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The automatic feedback systems which use artificial intelligence (AI) technology now produce instant feedback
to academic writers which correct their grammar errors and vocabulary usage and writing coherence problems.
The research used a quantitative cross sectional study design which involved 200 undergraduate students at
Tsinghua University who completed a structured 30 item questionnaire to provide information about their
personal backgrounds and their digital platform usage and their perceived improvements and their difficulties
and their overall satisfaction. The research team utilized Partial Least Squares Structural Equation Modeling to
analyze data while maintaining methodological standards through the evaluation of reliability and validity
and structural relationships. This research employs of quantitative cross-sectional analysis through structured
questionnaire and PLS-SEM. Key statistics such as path coefficient (β = 0.851, 0.392), effect size (f2 = 2.627, 0.234)
and capacity (R2 = 0.819).
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1. Introduction

Artificial intelligence has become central force in reshaping
higher education, particularly in domain of academic writ-
ing [1]. College students increasingly rely on AIenhanced
feedback systems such as Grammarly, ChatGPT, and Quill-
Bot to improve their English writing skills through bet-
ter grammar, vocabulary, coherence, and organizational
abilities [2]. Writing proficiency serves as an academic
assessment tool which additionally provides people with
essential skills for professional success and ongoing com-
munication throughout their lives [3].

AI feedback systems developed through natural lan-
guage processing and machine learning advancements
which allow automated systems to evaluate text and deliver
specific user corrections [4]. Similarly, Lund [5]] demon-
strates that educational methods create learning benefits

while their students face copyright violations and difficul-
ties in critical analysis.

The AI-powered writing software is based on the princi-
ples of Natural Language Processing (NLP). This facilitates
the analysis and provision of feedback automatically. Self-
regulated learning (SRL) theory provides an explanation
of how learners leverage such feedback to enhance their
writing abilities. The ability of AI-supported feedback to
contribute to the development of English writing skills is
based on the idea of a sequential path to learning, during
which the mistakes made by students are corrected through
automation, and the writing piece is revised.

RQ1: How do demographic factors (age, gender, year
of study, and English proficiency) influence the use of AI-
enhanced feedback systems among college students?

RQ2: What patterns of usage (frequency, purpose, dura-
tion, and type of assignments) characterize college students’
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engagement with AI feedback tools?

RQ3: To what extent do AI-enhanced feedback systems
improve college students’ English writing skills in terms of
grammar, vocabulary, coherence, confidence, and writing
frequency?

RQ4: What challenges and concerns (accuracy, criti-
cal thinking, plagiarism, over-reliance, and conflict with
teacher feedback) do college students report when using
AI feedback systems?

RQ5: How satisfied are college students with AI-
enhanced feedback systems, and what are their attitudes
toward future integration of these tools into academic writ-
ing instruction?

H1: There is a significant difference in the use of AI
feedback systems across demographic groups such as age,
gender, year of study, and English proficiency.

H2: Students who use AI feedback systems more fre-
quently report higher levels of engagement in academic
writing tasks.

H3: AI-enhanced feedback systems significantly im-
prove students’ English writing skills in grammar, vocabu-
lary, and coherence compared to traditional feedback.

H4: Students who rely heavily on AI feedback systems
report higher concerns about plagiarism, reduced critical
thinking, and over-reliance compared to moderate users.

H5: Students with positive experiences using AI feed-
back systems express stronger intentions to continue using
them and support their integration into classroom teaching.

• Analyze the influence of demographic factors (age,
gender, year of study, and proficiency) on AI Usage by
applying ANOVA/Chi-square (SPSS).

• Evaluate the relationship between frequency of AI
tool usage and engagement in academic writing tasks
using Correlation (SPSS).

• Measure the impact of AI-enhanced feedback sys-
tems on grammar, vocabulary, and coherence improve-
ments through PLS-SEM structural modeling.

The paper is divided into four parts. Part, one gives
the background of the research, stating the problem, gaps,
questions, objectives, and hypotheses. Part two discusses
the review of the literature for purposes of building the
conceptual framework. Part three discusses the method-
ology used in collecting the data such as design, methods,
variables, and analysis through the Partial Least Squares
Structural Equation Modeling approach.

2. Materials and methods

Krajka and Olszak [6] found that applied linguistics stu-
dents used their language knowledge and writing skills to
identify the difference between human-written and AIgen-
erated texts while they used AI tools to create summaries
and generate text. The study by Jaramillo et al. [7] found
that bilingual secondary students in Colombia showed im-
proved writing skills when their writing workshop used
both Grammarly and ChatGPT. The research demonstrates
that AWCF has developed into a more adaptive system
which provides contextualized feedback through its use
of generative artificial intelligence. The evolution of this
system improves the performance of AI writing assistance
tools. The system supports AIbased language learning
methods which use feedback to help students develop their
writing skills and cognitive abilities through self-directed
learning.

Fig. 1. Conceptual Research Model illustrating
relationships among AI Usage

The research model shown in Fig. 1 demonstrates how
researchers believe various constructs connect to each
other because they affect college students’ usage of AI-
enhanced feedback systems. The dynamic interaction be-
tween AI-enhanced feedback and student writing perfor-
mance through an iterative feedback loop, where real-time
AI suggestions guide continuous revision and refinement.
When students use feedback to correct grammar, vocabu-
lary, and coherence, their writing can improve and further
refine their interactions with AI tools, which are part of
a cyclical process that enhances learning outcomes. The
theoretical framework comprises the latent variables AI
Usage (the independent variable), Writing Skills Improve-
ment (the mediator), Satisfaction (the dependent variable),
and Challenges (the moderator). The mediating effect of
Writing Skills Development is used to explain the link be-



Journal of Applied Science and Engineering 33 (2026) 26033032 3

tween AI Usage and Satisfaction. Challenges are used as
the moderating variable.

The relationship between AI Usage and Satisfaction is
established through AI Usage because it enables feedback
tool assessment, which learners need for their learning
process. The study shows that challenges serve as a mod-
erating factor which alters the strength of relationships
and explains research model pathways. The study opera-
tional structure by demonstrating that issues like cognitive
dependence and academic integrity issues interact with
student perceptions, especially satisfaction, as a mediating
factor in PLS-SEM model. The behavioral interaction of
learners with AI-enhanced feedback systems in terms of
the frequency and efficacy of interaction with feedback to
revise and improve are important elements that determine
the outcome of education performance. The systematic
and intentional engagement with AI tools allows the stu-
dents to internalize the feedback. The study surveyed 200
college students using a 30-item questionnaire which as-
sessed their background and AI usage and writing impact
and challenges and their overall evaluation of AI-based
feedback systems. The thirty-item format was selected to
avoid survey fatigue, maintain respondent convenience,
and offer adequate coverage of all key constructs. The
items were divided into five sections: obstacles, writing im-
provement, demographics, AI utilisation, and satisfaction.
In order to allow evaluating the views of students correctly,
every concept had a number of items. The questionnaire
was developed based on the study objectives, with items
constructed to represent each research variable across five
sections: demographics, AI usage, writing improvement,
challenges, and satisfaction. Every section consisted of sev-
eral items that covered the experiences of students, which
were measured by responses on Likert scale to provide
consistency and to be appropriate to use in the analysis.
Cronbach alpha and Composite Reliability (CR) were used
to test internal consistency by measuring the reliability
and stability of construct measurement, and the indicator
loadings with Average Variance Extracted (AVE) to test
convergent validity. Heterotraitmonotrait (HTMT) ratio
was used as a measure of discriminant validity, which guar-
anteed the distinctiveness of the construct and helped to
prove the overall soundness of the measurement model.

Researchers begin their research process which Fig. 2
shows by identifying problems which they need to study.
The research design was a cross-sectional survey design,
which provided data at one moment in time, which was
studied efficiently because of the relations among AI us-
age, writing improvement, and satisfaction. Participants
were recruited using a convenience sampling approach;

they had to be accessible and must have been exposed to
AI tools before. A sample size of 200 undergraduate stu-
dents of Tsinghua University was used, which is sufficient
to analyze the PLS-SEM. This sample size is adequate to
provide sufficient statistical power to test the proposed
model. The study collects data from 200 participants who
answer through Likert-scale questions. The online platform
administered the survey, which distributed the question-
naire link through institutional channels to participants
who submitted their responses during a specified time pe-
riod, while mandatory response fields and structured ques-
tion sequencing ensured complete and accurate participant
submissions.

Fig. 2. Research Process Flowchart for Evaluating AI
Feedback Systems

The research employs a cross-sectional survey study that
uses a 30-item questionnaire developed from five testable
hypotheses (H1 through H5) to collect Likert-scale data
from 200 college students at Tsinghua University. The sam-
ple population was recruited through convenience sam-
pling, via online survey and academic contacts. A screen-
ing question was used to verify previous AI tool use (e.g.,
Grammarly, ChatGPT, Quill Bot). The three months usage
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Table 1. Descriptive Statistics of Study Variables

Mean Median Observed Observed Number of Standard
min max observations used deviation

AI_Usage 0.00 0 0.025 -2.556 3.037 200.000 1.000
Challenges 0.00 0 0.296 -3.260 3.852 200.000 1.000
Satisfaction 0.00 0 0.258 -2.326 3.108 200.000 1.000

Writing Skills_ Improvement 0.00 0 -0.010 -2.553 3.526 200.000 1.000

Table 2. Demographic Profile of Respondents

Variable Category Frequency Percent Valid Percent Cumulative Percent

Gender

Category 1 31 15.5 15.5 15.5
Category 2 95 47.5 47.5 63
Category 3 49 24.5 24.5 87.5
Category 4 25 12.5 12.5 100

Age Group
Group 1 87 43.5 43.5 43.5
Group 2 94 47 47 90.5
Group 3 19 9.5 9.5 100

Year of Study

Year 1 18 9 9 9
Year 2 71 35.5 35.5 44.5
Year 3 52 26 26 70.5
Year 4 30 15 15 85.5
Year 5 29 14.5 14.5 100

Stream
Category 1 27 13.5 13.5 13.5
Category 2 103 51.5 51.5 65
Category 3 70 35 35 100

criterion used was that of recent experience and reduced
recall bias.

The research used survey indicators to measure indepen-
dent variables, which included three demographic factors
through categorical items for age and gender and academic
level, while AI feedback usage patterns were measured
through indicators that tracked usage frequency, usage
purposes, interaction time and assignment types, which
allowed researchers to measure their effect on writing im-
provement and satisfaction through systematic quantitative
analysis.

PLS-SEM is based on a two-step process that comprises
the evaluation of the measurement model in terms of relia-
bility and validity, followed by the analysis of the structural
model in terms of path coefficient, f2, and R2. The process
followed a structured sequence to ensure methodological
rigor and reproducibility:

The measures of descriptive statistics, such as mean,
median, standard deviation, and range, were computed be-
fore conducting the SEM analysis. The research considered
demographics and AI use, where the constructs were mea-
sured with several survey measures. The research study
defines AI Usage through three specific indicators which
show how students use AI tools throughout their activities.

The system allows students to practice their writing skills
while receiving immediate feedback and participating ac-
tively in all writing exercises, which leads to higher student
involvement. The researcher assessed outer loadings of in-
dicators to confirm that every item produced significant
value to its associated construct.

The PLS-SEM framework uses AVE to measure conver-
gent validity through its assessment of the variance that
each construct’s indicators successfully explain. The calcu-
lation of AVE requires finding the average of all squared
factor loadings that represent the indicators. The threshold
of AVE which exceeds 0.50 demonstrates that a construct
can account for more than 50 percent of its indicator vari-
ance. The HTMT ratio was used to evaluate discriminant
validity through correlation analysis of constructs like AI
usage, challenges, satisfaction, and improved writing skills.
The HTMT ratios were all less than 0.90 , indicating that the
constructs have discriminant validity and are not plagued
by multicollinearity problems.

This research examined the effect of demographic fac-
tors and utilization of feedback from the AI tool on writing
performance and satisfaction. The future of the writing
performance was tested using path coefficients, f2, and R2.
This research employed the use of SmartPLS 4 software
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Table 3. Correlation Matrix of Study Constructs

AI_Usag e Challeng es Satisfactio n Writing Skills_Improvement

AI_Usage 1.000 0.071 0.802 0.851
Challenges 0.071 1.000 -0.266 0.081
Satisfaction 0.802 -0.266 1.000 0.816

Writing Skills_Improvement 0.851 0.081 0.816 1.000

Table 4. Outer Loadings of Measurement Model

Outer loadings

Q10 <- AI_Usage 0.893
Q11 <- AI_Usage 0.917
Q12 <- AI_Usage 0.914

Q13 <- Writing Skills_Improvement 0.900
Q14 <- Writing Skills_Improvement 0.870
Q15 <- Writing Skills_Improvement 0.856
Q16 <- Writing Skills_Improvement 0.887
Q17 <- Writing Skills_Improvement 0.880
Q18 <- Writing Skills_Improvement 0.881

Q19 <- Challenges 0.875
Q20 <- Challenges 0.889
Q21 <- Challenges 0.903
Q22 <- Challenges 0.878
Q23 <- Challenges 0.884
Q24 <- Challenges 0.908
Q25 <- Satisfaction 0.909
Q26 <- Satisfaction 0.908
Q27 <- Satisfaction 0.894
Q28 <- Satisfaction 0.907
Q29 <- Satisfaction 0.905
Q30 <- Satisfaction 0.910

Q7 <- AI_Usage 0.924
Q8 <- AI_Usage 0.916
Q9 <- AI_Usage 0.914

based on a sample of 200 participants. The mediating ef-
fect of Writing Skills Improvement provides a valuable
understanding of the relationship between AI Usage and
Satisfaction by showing that AI tools positively affect satis-
faction indirectly and directly by improving performance
in writing. The structural model showed that AI Usage
produced strong positive impacts on Writing Skills Im-
provement which had a standardized coefficient of 0.851
and an effect size of 2.627, and on Satisfaction which had a
standardized coefficient of 0.392 and an effect size of 0.234,
while Challenges produced a negative effect on Satisfaction
which had a standardized coefficient of -0.335 and an effect
size of 0.616. Path coefficients (β) indicate the strength
and direction of relationships between constructs in the
proposed model, where higher values represent stronger
effects. In this study, AI Usage shows a strong positive im-
pact on Writing Skills Improvement (β = 0.851) and a mod-
erate effect on Satisfaction (β = 0.392), demonstrating its

role in enhancing performance and indirectly influencing
satisfaction through skill development. The AI-generated
feedback in this study improves the linguistic coherence
by examining the sentence structure, logical flow, and se-
mantic relationships and suggests how to connect words,
restructure sentences, and further organize the ideas. With
the help of feedback and revision, students work on idea
development and transitions, which mains to their more
articulate expression and coherent academic writing. The
methodology is the basis on which the evaluation of the
proposed model is founded, and the findings are discussed
below.

3. Results and discussion

Descriptive statistics present participant demographic in-
formation and their AI usage patterns through mean value
calculation and median value assessment and standard
deviation measurement and range determination.

The descriptive statistics in Table 1 summarize the dis-
tribution of the main study variables used in the PLS-SEM
analysis. The data shows all constructs which have mean
and median values that approach zero. The range of val-
ues and standard deviation (1.000) confirm variability and
normalization across 200 observations.

The Table 2 displays the demographic information of
200 respondents using four different criteria which include
their gender and age group and year of study and academic
stream. The majority of participants fall under Category
2 in gender (47.5%), Group 2 in age (47.0%), and Year 2 in
study (35.5%).

Table 3 presents the correlation matrix showing rela-
tionships among AI Usage, Writing Skills Improvement,
Satisfaction, and Challenges.

Table 4 shows that all AI Usage indicators and Writing
Skills Improvement metrics and Challenge indicators and
Satisfaction indicators reach outer loadings which exceed
the 0.70 threshold thus demonstrating strong indicator re-
liability and convergent validity. The highest loading for
AI Usage occurs at Q7 which has a value of 0.924 while
Writing Skills Improvement shows a minimum loading of
0.856.

The results of Table 5 demonstrate that all constructs



6 Lijuan Dai and Jiguo Yao

Table 5. Construct Reliability and Validity

Cronbach’ s Composite reliability Composite reliability Average variance
alpha (rho_a) (rho_c) extracted (AVE)

AI_Usage 0.960 0.961 0.968 0.834
Challenges 0.947 0.950 0.958 0.791
Satisfaction 0.956 0.956 0.965 0.820

WritingSkills_Improvement 0.941 0.941 0.953 0.772

show both reliable measurements and valid measurement
properties. The Cronbach’s alpha values which range be-
tween 0.941 and 0.960 confirm that the internal consistency
of the test shows high assessment results. The AVE values
which range between 0.772 and 0.834 exceed the required
minimum value which enables the test to achieve proper
convergent validity.

Table 6. Heterotrait-Monotrait Ratio (HTMT)

Heterotrait-monotrait ratio (HTMT)

Challenges <-> AI_Usage 0.077
Satisfaction <-> AI_Usage 0.835
Satisfaction <-> Challenges 0.278
Writing Skills_Improvement <-> AI_Usage 0.895
Writing Skills_Improvement <-> Challenges 0.088
Writing Skills_Improvement <-> Satisfaction 0.860

Table 6 shows that all HTMT values are below the 0.90
threshold which establishes strong discriminant validity
between all measured constructs. The lowest relationships
are observed between Challenges and AI Usage (0.077) and
Writing Skills Improvement and Challenges (0.088), which
indicates clear construct separation.

As shown Table 7, AI application plays a significant role
in determining writing skills improvement (β = 0.851, f2 =
2.627), as well as having a moderately positive relationship
to satisfaction (β = 0.392, f2 = 0.234), whereas improvement
in writing skills positively affects the satisfaction level (β

= 0.509, f2 = 0.394), but encountering difficulties reduces
satisfaction (β = -0.335, f2 = 0.616). From the above analy-
sis, it is clear that the effect of AI Usage on Writing Skills
Improvement is very significant (β = 0.851), as well as on
Satisfaction, which is somewhat significant (β = 0.392).
The effect sizes of 2.627 for writing skills and 0.234 for
satisfaction further substantiate the results. These results
corroborate those from previous studies conducted by Oth-
man [3], Lund [5], and Jaramillo et al. [7]. They found that
the use of artificial intelligence in providing feedback signif-
icantly enhances the quality of students’ writing but might
cause difficulties such as overdependence and plagiarism
concerns.

Table 8 displays high explanatory ability for the pro-

Table 7. Path Coefficients and Effect Sizes of the Structural
Model

Constructs Path Coefficients f-square(β)

AI_Usage → Satisfaction 0.392 0.234
AI_Usage → 0.851 2.627Writing Skills_Improvement
Challenges → Satisfaction -0.335 0.616
Writing Skills_Improvement → 0.509 0.394Satisfaction

posed model. The variable "Satisfaction" exhibits an R2

value of 0.819 (adj. 0.816), suggesting that almost 81% of
its variance can be explained by AI Usage, Improvement in
Writing Skills, and Challenges.

Table 8. R2 Values of Endogenous Constructs

R-square
R-square
adjusted

Satisfaction 0.819 0.816
Writing Skills_Improvement 0.724 0.723

Table 9. Model Fit Indices (Saturated vs. Estimated Model)

Saturated model Estimated model

SRMR 0.032 0.034
d_ULS 0.317 0.338
d_G 0.333 0.337
Chi-square 372.422 379.602
NFI 0.932 0.930

The structural model representing the association be-
tween AI Usage, Writing Skills Improvement, Satisfaction,
and Challenges is depicted in Fig. 3. The usage of AI con-
tributes positively to the improvement of writing skills
(β = 0.851) and to satisfaction (β = 0.392).

Model fit is outstanding according to Table 9. The SRMR
values for both saturated and estimated models, 0.032 and
0.034 respectively, are less than the critical value of 0.08,
showing small residuals. High NFI values (0.930 - 0.932)
above 0.90 and low d_ULS and d_G values further demon-
strate the outstanding fit of the model and match between
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Table 10. Hypothesis Testing Results

Path Relationship
Beta

f-square p-value Result Hypothesis(Path Coefficient) (Effect Size)

AI Usage → Satisfaction 0.392 0.234 < 0.001 Supported H1
AI Usage → Writing Skills Improvement 0.851 2.627 < 0.001 Supported H2
Challenges → Satisfaction -0.335 0.616 < 0.001 Supported H3
Writing Skills Improvement → Satisfaction 0.509 0.394 < 0.001 Supported H4

Fig. 3. Structural Model Path Diagram

the saturated and estimated models. All the research hy-
potheses have been tested and confirmed.

As shown in Table 10, all hypotheses have been empir-
ically validated to be statistically significant. Specifically,
AI Usage has a large positive impact on Writing Skills Im-
provement (β = 0.851, f 2 = 2.627, p<0.001) and a medium
positive influence on Satisfaction (β = 0.392, f2 = 0.234,
p<0.001).He et al. [8] conducted a narrative review of 29
articles (2023-2025) on ChatGPT in ESL higher education,
which showed that students developed better writing skills
and grammatical accuracy and fluency skills through per-
sonalized feedback

4. Conclusion

The research demonstrates that AI feedback systems lead
to better English writing results for college students. The
PLS-SEM analysis verified the reliability and validity of 200
participants with AI usage having the maximum impact
(β = 0.851). The advantages of the system are countered
by two main problems which include plagiarism risks and
diminished capacity for critical thinking. The study investi-
gates AI integration for academic writing at one institution
through self-reported data from participants. The research
demonstrates how artificial intelligence integration into
academic writing results in educational research outcomes

and technological development. For future research, a lon-
gitudinal study design and multiple institutions would
be more effective in enhancing the generalizability of re-
sults. Furthermore, using mixed methods could give better
insight into AI-enhanced writing and learning outcomes.
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