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Abstract

Although reading—writing integration has been increasingly advocated in Chinese language education,
limited empirical evidence explains how reading, writing, and student engagement become integrated,
particularly under Al-supported feedback. To address this issue, this study examined whether ChatGPT-
supported feedback improved reading outcomes, writing outcomes, and student engagement, while
investigating their interrelationships, the mediating role of student engagement, and the corresponding
pathways in reading—writing integration. A total of 400 middle school students from eight intact classes
in Shenzhen participated, with 200 students receiving ChatGPT-supported feedback and 200 receiving
human-generated feedback. Using a quasi-experimental pretest—posttest design, data were analyzed
within a quantitative longitudinal framework integrating baseline equivalence tests, 2 x 2 mixed-design
ANOVAs, factor-level correlation analyses, and multi-group cross-lagged path analysis to examine
changes and temporal relationships among reading, student engagement, and writing across two groups
(N =400). Despite comparable pretest scores, findings showed that Group 1 demonstrated significantly
greater pretest—posttest gains in reading, student engagement, and writing, with significant Time x Group
interactions and large effects. Correlations further indicated stronger posttest associations among
engagement, reading, and writing in Group 1, whereas these relationships remained weak in Group 2.
Longitudinal analyses revealed stronger T2 within-time direct and mediating pathways in Group 1,
alongside several significant cross-lagged effects, but cross-lagged mediating effects were generally
nonsignificant in both groups. The findings theoretically highlight student engagement as a potentially
time-sensitive mechanism through which Al-supported learning may strengthen the integration of reading
and writing. Practically, they suggest the pedagogical value of Al-supported learning environments for
fostering engagement and connecting literacy processes, while emphasizing sustained instructional
exposure to consolidate these relationships over time.

Introduction

Reading and writing are increasingly conceptualized as reciprocal literacy processes that jointly support
students’ language development (Graham & Hebert, 2011; Graham et al., 2018; Fitzgerald & Shanahan,
2000). Research has demonstrated both reading-to-write and writing-to-read effects, showing that
reading provides linguistic, discourse, and content resources for writing (Graham et al., 2018; Fitzgerald &
Shanahan, 2000; Graham & Sandmel, 2011), while writing activities boost reading fluency, word reading,
and comprehension outcomes (Graham & Hebert, 2011; Graham et al., 2012; Graham & Sandmel, 2011).
At the same time, engagement is positively associated with reading achievement (e.g., Connor et al.,
2009; Lee, 2014; Zhu et al., 2023) and writing performance (e.g., Ndruru et al., 2025; Rad et al., 2024; Philp
& Duchesne, 2016) and functions as an important mechanism through which reading and writing
mutually reinforce one another (e.g., Alexander, 2018; Ng & Graham, 2018).

However, these theoretical and empirical advances face challenges in mainland Chinese reading and
writing. Previous studies have noted that traditional Chinese instruction has often emphasized teacher-
centered activities such as explanation, and question-answering, while providing limited opportunities for
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authentic student participation and frequently treating reading and writing as separate instructional
domains (e.g., Zhu, 2008, 200943, b; Pan, 1997, 2013, 2017). As a result, students may have fewer
opportunities to engage actively in integrated literacy practices that support reciprocal reading—writing
development. This situation highlights the need for innovative instructional approaches capable of
simultaneously strengthening reading—writing connections and student engagement.

To address this gap, the present study applies ChatGPT-supported feedback to support reading—writing
integration and student engagement. Recent research suggests that ChatGPT can enhance reading
comprehension (e.g., BALANTEKIN, 2025; Etkin et al., 2025; Heung & Chiu, 2025), improve writing quality
and feedback processes (Bai, 2024; Teng & Huang, 2026; Cipta et al., 2025), and increase learners’
engagement and interaction in educational activities (e.g., Lo et al., 2024; Mese et al., 2025; Wu & Ho,
2025), suggesting its potential to support the interconnected development of reading, writing, and
student engagement. Building on these findings, the present study investigates whether ChatGPT-
supported feedback can promote reading—writing integration by enhancing student engagement in
Chinese language classrooms.

Literature review

Reading-to-Write and Writing-to-Read in First Language
Education

Reading and writing are closely connected literacy practices that jointly support students’ academic
development in first language education, and recent research has increasingly conceptualized them as
reciprocal rather than independent processes (Graham & Hebert, 2011; Graham et al., 2018; Fitzgerald &
Shanahan, 2000). Extensive research has demonstrated that reading and writing rely on shared linguistic,
cognitive, and metacognitive resources, highlighting the importance of integrated literacy instruction in
contemporary literacy research (Berninger et al., 2016; Graham et al., 2018; Duke & Cartwright, 2021).

Research on reading-to-write has shown that reading provides students with vocabulary knowledge,
genre awareness, discourse structures, and content knowledge that directly support writing development
(Graham et al., 2018; Fitzgerald & Shanahan, 2000; Graham & Sandmel, 2011). A large-scale meta-
analysis found that reading interventions significantly improved writing quality, writing output, and
spelling performance among school-aged learners, demonstrating the transfer of literacy knowledge
from reading to writing (Graham et al., 2018). Studies of literacy instruction have further reported that
exposure to high-quality texts enhances students’ organization, argumentation, and overall text quality by
strengthening their understanding of written discourse conventions (Graham et al., 2018; Duke &
Cartwright, 2021).

Research on writing-to-read has generated equally strong evidence that writing activities improve reading
achievement and comprehension (Graham & Hebert, 2011; Graham & Hebert, 2010; Hebert et al., 2012).
Meta-analytic findings indicate that writing about texts through summarizing, note-taking, responding,
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and analytical writing produces significant gains in reading comprehension compared with reading-only
activities (Graham & Hebert, 2011; Graham & Hebert, 2010). Explicit instruction in writing processes,
sentence construction, and text structure has also been shown to strengthen reading fluency, word
reading, and comprehension outcomes (Graham & Hebert, 2011; Graham et al., 2012; Graham & Sandmel,
2011). These effects are commonly explained by deeper processing, comprehension monitoring, and
increased metacognitive engagement during writing tasks (Graham & Hebert, 2011; Duke & Cartwright,
2021; Berninger et al., 2016).

There is a potential reciprocal literacy model in which reading and writing develop through mutually
reinforcing processes rather than unidirectional transfer (Graham et al., 2018; Duke & Cartwright, 2021).
Although most influential studies have been conducted in Western first-language literacy contexts,
emerging research has begun to examine whether reciprocal reading—writing relationships operate
similarly in Chinese literacy education. In mainland Chinese language arts classrooms, Zhu (2008, 20094,
2009b, 201043, 2010b, 2019) argues that reading and writing should be understood as mutually
constitutive rather than separate instructional domains. Drawing on both traditional Chinese literacy
thought and contemporary classroom practices, he contends that extensive reading cultivates audience
awareness, evaluative judgment, and discourse knowledge that support writing development (Zhu, 2008,
2010b). At the same time, writing activities provide opportunities for students to deepen textual
understanding, participate in writing communities, and transform reading experiences into meaningful
literacy production (Zhu, 20103, 2019). Zhu's historical analysis further suggests that the long-standing
debate between prioritizing reading and prioritizing writing should be replaced by an integrated
perspective that views literacy learning as a dynamic process of reciprocal reading—writing development
(Zhu, 20093, 2009b).

Overall, evidence from both Western literacy research and mainland Chinese language education
suggests that reading and writing develop through reciprocal and mutually reinforcing processes
(Graham & Hebert, 2011; Graham et al., 2018; Zhu, 2019).

Relationships Between Student Engagement and Literacy Outcomes

Student engagement has long been regarded as both a central goal of literacy instruction and a key
mechanism through which instructional practices shape reading-related outcomes. In particular,
Alvermann (2002) argued that engagement mediates the relationship between instruction and student
outcomes, including reading performance and beliefs about reading, a view that is also reflected in earlier
engagement research (Guthrie et al., 1998). Consistent with this view, a recent review found that
cognitive and behavioral engagement are reliable predictors of reading achievement, whereas emotional
engagement primarily facilitates achievement through its influence on other forms of engagement (Zhu
et al., 2023). Empirical studies have likewise reported positive associations between engagement and
reading outcomes. For example, engagement scores were generally positively related to reading
comprehension performance in elementary classrooms, although the relationships were complex and
shaped by instructional factors (Connor et al., 2009). Similarly, behavioral engagement, reflected in effort
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and perseverance, and emotional engagement, reflected in a sense of belonging, significantly predicted
reading performance among students (Lee, 2014).

Student engagement is a multidimensional construct that shapes learners’ participation in academic
tasks and influences how they engage with instructional opportunities, including writing-related feedback
and learning activities (Fredricks et al., 2004; Philp & Duchesne, 2016). Similarly, writing engagement
strategies have been found to positively predict academic writing performance with a significant positive
effect (B = 0.294) (Ndruru et al., 2025), while active participation in writing tasks is associated with
improved linguistic outcomes, including greater proficiency, fluency, accuracy, and complexity of written
expression (Rad et al., 2024). Beyond direct performance effects, engagement also appears to function
as an important mechanism in writing development. The depth of students’ engagement has been
identified as a crucial mediating factor influencing how feedback is utilized and how feedback
contributes to writing improvement over time (Zhang & Hyland, 2018). Additional evidence from
engagement-oriented instructional approaches indicates that gamification can significantly enhance
language learning outcomes with a medium effect size (g = 0.517) (Lee & Baek, 2023).

Taken together, prior research suggests that student engagement is closely associated with both reading
and writing outcomes. Accordingly, the interrelationships among reading, writing, and student
engagement merit further examination in the present study.

Student Engagement as a Mediator of Reading—Writing Development

Student engagement has been widely conceptualized as a central mechanism linking reading and writing
development. Research suggests that students can transfer techniques encountered during reading into
their own writing (Kletzien & Hushion, 1992), while growth in both reading and writing depends on
learners’ willingness to engage in these literacy activities (Roe, 1997). Empirical evidence increasingly
supports the crucial role of engagement in supporting the linkage between reading and writing
development (e.g., de Milliano, 2013).

On the one hand, meaningfully integrated reading and writing activities can promote one another, with
interaction fostering sustained engagement and positive literacy outcomes (Park, 2016), while instruction
supporting both reading and writing is associated with higher levels of student engagement and
cognitive demand (Bock & Erickson, 2015). Recent scholarship has emphasized that engagement is
critical to students’ growth as readers and writers (Alexander, 2018; Ng & Graham, 2018), and enriches
understanding of both reading and writing. (Olson, 1996).

On the other hand, insufficient student engagement may limit opportunities for learners to connect
reading and writing experiences, as interest, motivation, and active participation have been identified as
important contributors to the development of both literacy domains (Hidi & Anderson, 2014; Mason et al.,
2023; Aktas et al., 2023).
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However, the close relationship between engagement and learning outcomes is not fixed, it should be
considered in light of the developmental nature of student engagement (Li & Lerner, 2011), and also
reciprocal reading-writing connection unfolds nonlinearly over an extended period, requiring long-term,
longitudinal development to fully manifest across lexical and text levels (Kim et al., 2018). Accordingly,
the present study examined engagement-reading-writing correlation and pathways across pretest,
posttest and cross-lag rather than treating it as a static characteristic measured at a single time point.

Traditional Chinese Instruction and Its Constraints on Student
Engagement in Reading and Writing

Research on Chinese language education has long raised concerns about the relationship between
reading, writing, and instructional practice in mainland China. Existing scholarship suggests that
traditional Chinese language instruction has often emphasized textual interpretation, teacher explanation,
and examination-oriented learning, while providing comparatively limited opportunities for students’
active participation in literacy practices (Pan, 1997, 2013, 2017). Pan (1997, 2013, 2017) examined the
historical development of writing education and questioned the long-standing imbalance between
reading and writing in Chinese language teaching.

Within the field of reading—writing integration, Zhu (2009b) analyzed the reading—writing relationship in
traditional Chinese language education, while Zhu (2009a) revisited historical debates regarding the
relative status of reading and writing. Zhu (2008) argued that cultivating audience awareness is essential
for meaningful writing development. Extending this perspective, Zhu (2010a) proposed writing
communities as a means of increasing interaction and participation in writing instruction, and Zhu
(2010b) illustrated how evaluative reading can encourage more active engagement with texts. More
recently, Zhu (2019) called for reading—writing integration research to move beyond experience-based
practices toward stronger theoretical and empirical foundations. Related work by Zheng (2007, 2012,
2014) similarly emphasized instructional reflection, learner participation, and the integration of literacy
activities. Taken together, these studies suggest that reading and writing are mutually supportive literacy
processes. However, relatively limited research has explicitly examined student engagement as the
mechanism linking reading—writing integration and literacy development in mainland Chinese
classrooms.

Taken together, these studies suggest that traditional Chinese language instruction has often separated
reading from writing and provided limited opportunities for authentic student participation. Although
scholars have increasingly advocated reading—writing integration and more student-centered literacy
practices, empirical classroom research in mainland China remains relatively limited, and many
traditional instructional patterns continue to dominate Chinese language education.

ChatGPT-supported feedback in supporting Reading, Writing, and
Engagement
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Recent scholarship highlights the growing role of ChatGPT in supporting reading-related learning.
Evidence suggests that ChatGPT-provided reading materials can enhance reading comprehension and
learners’ interaction with texts, particularly when reading activities are tailored to learners’ needs
(BALANTEKIN, 2025; Etkin et al., 2025; Ali et al., 2025). Research has also documented positive
influences on reading motivation, attitudes, habits, and engagement, indicating that ChatGPT can foster
more active participation in reading activities (BALANTEKIN, 2025; Heung & Chiu, 2025). Additionally,
ChatGPT has been shown to facilitate the development of personalized and scalable reading resources,
expanding opportunities for extensive reading and diversified reading experiences (BALANTEKIN, 2025).

Recent scholarship on ChatGPT and writing has converged around four major themes. First,
effectiveness studies consistently report improvements in writing quality, linguistic accuracy, and overall
performance when ChatGPT is used as a writing support tool (Bai, 2024; Cipta et al., 2025; Teng & Huang,
2026; Bauer et al., 2026). Second, pedagogical research highlights its potential to facilitate feedback, idea
generation, and collaborative writing while emphasizing the need for responsible instructional integration
(Su et al., 2023; Stockwell, 2024). Third, review and meta-analytic studies synthesize growing evidence
supporting ChatGPT’s educational value while identifying methodological and ethical concerns (Alvizo,
2025). Finally, emerging research examines how ChatGPT-assisted writing influences learners’
metacognition, authorship, and writer identity, suggesting that ChatGPT can support reflective writing
development without necessarily diminishing learner agency (Bauer et al., 2026; De Matas, 2023).

Engagement has been positioned as a key outcome of ChatGPT-supported learning. Empirical and review
studies consistently indicate that ChatGPT can enhance students’ participation, involvement, and
interaction in learning activities (Lo et al., 2024; Heung & Chiu, 2025; Mese et al., 2025; Wu & Ho, 2025).
Attention has also shifted toward learners’ engagement with feedback, with evidence suggesting that the
uptake and use of ChatGPT feedback are closely linked to feedback literacy and learning processes
(Teng & Huang, 2026; Zhan & Yan, 2025). Complementing these findings, studies have reported positive
effects of ChatGPT on learner motivation, highlighting its potential to encourage greater participation and
sustained involvement in learning activities (Ali et al., 2023; Yildiz, 2023; Wu & Ho, 2025).

Methodology
Research Design

Guided by an effect-relationship—mechanism perspective, this study aimed to develop an explanatory
understanding of how Al-supported feedback facilitates Chinese reading and writing development and
the role of student engagement in this process. Specifically, the study examined changes in reading,
writing, and engagement across feedback conditions (Research Question 1), explored the
interrelationships among these constructs (Research Question 2), evaluated whether student
engagement served as a mechanism linking reading and writing outcomes, and the pathways among
these variables (Research Question 3).
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Figure 1 illustrates the conceptual framework of the present study, comprising two separately conducted
research inquiries. The double-headed arrow represents the correlational relationship between Reading
Comprehension and Writing Performance (Research Question 2). The solid single-headed arrows denote
the hypothesized direct pathways (Path A, Path B, and Path C) and the indirect (mediating) effect (Path A
x Path B) tested via path analysis (Research Question 3). These two sets of analyses—correlation and
pathway analysis—were conducted independently rather than simultaneously.

Participants, Sampling, and Intervention

In the September 2025, the study was conducted in a middle school in Shenzhen, China, involving 400
students from eight intact classes (approximately 50 students per class). Four classes (n = 200) were
assigned to the Al-supported feedback condition (Group 1), and four classes (n = 200) to the human-
generated feedback condition (Group 2). Intact-class sampling was used to preserve the natural
classroom structure and minimize disruption to regular instruction. To reduce potential teacher-related
confounding, all participating teachers were novice teachers with fewer than five years of teaching
experience, held a master’s degree, and had not yet obtained professional teaching titles or received
teaching-related awards.

The intervention was implemented over approximately four months (one semester) during regular
Chinese-language classes. Both groups received approximately six to seven Chinese lessons per week
and participated in the same two-part integrated reading—writing intervention, which targeted both
reading-to-writing and writing-to-reading processes. The shared instructional structure and the modality-
specific implementation are summarized in Table X.
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Table 1
Intervention Design and Instructional Modalities Across Groups

Dimension Group 1: Al-Supported Feedback Group 2: Human-Generated

Feedback
Participants n = 200; four intact classes n =200; four intact classes
Classroom School computer room Regular Chinese-language
setting classroom setting
Core intervention Same two-part integrated reading—writing
intervention

Same two-part integrated
reading—writing intervention

Instructional
objectives

Develop reading-to-writing and writing-to-
reading processes

Develop reading-to-writing and
writing-to-reading processes
Conventional teacher-led

Instructional Al-supported instructional and feedback

modality modality instructional and feedback
modality

Al access Computers equipped with VPN software No ChatGPT support

enabling access to ChatGPT

Primary ChatGPT functioned as the primary Al- Human teachers provided the

instructional / supported instructional and feedback instructional guidance and

feedback resource feedback

resource

Instructional ChatGPT was used across the semester The same instructional objectives

sequence

to design a formative sequence of
integrated reading—writing activities
aligned with students’ cognitive

and tasks were implemented
through the school’s conventional
instructional approach

developmental needs
Student activities = Students completed ChatGPT-designed
reading and writing tasks and engaged in
post-task reflection

Students completed the
corresponding reading and
writing tasks through
conventional instruction
Teacher role Regular Chinese-language teacher
remained present and provided necessary
subject-matter and technical guidance

Teachers provided instructional
guidance and feedback
throughout the intervention
Feedback source Primarily Al-supported feedback through
ChatGPT, with teacher support as needed

Human-generated feedback from
the Chinese-language teachers

Both groups completed the same two intervention components throughout the semester using a range of
culturally and thematically relevant reading and writing topics. The first component adopted a reading-to-
writing approach: students read culturally or thematically relevant texts and subsequently developed their
own writing based on the content, themes, or perspectives encountered in the reading. For example,
students might read texts concerning childhood memories of one’s hometown and then write a narrative
depicting a remembered hometown scene.
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The second component adopted a writing-to-reading approach incorporating dynamic reading—writing
interaction. Students first produced an inquiry-based text using a framework of problem identification,
hypothesis generation, reasoning, and verification. They then applied this framework to the reading of
related texts before completing a written inquiry composition. These examples illustrate the instructional
processes rather than representing the sole content or topics covered during the semester.
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Table 2

Research Questions, Hypotheses, and Statistical Methods

Research Question
(RQ)

RQ1. To what extent
do reading
outcomes, writing
outcomes, and
student
engagement change
from pre-test to
post-test in the Al-
supported feedback
and human-
generated feedback
groups?

RQ2. How are
reading outcomes,
writing outcomes,
and student
engagement
associated across
Al-supported
feedback and
human-generated
feedback groups?

RQ3. To what extent
do the within-time
and cross-time
mediated pathways
among reading,
writing and student
engagement differ
between Al-
supported feedback
and human-
generated feedback
groups?

Hypotheses

HO,: There is no significant

changes in reading outcomes,
writing outcomes, or student
engagement within either group,
nor significant differences in
growth between groups. H14:

Significant changes occur in
reading outcomes, writing
outcomes, and/or student
engagement within groups, and
the magnitude of growth differs
significantly between groups.

HO,: Reading outcomes, writing

outcomes, and student
engagement do not demonstrate
significant associations or
meaningful reciprocal
explanatory relationships, and
these patterns remain
comparable across groups and
measurement occasions. H1,:

Reading outcomes, writing
outcomes, and student
engagement demonstrate
significant associations and
reciprocal explanatory
relationships, with these patterns
differing across groups and
measurement occasions.

HO3: There are no significant

differences between the Al-
supported feedback group and
the human-generated feedback
group in the within-time or cross-
time mediated pathways among
reading, writing, and student
engagement. H13: The Al-

supported feedback group
exhibits significantly stronger
within-time or cross-time
mediated pathways than the
human-generated feedback

group

Statistical Analysis

Descriptive analyses, within-group
growth analyses, between-group
comparisons of change scores,
confidence interval estimation, and
effect size evaluation (Cohen’s d).

Pearson correlations were first
examined to characterize the
association patterns among reading
outcomes, writing outcomes, and
student engagement across groups and
measurement occasions. To quantify
the degree of construct integration,
separate simple regression models were
subsequently conducted to estimate
reciprocal variance explained (R?)
among the three domains. Correlation
matrices, network visualizations, and R?-
based integration trajectories were
compared descriptively across
instructional conditions and time points
to examine differences in relational
structures and developmental patterns.

Multi-group cross-lagged path analyses
were conducted to examine within-time
and cross-time mediated pathways.
Maximum likelihood estimation was
used for direct, autoregressive, cross-
lagged, and indirect effects. Variables
were standardized within group. Indirect
effects were computed as the product
of coefficients with delta-method
standard errors. Group-specific
estimates were obtained for the Al-
supported and human-generated
feedback groups. Standardized
coefficients (B), SE, z, p, and 95% Cls
were reported for all pathways.

Instruments

Page 11/48




Content validity was established through expert review by three specialists, including two university
professors in Chinese language education and an experienced practitioner holding PhD in Chinese
education. All experts evaluated the reading, writing, and engagement instruments and reached full
agreement (100%) regarding their relevance and appropriateness.

Student Engagement

Student engagement is widely recognized as a multifaceted construct encompassing several interrelated
yet distinguishable dimensions. Consistent with previous research, engagement can be conceptualized
through four domains: behavioral engagement, which reflects students’ observable participation in
learning activities; affective engagement, which concerns emotional reactions toward learning
experiences; cognitive engagement, which represents the degree of psychological investment in learning;
and agentic engagement, which captures students’ active efforts to influence and enrich the learning
process (Fredricks et al., 2004; Wang et al., 2019). Evidence from prior educational studies has supported
the applicability and validity of this four-factor structure across diverse learning contexts. Accordingly,
the present study adopts this framework to assess student engagement. Appendix 1 outlines the four
dimensions and provides illustrative items used to represent each construct (5-point Likert scale), and
scores could range from 8 to 40.

Table 3. Internal consistency reliability of the Engagement Scale

Group Measurement occasion N No. of items Cronbach'sa McDonald’s w
Group1  Pre-test 200 8 .849 915

Post-test 200 8 .849 913
Group 2  Pre-test 200 8 .848 913

Post-test 200 8 .866 922

Note. Cronbach’s a and McDonald’'s w were estimated separately for each group and measurement
occasion using the eight Engagement Scale items. Higher coefficients indicate greater internal
consistency. Group 1 and Group 2 correspond to the two study conditions defined in the research design.

The Engagement Scale demonstrated strong internal consistency across both groups and measurement
occasions. Both Cronbach’s a and McDonald’s w indicated that the eight-item scale provided consistently
reliable measurement at pre-test and post-test. The close correspondence between the two coefficients
further suggests that the reliability estimates were robust to the choice of internal consistency estimator
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Table 4

Construct Validity for Engagement Scale Parallel Analysis of the Engagement Scale (Pre-
test and Post-test)

Factor Pre-test Post-test
Actual Random Random 95th  Actual Random Random 95th

1 3.313 0.398 0.401 4.710 0.392 0.398

2 0.562 0.151 0.152 0.427 0.154 0.154

3 0.481 0.095 0.097 0.304 0.097 0.096

4 0.383 0.047 0.047 0.240 0.047 0.046

5 -0.300 0.001 0.002 -0.218 0.002 0.001

6 -0.355 -0.044 -0.043 -0.235 -0.045 -0.045

7 -0.371 -0.095 -0.095 -0.245 -0.096 -0.095

8 -0.400 -0.156 -0.159 -0.274 -0.158 -0.157

Note. Extraction: principal axis; 1,000 random datasets. At both time points, only the first four actual
eigenvalues exceeded their corresponding 95th-percentile random eigenvalues, supporting a four-factor
solution.

Exploratory Factor Analysis of the Engagement Scale: Pre-
test and Post-test

Panel A. Pre-test (n = 400)
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Item D1 D2 D3 D4 *h*2  *y*2
E_pre_item1 .87 .81 19
E_pre_item2 .89 .76 24
E_pre_item3 .86 .75 .25
E_pre_item4 .86 .73 27
E_pre_item5 .89 .78 22
E_pre_item6 .88 .78 22
E_pre_item7 .87 g7 .23
E_pre_item8 .88 .78 22
SS loadings 1.56 149 1.57 1.55
% of variance 20 19 20 19
Cumulative % 20 39 58 77
Factor correlations (Pre-test)
D1 D1 D2 D3 D4
1.00 .46 .45 .40

D2 .46 1.00 .46 .51

D3 .45 46 1.00 .44

D4 .40 .51 44 1.00

Fit: x2(2) = 4.65, *p* = .098; TLI = .978; RMSEA = .057 [0, .128]; RMSR = .00; BIC = - 7.33.

Panel B. Post-test (n = 400)
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Item
E_post_item1
E_post_item?2
E_post_item3
E_post_item4
E_post_item5
E_post_item6
E_post_item7
E_post_item8
SS loadings

% of variance

Cumulative %

D1 D2 D3 D4
.88
.89
.90
.89
.88
.89
.90
.90
1.64 168 1.63 1.70

21 21 20 21
21 42 63 83

*h*2
.83
.81
.82
.85
.82
.82
.85
.86

*y*2
A7
19
18
15
18
18
15
14

Factor correlations (Post-test)

D1

D2
D3

D4

D1 D2 D3 D4

1.00 .65 .64 .63
.65 1.00 .59 .62
.64 .59 1.00 .67

.63 .62 .67

1.00

Fit: x2(2) = 5.86, *p* = .053; TLI = .978; RMSEA = .069 [0, .138]; RMSR = .00; BIC = - 6.12.

Parallel analysis and EFA were conducted separately for pre-test and post-test data, without splitting by
group. At both time points, both methods consistently supported a clean four-factor structure, with each
pair of items loading on its intended dimension and no cross-loadings, confirming the hypothesized four-

dimension construct validity.

Confirmatory Factor Analysis of the Engagement Scale:
Pre-test and Post-test

Panel A. Pre-test (n = 400)
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Factor correlations (Pre-test)

Reliability (Pre-test)

Model fit (Pre-test)

x2(14) = 8.842, *p* = .841; CFl = 1.000; TLI = 1.006; RMSEA = .000 [.000, .028]; SRMR =.009; AIC =

Item Standardized loading SE *z* R?2
F1
i .948 .030 31.210 .899
i2 .822 .031 26.842 .676
F2
i3 .873 .028 30.928 .763
i4 .847 .029 29.638 .718
F3
i5 .876 .028 31.317 .767
i6 .895 .028 32192 .802
F4
i7 .880 .029 30.735 774
i8 .879 .029 30.716 .773

F1 F1 F2 F3 F4

1.000

F2 .477 1.000

F3  .455 468 1.000

F4 .394 .516 447 1.000

a F1 F2 F3 F4

.876 .850 .879 .872
w .882 851 .879 .872
AVE 791 740 783 774

6493.057; BIC =6612.801.
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Panel B. Post-test (n = 400)

Factor correlations (Post-test)

Reliability (Post-test)

Model fit (Post-test)

Item Standardized loading SE *z* R?2
F1
i1 919 .017  55.227 .845
i2 .892 .018 50.794 .796
F2
i3 .898 .017 51.696 .807
i4 .928 .016  56.367 .861
F3
i5 .908 .017 52819 .824
i6 .898 .018 51.255 .807
F4
i7 917 .015 60.344 .840
i8 .926 .015 62.363 .858

F1 F1 F2 F3 F4

1.000

F2 .679 1.000

F3 .662 .620 1.000

F4 .653 .648 .703 1.000

a F1 F2 F3 F4

901 909 .898 .918
w 902 910 .899 .919
AVE .821 .834 816 .849
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X2(14) =20.014, *p* = .130; CFI = .998; TLI = .995; RMSEA =.033 [.000, .063]; SRMR = .011; AIC =
6400.862; BIC = 6520.606.

Note
All standardized loadings were significant at *p* < .001.

The four-factor model fit the data well at both time points, with strong loadings, adequate AVE, high
reliability, and moderate-to-high factor correlations, supporting the hypothesized four-dimension structure
of engagement.

Convergent Validity of the Engagement Scale: Pre-test and
Post-test

Panel A. Pre-test (n = 400)

Factor Item Standardized loading AVE CR

F1 i .948 .787  .880
i2 .822

F2 i3 .873 .740  .851
i4 .847

F3 i5 .876 .784 879
i6 .895

F4 i7 .880 J74 872
i8 .879

Note. All standardized loadings were significant at *p* < .001. AVE = average variance extracted; CR =
composite reliability. All AVE values exceeded .50 and all CR values exceeded .70, supporting strong
convergent validity.

Panel B. Post-test (n = 400)
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Factor Item Standardized loading AVE CR

F1 i 919 .821 .902
i2 .892

F2 i3 .898 .834 909
i4 .928

F3 i5 .908 .815 .898
i6 .898

F4 i7 917 .849 918
i8 926

Note. All standardized loadings were significant at *p* < .001. All AVE values exceeded .50 and all CR
values exceeded .70, indicating excellent convergent validity at post-test.

Discriminant Validity of the Engagement Scale: Pre-test
and Post-test (Fornell-Larcker Criterion)

Panel A. Pre-test (n = 400)

Factor F1 F2 F3 F4 AVE MSV
F1 .887 /87 228
F2 477  .860 .740  .266
F3 455 468 .886 784 219
F4 394 516 447 .880 774 .266

Note. Diagonal (bold) = VAVE; off-diagonal = factor correlations. MSV = maximum shared variance. Every
VAVE exceeded its correlations with all other factors, and every AVE exceeded MSV, supporting
discriminant validity.

Panel B. Post-test (n = 400)

Factor F1 F2 F3 F4 AVE MSV
F1 .906 821  .461
F2 679 913 834  .461
F3 662 620 .903 815 495
F4 .653 648 703 .922 849 495
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Note. Diagonal (bold) = VAVE; off-diagonal = factor correlations. All VAVE values exceeded the
corresponding factor correlations, and all AVE values exceeded MSV, confirming discriminant validity at
post-test.

Both convergent and discriminant validity were fully supported at pre-test and post-test. All standardized
loadings exceeded .70, all AVE values exceeded .50, and all CR values exceeded .70, indicating strong
convergent validity. Fornell-Larcker criterion was satisfied for every factor at both time points (VAVE > all
inter-factor correlations), and all AVE values exceeded MSV, confirming that the four engagement
dimensions are empirically distinct. These results collectively demonstrate that the engagement scale
has sound construct validity.

Chinese Reading Comprehension

To measure students’ Chinese reading outcomes, this study employed the Six Types of Reading
Comprehension Process Model developed by Zhu (2005) and Zhu et al. (2020). The model comprises six
hierarchical cognitive processes—Retrieving, Explaining, Summarizing, Elaborating, Evaluating, and
Creating—and describes the progression from learning to read to reading to learn. It has been widely
adopted by educational authorities and teacher educators for almost twenty years. Based on Cheong et
al. (2017), a 50-point assessment scheme was used, including one 5-point item for Retrieving and
Explaining respectively, two 5-point items each for Summarizing, Elaborating, and Evaluating, and five 2-
point items for Creating. The possible score distribution extended from 0 to 50 (Appendix 2). The pre-test
and post-test were constructed using different reading passages and corresponding comprehension
items. One passage was A Walk, a curriculum text that students had not previously studied in class. The
pre-test and post-test were constructed using different reading passages and corresponding
comprehension items. One passage was A Walk, a curriculum text that students had not previously
studied in class. The other was My Late Father, an extracurricular reading text selected for its comparable
length and difficulty to the curriculum passage.

Table 5
Inter-rater reliability of Six Types of Reading Comprehension across groups

Group Measurement Occasion N Number of Raters ICC(2,1) 1CC(2,3)

Group 1  Pre-test 200 3 .949 .982
Post-test 200 3 .944 .981

Group 2  Pre-test 200 3 951 .983
Post-test 200 3 .960 .986

Note. ICC = intraclass correlation coefficient. ICC(2,1) represents a two-way random-effects model
assessing absolute agreement for a single rater, whereas ICC(2,3) represents the corresponding reliability
estimate based on the average scores of the three raters.

Page 20/48



The Reading scores demonstrated very strong inter-rater reliability across both groups and measurement
occasions. The high and closely clustered ICC estimates indicate that the scoring process produced
consistent ratings across raters and remained stable across measurement occasions and groups. The
reliability estimates based on the three-rater average were consistently stronger than those based on a
single rater, as expected when multiple independent ratings are aggregated.

Table 6
Exploratory Factor Analysis and Parallel Analysis of Reading Across Measurement Occasions

Rater 1-Rater 2 Panel A. Pre- Panel B. Pre- Panel C. Post- Panel D. Post-

test: Correlations  test: Factor test: Correlations  test: Factor

Evidence Evidence

.961 - .978 -
Rater 1-Rater 3 .955 - .974 -
Rater 2—Rater 3 .954 - .978 -
Overall KMO - .79 — .79
Bartlett's x2 - 2070.526 - 2557.611
df - 3 - 3
Bartlett's p - <.001 - <.001
Parallel analysis - 1 factor - 1 factor
Rater 1 loading - .98 - .99
Rater 2 loading - .98 - .99
Rater 3 loading - .97 - .99
Communality - .95-.96 - .97-.98
range (h?)
Proportion of - .96 - .98
variance explained
RMSR - 0.00 — 0.00

Note. EFA was conducted using minimum residual extraction. Parallel analysis used 1,000 iterations.

Both measurement occasions consistently supported a single common reading-rating dimension, with
very high inter-rater correlations and uniformly strong factor loadings, providing convergent structural
evidence for combining the three ratings into a composite Reading score.

Chinese Writing Comprehension
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Writing performance was evaluated using the 6 + 1 Traits framework, which defines quality writing
through seven dimensions and has been supported by evidence of reliability, validity, and instructional
value (Culham, 2003, 2006; Kozlow & Bellamy, 2004). The framework has been successfully applied in
Chinese-language writing instruction (Ge, 2016; Wang, 2016). Participants were asked to compose a 500-
character essay on the topic of a family member. The writing task was intentionally aligned with the
themes of the reading passages (A Walk and My Late Father), both of which focus on family relationships
and interpersonal experiences. This design aimed to facilitate reading-to-writing transfer by providing
students with opportunities to draw upon ideas, discourse features, and narrative techniques
encountered in the reading texts when composing their own essays (Fitzgerald & Shanahan, 2000;
Graham et al., 2018). Their writing was scored with a five-point analytic rubric adapted from Kozlow and
Bellamy (2004), focusing on the six principal traits while excluding the presentation dimension.
Participants could obtain total scores between 6 and 30. (Appendix 3)

Table 7
Inter-rater reliability of 6 + 1 Writing Assessment Scale
Group Measurement Occasion N Number of Raters ICC(2,1) 1CC(2,3)
Group 1  Pre-test 200 3 .899 .964
Post-test 200 3 .881 .957
Group 2  Pre-test 200 3 .860 .949
Post-test 200 3 .888 .960

Note. ICC = intraclass correlation coefficient. ICC(2,1) represents a two-way random-effects model
assessing absolute agreement for a single rater, whereas ICC(2,3) represents the corresponding reliability
estimate when the scores from all three raters are averaged.

The writing scores demonstrated strong inter-rater reliability across both groups and measurement
occasions.
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Table 8
Exploratory Factor Analysis and Parallel Analysis of Writing Scores Across Measurement Occasions

Rater 1-Rater 2 Panel A. Pre- Panel B. Pre- Panel C. Post- Panel D. Post-

test: Correlations  test: Factor test: Correlations  test: Factor
Evidence Evidence

.908 - .938 -

Rater 1—-Rater 3 .890 — .937 -

Rater 2—Rater 3 .893 — .938 -

Overall KMO - .78 — .79

Bartlett's x2 - 1403.694 - 1784.493

df — 3 - 3

Bartlett's p — <.001 — <.001

Parallel analysis — 1 factor — 1 factor

Rater 1 loading — .95 — .97

Rater 2 loading - .95 - .97

Rater 3 loading — .94 — .97

Communality - .88-.91 — .94

range (h?)

Proportion of - .90 - .94

variance explained

RMSR - 0.00 - 0.00

Note. EFA used minimum residual extraction. Parallel analysis used 1,000 iterations. Mean scores were
excluded; the three raters were analyzed separately. Bartlett's p values are reported as < .001. Given three
indicators, results provide evidence for a common rating dimension rather than full-scale structural
validation.

Both occasions supported a single common writing-rating dimension, with strong inter-rater correlations
and uniformly high factor loadings, supporting aggregation of the three ratings into a composite Writing
score.

RQ1:
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Table 9
Descriptive Statistics for Reading, Student Engagement, and Writing by Group and Measurement

Occasion
Outcome Group Time N M SD Skewness Kurtosis Min Max
Engagement Group Pretest 200 21.27 4.80 0.06 0.11 10.00 36.00
1
Posttest 200 30.10 4.24 -0.45 0.20 16.00 40.00
Group  Pretest 200 22.05 4.89 0.15 -0.41 11.00 35.00
2
Posttest 200 2191 5.14 0.04 -0.45 10.00 34.00
Reading Group  Pretest 200 2899 510 0.2 -0.19 17.00 44.00
1
Posttest 200 37.72 451 0.18 -0.10 24.67 49.67
Group  Pretest 200 29.16 5.11 0.01 -0.50 16.33 40.00
2
Posttest 200 29.24 538 0.02 0.12 11.33 42.67
Writing Group  Pretest 200 17.95 342 -0.16 0.12 7.33 26.33
1
Posttest 200 2285 298 -0.20 -0.12 15.00 30.00
Group  Pretest 200 18.09 3.06 -0.17 -0.06 9.67 26.00
2
Posttest 200 18.21 3.06 -0.11 -0.13 9.33 26.00

Across the two assessment occasions, the descriptive patterns suggest increases in all three outcomes
for Group 1, whereas Group 2 shows relatively little change over time. The distributions appear
approximately symmetric, with skewness and kurtosis remaining within commonly acceptable
descriptive ranges. More specific between-group and longitudinal comparisons are presented in the

subsequent analyses.

Table 10
Baseline Equivalence Tests Across Groups

Outcome
Engagement

Reading

Writing

Mean Difference (G1 - G2)

-0.79
-0.17
-0.13

95% CI s

[-1.74,017] -1.62
[-1.17,0.84] -0.32
[-0.77,0.51] -0.41

df

397.86
398.00
393.17

*p*
.106

147
.685

Note. G1 = Group 1; G2 = Group 2. Mean difference = Group 1 - Group 2; negative values indicate slightly
lower pretest means in Group 1. Cl = confidence interval.
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Independent-samples *t* tests showed no significant baseline differences on any outcome (all *p*s >
.10), confirming that Group 1 and Group 2 were comparable at pretest. Mean differences are computed
as Group 1 minus Group 2, so all three negative values indicate that Group 1 started marginally (non-
significantly) lower.

Table 11
Pre—Post Changes by Group and Omnibus 2 x 2 Mixed-Design ANOVA Panel A. Descriptive statistics and

paired effect sizes by group and overall

Outcome Group Pretest M Posttest M Mean Change [95% Cohen's
(SD) (SD) cl] dz
Engagement  Group 21.27 (4.80) 30.10 (4.24) 8.84[8.13,9.54] 1.76
1
Group 22.05 (4.89) 21.91 (5.14) -0.14[- 0.94, 0.66] -0.02
2
Overall 21.66 (4.86) 26.01 (6.24) 4.35[3.66, 5.04] 0.62
Reading Group 28.99 (5.10) 37.72 (4.51) 8.73[8.09,9.37] 1.90
1
Group 29.16 (5.11) 29.24 (5.38) 0.08 [-0.59,0.75] 0.02
2
Overall 29.08 (5.10) 33.48 (6.53) 4.41 [3.78, 5.03] 0.69
Writing Group 17.95(3.42) 22.85(2.98) 4.90 [4.43, 5.37] 1.46
1
Group 18.09 (3.06) 18.21 (3.06) 0.13[-0.30, 0.56] 0.04
2
Overall 18.02 (3.24) 20.53 (3.81) 2.51[2.12,2.91] 0.63

Panel B. Omnibus 2 x 2 mixed-design ANOVA

Outcome Time F GroupF  Time x Group F Interaction partial n2
Engagement  130.69***  87.82%* 139 25%** .26
Reading 175.31%**  87.27*%*  168.87*** .30
Writing 121.60%**  70.26%**  109.49*** 22

Note. All F tests had df = 1, 398. *** *p* < .001. Panel A reports each group's and the combined sample's
pre- and posttest means, standard deviations, mean change (posttest - pretest) with 95% Cls, and paired
Cohen's dz. Panel B reports the omnibus mixed-design ANOVA effects (single whole-model values; not
group-specific). Partial n? refers to the Time x Group interaction.

Group 1 improved substantially on all three outcomes (AM = 4.90-8.84; dz = 1.46-1.90), whereas Group 2
remained essentially unchanged (AM = 0; dz = 0). Baseline levels were comparable across groups
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(Table 10); the divergence emerged only at posttest. Omnibus ANOVA confirmed significant Time, Group,
and Time x Group effects for every outcome, with large interaction effects (partial n2 = .22-.30).

Table 12
Posttest Between-Group Comparisons
Outcome Group 1 Group 2 Mean Difference (G1  *t* (df) *p* Cohen's
M (SD) M (SD) - G2) [95% ClI] *d*
Engagement  30.10 21.91 8.19[7.26,9.12] 17.38 <.001 1.74
(4.24) (5.14) (384.30)
Reading 37.72 29.24 8.48 [7.51, 9.46] 17.09 <.001 1.71
(4.51) (5.38) (386.45)
Writing 22.85 18.21 4.64 [4.04,5.23] 15.34 <.001 1.53
(2.98) (3.06) (397.74)

Note. Mean difference = Group 1 - Group 2; positive values indicate that Group 1 scored higher than
Group 2 at posttest. Cl = confidence interval.

At posttest, Group 1 significantly outperformed Group 2 on every outcome, with large effects (*d* = 1.53-
1.74). Mean differences are calculated as Group 1 minus Group 2, so all positive values directly reflect
Group 1's superior posttest performance across engagement, reading, and writing.

RQ2:

Table 13

Factor-Based Correlations Among Engagement, Reading, and
Writing Across Groups and Measurement Occasions Panel A. Group

1 — Pre-test
E1 E1 E2 E3 E4 Reading  Writing
E2 384 —
E3 421 397 —
E4 385 443 332 -
Reading .101 .041 -.009 -.068 -
Writing .005 .066 .066 .065 134 -

Panel B. Group 1 — Post-test
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E1 E1 E2 E3 E4 Reading  Writing

E2 A76  —
E3 409 335 —
E4 396 323 513 —

Reading .452 465 .480 421 -

Writing 939 573 428 467 782 -

Panel C. Group 2 — Pre-test

E1 E1 E2 E3 E4 Reading  Writing
E2 A27 -

E3 375 410 —

E4 .325 444 449 -

Reading -.007 .007 .101 .054 -

Writing .044 .021  .091 .037 .071 —

Panel D. Group 2 — Post-test

E1 E1 E2 E3 E4 Reading  Writing
E2 399 —

E3 468 411 —

E4 430 446 492 —

Reading .094 009 .064 -.030 -—

Writing .050 .115 .036 .035 .166 -

Note. N =200 in each group at each measurement occasion. E1-E4 represent the four Engagement
factors, each computed as the mean of its corresponding pair of Engagement items. Reading and Writing
represent the respective one-factor scores operationalized using the mean scores across the three
raters.
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The correlation patterns revealed a clear distinction between the internal structure of Engagement and its
associations with the academic performance measures. Across groups and measurement occasions, the
four Engagement factors showed generally positive and moderate inter-factor associations, indicating
meaningful relatedness while retaining differentiation among the factors.

In Group 1, the post-test pattern showed a marked strengthening of the associations between all four
Engagement factors and both Reading and Writing, accompanied by a strong positive relationship
between Reading and Writing. Group 2 displayed considerably weaker associations between Engagement
and the two performance measures, with these relationships remaining relatively limited at both
measurement occasions.

The heatmaps (Fig. 2) provide a visual representation of the factor-level correlation structure across the
four group-by-time conditions. The visual pattern indicates that the four Engagement factors maintain
broadly coherent relationships with one another across conditions, whereas their associations with
Reading and Writing vary more substantially across groups and measurement occasions. The post-test
heatmap for Group 1 shows a visibly stronger concentration of associations linking Engagement with the
two performance constructs, together with a pronounced Reading—Writing relationship. In contrast, the
Group 2 panels remain comparatively light in the Engagement—performance region, indicating weaker
associations.

RQ3:
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Table 14

Across Groups of direct, indirect cross-lagged, and autoregressive pathways

Path

Role

Within-Time Direct and Indirect Effects (T1)

RDpre — ENGpre

ENGpre — WTpre

RDpre —» WTpre

RDpre — ENGpre — WTpre

Autoregressive Effects

RDpre — RDpost

ENGpre — ENGpost

WTpre —» WTpost

Within-Time Direct (path a)
Within-Time Direct (path b)
Within-Time Direct (path c)

Within-Time Indirect (path
axb)

Autoregressive
Autoregressive

Autoregressive

Cross-Lagged Effects and Cross-Time Direct and Indirect Effects

RDpre — ENGpost

ENGpre — WTpost

ENGpre — RDpost

RDpre — WTpost

WTpre — RDpost

WTpre — ENGpost

RDpre — ENGpost— WTpost

Within-Time Direct Effects
(T2)

Cross-lag / Direct (path a)
Cross-lag / Direct (path b)
Cross-lag
Cross-lag / Direct (path c)
Cross-lag
Cross-lag

Cross-lag / Indirect (path axb)
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EQ1,
EQ2

EQ1 )
EQ2

EQ1,
EQ2

EQT,
EQ2

EQ1,
EQ2

EQ1,
EQ2

EQ'I ]
EQ2

EQ1,
EQ2

EQT,
EQ2

EQT,
EQ2

EQ1,
EQ2

EQ1,
EQ2

EQ1,
EQ2

EQ1,
EQ2

Pathways per
Group




Path Role Group Pathways per
Group
Within-Time Direct and Indirect Effects (T1)
RDpost — ENGpost Within-Time Direct (path a) EQ1, 4
EQ2
ENGpost — WTpost Within-Time Direct (path b) EQ1, 4
EQ2
RDpost — WTpost Within-Time Direct (path c) EQ1, 1
EQ2
RDpost — ENGpost — WTpost ~ Within-Time Indirect (path EQ1, 4
axb) EQ2

Note. Indirect effects are counted as distinct mediational chains, not as the product of *a* and *b* path
counts. Only a; x b; (same engagement factor) forms a valid chain (e.g., RD — ENG, — WT); cross-factor
products are not model paths. Hence 4 chains, not 16.
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Table 15

Direct, Indirect, Cross-Lagged, and Autoregressive Pathways Across Two Groups Panel A. EQ1 (Group 1,

N = 200)
Section Path Role B SE z p 95% CI
Within-Time RDpre — Within-Time 0.101 0.070 1.431 1525 [-
Direct and ENG1pre Direct (path a) 0.037,
Indirect Effects 0.239]
(T1)
RDpre — Within-Time 0.041 0.071  0.585 5589 [-
ENG2pre Direct (path a) 0.097,
0.180]
RDpre — Within-Time -0.009 0.071 -0.127 .8988 [-
ENG3pre Direct (path a) 0.148,
0.130]
RDpre — Within-Time -0.068 0.071 -0.969 .3323 [-
ENG4pre Direct (path a) 0.207,
0.070]
ENG1pre Within-Time -0.075 0.070 -1.075 .2823 -
— WTpre Direct (path b) 0.212,
0.062]
ENG2pre Within-Time 0.033 0.070 0.479 .6319 -
— WTpre Direct (path b) 0.103,
0.170]
ENG3pre Within-Time 0.064 0.070 0.912 3619  [-
— WTpre Direct (path b) 0.073,
0.200]
ENG4pre Within-Time 0.068 0.070 0.979 3275 -
— WTpre Direct (path b) 0.068,
0.205]
RDpre — Within-Time 0.145 0.070 2.064 .0390 [0.007,
WTpre Direct (path c) 0.283]
RDpre — Within-Time -0.008 0.009 -0.859 .3901 -
ENG1pre Indirect (path a 0.025,
— WTpre x b) 0.010]
RDpre — Within-Time 0.001 0.004 0.371 .7110 -
ENG2pre Indirect (path a 0.006,
— WTpre x b) 0.009]
RDpre — Within-Time -0.001 0.005 -0.126 .8997 [-
ENG3pre Indirect (path a 0.009,
— WTpre x b) 0.008]
RDpre — Within-Time -0.005 0.007 -0.689 .4909 [-
ENG4pre Indirect (path a 0.018,
— WTpre x b) 0.009]
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Section

Autoregressive
Effects

Cross-Lagged
Effects and
Cross-Time
Direct and
Indirect Effects

Path

RDpre —
RDpost

ENG1pre
_)
ENG1post
ENG2pre
_)
ENG2post
ENG3pre
_)
ENG3post
ENG4pre
_)
ENG4post

WTpre —
WTpost

RDpre —
ENG1post

RDpre —
ENG2post

RDpre —
ENG3post

RDpre —
ENG4post

ENG1pre
— WTpost
ENG2pre
— WTpost

ENG3pre
— WTpost

ENG4pre
— WTpost

ENG1pre
— RDpost

Role

Autoregressive

Autoregressive

Autoregressive

Autoregressive

Autoregressive

Autoregressive

Cross-lag /
Direct (path a)

Cross-lag /
Direct (path a)

Cross-lag /
Direct (path a)

Cross-lag /
Direct (path a)

Cross-lag /
Direct (path b)

Cross-lag /
Direct (path b)

Cross-lag /
Direct (path b)

Cross-lag /
Direct (path b)

Cross-lag
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0.532

0.237

0.073

-0.039

0.043

0.263

-0.046

-0.042

-0.020

-0.103

0.083

0.030

-0.036

0.020

0.048

SE
0.056

0.061

0.063

0.062

0.065

0.036

0.073

0.075

0.075

0.078

0.036

0.035

0.035

0.035

0.055

z

9.584

3.894

1.169

-0.626

0.667

7.274

-0.627

-0.567

-0.269

-1.326

2.307

0.868

-1.046

0.562

0.872

p
<.001

<.001

2424

9311

.5050

<.001

.5305

.5710

7877

.1850

.0210

.3856

.2954

9744

.3833

95% Cl

[0.423,
0.641]

[0.118,
0.357]

0.050,
0.196]

0.161,
0.083]
0.084,
0.171]

[0.192,
0.334]

0.189,
0.097]

0.189,
0.104]

0.167,
0.126]

0.255,
0.049]
[0.013,
0.154]

0.038,
0.099]

0.104,
0.032]
[-

0.049,
0.089]

[-
0.060,




Section

Within-Time
Direct Effects
(T2)

Path

ENG2pre
— RDpost

ENG3pre
— RDpost

ENG4pre
— RDpost

RDpre —
WTpost

WTpre —
RDpost

WTpre —
ENG1post

WTpre —
ENG2post

WTpre —
ENG3post

WTpre —
ENG4post

RDpre —
ENG1post
— WTpost

RDpre —
ENG2post
— WTpost

RDpre —
ENG3post
— WTpost

RDpre —
ENG4post
— WTpost

RDpost —
ENG1post

RDpost —
ENG2post

Role

Cross-lag

Cross-lag

Cross-lag

Cross-lag /
Direct (path c)

Cross-lag

Cross-lag

Cross-lag

Cross-lag

Cross-lag

Cross-lag /
Indirect (path a
X b)

Cross-lag /
Indirect (path a
x b)

Cross-lag /
Indirect (path a
x b)

Cross-lag /
Indirect (path a
X b)

Within-Time
Direct (path a)

Within-Time
Direct (path a)

Page 33/48

0.110

0.066

0.156

-0.029

0.131

0.120

0.089

-0.052

0.089

-0.004

-0.001

0.001

-0.002

0.396

0.449

SE

0.055

0.055

0.055

0.043

0.055

0.062

0.064

0.063

0.065

0.006

0.003

0.003

0.004

0.076

0.079

2.023

1.205

2.841

-0.673

2.364

1.935

1.402

-0.827

1.374

-0.605

-0.474

0.261

-0.517

5.217

5.722

.0431

.2282

.0045

.5009

.0181

.0530

.1609

4082

1695

.5450

.6352

7942

.6051

<.001

<.001

95% Cl
0.156]

[0.003,
0.217]
[-

0.041,
0.173]
[0.048,
0.263]
0.112,
0.055]
[0.022,
0.239]

0.002,
0.242]

0.035,
0.214]

0.177,
0.072]

[-
0.038,
0.217]

[-

0.016,
0.009]
0.007,
0.004]

0.005,
0.006]

0.010,
0.006]
[0.247,
0.544]

[0.295,
0.603]




Section

Path

RDpost —
ENG3post

RDpost —
ENG4post

ENG1post
— WTpost

ENG2post
— WTpost

ENG3post
— WTpost

ENG4post
— WTpost

RDpost —
WTpost

RDpost —
ENG1post
— WTpost

RDpost —
ENG2post
— WTpost

RDpost —
ENG3post
— WTpost

RDpost —
ENG4post
— WTpost

Role

Within-Time
Direct (path a)

Within-Time
Direct (path a)

Within-Time
Direct (path b)

Within-Time
Direct (path b)

Within-Time
Direct (path b)

Within-Time
Direct (path b)

Within-Time
Direct (path c)

Within-Time
Indirect (path a
X b)

Within-Time
Indirect (path a
x b)

Within-Time
Indirect (path a
x b)

Within-Time
Indirect (path a
x b)

0.510

0.448

0.096

0.177

-0.022

0.087

0.563

0.038

0.080

-0.011

0.039

SE
0.078

0.081

0.040

0.039

0.039

0.038

0.057

0.018

0.022

0.020

0.019

z P

6.553 <.001
5.534 <.001
2.377 .0174
4.520 <.001
-0.567 .5709
2.265 .0235
9.864 <.001
2.163 .0305
3.547 <.001
-0.565 .5724
2.096 .0361

95% Cl

[0.357,
0.662]

[0.290,
0.607]

[0.017,
0.179]

[0.100,
0.254]

0.099,
0.055]

[0.012,
0.162]

[0.451,
0.674]

[0.004,
0.072]

[0.036,
0.124]

[-
0.051,
0.028]

[0.003,
0.075]

Panel B. EQ2 (Group 2, N = 200)
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Section

Within-Time
Direct and
Indirect Effects
(T1)

Autoregressive
Effects

Path

RDpre —
ENG1pre

RDpre —
ENG2pre

RDpre —
ENG3pre

RDpre —
ENG4pre

ENG1pre
— WTpre

ENG2pre
— WTpre

ENG3pre
— WTpre

ENG4pre
— WTpre

RDpre —
WTpre

RDpre —
ENG1pre
— WTpre

RDpre —
ENG2pre
— WTpre

RDpre —
ENG3pre
— WTpre

RDpre —
ENG4pre
— WTpre

RDpre —
RDpost

Role

Within-Time
Direct (path a)

Within-Time
Direct (path a)

Within-Time
Direct (path a)

Within-Time
Direct (path a)

Within-Time
Direct (path b)

Within-Time
Direct (path b)

Within-Time
Direct (path b)

Within-Time
Direct (path b)

Within-Time
Direct (path c)

Within-Time
Indirect (path a
x b)

Within-Time
Indirect (path a
x b)

Within-Time
Indirect (path a
xb)

Within-Time
Indirect (path a
xb)

Autoregressive
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-0.007

0.007

0.101

0.054

0.023

-0.024

0.087

-0.002

0.062

0.000

0.000

0.009

0.000

0.580

SE
0.071

0.071

0.070

0.071

0.070

0.070

0.071

0.070

0.071

0.002

0.002

0.009

0.004

0.057

z

-0.093

0.104

1.439

0.759

0.327

-0.336

1.225

-0.029

0.880

-0.089

-0.099

0.933

-0.029

10.165

p
.9260

9174

1501

4476

.7440

.7366

.2206

9771

.3786

.9288

9210

.3509

9771

<.001

95% Cl

0.145,
0.132]

[-
0.131,
0.146]

0.037,
0.239]

[-
0.085,
0.192]

[-
0.115,
0.161]
0.161,
0.114]
0.052,
0.225]

0.140,
0.136]

0.076,
0.201]

[-
0.003,
0.003]

[-
0.004,
0.003]

[-
0.010,
0.027]

0.008,
0.007]

[0.468,
0.692]




Section

Cross-Lagged
Effects and
Cross-Time
Direct and
Indirect Effects

Path
ENG1pre
_)
ENG1post
ENG2pre
_)
ENG2post
ENG3pre
_)
ENG3post
ENG4pre
_)
ENG4post

WTpre —
WTpost

RDpre —
ENG1post

RDpre —
ENG2post

RDpre —
ENG3post

RDpre —
ENG4post

ENG1pre
— WTpost

ENG2pre
— WTpost

ENG3pre
— WTpost

ENG4pre
— WTpost

ENG1pre
— RDpost

Role

Autoregressive

Autoregressive

Autoregressive

Autoregressive

Autoregressive
Cross-lag /
Direct (path a)
Cross-lag /

Direct (path a)

Cross-lag /
Direct (path a)

Cross-lag /
Direct (path a)

Cross-lag /
Direct (path b)

Cross-lag /
Direct (path b)

Cross-lag /
Direct (path b)

Cross-lag /
Direct (path b)

Cross-lag
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0.236

0.263

0.214

0.189

0.484

0.188

0.108

0.026

-0.017

-0.061

0.085

0.000

-0.056

0.143

SE
0.069

0.068

0.070

0.069

0.061

0.084

0.083

0.085

0.085

0.063

0.062

0.062

0.061

0.057

3.426

3.882

3.075

2.725

7.927

2.248

1.292

0.300

-0.195

-0.975

1.366

0.006

-0.906

2.519

<.001

<.001

.0021

.0064

<.001

.0246

.1962

.7642

.8450

.3298

1718

.9951

.3647

.0118

95% Cl
[0.101,
0.371]

[0.130,
0.397]

[0.078,
0.351]

[0.053,
0.325]

[0.364,
0.604]

[0.024,
0.352]

0.056,
0.271]

0.141,
0.192]

0.183,
0.150]

0.185,
0.062]

[-
0.037,
0.208]

[-
0.122,
0.122]

0.176,
0.065]

[0.032,
0.254]




Section

Within-Time
Direct Effects
(T2)

Path

ENG2pre
— RDpost

ENG3pre
— RDpost

ENG4pre
— RDpost

RDpre —
WTpost

WTpre —
RDpost

WTpre —
ENG1post

WTpre —
ENG2post

WTpre —
ENG3post

WTpre —
ENG4post

RDpre —
ENG1post
— WTpost

RDpre —
ENG2post
— WTpost

RDpre —
ENG3post
— WTpost

RDpre —
ENG4post
— WTpost

RDpost —
ENG1post

Role B
Cross-lag -0.020
Cross-lag -0.045
Cross-lag 0.029
Cross-lag / 0.025
Direct (path c)

Cross-lag 0.060
Cross-lag -0.056
Cross-lag 0.056
Cross-lag -0.029
Cross-lag 0.049
Cross-lag / -0.012
Indirect (path a

x b)

Cross-lag / 0.009
Indirect (path a

x b)

Cross-lag / 0.000
Indirect (path a

x b)

Cross-lag / 0.001
Indirect (path a

x b)

Within-Time -0.039

Direct (path a)
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SE
0.057

0.057

0.057

0.076

0.057

0.068

0.068

0.070

0.070

0.013

0.010

0.002

0.005

0.084

-0.349

-0.783

0.512

0.329

1.061

-0.825

0.816

-0.423

0.709

-0.894

0.939

0.006

0.191

-0.461

7272

4336

.6086

7425

.2887

4095

A147

.6727

A781

3712

3477

9951

.8485

.6450

95% Cl

0.131,
0.091]

[-
0.157,
0.067]

0.082,
0.140]

0.124,
0.174]

0.051,
0.172]

[-
0.190,
0.077]

0.078,
0.189]

0.166,
0.107]

0.087,
0.186]

0.037,
0.014]

0.010,
0.028]
[-

0.003,
0.003]

[-
0.009,
0.010]

[-
0.204,
0.127]




Section Path Role B SE z p 95% CI
RDpost — Within-Time -0.070 0.083 -0.842 .3999 -
ENG2post Direct (path a) 0.233,

0.093]
RDpost — Within-Time 0.035 0.085 0.417 6769  [-
ENG3post Direct (path a) 0.131,
0.201]
RDpost — Within-Time -0.041 0.085 -0.477 .6336 -
ENG4post Direct (path a) 0.207,
0.126]
ENG1post Within-Time 0.041 0.063 0.650 5155  [-
— WTpost  Direct (path b) 0.082,
0.164]
ENG2post Within-Time 0.085 0.063 1.356 1750 [-
— WTpost  Direct (path b) 0.038,
0.208]
ENG3post Within-Time 0.003 0.062 0.048 9618 [-
— WTpost  Direct (path b) 0.118,
0.124]
ENG4post Within-Time -0.040 0.061 -0.650 .5154 -
— WTpost  Direct (path b) 0.160,
0.080]
RDpost — Within-Time 0.104 0.075 1.377 .1686 -
WTpost Direct (path c) 0.044,
0.252]
RDpost — Within-Time -0.002 0.004 -0.376 .7069 [-
ENG1post Indirect (path a 0.010,
— WTpost  xb) 0.007]
RDpost — Within-Time -0.006 0.008 -0.715 .4745 -
ENG2post Indirect (path a 0.022,
— WTpost  xb) 0.010]
RDpost — Within-Time 0.000 0.002 0.048 .9620 -
ENG3post Indirect (path a 0.004,
— WTpost  xb) 0.004]
RDpost — Within-Time 0.002 0.004 0.384 .7006 -
ENG4post Indirect (path a 0.007,
— WTpost  xb) 0.010]

Both groups show weak T1 within-time associations among reading, engagement, and writing, with
negligible indirect effects. By T2, however, the patterns diverge. EQ1 shows substantially stronger within-
time pathways from reading to all four engagement factors, accompanied by several meaningful
reading—engagement—writing indirect effects. This pattern suggests a more evident within-time
mediational mechanism in which engagement may link reading to writing under the intervention
condition. EQ2, in contrast, shows generally weak T2 direct and indirect pathways, providing little
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evidence for a comparable within-time mediational process. Autoregressive pathways indicate that the
constructs retain varying degrees of temporal stability in both groups.

The cross-lagged results provide a more differentiated picture. In EQ1, several cross-lagged direct
pathways are evident, particularly from prior engagement to subsequent outcomes, although other cross-
lagged associations remain weak. By contrast, EQ2 shows generally limited cross-lagged direct effects.
Importantly, cross-lagged indirect pathways remain weak in both groups, indicating that the
reading—engagement—writing mechanism is more apparent within the same measurement occasion
than across time. Thus, the longitudinal results do not yet provide clear evidence that this mediational
process consistently carries forward from T1 to T2. A longer observation interval or greater time for
learning processes to consolidate may be needed to determine whether these within-time mechanisms
subsequently develop into stable longitudinal pathways.

Discussion
RQ1.

Baseline comparability, Group 2 stability, substantial Group 1 gains (dz = 1.46-1.90 vs. =0), significant
Time x Group interactions (partial n? = .22-.30), and large posttest effects (*d* = 1.53-1.74) support
claims that ChatGPT-supported feedback drives improvement. Reading gains align with evidence that
ChatGPT enhances comprehension, text interaction, motivation, and participation when materials are
tailored to learners’ needs (BALANTEKIN, 2025; Etkin et al., 2025; Ali et al., 2025; Heung & Chiu, 2025).
Writing gains support claims that ChatGPT improves writing quality, linguistic accuracy, and performance
while facilitating feedback and idea generation (Bai, 2024; Cipta et al., 2025; Teng & Huang, 2026; Bauer
et al,, 2026; Su et al., 2023; Stockwell, 2024). Engagement gains echo findings that ChatGPT boosts
participation, interaction, motivation, and feedback uptake (Lo et al., 2024; Heung & Chiu, 2025; Mese et
al., 2025; Ali et al., 2023; Yildiz, 2023; Wu & Ho, 2025; Zhan & Yan, 2025). These results corroborate the
literature and indicate that ChatGPT-supported feedback promotes learning outcomes and sustained
engagement.

RQ2.

The RQ2 findings reveal a distinct triadic correlation pattern. In Group 1's post-test, the strengthened
associations among engagement, reading, and writing, alongside the high Reading—Writing correlation
(.782), strongly align with the reciprocal literacy model, which conceptualizes reading and writing as
mutually reinforcing processes relying on shared linguistic and cognitive resources (Graham & Hebert,
2011; Graham et al., 2018; Fitzgerald & Shanahan, 2000; Berninger et al., 2016; Duke & Cartwright, 2021).
Reading provides vocabulary and discourse knowledge supporting writing (Graham et al., 2018; Graham
& Sandmel, 2011), while writing activities are positively related to reading comprehension gains (Graham
& Hebert, 2011; Hebert et al., 2012), echoing integrated Chinese literacy perspectives (Zhu, 2008, 2010b,
2019). The strengthened engagement-literacy associations corroborate that engagement scores are
positively related to reading comprehension (Connor et al., 2009), and that effort and belongingness are
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significantly associated with reading performance (Lee, 2014). For writing, these associations support
that engagement shapes participation in feedback activities (Fredricks et al., 2004; Philp & Duchesne,
2016), engagement strategies are positively related to writing performance (Ndruru et al., 2025), and
active participation correlates with greater linguistic proficiency, fluency, accuracy, and complexity (Rad
et al., 2024). Conversely, Group 2's consistently weak associations suggest that without engagement-
oriented instructional approaches (e.g., gamification; Lee & Baek, 2023), this triadic synergy does not
emerge.

RQ3.

The RQ3 findings offer support for engagement as a mediator and the holistic reading-writing-
engagement pathways. After confirming the baseline between group1 and 2's pre-test, in Group 1's post-
test, the significant within-time indirect effects (reading — engagement — writing) align with the view
that engagement mediates instructional effects on literacy outcomes (Alvermann, 2002; Guthrie et al.,
1998). This corroborates claims that cognitive and behavioral engagement predict achievement (Zhu et
al., 2023; Lee, 2014; Connor et al., 2009), and that engagement strategies positively predict writing
performance (Ndruru et al., 2025; Rad et al., 2024; Fredricks et al., 2004; Philp & Duchesne, 2016), with
engagement depth mediating writing improvement (Zhang & Hyland, 2018). This synergy echoes that
integrated literacy activities foster sustained engagement (Park, 2016; Bock & Erickson, 2015; Roe, 1997;
Kletzien & Hushion, 1992; de Milliano, 2013; Alexander, 2018; Ng & Graham, 2018).

Conversely, Group 2's post-test weak indirect effects align with the notion that insufficient engagement
limits reading—writing connections (Hidi & Anderson, 2014; Mason et al., 2023; Aktas et al., 2023),
especially without engagement-oriented instruction (Lee & Baek, 2023).

Importantly, the non-significant cross-lagged mediation in both groups echoes that the engagement-
outcome relationship is developmental rather than fixed (Li & Lerner, 2011), and reciprocal reading-
writing connections unfold nonlinearly over an extended period to fully manifest across lexical and text
levels (Kim et al., 2018), so the generally non-significant cross-lagged effect may be caused by a
semester interval between pretest and posttest.

Conclusion

This study investigated the impact of ChatGPT-supported feedback on Chinese L1 students' reading,
writing, and engagement. Findings revealed significant Time x Group effects, demonstrating that
ChatGPT substantially enhanced all three outcomes with large effect sizes. Correlation and path
analyses confirmed a triadic synergy among these constructs and validated engagement as a within-time
mediator. Within the broader context of Al-integrated literacy education, these results highlight the
pedagogical value of ChatGPT in fostering immediate literacy gains. It is recommended that educators
integrate such tools while implementing longitudinal tracking to sustain long-term development.

Limitations

Page 40/48



First, participants were drawn from a single middle school, limiting generalizability. Second, the no more
than four-month interval was relatively short; given that engagement—-outcome relationships are
developmental and reading—writing connections unfold nonlinearly over extended periods as we
mentioned in discussion, this timeframe may underestimate longitudinal mediation. Third, the large
effect sizes (Cohen’s d > 1.5) and post-test construct fusion (Reading—Writing r = .782) may raise
concerns regarding common method bias, although the reliability and validity are quite good.

Future research should recruit multi-site, diverse samples to enhance generalizability. Longitudinal
designs spanning multiple semesters with multiple waves are needed to fully capture the nonlinear,
developmental trajectories of reading—writing reciprocity and engagement. To mitigate common method
bias concerns, future studies should incorporate external observations.
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