because English writing plays an important role in 

the academic communities of science (Kim 2020). Researchers and graduate students in the STEM areas are 
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usually required to write their research outputs in English, which motivates them to engage with L2 writing in 

authentic settings. Of the seven potential participants recruited four South Korean STEM graduate students from 

three universities in Seoul, South Korea, were selected through purposeful sampling. The selection criteria targeted 

individuals who regularly used ChatGPT in their writing and were actively working on academic writing tasks as 

part of their ongoing coursework or research projects. Table 1 presents the profiles of the four participants. 

 

Table 1. Participant Profiles 

Name 
Degree, 

Field of Study 

Gender, 

Age 

Self-Initiated 

Writing Task 

English 

Proficiency 

Number of 

Publications 

ChatGPT 

Experience 

Sam 

M.S., 

Smart Vehicle 

Engineering 

Male, 27 
Journal 

Article 

Upper-Intermediate (B2) 

TOEIC 850 

K: 2 

E: 1 
6 months 

Jake Ph.D., AI Male, 27 
Journal 

Article 

Advanced (C1) 

NEW TEPS 493 

K: 0 

E: 9 

2 years 

(Since GPT 2.0) 

Collin M.S., AI Male, 26 Thesis 
Advanced (C1) 

TOEFL 110 

K: 0 

E: 4 
8 months 

Thomas Ph.D., AI Male, 29 
Research 

Proposal 

Upper-Intermediate (B2) 

NEW TEPS 330 

TOEIC 790 

K: 0 

E: 2 
3 months 

Note. K = the number of publications in Korean, E = the number of publications in English. All names are pseudonyms. 

Participants’ CEFR levels were determined by aligning their official certification test scores with the CEFR. 

 

The researcher did not assign specific writing tasks to observe participants’ ChatGPT use during their authentic 

writing process. Instead, participants were asked to engage in self-initiated writing tasks already in progress or 

planned. The participants also chose the places and times for writing, facilitated by the mobility of webcam-based 

eye-tracking. This research context aimed to examine participants’ writing as “a phenomenon situated in context” 

(Lafford 2009, p. 674) and ensure ecological validity by observing their naturalistic writing behaviors during real-

world tasks. 

 

3.2 Data Collection 

 

To understand participants’ use of ChatGPT in a naturalistic setting, this study collected multiple types of data, 

including semi-structured interviews (2 hours per participant), gaze plot recordings (90 minutes per participant), 

and stimulated recall interviews (approximately 3 hours per participant). Two semi-structured interviews were 

conducted at the beginning and end of the research. In the first interview, participants were asked about their 

language learning backgrounds, experiences, and perceptions of L2 writing. The second interview was conducted 

to obtain information on participants’ experiences with and evaluations of ChatGPT during writing for this project. 

The gaze plot recordings and subsequent stimulated recalls served as the primary data source of this study. The 

gaze plot recordings were collected through a webcam-based eye-tracking technology, RealEye 

(https://www.realeye.io/). This technology enabled the authors to capture participants’ writing processes in “natural, 

non-controlled, non-laboratory conditions” (Séror and Gentil 2023, p. 142). The data was in video format, where 

screen recordings were overlaid with gaze data visualized through nodes and lines, capturing participants’ real-

time on-screen activities and “spatial distribution and duration of eye fixation” (Godfroid 2019, p. 237). Figure 1 

presents a screenshot of a gaze plot recording from one of the participants. The gaze data, represented by yellow 

nodes and connecting lines, illustrates the movement of the participant’s gaze pattern across the screen, where two 

software applications—Dynalist on the left and ChatGPT on the right—are displayed in a split-screen 

https://www.realeye.io/
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configuration (See Appendix A for details about each software application). In writing process research, gaze plot 

recordings offer enhanced insights compared to standard screen recordings, particularly by capturing behaviors 

during periods of viewing that lack corresponding mouse movements or typing actions (Gánem-Gutiérrez and 

Gilmore 2018, Michel et al. 2020). Gaze data provides detailed information about participants’ reading behaviors 

during writing, their navigation across diverse semiotic and digital resources, and the duration and frequency of 

their attention to specific textual elements. This methodology enables researchers to conduct detailed analysis of 

micro-processes of writing, such as reading, scanning, spell-checking, and consulting various external resources 

(Bailey and Withers 2018, Takayoshi 2016). In this study, participants completed three 30-minute eye-tracking 

sessions while engaging in self-initiated writing tasks. Before these sessions, participants underwent a tutorial to 

familiarize themselves with the webcam-based eye-tracking tool and completed a trial run. 

 

 

Figure 1. Screenshot of a Gaze Plot Recording  

 

 

To triangulate the gaze plot recordings, stimulated recalls were employed to gather participants’ verbal accounts 

of their use of and intentions with ChatGPT in the writing processes. A stimulated recall was conducted and 

recorded via Zoom within three days of each session. While watching the entire 30-minute gaze plot recording 

obtained through webcam-based eye-tracking, participants self-reported their intentions and cognitive processes 

related to their online behaviors and interactions with ChatGPT. Figure 2 illustrates the data collection process. 

 

 

Figure 2. Data Collection Process 
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3.3 Analysis 

 

The data analysis was conducted in three phases to explore participants’ writing practices with ChatGPT. 

Figure 3 presents a flow chart of the data analysis process. 

 

 

Figure 3. Data Analysis Process 

 

3.3.1 Phase 1: Time-stamped logs and open coding 

 

Before each stimulated recall session, participants’ gaze plot recordings were analyzed and converted into time-

stamped logs to provide an overall understanding of the writing process throughout each 30-minute eye-tracking 

session. Moment-to-moment events were documented in a time-stamped log, including language-related episodes, 

ChatGPT consultations, eye-gaze movements, software arrangements, and relevant contextual details. Additionally, 

the areas were marked where the eye-tracking data appeared ambiguous or the intentions behind certain behaviors 

were unclear. During the stimulated recalls, participants were asked to clarify these parts and review the behaviors 

identified in the time-stamped logs. Subsequently, the stimulated recall data and semi-structured interviews were 

transcribed and open-coded (Strauss and Corbin 1998). An initial coding scheme was established through an 

iterative process of comparing data from the gaze plot recordings, time-stamped logs, stimulated recalls, and semi-

structured interviews. 

 

3.3.2 Phase 2: Video coding 

 

Following a preliminary analysis of the participants’ writing processes in the first phase, a fine-grained analysis 

of gaze plot recordings was conducted using the video coding function in MAXQDA 24, as shown in Figure 4. 

The coding was performed on two levels: tool and behavior. The tool level refers to the word processing or 

reference software that participants used during writing, such as ChatGPT, Overleaf, and Google. On the other 

hand, the behavior level represents participants’ micro-processes during composition, including text construction, 

ChatGPT prompting, reading their own text, arranging tools, zig-zagging gaze movements, and copying and 

pasting. After video coding, participants’ responses from the stimulated recalls were tagged with each 

corresponding tool or behavior code using MAXQDA’s memo function to corroborate the labeled coding themes. 

Following the initial coding of all gaze plot recordings, two additional cycles of video coding were conducted to 

ensure consistency. The final coding schemes are presented in Appendices A and B. 
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Figure 4. Video Coding by MAXQDA 

 

3.3.3 Phase 3: Timescape and frequency/duration table 

 

In this phase, the coded segment data from MAXQDA were exported into a spreadsheet to create timescapes 

and frequency/duration tables for comparative analysis between participants. Timescape, initially proposed by 

Smith (2017) to explore L2 writers’ modal movements during multimodal composition tasks, is a method for 

visualizing the real-time composing process. This study employed timescapes to identify general patterns and 

individual differences in behavioral evolution during writing. Using the code coverage data from coded segment 

data, the sequence and proportion of time participants allocated to each tool and behavior were represented in two 

separate bars, with each code assigned a different color (see Figures 5 and 6 for examples). Additionally, tables 

were created to indicate the temporal distribution of each code at both the tool and behavior levels. Referring to 

Gánem-Gutiérrez and Gilmore (2018) and Roca de Larios et al. (2008), the duration and frequency of each code 

were summed to illustrate how much time participants dedicated to each tool or behavior (see Tables 4 and 5 for 

examples). 

 

 

4. Findings 

 

To illustrate the emergent micro-processes of participants’ engagement with ChatGPT during writing, this 

section first presents the general patterns of tool use and behavior identified through qualitative coding. It reveals 

that ChatGPT-mediated academic writing in a naturalistic setting is entangled with various tools and moment-by-

moment relevant behaviors. Then, the real-time writing processes of two participants, Collin and Thomas, are 

analyzed using a set of timescape and frequency/duration tables based on the tool and behavior coding schemes. 

These cases demonstrate how the interplay of tools and behaviors evolves throughout the writing sessions in 

greater detail. 

 

4.1 Tools and Behaviors in ChatGPT-Mediated Writing  

 

In a naturalistic setting, ChatGPT-mediated writing was characterized by the use of various software tools and 

the entanglement of multiple behaviors involving these tools. While completing self-initiated writing tasks, 
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participants used not only word processing software but also reference tools such as ChatGPT, search engines, and 

automated writing evaluation tools they found helpful. Table 2 presents the tools used by the four participants 

across their three writing sessions. Although the frequency and duration of tool use varied according to each 

participant’s writing goals and context, the types and specifications of tools reflect both their writing communities 

and their strategies for managing complex academic writing processes in digital spaces. For instance, all four 

participants used Overleaf for writing because of its powerful LaTeX editing and collaboration features. They 

stated that most natural sciences and engineering researchers use this software due to journal requirements for 

LaTeX formatting and its ability to integrate references, codes, and figures directly into the manuscript. This 

integration also streamlines collaborative writing, which is common in the STEM fields. 

  

Table 2. Overview of Participants’ Tool Use 

Participants Sam Jake Collin Thomas 

Session 

Tool Code 
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

ChatGPT * * * * * * * * * * * * 

Overleaf * * *   * * * * * * * 

Google   *  * * * * * *   

Dynalist * * *          

Text Document 

Comparison Site  
          * * 

ArXivGPT      *       

Notion    * * *       

Others: Naver 

Dictionary, PDF 
 *   * * * * *    

Grammarly * *     * * *    

 

Table 3 outlines participants’ behaviors while using ChatGPT in their writing tasks. These behaviors 

demonstrated that digital writing comprises complex micro-processes involving not only text production but also 

visual processing, such as (re)reading one’s own or source texts (Hayes 1996) and navigating external online 

resources (Leijten et al. 2014). Based on the nature of digital writing (Gánem-Gutiérrez and Gilmore 2018, Leijten 

et al. 2014, van Weijen et al. 2009) and the affordances of gaze-plot recording data, the participants’ behaviors in 

ChatGPT-mediated writing were categorized into gaze behaviors and non-gaze behaviors. 

This study identified six types of gaze behaviors: ChatGPT output scanning, ChatGPT output reading, re-

reading, zig-zagging, Overleaf compile and reading or scanning, and software scanning (See Appendix B for 

details). Before consulting ChatGPT, participants often began by re-reading or scanning their texts written in their 

L1 or L2. After prompting ChatGPT, they employed various strategies to process its response. Participants 

sometimes thoroughly read the output, fixating on all or most words (ChatGPT output reading). In contrast, in 

others, they quickly scanned the output, moving their gaze horizontally or focusing only on targeted text segments 

(ChatGPT output scanning). A zig-zagging gaze pattern was common as participants shifted their gaze between 

ChatGPT and other software arranged side-by-side on a split screen. This behavior allowed them to compare, 

cross-reference, or integrate elements from their original text with ChatGPT’s responses.  

For non-gaze behaviors, 11 types were identified, as shown in Table 3 (See Appendix B for details). These 

primarily involved typing or mouse movements. For example, ChatGPT prompting referred to inputting text into 

ChatGPT, either by typing or pasting text composed beforehand. While some participants invested time crafting 

precise prompts, others simply copied and pasted text without detailed prompt engineering. Incorporating 
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ChatGPT’s output into writing involved transferring full or selected responses into another software, either by 

copying and pasting or typing manually. This process was often followed by revising ChatGPT output to align 

with the writer’s intent or to incorporate field-specific terminology. As participants used various tools throughout 

the writing process, their methods of transferring text across software—such as drag and drop or manual typing—

also influenced their ChatGPT use. Most participants preferred dragging and dropping text from their writing 

software into ChatGPT. After generating an output, they incorporated it into their writing either by dragging and 

dropping or typing manually, reflecting individual preferences shaped by their attitudes toward ChatGPT. 

These tools and behaviors highlight the idiosyncratic yet contextually shaped dynamics of ChatGPT-mediated 

writing. The following section will focus on two participants, Collin and Thomas, to explore their tool use and 

behaviors in greater depth, illustrating when, where, and how they used ChatGPT throughout their writing process. 

 

Table 3. Overview of Participants’ Gaze and Non-Gaze Behaviors  

 Participants Sam Jake Collin Thomas 

Behavior Category 
Session 

Behavior Code 
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

Gaze 

Behavior (GB) 

ChatGPT output 

scanning 
* * * * * * * * * * * * 

ChatGPT output 

reading 
* * * * * * * *  * * * 

Zig-zagging * * *       * * * 

Re-reading * * *  * * * * *  * * 

Overleaf compile and 

reading or scanning 
* * *   * * * * *  * 

Software scanning  * * * * * * * * * * * * 

Non-gaze Behavior 

(NGB) 

ChatGPT prompting * * * * * * * * * * * * 

Text construction (K) * * *       * *  

Text construction (E)  *  *  *    *  * 

Revising writing * * *  * * * * *   * 

Drag and drop * * *  * * * * * * * * 

Incorporating 

ChatGPT output into 

writing 

* * * * * * * * * * * * 

Revising ChatGPT 

output  
* * *   *      * 

Search  * *  * * * * * * *  

Locating  * * * * *  *  * * * * 

Grammarly 

suggestion apply 
* *     * * *    

Other * * * *  *    * * * 

 

 

4.2 Case 1: Collin 

 

4.2.1 Session Overview 

 

At the time of data collection, Collin was a master’s student specializing in AI whose primary motivation for 

English writing stemmed from his thesis work. His English proficiency exceeded most engineering students at his 
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institution, evidenced by his track record of four published English-language articles. Having used ChatGPT since 

May 2023, Collin has accumulated approximately eight months of experience with the tool. 

During three eye-tracking sessions, Collin worked on a self-initiated task: adapting his published journal article 

into his thesis. He employed three distinct strategies during this transformation. First, he conducted comprehensive 

paraphrasing at the word, sentence, and paragraph levels. Second, he reintegrated detailed contents omitted to meet 

journal publication length constraints. Third, he incorporated new arguments and insights derived from conference 

presentation feedback. Throughout these sessions, Collin utilized ChatGPT as what he termed an “expression 

dictionary” in one of his stimulated recalls. He employed it as a linguistic resource for identifying academically 

appropriate phrases and expressions, enabling him to refine his writing while maintaining a scholarly register. 

 

4.2.2 Tools 

 

Figure 5 presents a timescape illustrating the pattern of tool use across Collin’s three eye-tracking sessions. 

Overleaf served as his primary word-processing platform for revision and review. The data revealed intermittent 

and brief engagements with both ChatGPT and Google. As the single line in Figure 5 indicates, Collin typically 

utilized one tool at a time, switching between tabs when consulting different resources. Rather than arranging 

ChatGPT and Overleaf in parallel view, he accessed ChatGPT only when needed, returning to the Overleaf tab 

after each consultation. 

 

Figure 5. Collin’ Tool Timescape 

 

 

Table 4 summarizes the frequency and duration of digital tool use across all three sessions. The data aligns with 

the patterns visualized in the timescape. Overleaf dominated tool usage, averaging approximately 26 minutes and 

50 seconds per 30-minute session. In contrast, ChatGPT averaged 1 minute and 48 seconds per session, while 

Google averaged 41 seconds. However, despite their brief total durations, both ChatGPT and Google were 

accessed frequently. Notably, ChatGPT was accessed 9 times in session 1 (totaling 1 minute and 54 seconds) and 

15 times in session 2 (totaling 2 minutes and 11 seconds). This pattern of frequent, brief interactions suggests that 

Collin’s ChatGPT use was highly targeted and purpose-specific—a phenomenon examined in detail in the 

following section. 
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Table 4. Collin’s Tool Code Frequency and Duration 

Tool Codes 
Session 1 Session 2 Session 3 

f Duration f Duration f Duration 

ChatGPT 9 01:54.2 15 02:11.0 9 01:19.8 

Google 5 00:36.8 6 00:55.5 2 00:32.0 

Overleaf 14 26:51.6 22 25:57.7 12 27:44.3 

Others 4 00:15.9 3 00:55.9 2 00:23.9 

Note. f = Frequency. 

 

4.2.3 Behaviors 

 

Figure 6 visualizes the distinct behavioral patterns that emerged across the three ChatGPT-mediated writing 

sessions. The timescape revealed two primary patterns: 1) dominance of re-reading and revising writing and 2) a 

sequence of behaviors centered on ChatGPT prompting. As represented by green and light-yellow straps on the 

timescape, Collin dedicated significant time to re-reading and revising writing in Overleaf. Between these 

dominant activities is a series of thin straps representing multiple behaviors occurring within a short timeframe. 

These behaviors typically followed a sequence: revising writing, drag and drop, ChatGPT prompting, ChatGPT 

output scanning, incorporating ChatGPT output into writing, revising writing, and Overleaf compile and reading. 

Notably, the ChatGPT prompting strap often appears imperceptible due to its brevity; Collin typically copied and 

pasted revised text into ChatGPT without explicit instructions, quickly scanned the output, returned to Overleaf, 

manually typed selected suggestions, adjusted surrounding text for coherence, and reviewed the compiled 

document. 

The timescape also revealed white-colored straps (indicating Google searches) adjacent to ChatGPT-related 

behaviors. Stimulated recall data indicates that Collin employed these searches either to explore alternatives before 

using ChatGPT or to verify the appropriateness of ChatGPT’s suggestions prior to incorporation. 

 

Figure 6. Collin’ Behavior Timescape 
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Table 5 shows the duration and frequency of these behaviors across the writing sessions. Revising 

writing dominated time allocation (averaging 17 minutes per session), followed by re-reading (averaging 4 

minutes per session). In contrast, ChatGPT-related behaviors—ChatGPT output scanning and ChatGPT 

prompting—each consumed less than one minute per session. Session 2 exemplifies the rapidity of these 

interactions: ChatGPT prompting occurred eight times within 33 seconds (averaging 6.6 seconds per prompt), 

while ChatGPT output scanning comprised seven instances over 50 seconds (averaging 7.1 seconds per scan). 

This pattern of brief, focused interactions suggests that Collin employed it in a restrained manner rather than 

utilizing ChatGPT’s diverse affordances. In a simulated recall, he stated that he tried to use ChatGPT specifically 

for limited purposes of searching academic phrases. 

 

Table 5. Collin’s Behavior Code Frequency and Duration 

 

 

4.3 Case 2: Thomas 

 

4.3.1 Session Overview 

 

Thomas was a doctoral student majoring in AI, with an upper-intermediate level of English proficiency and 

experience publishing two research articles in English. At the time of data collection, he had been using ChatGPT 

for writing assistance for approximately three months. He participated in this study with the self-initiated goal of 

drafting a research proposal; he aimed to develop his research ideas into a three-to-four-page document to discuss 

with his supervisor. Unlike Collin, who maintained a consistent writing purpose across sessions, Thomas’s goals 

varied in each session, leading him to engage with ChatGPT in diverse ways. In the first session, he used ChatGPT 

to brainstorm research ideas and create an outline in Korean. In the following session, he elaborated on this outline, 

adding specific details to each subsection he had established in session one. During the final session, he translated 

and expanded his Korean outline into an English manuscript, line by line, beginning with the introduction. 

Throughout this process, he used ChatGPT to find suitable vocabulary and expressions and to revise the draft at 

the end. 

 

 

Behavior Codes 
Session 1 Session 2 Session 3 

f Duration f Duration f Duration 

GB ChatGPT output scanning 6 00:57.8 7 00:50.4 8 00:59.3 

ChatGPT output reading 3 00:33.0 8 0:00:42   

Re-reading 10 05:12.2 12 03:51.6 14 04:36.7 

Overleaf compile and reading or 

scanning 
5 02:21.0 7 01:18.8 2 00:38.1 

Software scanning 3 00:14.1 4 0:01:00 3 00:32.0 

NGB ChatGPT prompting 5 00:36.3 8 00:33.6 6 00:13.6 

Revising writing 24 17:26.3 30 18:57.4 23 18:27.7 

Drag and drop 6 00:18.6 5 00:19.1 6 00:18.6 

Incorporating ChatGPT output into 

writing 
8 00:57.9 9 00:56.7 12 02:37.0 

Search 5 00:36.2 6 00:56.0 2 00:32.3 

Locating 2 00:09.2   1 00:10.6 

Grammarly suggestion apply 16 00:37.5 15 00:35.2 15 01:09.5 
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4.3.2 Tools 

 

Figure 7 visually represents Thomas’s use of various software tools across the three writing sessions. Notably, 

each session includes two (and sometimes three) layers of lines, indicating that Thomas often used multiple 

software tools simultaneously. His routine involved setting up a split view with ChatGPT and Overleaf. He 

frequently adjusted this configuration to include additional reference tools, such as a Text Document Comparison 

Site, particularly in the second and third sessions. He used this comparison tool to highlight differences between 

his original writing and the output refined by ChatGPT, as it visually marked changes with color. 

 

Figure 7. Thomas’ Tool Timescape 

 

 

Table 6 further illustrates that Thomas had multiple software tools open while writing, with the concurrent use 

of Overleaf and ChatGPT dominating his screen time. On average, he spent 26 minutes out of each 30-minute 

session using this ChatGPT-Overleaf setup. Additionally, his reliance on the Text Document Comparison Site 

increased as his writing focus shifted from brainstorming and planning to drafting, reflecting how his tool usage 

adapted to his evolving writing goals across the sessions. 

  

Table 6. Thomas’ Tool Code Frequency and Duration 

Tool Codes 
Session 1 Session 2 Session 3 

f Duration f Duration f Duration 

ChatGPT + Overleaf 4 27:21.9 2 28:07.2 5 25:36.1 

ChatGPT + Text Document Comparison Site   1 01:49.0 2 00:23.3 

Overleaf + Text Document Comparison Site     3 04:00.6 

ChatGPT + Google + Overleaf 3 02:15.6     

Overleaf 3 00:22.5     

ChatGPT + Google   1 00:03.8   
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4.3.3 Behaviors 

 

Figure 8 illustrates how different behaviors unfold across three sessions of ChatGPT-mediated writing. The most 

noticeable feature of Thomas’s behavior timescape is the variation in visual patterns across sessions, compared to 

Collin’s more consistent pattern (see Figure 6). This variation reflects Thomas’s distinct purposes in each session: 

brainstorming and outlining in Korean, elaborating on the outline in Korean, and drafting the outline in English. 

These evolving purposes significantly influenced how he employed ChatGPT throughout the writing process. 

In the first session, which focused on brainstorming and outlining his research proposal, ChatGPT prompting 

and ChatGPT output scanning were the primary activities that recurred frequently. To facilitate brainstorming, 

Thomas asked ChatGPT questions related to his field, quickly scanned the responses, and prompted new questions 

based on the ideas generated. In the second session, Thomas mainly engaged in ChatGPT prompting and ChatGPT 

output reading, often followed by an iterative sequence of zig-zagging and incorporating ChatGPT output into 

writing. Unlike the first session, where ChatGPT output scanning was dominant, he was willing to thoroughly 

read ChatGPT’s responses to expand his outline while zig-zagging between tools to incorporate relevant content 

into Overleaf. 

In the third session, Thomas’s ChatGPT use became more intermittent and focused, following a pattern of 

ChatGPT prompting, ChatGPT output reading or scanning, and selectively incorporating ChatGPT output into 

writing. This shift aligns with the session’s primary goal—to draft in English. Specifically, as he translated his 

Korean outline into English, Thomas consulted ChatGPT to find appropriate expressions and terminology. He then 

prompted ChatGPT to revise his English version, carefully comparing the output with his original text. Finally, he 

incorporated selected parts into Overleaf by manually typing or copying and pasting. 

 

Figure 8. Thomas’s Behavior Timescape 

 

 

Table 7 shows that the frequency and duration of behaviors generally align with the ChatGPT usage patterns 

observed in the timescape. ChatGPT prompting was more frequent and sustained during the brainstorming and 
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outlining stages of sessions 1 and 2. In session 1, ChatGPT prompting totaled 5 minutes and 30 seconds (19 

instances); in session 2, it increased to 7 minutes and 37 seconds (20 instances); but in session 3, it dropped 

significantly to 2 minutes and 25 seconds (11 instances). This variation suggests that Thomas relied more heavily 

on ChatGPT during the brainstorming phase and adopted a more independent approach during drafting. 

Another notable behavior shown in Table 6 is zig-zagging. This gaze pattern, consistent with Thomas’s habit of 

displaying multiple tools on one screen, appeared across all three sessions, averaging 1 minute and 20 seconds. 

This duration closely aligns with the time spent incorporating ChatGPT output into writing in sessions 2 and 3, 

highlighting their co-occurrence during the outlining and drafting phases, as illustrated in the timescape. For 

instance, in session 2, zig-zagging lasted 1 minute and 32 seconds, while incorporating ChatGPT output into 

writing took 1 minute and 39 seconds. This suggests that Thomas accepted and integrated ChatGPT’s suggestions 

into his writing after continuous verification and careful consideration. 

 

Table 7. Thomas’s Behavior Code Frequency and Duration 

 

 

Figure 9. Thomas’s Zig-Zagging Behavior  

 

Behavior Codes 
Session 1 Session 2 Session 3 

f Duration f Duration f Duration 

GB ChatGPT output scanning 18 09:16.9 3 01:23.8 7 01:24.2 

ChatGPT output reading 2 01:40.1 16 10:28.7 5 02:59.3 

Zig-zagging 2 01:14.3 7 01:32.7 5 01:34.3 

Re-reading   1 00:25.4 1 00:37.8 

Overleaf compile and reading or scanning 9 01:02.6   3 00:16.6 

Software scanning 5 01:17.3 1 00:18.9 1 00:12.6 

NGB ChatGPT prompting 19 05:30.6 20 07:37.5 11 02:25.3 

Text construction (K) 4 05:40.7 3 03:31.9   

Text construction (E) 2 01:16.8   6 15:20.2 

Revising writing     2 00:35.7 

Drag and drop 1 00:04.1 5 01:00.1 7 00:43.7 

Incorporating ChatGPT output into writing 5 00:29.2 6 01:39.0 7 01:57.6 

Revising ChatGPT output     1 01:27.8 

Search 1 00:17.3 1 00:03.9   

Locating 2 00:31.8 5 01:46.0 1 00:08.6 

Grammarly suggestion apply       

Others 3 01:38.4 1 00:12.1 1 00:16.3 
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5. Discussion 

 

This qualitative study has examined how South Korean STEM graduate students employed ChatGPT in their 

self-initiated writing processes. Unlike existing empirical studies, which typically focus on students’ perceptions 

and teacher interventions, this project analyzed L2 writers’ moment-to-moment interactions with ChatGPT and 

other tools in naturalistic writing contexts. This ecological perspective helped reveal that ChatGPT-mediated 

writing in non-interventionist and self-initiated contexts involves a range of software tools and multiple behaviors 

associated with each tool’s use. 

The two-level coding scheme—tools and behaviors—constructed from observations and stimulated recall of 

participants’ writing sessions illustrates the complex and dynamic nature of ChatGPT-mediated writing. At the tool 

level, participants employed various digital tools alongside ChatGPT, guided by individual preferences and writing 

community norms. As noted in L2 writing studies in naturalistic contexts (Séror and Gentil 2023, Yoon 2016), L2 

writers often rely on multiple resources to meet evolving writing needs. This suggests that rather than viewing 

ChatGPT as a standalone tool for L2 writing (Barrot 2023, Su et al. 2023), it may be more ecologically valid to 

examine ChatGPT’s use in conjunction with other tools and to consider how these relationships affect its 

affordances and constraints in L2 writing processes. At the behavioral level, participants demonstrated that using 

ChatGPT in L2 writing involved not only diverse gaze and non-gaze behaviors but also individualized sequences 

of these behaviors to meet specific writing goals. More specifically, ChatGPT-related behaviors, such as ChatGPT 

prompting, ChatGPT output reading, and incorporating ChatGPT output into writing, indicate that ChatGPT can 

reshape conventional L2 writing processes by introducing additional procedural steps. 

The analysis of the two participants, Collin and Thomas, using timescapes and frequency/duration tables of their 

writing processes, reveals idiosyncratic patterns in tool usage and behavior. Collin’s ChatGPT use was brief and 

targeted; he tended to copy and paste segments of his original work without detailed prompts and engaged 

minimally with ChatGPT’s output. Instead, he favored re-reading and revising independently in Overleaf. This 

restrained use of ChatGPT reflects his view of ChatGPT as a reference tool for vocabulary and expressions rather 

than for content generation or paraphrasing. His relatively high English proficiency may shape this approach, as 

he could maintain an independent revision process and exercise greater control over his work with minimal reliance 

on AI tools. In contrast, Thomas’s writing sessions demonstrate how ChatGPT-related behaviors shifted according 

to the purpose and stage of the writing process. For brainstorming and outlining, he briefly scanned ChatGPT’s 

outputs; however, when elaborating on the outline he drafted, he reviewed outputs more carefully to expand his 

outlines. Notably, Thomas used a Text Document Comparison Site along with a zig-zagging gaze pattern to 

compare changes between his original text and ChatGPT’s suggestions. His gaze movement between ChatGPT 

and either Overleaf or the Text Document Comparison Site on a split screen enabled him to incorporate revisions 

thoughtfully. This zig-zagging pattern suggests that Thomas was willing to regulate his use of ChatGPT for his 

writing goals rather than automatically accepting its suggestions for revision.  

The study also illustrates that these idiosyncratic tool use patterns and behaviors are not only affected by 

individual writing goals and perceptions of tools, including ChatGPT, but also conditioned by the arrangement of 

digital software. Collin’s brief and copy-and-paste-focused ChatGPT interactions were facilitated by his separate 

tab setup for ChatGPT and Overleaf, which he felt helped him concentrate on revising a final draft. In contrast, 

Thomas’s side-by-side screen setup supported sustained engagement and detailed prompting throughout 

brainstorming, planning, and drafting. This observation highlights the diverse ways in which L2 writers utilize 

online tools at various stages of the writing process (Li 2012) and the strategic organization of digital tools to 

scaffold their writing more effectively (Hort 2020, Overstreet 2022, Séror and Gentil 2023). 
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Along with its implications for ChatGPT-mediated writing in naturalistic settings, this study offers 

methodological insights. Webcam-based eye-tracking facilitated observation of L2 writers’ naturalistic 

engagement with ChatGPT. This study shows that using the webcam, an easily accessible tool on participants’ 

personal devices, webcam-based eye-tracking can collect data in authentic and everyday settings and enhance the 

ecological validity of the research. This study finds webcam-based eye-tracking particularly effective for observing 

digital practices, as it captures both visual attention to the screen and physical actions like typing and mouse control 

and produces gaze plot recordings as data (Godfroid et al. 2020). Furthermore, the study used gaze plot recordings 

and stimulated recalls to create timescapes visualizing L2 writers’ real-time evolution of micro-writing processes 

(Smith 2017). This visualization identified general trends and sequential behaviors in digital writing processes, 

enabling comparative analysis of participants’ patterns. Despite its benefits, timescape visualization has limitations 

in displaying very short-duration behaviors and precise durations and frequencies of individual codes. To address 

these limitations, frequency/duration tables were thus used as a complementary data presentation method. As 

writing processes in digital spaces grow increasingly complex and dynamic, there is a pressing need to develop 

innovative data analysis and presentation methods. 

As a qualitative study exploring L2 writers’ naturalistic use of ChatGPT, this study provides several pedagogical 

implications. The findings suggest that ChatGPT, as a general-purpose tool, encourages diverse and emergent 

behaviors as it flexibly adapts to various contexts and needs. This adaptability, however, can bring a level of 

unpredictability that can complicate structured educational applications. Specifically, this unpredictability may 

pose challenges to developing a step-by-step framework for integrating ChatGPT into L2 writing instruction. Even 

though there are increasing efforts to regulate the ways of using AI tools such as ChatGPT in educational contexts, 

this study argues that, given ChatGPT’s ubiquity in everyday life, it is necessary to explore diverse ChatGPT usage 

patterns both in and beyond the classroom for effective and sustainable integration of AI tools in L2 writing 

education.  

 

 

6. Conclusion 

 

Using webcam-based eye-tracking as a qualitative data collection method for a naturalistic language learning 

experience alongside other conventional qualitative research methods, this study investigated South Korean STEM 

graduate students’ use of ChatGPT in self-initiated writing. By unobtrusively tracing L2 writers’ real-time 

evolutions during the writing process, this study suggests that ChatGPT may urge us to rethink conventional 

writing stages and behaviors (Godwin-Jones 2022, Warschauer et al. 2023). Given that new writing or reference 

tools have always affected perceptions and practices of writing (Haas 1996), further empirical studies could 

explore how ChatGPT or other AI-based tools are used in relation to other tools or materials and how such 

relational perspectives on the use of tools shed light on the changing practices of L2 writing.  
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Appendix A. The Coding Scheme for Tools in ChatGPT-Mediated Writing  

 

Appendix B. The Coding Scheme for Behaviors in ChatGPT-Mediated Writing 

Category Code Description 

Tools 1. ChatGPT A generative AI chatbot developed by OpenAI. 

2. Overleaf 

(https://ko.overleaf.com/) 

An online-based collaborative LaTeX editor extensively used within 

scientific communities for writing, editing, and publishing documents. 

Automatically formats writer's manuscripts in the style required for 

various journals. All participants in this study voluntarily utilized 

Overleaf.  

3. Google 

A search engine that offers a wide range of services. Participants mainly 

used it to search for words, gather information, and as a gateway to other 

websites.  

4. Dynalist 

(https://dynalist.io/) 

An online-based outlining tool designed for creating structured lists and 

organizing ideas. Its hierarchical structure is particularly useful for 

compiling complex information, making it ideal for brainstorming. 

5. Text Document Comparison Site  

(https://wepplication.github.io/tools

/compareDoc/) 

A web application that compares two documents and highlights the 

differences between them using colors, enabling users to intuitively 

identify discrepancies between two versions of a document.  

6. ArXivGPT  

(https://chromewebstore.google.co

m/detail/solar-arxiv/fbbfpcjh 

nnklhmncjickdipdlhoddjoh?pli=1) 

A ChatGPT extension for the ArXiv website. Summarizes the paper 

uploaded in ArXiv according to the prompts that the user set up through 

ChatGPT. 

7. Notion 

A software application that serves as an all-in-one workspace for 

documentation, data management, task management, and project 

planning. Users can create customized pages that may include text, 

database tables, images, and videos. 

8. Others: Naver Dictionary, PDF 
Tools consulted with less frequency (once or twice), with less relevance 

to ChatGPT usage. 

Category Code Code Description 

Gaze 

Behavior 
1. ChatGPT output scanning 

Fixate the words at the beginning of lines and swiftly move the gaze 

horizontally. 

2. ChatGPT output reading Fixate on all or most words presented by ChatGPT. 

3. Zig-zagging 
Continuously shift gaze back and forth between two software arranged 

on a split screen. 

4. Re-reading Re-read segments of the text produced by oneself. 

5. Overleaf compile and reading 

or scanning 
Compile the document in Overleaf and read or scan the preview. 

6. Software scanning Scan the content in software other than ChatGPT. No typing or reading. 

Non-Gaze 

Behavior 
7. ChatGPT prompting 

Type texts into the input field of ChatGPT placed at the bottom of the 

chat window. 

8. Text construction (K) Type actual words in Korean 

9. Text construction (E) Type actual words in English 

10. Revising writing Revise texts written by oneself at word, sentence, or paragraph level. 

11. Drag and drop 

Copy text from one software (excluding ChatGPT) and paste it into 

another (including ChatGPT), such as from Notion to ChatGPT or 

Overleaf. 

12. Incorporating ChatGPT output 

into writing 

Transfer text from ChatGPT to another software by copying and pasting 

or typing manually. 

13. Revising ChatGPT output 
Revise ChatGPT output after copying and pasting it into another 

software. 

14. Search Search for information on Google. 

15. Locating Change the spatial organization and align the software. 

16. Grammarly suggestion apply Click on the Grammarly extension embedded in Chrome. 

17. Other Activities not related to writing. 
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