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The role of ChatGPT in promoting students' academic writing skills — especially when writing without ChatGPT
after having used it — has not yet been empirically tested. In an experimental setup, first-year fashion design
students engaged in three in-class writing exercises: composing introductions to scientific papers first without AI
assistance, second with ChatGPT, and third again without assistance. Our findings demonstrate ChatGPT's sta-
tistically significant potential to improve students' writing quality, both during and immediately after its use.
ChatGPT appears to be an effective and efficient tool for enhancing quality in academic settings, improving text
quality (e.g., examiners' ratings, readability, cohesion) and subjective writing experience (e.g., ease, perceived
control, cognitive load). These benefits are observed not only during its use but also when students write again
without Al assistance. Moreover, whereas students' sense of authorship is reduced during the use of ChatGPT,
their perceived ownership over their work increased in the third writing exercise as compared to their first
exercise, suggesting a more nuanced understanding of feelings of ownership, which might help students to find a
stronger connection and sense of achievement during academic writing. ChatGPT might help in learning aca-

demic writing. Additionally, we discuss findings and implications for using ChatGPT in education.

1. Introduction

Academic writing is essential for helping students develop effective
communication skills to convey complex ideas clearly, ensuring readers
understand the intended information without confusion. Furthermore,
academic writing fosters critical thinking and helps students follow
specific guidelines [1,2]. ChatGPT has extraordinary text-generation
capabilities, producing short stories and essays that can be more
advanced than those of undergraduate students [3]. It can help sum-
marize sources, refine language, and provide formative feedback on
grammar, vocabulary, and overall structure, particularly assisting
novice scholars to express themselves in an academically valid way [4,
5].

Despite the considerable potential this technology offers, significant
risks in its use in academic writing include plagiarism, fabricated ref-
erences, diminished critical thinking, overreliance, and challenges in
maintaining originality [6-8]. As user numbers increase, overreliance
on ChatGPT during learning can negatively affect students' progress [9]
or may lead students to struggle to express their own thoughts [10-13].

This may affect their intrinsic motivation, writing, and learning expe-
rience in academic writing [14], as well as their ownership of the texts
they produce [15]. Conversely, some research suggests that ChatGPT
may improve students' writing experience [16,17]. The relationship
between ChatGPT and students' writing experience is a nuanced issue
that warrants further investigation, particularly regarding experiences
when access to ChatGPT is withdrawn [18].

Recent research has begun to investigate the impact of ChatGPT on
students' writing development, with positive increases in writing quality
indicators often observed during its use [19,20]. Some studies highlight
the potential for learning effects when writing is approached with
ChatGPT assistance, although the methods used varied [21-23].

Despite these initial results, few studies have experimentally assessed
ChatGPT's impact on students' academic writing quality, either during
the writing process or afterwards, when the tool may no longer be
available.

In this study, we explore how students use ChatGPT in academic
writing settings and how its use affects their writing quality, subjective
writing experience, and sense of ownership, both during and after use.
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We employed an ABA-within-participants experimental design in which 2. Theoretical background
students wrote three introductory sections of academic papers. By
comparing the results of both the ChatGPT-assisted exercise and the 2.1. ChatGPT's potential for improving academic writing performance

post-ChatGPT exercises with the baseline, we aim to draw valuable and quality

conclusions towards potential in-class applications of ChatGPT in aca-

demic writing. We have visualized our study's framework in a flowchart 2.1.1. Writing performance and quality measures

(see Fig. 1). To assess whether ChatGPT could have a pedagogically functional
Theoretical
knowledge
Acquisition

Preparation of
questionnaire based
on literature

Search for literature
for students to use

Conceptualizing of
study interface

y

Pre-correction of Conducted the
texts using Microsoft (€ primary experiment
Word using ad-hoc sample
Y
Grading of texts by Readability Analysis Cohesion Analysis
examiners using ARTE Using TAACO

Analysis
of data

Computation of t-test
using Jamovi

Analyze data

Interpret results

Draw conclusions

A

Communicate
findings

Fig. 1. Study Flowchart.
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role in academic writing, we first aim to review studies on students'
writing performance and quality improvement without AI. Writing
performance, particularly in the academic writing domain, is defined as
the ability to produce written text and is related to writing processes and
skills [24]. Writing performance is closely linked to a student's writing
quality.

Writing quality is defined as the ability of a written text to effectively
"communicate or achieve its purpose with its intended audience" [25,
26]. Writing quality comprises measurable components of a student's
work that can be assessed by factors such as cohesion, organization,
argumentation, linguistic accuracy, and the ability to communicate
ideas effectively [27,28]. Writing quality also includes lexical diversity
and syntactic complexity, which are closely related to text readability
[29,30].

2.1.2. Improving academic writing performance and text quality

Regarding improving academic writing quality, three important as-
pects discussed in the literature may be crucial to consider when eval-
uating ChatGPT's potential benefits for academic writing.

First, Van Der Loo et al. [31] compared different instructional
methods in academic writing. They found that observational learning
was more effective than learning by doing, particularly for students
categorized as planners (outlining before writing), whereas revisers (first
writing, then revising) showed no difference. Thus, one potential of
ChatGPT is that it allows students to observe alternative ways an Al
would approach a writing task. If used correctly, both planners and re-
visers might benefit from this input.

Second, Braaksma et al. [32] found that weaker students benefited
from observing peers with similar skills, whereas good students
improved from observing good models. Therefore, ChatGPT's ability to
produce text at different levels of aspiration could enable its use as an
adaptive learning tool, providing opportunities for observational
learning across proficiency levels based on an individual's preexisting
skills [33].

A third crucial aspect concerns the speed at which quality im-
provements appear in the writing domain. Studies measuring writing
improvements typically aim at demonstrating enhanced quality and
quantity after several weeks or a semester [34-37]. Regarding the
measurement of improved writing skills, Bruton and Kirby [38]
emphasize that "per-minute production" should not be equated with
writing skills. Instead, the focus should be on idea generation, meta-
cognition, and cohesive text creation.

As a substantial improvement in students' academic writing quality
on these dimensions does not occur within a few hours of conventional
writing instruction, short-term intervention studies lasting mere hours
rather than weeks are rare in the literature. However, given ChatGPT's
potential to provide numerous, adaptive examples to learners, our study
examines whether substantial improvements in students' writing can be
achieved through shorter interventions.

2.1.3. Academic perspectives on how ChatGPT could affect academic
writing

Numerous researchers have praised ChatGPT for its ability to write
college-level essays, explain concepts, and demonstrate almost human-
like creativity, thereby performing integral parts of academic writing
[11,39,40]. Upon ChatGPT’s release, initial reactions from scholars
were negative, and they assumed that ChatGPT might negatively affect
students' academic writing skills [41]. In contrast, some universities
recognized ChatGPT's potential for research but initially prohibited its
use in coursework [42], whereas other universities allowed its use
without regulations. Although many recognized the need to implement
strong guidelines, developing and implementing them proved chal-
lenging, particularly as ChatGPT rapidly evolved its capabilities through
updates [43]. As this technology is making its way into classrooms,
understanding its impact on writing development, particularly in aca-
demic writing, is crucial. Recent research by Dong [44] investigated L2
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students' perceptions and usage of ChatGPT, focusing on their writing
proficiency. The study suggests that students with positive expectations
about performance and efficiency were more likely to use ChatGPT,
although students wanted more structured guidance from teachers on
effective strategies for using ChatGPT. The author suggested that
negative associations with using ChatGPT in academic writing initially
deterred students from experimenting with the tool and prevented
teachers to explore its potential in class [44].

2.1.4. Potentials and challenges of ChatGPT in academic writing

Alsaedi [9] found in a systematic review of ChatGPT-related articles
that over-reliance on ChatGPT could lead to decreased learning out-
comes, whereas improved writing proficiency among students was
another central point. Students indicated that ChatGPT improved
writing efficiency, but noted issues with originality, wordiness, and
logical fallacies when using it [45]. Nevertheless, more empirical
research on the opportunities and risks of ChatGPT in academic writing
classes is needed.

On the one hand, previous research has shown that potential risks in
Al language model responses exist, including hallucinations, biases,
ethical questions, and inconsistencies [46,47]. Moreover, Krzanowski
[48] observed that GPT-3 sometimes generated student-quality essays
but at other times produced inconsistent results. On the other hand,
ChatGPT might have pedagogical benefits, for instance, by aiding stu-
dents in their writing [49], particularly for non-native English speakers,
as seen with text-enhancing tools like Grammarly [50]. Dong [51]
investigated how students engaged with ChatGPT responses while
reviewing their written texts, highlighting that cognitive engagement
and critical evaluation of ChatGPT feedback were crucial for students to
benefit from using ChatGPT. Furthermore, ethical engagement with the
tool was an important dimension, confirming ideas from previously
mentioned sources that emphasized the need to understand ChatGPT's
shortcomings.

ChatGPT is likely to play a crucial role in university writing tasks
given its widespread adoption among students.

2.1.5. Improvements in writing quality with ChatGPT

Multiple studies have shown quality improvements while using
ChatGPT [19], but most have focused on English-language writing
abilities [20-22]. Studies specifically examining ChatGPT's impact on
academic writing remain rare, though some initial research has indi-
cated potential use cases. Song and Song [52] found that students who
used ChatGPT to revise their writing could outperform a control group
that did not use the tool. Mahapatra [23] reported that using ChatGPT as
a source of feedback on original writing could help students improve
their academic writing performance and quality over a semester.
Collaborative writing with ChatGPT has been observed in practice but
has not yet been extensively studied experimentally in academic
writing.

2.2. ChatGPT's potential for students' increasing subjective writing
experiences in academic writing

2.2.1. Writing experience

Writing experience in academic writing refers to the cognitive and
emotional experiences students encounter while writing, which can be
influenced by personal prior experience, writing affinity, perceived
skills, motivation, perceived task difficulty, perceived control over the
outcome, and technology acceptance [14,53,54]. There are various
measures to quantify writing experience during an experiment. Mea-
sures such as perceived ease and cognitive load can indicate how stu-
dents perceive task difficulty [55-57].

2.2.2. ChatGPT'’s potential impact on students' writing experience
Contrary to some researchers' arguments that ChatGPT's efficiency in
producing text could potentially demotivate students [58], there is
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evidence that ChatGPT might even increase motivation and in-class
engagement. For instance, Ali et al. [59] found that ChatGPT
increased students' English language writing motivation and ease. Other
studies have confirmed ChatGPT's positive effects on students' writing
experience [60-62]. Accordingly, Yildiz [17] reported positive effects
regarding subjective writing experience among students using ChatGPT
compared to a control group without Al support. Besides motivation,
increases in self-efficacy during Al use might also be a positive predictor
of subjective writing experience [63]. Xu et al. [16] also noted that
ChatGPT can increase students' self-efficacy and motivation in certain
classes. However, ChatGPT's strong capabilities might backfire when the
Al assistant is unavailable, leading to frustration and negatively
affecting engagement [18]. Given ChatGPT's capabilities, when AI
assistance is no longer available, one might expect a worse subjective
writing experience and greater student frustration.

2.2.3. Defining ownership in the context of academic writing

When discussing writing experience with Al, new crucial factors
emerge, such as perceived ownership of the text created. Ownership can
be described as the feelings of possession, self-creation, self-identity, and
control of the creative process [15,64]. A reduced sense of ownership
was associated with diminished perceptions of the value of academic
writing and intrinsic motivation [14].

2.2.4. ChatGPT'’s potential impact on students' perceived ownership

Draxler et al. [15] found that users rarely claim full ownership of
Al-generated text but do claim co-authorship of Al-assisted work, often
without disclosing AI involvement. Therefore, students' sense of
ownership may decrease when using ChatGPT, potentially negatively
affecting their subjective writing experience. Mikalayeva [65] notes that
a heightened sense of ownership can increase students' motivation and
class participation. There also seems to be a correlation between the
amount of Al content used and, therefore, declining feelings of owner-
ship over texts [66]. Investigating the effects of ChatGPT on students'
perceived ownership could reveal whether classroom writing experience
is affected by its use.

3. The present study

The present study investigates the effects of ChatGPT on the devel-
opment of academic writing performance. We aim to understand
changes in the quality of student-written texts when using ChatGPT
assistance as compared to texts written without Al assistance. Therefore,
we are interested in writing situations before students access ChatGPT
(condition before ChatGPT), situations while accessing ChatGPT (con-
dition with ChatGPT), and situations after students lose access to
ChatGPT (condition after ChatGPT). To stay within the course's time
frame, we wanted to address a scenario that covers many aspects of the
academic writing process. Therefore, our focus is on writing introduc-
tory sections of academic papers, as these sections require high levels of
idea generation, metacognition, synthesis of ideas from sources, and the
creation of cohesive, argumentative text [67]. We address the research
question: How is the use of ChatGPT associated with the quality of academic
texts produced by first-year students in a regular academic writing course
(during and after using ChatGPT)? Regarding this research question, we
stated two hypotheses (H):

H1: Students write academic texts, more specifically the introductory
sections of a scientific paper, of higher quality when using ChatGPT
assistance (compared to writing without ChatGPT). That is, we expected
the Al tool to affect performance.

H2: Students write academic texts, more specifically the introductory
sections of a scientific paper, of higher quality after having used
ChatGPT assistance (compared to writing before ChatGPT). In other
words, we expected an Al tool learning effect.

H2 is quite tentative as it has not yet demonstrated that learning ef-
fects from observing how ChatGPT addresses academic writing tasks
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occur. Moreover, one might argue that students might get discouraged
when writing on their own again after using ChatGPT for text produc-
tion. Therefore, this hypothesis assumes that the customized texts
generated by ChatGPT for a writing assignment might serve as impor-
tant worked examples for learners and that their availability would
outweigh potential discouragement effects after using the Al assistant.
An additional exploratory issue in our study is collecting process data
to observe how students use ChatGPT as an assistant and how they edit
Al-generated content. Moreover, we were interested in the degree to
which they would experience ownership and how their subjective
writing experience changed when writing the introductory sections
before, during, and after the Human-AI co-creation with ChatGPT.

4. Method
4.1. Sample

Twenty-five students participated in the study; four were excluded
due to incomplete data, leaving 21 participants. Participants were first-
year international students enrolled in the fashion design curriculum in
Berlin, presenting the authors with an ad hoc sample from a student
population that was not too familiar with academic writing to begin
with. An ethics committee at our university approved the study. Stu-
dents used an algorithm to create usernames that only they could
retrieve, ensuring participant anonymity while allowing them to request
the removal of their data if desired. The students had limited knowledge
of ChatGPT and academic writing and rated their experience with
ChatGPT at M = 14.70 on a scale of 1 to 100 (Table 1). As students had to
formulate texts in English in this experiment, their language proficiency
was a crucial factor to observe. Students ranked their English proficiency
as very good on average (M = 4.67, SD = 0.91, range = 1-6, see Table 1
for the pre-questionnaire results), with some native speakers and no
students ranking themselves below a good (4) score. Furthermore, stu-
dents needed to perform well on IELTS, TOEFL, or similar English-
language tests to be admitted to this degree program at our university.

4.2. Study design and procedure

To test our hypotheses, we employed a within-subjects experimental
design with an ABA structure. The experiment lasted three hours and
took place during the sixth session of a regular English-language aca-
demic writing course taught by the first author (further contextual in-
formation on the academic writing course is provided in Appendix A).
Any student enrolled in the class could participate in the study, but

Table 1
Arithmetic Means and Standard Deviations of Variables Used in the Pre-Writing
Questionnaire.

Variable Mean  SD Range

Age 21.7 3.2 17-29

Do you have any reading/ 1.9 .436 0-1 yes, no, prefer not to
writing disability, e.g., say
dyslexia?

How would you rate your 4.67 913 1-6 poor, fair, average,

English proficiency? good, very good,
native speaker
never — seldom —
sometimes — often —

almost always

How often do you use GPT/ 14.7 18.4 1-5
ChatGPT or similar Al tools
in the context of writing?

Ability Beliefs Scale 2.88 408 1-5 disagree, disagree,
neutral, agree,
strongly agree

Writing Affinity Scale 3.29 .80 1-5 disagree, disagree,

neutral, agree,
strongly agree
disagree, disagree,
neutral, agree,
strongly agree

Perceived Value of Academic 3.12 .604 1-5
Writing
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participation was voluntary. In the weeks preceding this session, stra-
tegies for using ChatGPT in academic writing were covered in class,
including conducting Al research, summarizing information, answering
questions about a topic [68], assisting with writing, paraphrasing, and
proofreading. The instructor emphasized that Al-generated content may
be incorrect (e.g., through hallucinations) even when it appears correct,
and that it should therefore always be verified. In class, the instructor
showed students examples of the strategies discussed in the previous
week's lecture to illustrate how ChatGPT can be used for academic
writing. Although students may have used personal ChatGPT accounts at
home prior to the course, the study constituted their first structured,
supervised in-class use of the tool. No additional prompt engineering
training was provided because the study aimed to observe students'
naturalistic use of ChatGPT based on the general strategies already
taught in class, rather than trained expert prompting.

Furthermore, students were taught how to write introductions to
scientific papers, explicitly addressing the following elements: a hook to
generate interest, context to explain the topic's relevance, and a main
thesis statement [69]. Given that the current study took place in a
first-semester course, we could assume a comparable level of prior
knowledge among participants. This assumption is supported by the
results of the pre-questionnaire, in which writing affinity (M = 3.29, SD
= 0.80, range = 1-5), beliefs in one's own abilities regarding academic
writing (M = 2.88, SD = 0.41, range = 1-5), and the previous experience
with ChatGPT (M = 14.70, SD = 18.40, range = 1-100) showed similar
overall levels across students, with slight to moderate standard de-
viations, relatively low values on the given scales, and no extreme
outliers. Participants received €5 as compensation.

Participants were required to write three introductions to new,
original academic papers on three different topics (within-subjects
design). Students wrote the first introduction without ChatGPT (base-
line), the second with ChatGPT using a version of the GPT-3.5 API
embedded in the experiment interface, and the third introduction again
without ChatGPT to test for changes after the Al-assisted phase (ABA
design: writing before ChatGPT = baseline, writing with ChatGPT,
writing after ChatGPT). Students received an explanation of the exper-
iment's sequence before the experiment began.

The three topics assigned to students were related to their major (i.e.,
fashion design) and included: the self-image in virtual avatars (topic A),
Al's potential in fashion design (topic B), and VR embodiment and the met-
averse in the fashion industry (topic C). For each topic, students received

35-50 Minutes each
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three preselected articles as background scientific literature. Students
were instructed to rely exclusively on these sources during writing to
avoid a confound between writing a scientific paper and performing a
literature review. We permuted the topic order across participants to
avoid sequence effects, and students spent 35-50 min writing each
introduction (For information about the writing interface, instructions,
and examples, see Appendix B).

The study began with a pre-questionnaire about demographic in-
formation, students' experience with ChatGPT, and academic writing
(see Fig. 2). Subsequently, the three writing tasks were administered,
each followed by a short questionnaire about students' experiences.
After the three writing tasks and their respective post-task question-
naires, an overarching questionnaire on participants' situational interest
and the perceived usability of the Al tool concluded the study.

4.3. Measures

4.3.1. Dependent variables for comparing experimental conditions

Three groups of dependent variables were measured to compare the
outcomes of the writing task: quality-related variables, subjective
writing experience, and perceived ownership.

4.3.2. Quality-related variables

To test our two hypotheses, we obtained three variables to measure
text quality: human rater scores, readability scores, and text cohesion.
Academic writing in studies is commonly assessed using both automated
and human-rated metrics. Readability and cohesion are important for
approximating human-rated writing quality [70-72], but human ratings
remain the gold standard in research [73,74]. To achieve the best
possible assessment of academic writing quality, we wused a
mixed-methods approach that included readability metrics, cohesion
analysis, and human rater scores to capture both surface-level and
deeper textual qualities [70,72].

Human Rater Scores: We created the total text score (dependent vari-
able DV1) from the sum of two academic writing teachers' ratings on five
dimensions, namely precision of word choice (DV1a), language and
grammar (DV1b), scope (DV1c), logic in outline (DV1d), and argu-
mentative cohesion (DV1e). Teachers provided suggested grades (DV2)
for each introduction using the German school grading system, ranging
from 1 (best) to 6 (worst). To ensure neutrality, all introductions were
presented to teachers in a random order, without indicating whether Al

\J
t‘ 1 ' Y ' Y
Que:gc;r:l?alre Short .
cevioLss Writing questionnaire Perceived
prev Task 1 (No | —» aboutthe |— Ease
EXperience, ChatGPT) writin
demographics, N9 ~ o
ability beliefs expenence l
J Is N
( Writing quesstir:)(:rgaire Post-Exercise bili
Task 2 - ., Usability
R (with — aboutthe |— | *| Questionnaire
ChatGPT) writing L —
L ) experience l
| —
Y, s A
|
Short Usefulness
Writing guestionnaire
»| | Task 3 (No » aboutthe +—
ChatGPT) writing b g
experience
| —

Fig. 2. Study Procedure.
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assistance was used.

As Al-generated texts rarely contain spelling or grammar mistakes
[75], all texts were corrected using Microsoft Word before being pre-
sented to the raters. This ensured a fairer comparison by preventing
lower-order text cues from influencing raters' quality assessments based
on higher-order text cues (see [76]). This correction procedure simu-
lated typical student practices before submitting papers. From this
process, we obtained spelling mistakes (DV3) and grammar mistakes (DV4)
for all texts.

Readability Scores: In addition to human ratings, software tools pro-
vided additional text-quality scores. We integrated six readability scores
(e.g., Coh-Metrix L2 Readability Index (CML2RI), Flesch-Kincaid Grade
Level (FKGL); for a complete overview, see Appendix C) from the
Automatic Readability Tool For English (ARTE) toolbox [77], Gram-
marly's text score and the reading level from Wordcounter.net (ranging
from school levels with the lowest here being 7th to 8th grade to college
graduates) into one readability scale (DV5; Cronbach's o = .95). Further
data obtained from Wordcounter.net were total words (DV6), unique
words (DV7), average word length (DV8), and total characters (DV9; [78,
79D).

Cohesion: Cohesion, which is used to predict reader comprehension
difficulty and is linked to text quality and expert ratings, was measured
using the Tool for the Automatic Analysis of Cohesion (TAACO; [71,
80]). TAACO measures different aspects of local, global, and overall
cohesion (in-sentence, within-paragraph, full-text; [71]). Given the
short length of most texts, we focused on within-paragraph cohesion, as
it might prove more reliable than in-sentence cohesion. Crossley et al.
[81] found that this is particularly relevant for international students,
rendering this measure relevant to our study, as the participants were
mainly international students. We combined several relevant variables
(e.g., Overlap of synonyms between adjacent sentences, etc.; for a
complete overview, see Appendix C) into one overall cohesion scale
(DV10; Cronbach's Alpha [a] = .80), along with the text givenness
(DV11), which is a cohesion measure that indicates how much infor-
mation can be inferred from previous discourse. We assessed givenness
by analyzing the use of pronouns, assuming that the use of pronouns
suggests that the information they refer to is already known or given in
the context (the measure contains eight items, referring to different
types of pronouns; Cronbach's a = .75; [71,81]).

4.3.3. Post-writing questionnaire — subjective writing experience and
ownership

After each writing exercise, students answered a short post-exercise
questionnaire on a 5-point Likert scale. This questionnaire included a
scale with three items on the topic understanding (DV12; e.g., "It was easy
for me to understand the topic.", Cronbach's a = .83), and a scale con-
taining three items addressing the task's perceived ease (DV13; e.g., "It
was easy for me to complete this task.", Cronbach's « = .88). Based on the
cognitive load theory [57] and the NASA-TLX instrument from Hart &
Staveland [55], cognitive load (DV14) was measured using five questions
regarding mental, physical, and temporal demands, including frustra-
tion levels (rated from 1 to 100; e.g., "How much time pressure did you
feel [...]1?", Cronbach's @ = .86). Next, one question asked how successful
students felt in their task (DV15). Moreover, we administered the perceived
control scale (DV16; [15]; e.g., "The resulting text happened without my
intention." [reversed polarity], Cronbach's a = .67). Finally, the owner-
ship scale (DV17; adapted from Draxler et al. [15] on students' sense of
authorship concluded the questionnaires to investigate ChatGPT’s
impact on feelings of ownership (e.g., "I am the main contributor to the
content of this text.", Cronbach's a = .85; [82,83]).

4.4. Additional variables independent of experimental conditions
4.4.1. Pre-writing questionnaire

Beyond demographic variables (cf. Table 1), we assessed three
motivational pretest variables prior to the writing tasks. We used the
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expectancy-value theory as a framework for assessing achievement-
related choices and motivational perspectives that might affect stu-
dents' performance and quality in academic writing or in our experi-
ment. According to Eccles and colleagues [84], expectancy for success
based on ability beliefs, previous experience in a subject, overall affinity
for a subject, intrinsic motivation, and perceived usefulness are pre-
dictors of motivation and achievement-related choices [85-87]. We aim
to use this data to quantify whether prior exposure or attitudes towards
the subject affect writing quality or experience, and whether attitudes
change over the course of the experiment.

All items (unless otherwise noted) were answered on a 5-point Likert
scale (1 = strongly disagree to 5 = strongly agree; all results in Table 1).
The scales measured ability beliefs (pre-1; M = 2.88; SD = 0.41; e.g., "I
just do not have talent for academic writing." [reversed polarity]; [88]),
writing affinity (pre-2; M = 4.83, SD = 1.32; e.g., "How often do you write
for your studies?"; based on [89], on a 6-point scale from 1 = neverto 6 =
very frequently), as well as perceived value of academic writing (pre-3)
according to the Expectancy-Value theory (M = 3.12, SD = 0.60; e.g., "I
find the things we learn in academic writing useful for my life."; [84,
851).

4.4.2. Variables on the use of ChatGPT

After writing with ChatGPT, additional questions on sense of lead-
ership were assessed (adapted from [15]; e.g., "I was writing, and Al was
assisting me."; rated from 1 to 100). These values help clarify students'
perceptions of their own contributions and their understanding of Al's
limitations. Moreover, we calculated values for directly copied text from
ChatGPT by comparing the final text to the full ChatGPT output using a
plagiarism checker and labeled it as AI plagiarism (AIl). Finally, we
calculated the percentage of the total ChatGPT output that students used in
their texts (AI2) by checking the proportion of the full ChatGPT output
they used, again using a plagiarism checker.

4.4.3. Final questionnaire

A final questionnaire comprising five measures of experience with
ChatGPT concluded the study. We mainly used the technology accep-
tance model (TAM) to determine how students would accept a class
application of ChatGPT. Information gathered in this questionnaire
could, in turn, provide insights into how LLMs could benefit academic
writing classes in the future [90]. This questionnaire included a scale for
usability (postl) using the control scale and the affect scale from the
software usability measurement inventory (SUMI) and the system us-
ability scale (SUS; 18 items on a 5-point scale, e.g., "The system's speed
system is fast enough.", o = .83; [91-93]). The technology acceptance
model by Davis [94] was used to measure the usefulness (post2; 19 items,
a = .98), and the ease of use (post3; 16 items, e.g., "I found it easy to get
ChatGPT to do what [ want it to", a = .86), both on a 5-point scale [95].
Subsequently, we measured the situational interest in ChatGPT and aca-
demic writing (post4) with six items (a = .84; [96]). Finally, we inves-
tigated future intention to use ChatGPT (post5) on a 5-point scale (1 =
very unlikely to 5 = very likely).

4.5. Statistical analyses

All data was analyzed using Jamovi [97]. We used one-sided pair-
ed-sample t-tests to compare questionnaire responses and
quality-related variables before and during ChatGPT use, and before and
after ChatGPT use. The statistical significance level for this study was set
at p = .050. All variable values were z-standardized within each topic to
account for differences in difficulty across the three topics.

5. Results
First, we present results comparing introduction texts written before

ChatGPT and those written with ChatGPT (Hypothesis 1). Second, we
provide insight into ChatGPT's potential influence on text written after
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its use, compared to texts written beforehand without it (Hypothesis 2).
Third, we will describe the additional descriptive data independent of
experimental conditions, including usability and perceived usefulness.
For a snapshot of the most important results, see Fig. 3.

5.1. Hypothesis 1: does ChatGPT improve the writing quality and
experience compared to the baseline?

5.1.1. Writing quality gains with ChatGPT

5.1.1.1. Examiner ratings. Examiners rated total text scores (DV1) sta-
tistically significantly higher for introductions with ChatGPT (d = 1.18,
p < .001; see results for H1 in Table 2; cf. Fig. 3) and suggested grades
(DV2) also improved compared to before ChatGPT (d = —0.68, p =
0.003). Statistically significant improvements were observed in preci-
sion of word choice (DV1a; d = 1.11, p < .001), language and grammar
(DV1b; d = 1.49, p < .001), and argumentative cohesion (DVle; d =
0.53, p =.012). However, scope (DV1c; d = 0.26, p = .121) and logic in
outline (DV1d; d = 0.18, p = .209) showed only descriptive differences
in the expected direction but yielded no significance.

5.1.1.2. Computed writing quality indicators. Although spelling mistakes
(DV3) were reduced by a factor of five when using ChatGPT, this effect
was not statistically significant (d = —0.26, p = .125, see Table 2),
whereas grammar mistakes (DV4) recognized by Microsoft Word
decreased statistically significantly during ChatGPT use (d = —1.12,p <
.001). With ChatGPT, the readability scale (DV5) improved statistically
significantly as compared to before ChatGPT (d = 1.09, p < .001).
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Moreover, students tended to write more total words (DV6; d = 0.35,p =
.060) and significantly more unique words (DV7; indicating higher
levels of lexical diversity) with ChatGPT (d = 0.43, p = .031). The
average word length (DV8) also significantly increased from before
ChatGPT to writing with ChatGPT (d = 1.02, p < .001), corresponding to
a significant increase in total characters (DV9; d = 0.50, p = .017). The
cohesion scale (DV10) showed statistically significant improvements
with ChatGPT (d = 0.88, p < .001). Similarly, givenness (DV11) also
significantly increased with ChatGPT compared to before (d = 0.97,p <
.001).

5.1.2. Changes in writing experience with ChatGPT

Regarding the post-writing questionnaires, topic understanding
(DV12) did not change when ChatGPT was used (d = 0.18, p = .211, see
Table 3). Students rated the perceived ease of the ChatGPT-assisted
exercise (DV13) significantly higher (d = 1.04, p < .001; Fig. 3). A
statistically significant reduction in cognitive load (DV14) due to
ChatGPT use was also observed (d = —1.59, p < .001; Fig. 3). With
ChatGPT, students felt more successful in completing their tasks (DV15)
than before (d = 0.69, p = .002). Perceived control (DV16) was statis-
tically significantly reduced when writing text with ChatGPT as
compared to before ChatGPT (d = —0.56, p = .009). Finally, perceived
ownership (DV17) was significantly lower when working with ChatGPT
than before (d = —0.52, p = .014; Fig. 3).

5.2. Hypothesis 2: do students experience lasting gains in writing quality
and experience after ChatGPT is no longer available?

5.2.1. Writing quality improvements after ChatGPT use

5.2.1.1. Examiner ratings. Examiner's total text scores (DV1) increased
statistically significantly from writing text before ChatGPT to writing
text after ChatGPT (d = 1.12, p < .001; see Table 4 for all values for H2;
Fig. 3), as did suggested grades (DV2; d = —0.86, p < .001). Thus, overall
teacher judgements of text quality improved by nearly one standard
deviation after less than one hour of academic writing practice assisted
by ChatGPT. More specifically, precision of word choice (DVl1a; d =
0.61, p = .005), language and grammar (DV1b; d = 1.56, p < .001), and
argumentative cohesion (DVle; d = 1.14, p < .001) improved. More-
over, for this comparison, logic in outline (DV1d) also statistically
significantly improved (d = 0.81, p < .001), whereas scope levels (DV1c)
remained non-significant (d = 0.30, p = .094).

5.2.1.2. Computed writing quality indicators. We found no significant
differences in spelling mistakes (DV3;d = —0.17, p = .217; see Table 4).
However, students made statistically significantly fewer grammar mis-
takes after ChatGPT than before (DV4; d = —0.73, p = .002). Readability
(DV5) statistically significantly increased after ChatGPT as compared to
before ChatGPT (d = 0.49, p = .018). Moreover, after ChatGPT, total
words (DV6; d = 0.32, p = .077) and unique words (DV7; d = 0.30, p =
.092) increased marginally as compared to before ChatGPT, whereas
average word length (DV8) increased statistically significantly (d =
0.38, p =.048). Total characters (DV9) were also marginally higher (d =
0.36, p = .055). The cohesion scale (DV10) shows statistically significant
improvements from before ChatGPT to after (d = 0.49, p = .019), just
like givenness (DV11; d = 0.64, p = .004).

5.2.2. Changes in writing experience after ChatGPT use

Results from the post-writing questionnaires show no significant
differences regarding topic understanding (DV12) from before ChatGPT
to after (d = 0.08, p = 0.365). The perceived ease (DV13; Fig. 3, see
Table 5) increased significantly after ChatGPT as compared to before
ChatGPT (d = 0.60, p = .006). Cognitive load (DV14) significantly
decreased after ChatGPT (d = —0.42, p = .035; Fig. 3). Moreover, stu-
dents felt significantly more successful in completing their task (DV15)
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Table 2
Statistics for all quality indicators regarding Hypothesis 1.
Scale P d t z(ml) 2(m2) SD SD af M1l M2 H Range Explanation
ml m2 y/n
Total text scores <.001 1.18 5.424 -0.621 .385 1.11 0.589 20 17.6 21.7 Y 0-25 Teacher Rating Total
Formulation, Choice of <.001 1.106 5.069 —0.609 0.631 1.14 0.520 20 3.53 4.81 Y 0-5 Teacher Rating
words, Precision
Language and Grammar < 1.492 6.837 —0.848 674 0.987 0.402 20 3.44 4.86 Y 0-5 Teacher Rating
.001

Scope 121 .263 1.205 -0.189  .103 0.978  0.881 20 3.44 3.90 N 0-5 Teacher Rating

Logic in Outline .209 0.180 0.825 —0.309 —0.146 1.13 0.810 20 3.63 3.82 N 0-5 Teacher Rating

argumentative cohesion .012 0.532 2.440 —0.498  0.123 1.12 0.884 20 351 4.26 Y 0-5 Teacher Rating

Suggested Grade .003 -0.682 —-3.125  .408 -0.152  1.09 0.786 20 283 2.06 Y 1-6 Teacher Rating

Spelling amount 125 —0.258 -1.18 0.148 —0.183  0.993 0.967 20 3.86 0.762 N 0-38 Microsoft Word Grammar
Checker

Grammar mistakes <.001 -1.119 —5.13 0.542 —0.616  0.961 0.637 20 4.90 1.10 Y 0-10 Microsoft Word Grammar
Checker

Readability <.001 1.092 5.00 —3.58 4.91 6.00 6.00 20 Y —15, 15 Combined 6 Variables by
ARTE Toolbox

Total Word Count .060 0.354 1.62 —0.246  0.221 0.976 1.03 20 228 303 N 50-683

Unique Words .031 0.432 1.98 —0.246 0.257 1.03 0.992 20 131 165 Y 38-330

Word Length <.001 1.019 4.67 —0.488  0.739 0.878  0.873 20 4.90 5.65 Y 3.3-6.3

Characters .017 0.496 2.27 —0.308  0.330 0.930 1.05 20 1361 2042 Y 280-4664

Cohesion scale <.001 0.880 4.03 —-0.295 0.316 0.501 0.419 20 Y —1.6-1.04  Combined of relevant
values of TAACO Toolbox

Givenness <.001 0.097 4.432 —2.68 2.37 3.58 2.83 20 Y -10-7 Combined of relevant

values of the TAACO
Toolbox

Note: 1 refers to the writing exercise before ChatGPT, 2 refers to the writing exercise with ChatGPT; z(m) refers to the mean values of the z-standardized data. Where
applicable, the mean values of the raw data were presented for more straightforward interpretation. H refers to whether the hypothesis is confirmed or not.

Table 3
Statistics for all writing experience indicators regarding Hypothesis 1.
Scale p d t z(m1) z(m2)  SD SD daf M1 M2 H Range Explanation
ml m2 y/
n

Understanding of the topic 211 0.179 0.819 —0.091 0.090 0.883 0.720 20 3.68 3.8 N 0-5 strongly disagree,
disagree, neutral,
agree, strongly
agree

Perceived Ease <0.001 1.042 4.776 —0.476 0.502 0.796 0.549 20 2.65 3.94 Y 0-5 strongly disagree,
disagree, neutral,
agree, strongly
agree

Cognitive Load <0.001 —1.587 -7.271 2.62 -3.93 3.72 2.81 20 59.8 26.3 Y 1-100 Slider feature
from 0 worst to
100 best

Successful in the task - How successfuldo ~ .002 0.694 3.179 —0.385  0.420 1.02 0.862 20 404 647 Y 1-100  Slider feature

you think you were in accomplishing from 0 worst to
the goals of the task set by the 100 best
experimenter (or yourself)? How

satisfied were you with your

performance in accomplishing these

goals?

Perceived Control .009 —0.561 -2.572  0.865 -1.78 293 3.11 20 371 296 Y 0-5 strongly disagree,
disagree, neutral,
agree, strongly
agree

Perceived Ownership .014 -0.515 -2.358 1.02 -3.79 545 6.72 20 354 26 Y 0-5 strongly disagree,

disagree, neutral,
agree, strongly
agree

Note: 1 refers to the writing exercise before ChatGPT, 2 refers to the writing exercise with ChatGPT; z(m) refers to the mean values of the z-standardized data. Where
applicable, the mean values of the raw data were presented for more straightforward interpretation. H refers to whether the hypothesis is confirmed or not.

after using ChatGPT than before (d = 0.50, p = .017). No significant
difference was found for perceived control (DV14) when comparing
writing before and after ChatGPT (d = 0.02, p = .473).

Finally, we found marginal gains in perceived ownership (DV17)
from before to after ChatGPT (d = 0.30, p = .095; Fig. 3). However, some
individual ownership items suggest that students may feel greater
ownership after the ChatGPT exercise than before. For instance, the item

"I made substantial contributions to the text" showed a statistically sig-
nificant difference before and after ChatGPT (d = 0.64, p = .004).
5.3. Pre-writing questionnaire

Three pre-writing scales measured ability beliefs (pre-1; M = 2.88; SD
= 0.41; e.g., "I just do not have talent for academic writing." [reversed
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Table 4
Statistics for all quality indicators regarding Hypothesis 2.
Scale p d t z(ml) z(m2) SD SD Df M1 M2 H Range Explanation
ml m2 y/n
Total text scores <.001 1.124 5.149 —0.621 .236 111 0.896 20 17.6 21.00 Y 0-25 Teacher Rating Total
Formulation, Choice of .005 0.613 2.809 —0.609 —0.022 1.14 0.791 20 3.53 4.08 Y 0-5 Teacher Rating
words, Precision
Language < 1.556 7.132 —0.848 174 0.987 0.775 20 3.44 4.33 Y 0-5 Teacher Rating
.001

Scope .094 0.297 1.360 -0.189 .09 0.978 1.10 20 3.44 3.87 N 0-5 Teacher Rating

Logic in Outline <.001 0.809 3.709 —0.309  .455 1.13 0.848 20 3.63 4.30 Y 0-5 Teacher Rating

Argumentative cohesion <.001 1.136 5.207 —0.498  .375 1.12 0.734 20 351 4.42 Y 0-5 Teacher Rating

Suggested Grade <.001 -0.862 —3.95 408 —0.256 1.09 0.960 20 2.83 2.00 Y 1-6 Teacher Rating

Spelling amount 217 -0.174 -0.797 0.148 0.035 0.993 1.01 20 3.86 3.62 N 0-38 Microsoft Word Grammar
Checker

Grammar mistakes .002 -0.732  -3.353  0.542 0.0737 0.961 0.979 20 4.48 3.38 Y 0-10 Microsoft Word Grammar
Checker

Readability .018 0.493 2.258 —3.58 -1.33 6.00 6.38 20 Y —15, 15 Combined 6 Variables by
ARTE Toolbox

Total Word Count .077 0.323 1.48 -0.244  0.022 0976 0.933 20 228 248 N 50-683

Unique Words .092 0.301 1.38 —0.246 —0.012 1.03 0.903 20 131 141 N 38-330

Word Length .048 0.382 1.751 -0.488 -0.251 0.878 0.760 20 4.90 4.99 Y 3.3-6.3

Characters .055 0.364 1.668 —0.308 —-0.0219 0.930 0.907 20 1361 1499 N 280-4664

Cohesion scale .019 0.486 2.23 —0.295 —0.0203  0.501 0.453 20 Y —1.6-1.04  Combined of relevant
values of TAACO Toolbox

Givenness .004 0.639 2.93 —2.68 0.312 3.58 3.51 20 Y -10-7 Combined of relevant

values of TAACO Toolbox

Note: 1 refers to the writing exercise before ChatGPT, 2 refers to the writing exercise with ChatGPT; z(m) refers to the mean values of the z-standardized data. Where
applicable, the mean values of the raw data were presented for easier interpretation.

Table 5
Statistics for all writing experience indicators regarding Hypothesis 2.
Scale p d t z(ml) z(m2) SD SD df M1 M2 H Range  Explanation
ml m2 y/
n

Understanding of the topic .365  0.077 0.350 —0.091 0.883 0944 20 368 376 N 0-5 strongly disagree,
disagree, neutral,
agree, strongly
agree

Perceived Ease .006 0.596 2.73 —0.576 —0.026 0.796 0.721 20 2.65 3.13 Y 0-5 strongly disagree,
disagree, neutral,
agree, strongly
agree

Cognitive Load .035 0416 -191 262 1.32 3.72 3.65 20 598 55 Y 1-100  Slider feature from
0 worst to 100 best

Successful in the task - How successful do .017  0.498 2.28 -0.385 —-0.034 1.02 0932 20 404 508 Y 1-100  Slider feature from

you think you were in accomplishing the 0 worst to 100 best
goals of the task set by the experimenter

(or yourself)? How satisfied were you with

your performance in accomplishing these

goals?

Perceived Control 473 0.015 0.069 0.865 0.918 2.93 3.13 20 3.71 3.18 N 0-5 strongly disagree,
disagree, neutral,
agree, strongly
agree

Perceived Ownership .095  0.297 1.36 1.02 2.78 5.45 5.21 20 354 38 N 0-5 strongly disagree,

disagree, neutral,
agree, strongly
agree

Note: 1 refers to the writing exercise before ChatGPT, 2 refers to the writing exercise with ChatGPT; z(m) refers to the mean values of the z-standardized data. Where

applicable, mean values of the raw data were presented for easier interpretation.

polarity]; [88], see Table 1), writing affinity (pre-2; M = 4.83, SD = 1.32;
e.g., "How often do you write for your studies?"; based on [89], on a
6-point scale from 1 = never to 6 = very frequently), as well as perceived
value of academic writing (pre-3) according to the Expectancy-Value
theory (M = 3.12, SD = 0.60; e.g., "I find the things we learn in aca-
demic writing useful for my life."; [84,85]).

5.4. Variables on the use of ChatGPT

5.4.1. Students' use of ChatGPT

Questions on sense of leadership showed that students rated "Al was
writing, [ was assisting" at M = 3.43 (SD = 1.47; see Table 6), while "I
was writing, Al was assisting" was rated at M = 2.76 (SD = 1.55). Stu-
dents asked ChatGPT an average of 4.76 questions per writing task (SD =
2.21). Most prompts (28) were intended to prompt ChatGPT to generate
novel text without using the source PDFs provided to the students. Of
these, around half aimed to understand or gather information about the
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Table 6
Arithmetic Means and Standard Deviations of Variables regarding Al use.
Variable N Mean SD Range
Who took the lead? 21 3.33 1.39 1-5  disagree, disagree, neutral,
agree, strongly agree
I was writing, Al 21 2.76 1.55 1-5 disagree, disagree, neutral,
was assisting agree, strongly agree
Al was writing, I 21 3.43 1.47 1-5 disagree, disagree, neutral,
was assisting agree, strongly agree
AT Plagiarism 21 0.711 0.305 0-1  Percentage
Percentage of Al 21 0.399 0.270 0-1 Percentage

content used

topic the students were required to write about. 19 prompts summarized
text from the sources, 12 paraphrased source texts, and 10 generated
text based on the sources. Students also used ChatGPT to improve their
own writing (13 prompts), while one asked for a synonym of a word.
Finally, 12 prompts were merely conversational or attempted to clarify
the previous question when ChatGPT misunderstood the task. Qualita-
tive examples of students' use of ChatGPT (improving self-written text,
generating text without source input, and asking ChatGPT questions
about the topic) are presented in Appendix D.

5.4.2. Plagiarism from ChatGPT's output

71% of their text was directly copied from ChatGPT, i.e., Al plagia-
rism (AIl), with many students relying heavily on ChatGPT, hence a
95% median (see Appendix E for distribution). Al plagiarism was
measured by comparing the student's final text to their full ChatGPT
output using a plagiarism check. However, the percentage of content from
the total ChatGPT output that students used in their own texts (AI2) was only
30.5%, indicating that students revised and selected their texts to some
degree through prompting before copying the Al text into their own
introductions. We calculated AI2 by dividing the number of plagiarised
words from the ChatGPT output by the total number of words generated
by ChatGPT. This value indicates how much content students generated
before they were satisfied that ChatGPT's output was sufficient for
creating their final introduction. This result also suggests that students
often prompted ChatGPT multiple times and only used selected parts of
the Al-generated text, indicating some level of editing, filtering, or
iterative refinement before incorporating it into their final versions.

5.4.3. Correlations between ChatGPT use patterns and quality indicators

There was a statistically significant negative correlation between the
number of chat queries and the amount of Al text used (AI2; r = —0.376,
p = .046; see Table 7), indicating that students who generated more text
needed more ChatGPT content until they felt their needs for the task
were met. This result suggests that students may need to act more as
editors than authors, underscoring the importance of critically re-
reading ChatGPT-generated texts. Readability of texts (DV5) with
ChatGPT had a positive correlation with Al plagiarism (AIl; r = .607, p
=.002), as did readability of texts (DV5) written after using ChatGPT (r
=.427, p = .027), but not readability of texts (DV5) written before using
ChatGPT (r = .145, p = .734). Perceived ownership (DV17) of ChatGPT-
texts had a significant negative correlation with Al plagiarism (AIl; r =
—0.579, p = .003). We found no statistically significant correlations
between either AI plagiarism (AIl) and perceived ease (DV13),
perceived control (DV16), or cognitive load (DV14).

5.5. Final questionnaires

5.5.1. Usability, usefulness, and ease of use

On a 5-point scale, students rated ChatGPT's usability (postl) as M =
3.85 (SD = 0.54, see Table 8), usefulness (post2) as M = 3.67 (SD =
1.05), and ease of use (post3) as M = 3.80 (SD = 0.60; see Table 8).
Therefore, the user experience seems to have been quite positive.
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Table 7
Pearson's Matrix - Comparisons of Pre- and Post-Questionnaire, Plagiarism, and
Item Interactions.

Variable Al Plagiarism Percentage of Al Direction
content used
P r p r
Chat how many queues - - .046  —-0.376 3
01 Readability Scale 266 .145 323 107 2
02 Readability Scale .002  .607 .055  .358 2
03 Readability Scale 027 427 .072  .330 2
01 Ownership Scale .603  .061 326 —-0.104 3
02 Ownership Scale .003 -0.579 .072 —-0.331 3
03 Ownership Scale 429 —0.041 358  —0.084 3
02 Total Words .042 386 2
02 Characters .031 414 2
02 Average Word Length .018  .458 2
02 Grammar Mistakes .003  —0.584 3
Who took the lead? .008 519 2
Al was writing. I was assisting ~ .006  .541 2
Usability Scale 131 256 2
Usefulness Scale .030 416 2
Ease Scale 128 .259 2
Situational Interest 166 .222 2

Note. We found no statistically significant correlations between the Al-usage
variables and the control, topic understanding, ease, and cognitive load scales.
Directions 2 and 3 indicate a positive and negative correlation, respectively.

Table 8
Arithmetic Means and Standard Deviations of Variables Used in the Post-
intervention Questionnaire.

Variable N Mean  SD Range

Usability Scale 21 3.85 536 1-5 disagree, disagree,
neutral, agree, strongly
agree

Usefulness Scale 21 3.67 1.05 1-5 disagree, disagree,
neutral, agree, strongly
agree

Ease of Use Scale 21  3.80 .581 1-5 disagree, disagree,
neutral, agree, strongly
agree

Situational Interest 21  3.69 857 15 disagree, disagree,

Scale neutral, agree, strongly

agree

Intention to Use 21  3.57 1.40 1-5 very unlikely, unlikely,

ChatGPT in the
future

neutral, likely, very
likely

5.5.2. Situational interest in ChatGPT, academic writing, and future use of
Al

Participants reported a substantial situational interest in ChatGPT
and academic writing on a 5-point scale (post4; M = 3.85; SD = 0.86; see
Table 8). Significant correlations emerged between pre- and post-
experiment and pre-exercise measurements of situational interest in
academic writing, for example between "Academic writing is interesting to
me" (Situational interest scale, post-exercise; see Fig. 4) and the pre-
experiment items "I like writing academic texts" (r = .645 p < .001), "I
enjoy writing academic texts" (r = .445, p = 0.022), and "Academic writing
is not for me" (r = —0.569, p = .004). As seen in Fig. 5, there was a
statistically significant correlation between lower self-rated talent in
academic writing before the experiment and belief that ChatGPT could
improve one's grades (r = 0.57, p = .003).

On a 5-point scale, students rated their intention to use ChatGPT for
academic writing again in the future (post5) as M = 3.57 (SD = 1.40).
Therefore, the interest in Al-assisted writing following the experiences
in the study appears quite substantial.

6. Discussion

The present experimental study demonstrates statistically significant
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Fig. 5. Correlations between ‘no talent in academic writing’ and ‘intention to
use ChatGPT in the future’.

improvements in first-year international fashion design students' aca-
demic writing quality when using ChatGPT as an assistant and, even
more importantly, after using ChatGPT, as evidenced by comparisons of
resulting text quality with student texts written before using an Al as-
sistant. Fig. 3 provides an overview of the study's most significant
findings. Teachers' ratings (total ratings (DV1) and suggested grades
(DV2)), as well as computed quality indicators (readability (DV5),
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cohesion (DV10), givenness (DV11)) improved statistically significantly
in texts written with and after ChatGPT compared with those written
before ChatGPT. Suggested grades improved (DV2) by more than one
German school grade with ChatGPT and by more than half a German
school grade after ChatGPT (see Tables 2 and 4).

Similarly, average word length (DV8), associated with higher writing
quality, increased significantly during and after ChatGPT compared with
before ChatGPT [78,79]. Thus, H1 is confirmed: in our study, first-year
international fashion design students write better introductions to sci-
entific papers when using ChatGPT as an assistant than before. Even
more important, our crucial second hypothesis, H2, was clearly
confirmed: Our sample of first-year international fashion design stu-
dents significantly improved on all the aforementioned measures not
only when using ChatGPT, but also after using it, compared to before.
Regarding our research question—how using ChatGPT influences students'
academic texts (during and after use)—we have a clear answer: ChatGPT
has a positive impact on our sample of first-year international fashion
design students' academic writing quality during and after its use.

Furthermore, first-year international fashion design students' sub-
jective writing experience was perceived as easier with ChatGPT, and
this perception improved further after using it (as evidenced by statis-
tically significant changes in perceived ease (DV13), cognitive load
(DV14), and perceived success (DV15)). Their sense of ownership over
their texts was marginally higher after writing with ChatGPT than
before. Still, their sense of ownership (DV17) and perceived control
(DV16) were, as expected, significantly lower when they wrote with
ChatGPT than before. Fig. 3 clearly shows that students' ease increases
with ChatGPT and remains higher afterward, whereas the opposite is
evident for Cognitive Load. It also illustrates students' hesitance to claim
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ownership of the ChatGPT texts, followed by a subsequent rise in
ownership.

6.1. ChatGPT's potential to improve writing quality

Our study has shown that ChatGPT helped students improve their
academic writing quality. Although researchers initially assumed that
relying on ChatGPT would have adverse effects on students' learning [9,
41], our findings suggest that ChatGPT could become a valuable
learning companion for writing. These results are in line with other
relevant studies, which suggested that students might learn from using
ChatGPT [98-100] and, more specifically, that ChatGPT might improve
students' writing skills and performance sustainably [6,101,102]. We
could provide preliminary experimental evidence to substantiate this
claim. Other current studies provide similar results, indicating that
ChatGPT could have a positive impact on academic writing, although
the methods of application and frequency of use varied widely across
studies [21-23,52]. Further implications of these results are discussed in
the following chapters.

6.2. Students' subjective experiences during and after ChatGPT use

Our experimental findings on first-year fashion design students'
writing experiences are in line with other (some quasi-experimental)
experimental studies showing that ChatGPT might reduce their anxi-
ety while learning [103], increase their learning motivation [59], in-
crease perceived ease [102], and positively affect their perceived success
[104]. Recent studies have shown that ChatGPT may improve students'
overall writing experience [16,17]. The effects of ChatGPT withdrawal
require further investigation, but research shows mixed results
regarding adverse effects on motivation and perceived ease following
access withdrawal [18]. In our study, improvements in ease of use
during ChatGPT were sustained in the post-ChatGPT exercise, and stu-
dents did not report increased frustration afterwards.

6.3. ChatGPT and ownership

The concern that students might rely heavily on ChatGPT when
writing and may even claim or perceive Al-generated output as their
own work has been raised frequently [105]. However, recent studies (e.
g., [15,106) have found that people are generally hesitant to claim full
ownership of Al-generated content. Similarly, students in our study did
not consider ChatGPT-generated texts to be their own work. Their sense
of ownership (DV17) was statistically significantly lower with ChatGPT
than when writing a text before using the tool. However, their sense of
ownership was marginally higher after writing with ChatGPT than
before.

This descriptive finding — that students identified their work as their
own more strongly after using ChatGPT than before — did not reach
statistical significance. However, there was auxiliary anecdotal evidence
from students' in-class comments, indicating that academic writing felt
rather impersonal to them, as they saw their role as merely compiling
other authors' ideas. Therefore, if students were initially largely un-
aware of their own contributions when writing an introductory section
for a new paper, this may have changed after using ChatGPT, given the
tool's demonstration of transforming three papers into an introductory
section for a new paper. In line with this reasoning, other research
suggests that AI may increase people's sense of identity when working
without it [107]. A stronger connection to their work might affect
intrinsic motivation, learning motivation, and the perceived value of
academic writing [14]. Research has shown that the more content stu-
dents copied from Al, the lower their ownership was [66]. Therefore,
writing instructions should be crafted so students can learn from
ChatGPT while still adding their own ideas and effort, thereby
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increasing their sense of ownership. This could mean that students do
not write with ChatGPT, but it asks questions about their text to hint at
potential areas of improvement [14].

However, it is also possible that students' increasing reliance on and
familiarity with ChatGPT and other Al tools could lead to significant
changes in writing behavior, potentially altering users' sense of owner-
ship when generating content with AI [108,109].

6.4. Improvements in grammar versus logic

ChatGPT excels at producing grammatically correct text with precise
word choice [110]. In our study, spelling errors (DV3) and grammatical
mistakes (DV4) decreased during ChatGPT use. However, students still
need to pay attention to the logic of the text (DV1d). Teachers rating the
texts noted that, whereas ChatGPT-assisted texts improved in many
technical details, they sometimes included repetitive elements or lacked
essential introductory components, both of which impaired the logical
structure. Thus, although ChatGPT introductions were well worded,
students still need to ensure that ChatGPT-authored content does not
encounter logical problems in its intended context. This caveat
regarding logical fallacies aligns with previous research [111], partic-
ularly concerning the repetition of sentences, words, or constructs [112,
113]. Therefore, teachers must provide students with practical strategies
for revising ChatGPT-assisted texts. Sok and Heng [114] also note that
for students to use ChatGPT effectively, they need the skills to critically
evaluate its output. Future research could focus more on the revision
strategies of students who achieved the best results with ChatGPT,
particularly in condensing ideas and avoiding logical mistakes, as shown
in our experiment.

6.5. Homogenization of texts during and after ChatGPT use

Our findings indicate that ChatGPT might lead to more homogeneous
student-written texts. Before ChatGPT, we found more outliers in total
words (DV6) and unique word counts (DV7), whereas after ChatGPT, the
texts became more similar to each other. Students wrote more words
both with and after ChatGPT than before. The standard deviation of total
words (DV6) decreased, and the graph (see Fig. 6) shows an almost
normal distribution after ChatGPT. We observed similar homogeniza-
tion effects in readability scores (DV5), with improved readability levels,
reduced standard deviation, and fewer outliers after ChatGPT use.
Outliers in both directions shifted towards the middle of the distribution.
The readability (DV5) graphs in Fig. 7 show outliers before ChatGPT,
whereas after ChatGPT, the values are mainly concentrated around the
median.

Although in our sample, students' overall quality improved with and
after ChatGPT, these homogenization effects might imply that particu-
larly the weaker students benefit most from the Al tool, whereas it could
even hinder some of the high performers (i.e., the positive outliers
before ChatGPT use). Zhu and Zou [115] reported similar results for
creativity outcomes: creativity scores declined for stronger students but
not for weaker ones. Custom-trained GPT models might help cater to
different starting levels, offering personalized interaction. Here, weaker
students could rely on more guidance by ChatGPT, using ChatGPT in
multiple areas of writing, such as getting custom examples or templates
to suit their specific task, whereas higher performers should be
encouraged to explore their ideas on their own initially and use ChatGPT
later to add to their existing ideas or enhance their written text. Still, the
primary goal of using ChatGPT in class should be to empower all stu-
dents to develop their writing skills, with and without Al assistance,
while ensuring that they develop critical thinking skills and that their
understanding of the topic is not outsourced entirely.
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6.6. ChatGPT's application in class and students' acceptance

In our study, we found that ChatGPT had a positive impact on first-
year fashion design students' academic writing quality and writing
experience, both during and after access. These findings suggest the
potential to integrate ChatGPT (or specialized applications) into class-
rooms to support different aspects of the writing process. According to
the TAM, Students rated ChatGPT to be both useful (post2) and easy to
learn (post3). ChatGPT could quickly enhance students' subjective
writing experience and increase interest in academic writing. Therefore,
we recommend that students use ChatGPT to develop their under-
standing of academic writing and to improve their ability to express
ideas. Dedicated prompt-training strategies may help increase produc-
tive and pedagogically useful outcomes for students [51].

6.7. Strengths and limitations

A significant strength of our study is that it demonstrates both quality
gains with Al and skill transfer after Al use, indicating that learning
effects from ChatGPT are possible. The ABA design, which compares
writing processes before, during, and after ChatGPT use in an ecologi-
cally valid context, enabled us to focus on situations where students no
longer have access to ChatGPT. This allowed us to determine whether
quality gains persist beyond Al use and how students' writing experience
is affected when they must write autonomously again. By establishing
baselines for academic writing quality and perceived writing experi-
ence, we could directly compare the effects of the ChatGPT intervention
on students' writing quality. Our study is among the first to directly
examine the potential impact of ChatGPT on academic writing quality.

Another strength of our study is the triangulation of dependent
variables used to measure academic writing quality and experience. By
focusing on objective computational analysis, expert human rater
scores, and students' self-assessed writing experience, we were able to
depict nuanced changes in writing quality and experience more holis-
tically. Employing multiple measures improved the validity of our
results.

Furthermore, the marginal gains observed in ownership in the post-
ChatGPT exercise relative to the baseline represent an important
contribution, as they indicate possible positive psychological impacts on
students' sense of authorship in academic writing. This finding chal-
lenges narratives that equate the use of Al in writing with a wrongful
sense of authorship and reduced student engagement in class. Although
preliminary, this finding on ownership — particularly that students did
not claim ownership over Al-assisted texts — highlights the complex
nature of creating with ChatGPT.

As students participated in the study during their regular academic
writing class, we created a realistic picture of the student population,
unlike studies that enrolled only particularly interested students.

However, some issues might limit the generalizability of our find-
ings. First, the sample size of 21 students limits the generalizability of
the study, although the high effect sizes shown in the results point in the
right direction. Using G*Power [116], we confirmed that the sample
sizes for paired-samples t-tests were large enough; however, a larger
sample would increase the generalizability of our findings. Another issue
with the sample is that it is highly specific to a single group of students.
Only fashion design students participated in the experiment, who might
have different skills and intrinsic motivation regarding academic writing
than students of other degrees.

Second, students interacted with ChatGPT for only 50 min, poten-
tially yielding novelty effects and minimizing nonsensical responses that
might occur in prolonged interactions. Further studies should explore
how perceptions might change as novelty wears off and students
encounter some useless responses, as well as whether the learning effects
observed in this session persist in the weeks after or are fleeting. The
performance effects observed in our session do not prove lasting
learning. Longer, semester-based interventions using a similar design
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would provide deeper insights into sustained use and any sustained
learning effects on writing development and improvement.

Third, since our data collection in May 2023, ChatGPT experience
levels in general might likely have changed with ChatGPT's growing
maturity and popularity, so that students might show different responses
today than in our findings.

Fourth, the improvement observed after using ChatGPT might be due
to natural learning effects in academic writing rather than to prior Al
assistance. Although previous studies showed learning effects only after
much more extended periods (i.e., several weeks rather than minutes; cf.
the literature review), the possibility of a normal learning effect in this
ABA setup remains and warrants further investigation. Therefore,
follow-up studies should introduce control groups to determine whether
students achieve comparable learning gains when writing three com-
parable assignments without an Al tool assisting them in the second
assignment. Without this control group, the positive results observed in
H2 are preliminary.

This study focused specifically on introductory sections of scientific
papers. To increase the generalizability of our findings, future studies
should conduct similar assessments across different sections of academic
papers. This could mean focusing on using Al to write conclusions, ab-
stracts, or other parts of academic papers, or to gather the best possible
results, a full academic paper. However, we intentionally focused on
introductions in this study, as introductory sections require high levels
of proficiency in skills relevant to other parts of academic papers (i.e.,
idea generation, metacognition, and the creation of cohesive and argu-
mentative texts).

Another important limitation is that our study involved multiple
statistical tests, increasing the risk of Type I error. We did not apply a
multiple-comparison correction (e.g., Bonferroni or FDR), so individual
p-values should be interpreted with caution. The findings should be
considered preliminary until replicated with a design that reduces or
corrects for multiple comparisons.

Due to the fact that students' introductions were very short, we had
to exclude some of TAACO's most relevant cohesion indices. Therefore,
all results regarding cohesion (excluding givenness) should be consid-
ered preliminary and verified by studies using longer text samples.

Finally, as students' introductions were pre-corrected to remove
grammar and spelling mistakes before being sent to teachers, potential
shortcomings in these areas that might affect grading were not consid-
ered. We decided to pre-correct, as this is standard practice before
submitting academic papers at university, and would make ChatGPT-
generated text, which is usually free of grammatical errors, too
obvious to pick out. Regardless of motivation, this still poses a signifi-
cant limitation.

6.8. Implications and further directions

We theorized in the introduction to this paper that ChatGPT's main
advantage might be its adaptability to individual needs. Rather than
providing learners with generic text examples, ChatGPT can generate
examples closely related to their current research questions, thereby
increasing their interest and comprehension. We assumed that students
benefited mainly from seeing how their task is performed for them by the
Al with minimal own involvement. This experience differs significantly
from using templates or best-practice examples, as it is based on the
generation of task-tailored texts as learning materials (in the sense of
worked examples).

Future studies are required to substantiate this assumption in greater
detail, for instance, by comparing this method of providing task-tailored
example texts generated by ChatGPT with providing more general, high-
quality example texts that are, however, not specifically aligned to
students' current writing task. As mentioned in the introduction, there
are differences in students' learning styles (planners vs. revisers) and in
how weaker students learn compared to stronger students [31-33]. Due
to the timeframe of our study, students could barely outline their work,
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so only the reviser's writing style was realistically achievable. Still, seeing
how both weaker and stronger students improved, we could theorize
that they used ChatGPT in ways that helped them and further refined its
output until they were pleased with the content. One implication for
in-class scenarios is that teachers should let students first determine
their preferred writing style and level, and then tailor their ChatGPT
experience to their individual needs. Planners would get a version of
ChatGPT focused on helping them consider all aspects while outlining
their ideas, whereas revisers would rely on ChatGPT more to improve
their writing afterward. Similarly, weaker students need different input
from ChatGPT than stronger students do, with stronger students
potentially using it at different points in the writing process, such as
after writing to further improve their text's quality.

Another distinction that future studies could address is whether
students with higher language proficiency levels (e.g., native speakers)
utilize ChatGPT differently than less proficient or novice learners. Here,
studies could classify students by their English-language scores (e.g.,
TOEFL or IELTS) to assign them to different groups. Using these distinct
groups, studies could highlight potential differences in usage patterns
and changes in the progression of writing quality.

Teachers could train ChatGPT on course content to create a tutor-like
system to determine whether custom GPTs can provide better results.
Based on these positive results, we recommend that students practice
writing both with and without Al assistance (as in our experimental
setup) to develop the ability to produce high-quality texts and deepen
their understanding of the subject.

Future research could provide insights into Al's role across other
aspects of higher education to test ChatGPT's effects on other subjects. If
effective across multiple classes, universities might consider creating
specialized models tailored to their curricula and policies. Here, it is
important to consider different levels of prior writing proficiency, as
there may be differences between new learners using ChatGPT and more
advanced students, such as postgraduate or doctoral students who
learned to write without ChatGPT. Therefore, comparing the usage
behavior and learning effects of inexperienced students using ChatGPT
with those of experienced students could help determine the optimal
point in the curriculum for integrating Al-assisted writing. Special
attention needs to be paid to whether the extended use of AI by students
impairs important aspects of the academic writing process, such as idea
generation, feelings of ownership, and perceived workload.

Further studies should determine the optimal integration, potentially
via a mixed approach in which students alternate between ChatGPT and
independent writing to develop critical thinking skills. Students could
write a chapter independently first, then use ChatGPT to generate
multiple versions to compare with their versions, discussing the logic,
content accuracy, highlighting differences, and identifying preferred
aspects in each version.

7. Conclusion

Our study provides preliminary evidence of increased writing quality
in our sample of first-year fashion design students in academic writing
when using ChatGPT, with improvements evident immediately after use,
suggesting that integrating Al into writing curricula could enhance
comprehension, skill acquisition, and achievement. Increased perceived
ownership after ChatGPT use and an improved writing experience
during and after ChatGPT indicate that it could strengthen students'
connection to their work, perceived skills, writing affinity, and in-class
involvement. Students found ChatGPT both useful and easy to use, ac-
cording to the TAM. Therefore, in-class applications need to be explored
in future studies to determine how ChatGPT can be used most effectively
to enhance student learning and provide lasting quality improvements
during and after its use.

The large number of statistical tests increases the chance of obtaining
statistically significant results by chance; therefore, our results should be
considered preliminary. Further studies are needed that replicate these
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results to determine whether the findings can be confirmed.

This study marks a promising step as Al tools become increasingly
popular and their capabilities continue to grow. ChatGPT shows po-
tential for academic writing and teaching, and its use could enhance
learning while fostering critical thinking skills.
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Appendix A. Contextual information regarding the academic writing course - from the course Syllabus

Course Information: Academic Writing and Research
After completing the module, students will be able to:

L1:
L2:
L3:
L4:
L5:
L6:
L7:
L8:
Lo:

Explain the basics of scientific discovery. (Competence level 2)

Carry out scientific literature research. (Competence level 3)

Contents of the Module:

Fundamentals of scientific epistemology

derive research questions and hypotheses

Application or case-by-case avoidance of Al in the research process
Techniques of scientific argumentation and reasoning

Methods for creating and presenting scientific posters

General Objectives of all BA Programmes

perspective. (Relevance: 5)

Name the individual steps of an empirical research process. (Competence level 1)

Classify sources concerning their reliability based on quality criteria for scientific work. (Competence level 2)
Summarize the state of research concerning a research question systematically and according to scientific standards. (Competence level 2)

Critically evaluate one's own approach to literature review and topic focus in a broader context. (Competence level 5)
Examine possible research ethical challenges. (Competence level 5)

Reflect on the use of Al in the writing process. (Competence level 5)
Derive research questions and/or hypotheses from the current state of research. (Competence level 6)

Basics of scientific writing and publishing according to the rules of the American Psychological Association (APA)

Methods for researching and organizing scientific literature, as well as rules for assessing the quality of scientific publications

Basics of practical procedures for recording, organizing, and solving scientific problems

Understanding of scientific terminology and quality indicators (e.g., deduction, induction, validity, reliability, representativeness); ability to

Understanding of the interrelationships and challenges of a diverse, volatile, and agile economy and society, including an international

Ability to grasp complex tasks and develop creative and sustainable solutions using suitable methods. (Relevance: 5)

o Self-reflection and judgment in order to grow personally in a dynamic, international, and discontinuous working environment and to make

ethically responsible decisions in intercultural contexts. (Relevance: 3)

Objectives of the Specific Study Programme
Awareness of the social role of the media and critical reflection on the economic and political characteristics of the media and communications

industry in the context of social change and digital transformation, based on international competencies and individual interests. (Relevance: 3)

Ability to prepare, critically reflect, and practically apply the current international state of research on media and communication management
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and related topics from various disciplines. (Relevance: 5)

Entrepreneurial spirit that reflects individual interests, combined with an innovation orientation and a willingness to assume social responsibility
as a media or communications manager. (Relevance: 6)

Structure of the lecture:

U1 Introduction: Didactic concept of this course, requirements for project work

U2 The Scientific Research Process: Steps, Quality Criteria, and Logic L1, L2, L7

U3 Researching and reading I: Introduction to library systems, types of scientific publications

L3, L5, L6

U4 Researching and reading II: Introduction to library systems, types of scientific publications

L3, L5, L6

U5 Organization, time management, structure & Al: How do I organize and manage a project?

L8

U6 Thinking and Writing I: How to Write a Good Text L4

U7 Quote, report, and design I: Citation rules according to APA L2

U8 Quote, report, and design II: Reports and design according to APA L2

U9 Thinking and Writing II: How to Write a Good Text (APA Guidelines) L4

U10 Presentations in a scientific context: posters and Co. L7, L9

Ul1 Limitations L6, L7

U12 Wrap-up

Structure of the accompanying campus session:

U1: Introduction and developing a Topic.

U2: Conducting Literature Research

U3: Developing a Research Question

U4: Structuring a paper (2)

U5: Al in academic writing (1)

U6: Citing according to APA

U7: Formatting the paper

U8: Proofreading and final improvements

Competencies:

K1: Academic knowledge (Role: 6)

K2: Knowledge in professional practice (Role: 2)

K3: Methodological skills (research) (Role: 5)

K4: Methodological skills (professional practice) (Role: 2)

K5: Social skills (Role: 1)

K6: Personal skills (e.g., reflection, organisation) (Role: 3)

Module Length: 1 Semester

ECTS Credits: 5

Prerequisites / Recommendations: None

Total Workload

125 h [SSZ 80 h / UE-V 15 h / UE-U 30 h]

Study Semester: 1

Lecturer information:

The experiment took place during a regular academic writing course session, following the lesson on Al use in academic writing. An experienced
professor always delivers the academic writing lecture at our university, whereas either professors or external teachers conduct the campus sessions. In
our experiment, the class was taught by the first author, an experienced academic writing teacher with several semesters of teaching this subject and
experience in grading academic papers. In response to the introduction of ChatGPT into academic writing, the course structure and content were
adapted to reflect these changes. The course materials on Al use in academic writing were developed by the course professor and the first author of this
study.

Appendix B. The experimental surface and instructions

Dear participant

Welcome to our study "sciwri01"! Thank you for your interest in this study. Please read the following information carefully and then decide
whether to participate in this study or not.

In this study, we are using GPT-3 to aid the writing process in the module academic writing.

For this purpose, you will use our system to create three academic texts, each with roughly one-page-long introduction sections, based on journal
articles we will provide as references.

No side effects are to be expected.

Procedure of the study
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The following study consists of three sections and takes place in the module academic writing as part of your scheduled classes. In total, it takes
about 180 min, and your extra effort in answering some questionnaires is remunerated with 5€. A prerequisite for your participation is that you are at
least 16 years old and speak fluent English.

Your task is ...

... in Section 1) to answer a preliminary questionnaire with various questions about yourself (demographic data, experience with Al-writing tools
and writing in general, ability and value beliefs with regard to academic writing) in Section 2) write an introduction about the first of three topics using
only your prior knowledge and skills, followed by a short questionnaire about your writing experience in Section 3) write a second introduction about
a second topic, using the aid of the AI tool GPT-3, again followed by a short questionnaire about your writing experience in Section 4) write a third
introduction about a third topic, this time again without the Al tool, again followed by a short questionnaire about your writing experience in Section
5) complete a survey about your experience of writing with and without artificial intelligence assistance.

The individual sections and different tasks of the examination will each be explained to you in detail before you begin.

Voluntariness, anonymity, confidentiality and handling of the data

Participation in the study is voluntary. You may terminate your participation in this study at any time without giving any reason and without
incurring any disadvantages.

All data will be kept strictly confidential and used solely for research purposes. By confirming below, you allow us until withdrawal to evaluate
your data for scientific purposes and, if necessary, to use it in the context of a publication in completely anonymized form and to make it publicly
available to other scientists only in this form.

If you participate, you will have the opportunity to withdraw your consent to data analysis until the end of the course on 23.06.2023, using your
personal code word that you create at the start of the study based on a predefined rule.

Advantages/benefits from participation

Beyond the compensation, there is no particular benefit from participating in the study. However, you will contribute to the scientific knowledge of
how information is processed in different postures. Furthermore, practicing academic writing in this experiment might potentially be beneficial for
you, as it is the topic of the course.

Personal data

The following personal data will be collected in the study:

- Demographic data: Age, gender, reading/writing disability, English proficiency.

- Questionnaires on: experience with Al-writing tools and writing in general, ability and value beliefs about academic writing, technology
acceptance and usability, cognitive load, sense of ownership, sense of control, sense of leadership, situational interest, and intention to use.

Instructions:

Your task in this section is to write an introduction to an academic paper based on the instructions on how to write introductions from our class.
This should be around 250-350 words long (one page in Word using the standard formatting). In each writing session, you will receive three journal
articles, which are the only sources you should use. These will be displayed within this window. You will have approximately 50 min for each task; if
you do not finish, that is not an issue.

Additional instruction regarding ChatGPT:

This time, you will see an additional window that shows the version of ChatGPT you will work with today. Here you can interact with your assistant
and ask it for help with the introduction.

Screenshot from the Study interface: Post-exercise questionnaire

Please rate the following statements:

strongly disagree strongly agree
1 2 3 4 5
It was easy for me to understand the topic. O O @) @) O
This topic was interesting for me. O @) O @) O
| could relate to the topic personally. O O O O @)
Please rate the following statements:
strongly disagree strongly agree
1 2 3 4 5
It was easy for me to complete this task. O @) @) O O
This task was challenging to me. O O O O O
| felt well prepared for the task. @) O @) O O
Please rate the following statements:
strongly disagree strongly agree
1 2 8 4 5
I am the main contributor to the content of this text. O O @) O @)
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Appendix C. Overview of individual variables of the readability scale and the cohesion scale

The readability scale contains the following indices from ARTE [77]: Automatic Readability Index (ARI), Coh-Metrix L2 Readability Index
(CML2RI), New Dale-Chall Readability Formula (DC), Flesch Kincaid Grade Level (FKGL), Flesch Reading Ease (FRE), SMOG Grading, as well as the
Text Score by Grammarly and the Reading Level by wordcounter.net.

The cohesion scale includes relevant values for within-paragraph cohesion, as defined by TAACO [81,71]. We selected indices based on both
theoretical relevance and statistical suitability for our data. Because most introductions consisted of only a single paragraph, we focused primarily on
local-level cohesion indices, as global or paragraph-level measures (e.g., synonym overlap across paragraphs) did not yield meaningful values for our
short texts.

Following Crossley et al. [71], we included local-level indicators such as demonstratives, determiners, and noun-phrases, which are
well-established predictors of cohesion in short academic texts. For lexical diversity, we used trigram-lemma TTR, which showed the strongest as-
sociation with human rater scores in our dataset, while other TTR variants were collinear with cohesion measures already included in the model.

Although word2vec sentence similarity typically predicts essay quality at the global level, it showed sufficient variability and correlation with
human ratings in our sample and was therefore retained. In contrast, LDA topic similarity was excluded because it displayed high collinearity with
word2vec, making it redundant and reducing interpretability [81].

Variables that showed no significant variation, no meaningful correlations with quality, or were theoretically inappropriate for extremely short
texts were not included, as they would not contribute to a coherent or interpretable model of writing quality.

The following items were used to calculate the cohesion scale:

e trigram lemma TTR

e Overlap of nouns into adjacent Sentences

e Synonym overlap (sentence, noun)

e Synonym overlap (sentence, verb)

e Lsa cosine similarity (adjacent sentences)

e Lsa cosine similarity (two adjacent sentences)
e Word2vec similarity (adjacent sentences)

e Word2vec similarity (two adjacent sentences)
e Number of determiners

Number of demonstratives

Number of demonstratives followed by a noun phrase
Number of demonstratives functioning as a noun phrase

Appendix D. Qualitative Examples of Students' ChatGPT Usage

Explanation

Student Question

ChatGPT Answer

Improving Self-written

text

Generating Text

Without Input

Rewrite this introduction for a scientific paper introduction in a formal
way: E-commerce as a definition for the sale of products and services online
is a constantly growing and expanding, which is confirmed by the growing
number of online sales to total shares. Specifically in the fashion industry,
e-commerce is a widely spread and a popular way to purchase items, which
also leads to about 70% of returns due to fit-related issues. In addition,
almost 60% of consumers reported the lack of fitting and physical measure
abilities while online shopping. With the introduction of VFR (Virtual
Fitting Rooms) there have been various alternatives developed to provide
the conventional fitting through the virtual interaction of the client. The
key point of VFR is to try on the garments on a generated model based on
our measurements which can visualise the clothes in terms of size, colour,
fit, shape etc. VFR were introduced in late 2010s, mainly focusing on the
performance while overlooking the affective aspects. Many of them being
its accuracy, attractiveness and the extent of interaction between the
software and the user. In this paper, the potential of different types of
Virtual Reality on the Fashion Industry will be discussed along with the
future of Augmented Realities and how current brands are implementing it.
Write an introduction about the Potentials of Virtual Reality on the Fashion
Industry
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The present paper aims to explore the implications and potential of Virtual
Reality and Augmented Reality on the Fashion Industry. Specifically, the
focus will be on the use of Virtual Fitting Rooms (VFR), a technology that
has been developed to allow consumers to virtually interact with garments,
based on their own measurements, and visualize them in terms of fit, size,
color, and shape. Although VFR have been introduced in the late 2010s,
their efficiency, attractiveness, and the extent of interaction with users have
been subject to debate. Despite their limitations, VFR have been recognized
as a viable alternative to conventional fitting processes, which often result
in high rates of returns due to fit-related issues. In this context, the paper
will provide an overview of the current state of the art in VFR, with a
particular focus on their affective aspects. Finally, the paper will discuss the
potential of Augmented Reality to further enhance the fashion retail
experience, and how leading fashion brands are currently implementing this
technology.

Virtual reality (VR) technology has been making waves in the fashion
industry in recent years. From virtual fashion shows to virtual shopping
experiences, VR has opened up a world of opportunities for designers,
retailers and consumers alike. The potential for VR in the fashion industry is
vast, offering immersive experiences that could revolutionize the way we
design, produce and consume fashion. In this essay, we will explore the
exciting potentials of virtual reality on the fashion industry and how it can
contribute to the development of a more efficient, sustainable and engaging
fashion ecosystem.

(continued on next page)
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Explanation

Student Question

ChatGPT Answer

Generating Text
Without Input

Questions and Answers
— a thought process:

Write a 250 to 350 word introduction about self-image in virtual avatars

QUESTION 1: What is an Avatar

QUESTION 2: self image in virtual characters

QUESTION 3: write an introduction about the self image in virtual avatars

In today's digital age, virtual environments are becoming increasingly
popular. With the development of virtual reality and online gaming,
individuals are able to create their own virtual avatars that serve as
representations of themselves in these immersive digital spaces. A virtual
avatar is an animated 3D figure that can be customized to reflect an
individual's physical features, personality traits, and personal preferences.
While creating a virtual avatar is often seen as a fun and entertaining
activity, it also plays a significant role in shaping one's self-image. In virtual
environments, individuals have the ability to construct a version of
themselves that they may view as ideal or aspirational. This virtual self-
image can have a profound impact on an individual's self-esteem,
confidence, and overall sense of self-worth. For example, studies have
shown that individuals who are dissatisfied with their physical appearance
in real life may feel more confident and comfortable in their virtual avatars.
Additionally, individuals may use their virtual avatars to explore different
aspects of their identity, such as gender or sexuality, without fear of
judgment or discrimination. However, creating a virtual avatar that
accurately represents one's self-image can also be challenging. As virtual
avatars are highly customizable, individuals must make a series of choices
about features such as skin tone, hair style, and body shape. These decisions
may reflect an individual's personal preferences but can also be influenced
by societal beauty standards and biases. Furthermore, there is often pressure
to conform to certain social norms and expectations within virtual
environments, such as gender roles or body type ideals. Moreover, virtual
avatars can have an impact on how individuals interact with others in
virtual environments. For example, individuals may be judged based on the
appearance or behavior of their avatars rather than their actual character.
This can lead to an increased focus on superficial qualities, such as physical
appearance, rather than on meaningful characteristics, such as intelligence
or empathy. Overall, virtual avatars have both positive and negative
implications for an individual's self-image. As technology continues to
advance, it is important to consider the impact of these digital
representations on our perceptions of ourselves and others in virtual
environments

ANSWER 1: An avatar is a digital representation of a user in a virtual world
or online platform. It can be a graphic image or a 3D model that represents a
person or a character created by the user. Avatars are typically used in
online games, virtual reality environments, social media, and messaging
apps. Users can customize their avatars to look like themselves or create
unique characters with different personalities, outfits, and abilities. In some
cases, avatars can also be used for online identity and anonymity purposes.
ANSWER 2: Self-image in virtual characters, also known as avatars, refers to
the way individuals perceive and project themselves through their digital
representations or digital identities in virtual environments. When people
create avatars, they are able to design them to represent themselves in ways
that depart from their physical appearance, gender, or social status in the
real world. Avatars offer a way for people to experiment with different parts
of their identity, explore new or different personalities, and interact with
others in a variety of social contexts. In many virtual environments, self-
image can be further shaped and influenced through the acquisition of
virtual assets, such as clothing, accessories, or special abilities. The concept
of self-image in virtual characters is particularly important when
considering the potential impacts of these virtual environments on
individuals, both positive and negative. For some people, avatars may
provide a space for self-expression and self-discovery, while for others, they
may exacerbate issues related to body image, social anxiety, or addictive
behavior.

ANSWER 3: Virtual avatars have become increasingly popular in recent
years and have revolutionized the way we interact with technology. With
the help of advanced technology, we are able to create avatars that resemble
real-life individuals or characters, giving an entirely new dimension to our
virtual experiences. The creation of virtual avatars has not only brought
about exciting new possibilities for gaming and entertainment but has also
sparked interesting discussions regarding our self-image in the virtual
world. Our avatars represent the image we want to project to others in the
virtual world, and it is crucial to understand how these representations
affect our perception of ourselves. In this paper, we will explore the concept
of self-image and how it is shaped in the virtual world through the creation
of avatars.
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