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Abstract

Digital learning environments in Chinese higher education deliver content but often provide limited support for
regulating writing. This survey of 400 Chinese undergraduates examined which metacognitive supports in critical
writing were perceived as insufficient and whether needs varied across the sample. Exploratory factor analysis, paired
discrepancy analysis, latent profile analysis, and two one-sided equivalence tests showed three dimensions: perceived
provision, support need, and critical writing self-efficacy. Support need exceeded provision by 0.38 scale points, and
65.5% of students reported unmet need. Structured guidance, progress monitoring, and planning tools were the highest
priorities. Needs were equivalent across institution, gender, and prior online learning experience at d = +0.40. The
findings support a common scaffolding architecture with optional intensification for individual learners.

Keywords: metacognitive regulation, digital learning environment, critical writing, needs assessment, equivalence
testing, Chinese higher education

1. Introduction

Chinese undergraduates in critical writing courses use digital learning environments that supply content but give little
help with regulating writing. A platform can host readings, collect submissions, and display completion rates without
helping students set rhetorical goals, detect weak evidence—claim links, or judge drafts against tacit disciplinary criteria
(Pintrich, 2000; Winne & Hadwin, 1998; Zimmerman, 2002) and knowledge-transforming composition (Bereiter &
Scardamalia, 1987; Flower & Hayes, 1981). The problem is not absent digital infrastructure but a mismatch between
available tools and the metacognitive work critical writing demands.

International research shows that computer-based environments can scaffold self-regulation when they offer planning
prompts, monitoring cues, feedback, and reflection support, but these features do not automatically become
metacognitive support unless learners can interpret them and act on them.

Three limitations define the gap. First, analytics dashboards often make activity visible without grounding displays in
self-regulated learning. Second, automated feedback is useful but unevenly taken up by learners. Third, Chinese
higher-education studies have examined online learning and writing strategies, but few digital-environment models
organise support around the regulatory cycle for critical writing.

The overarching question is: what metacognitive support do Chinese undergraduates in critical writing courses perceive
as insufficient in their digital learning environment, and are those perceptions uniform across the student population?
Because the design is cross-sectional, with no baseline or comparison condition, the study is exploratory and advances
descriptive sub-questions:

RQ1. What dimensional structure underlies Chinese undergraduate students’ perceptions of their digital
learning environment and their metacognitive support needs in critical writing?

RQ2. To what extent does students’ perceived need for metacognitive learning support exceed the support
currently provided by their digital learning environment, and which specific forms of support are
prioritised?
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RQ3. To what extent do these perceived needs vary across institution, gender, and prior online learning
experience?

The study contributes by quantifying the need-provision gap, ranking priority supports, showing that competence
beliefs separate from environmental demand, and testing whether a single scaffolding architecture is defensible for this
student population.

2. Literature Review
2.1 Metacognitive Regulation and the Demands of Critical Writing

Metacognition is conventionally divided into knowledge about cognition and regulation of cognition (Flavell, 1979;
Nelson & Narens, 1990). This study focuses on regulation because it is the component instruction and design can
influence. It is modelled as a cycle in which learners plan, monitor progress against goals, and evaluate outcomes to
inform later attempts (Pintrich, 2000; Winne & Hadwin, 1998; Zimmerman, 2000, 2002). The design implication is
direct: support for one phase cannot substitute for support at another.

Writing makes this cycle demanding. Process models treat writing as recursive rather than linear, with planning,
translating, and reviewing under executive control (Flower & Hayes, 1981), and distinguish knowledge-telling from
knowledge-transforming, in which writing reshapes understanding (Bereiter & Scardamalia, 1987). Academic writing
depends on the second mode: writers must hold a rhetorical goal in view, detect gaps between the current text and that
goal, and act on them. Critical writing intensifies the demand because coordinating claim, evidence, warrant, and
rebuttal (Toulmin, 1958) develops unevenly and often late (Kuhn, 1991), while expert consensus places self-regulation
among the core skills of critical thinking (Facione, 1990). Monitoring and correcting one’s reasoning is therefore
constitutive of the competence, not ancillary to it.

Empirical work supports this position: strategy instruction targeting planning, monitoring, and evaluation improves
writing performance and motivation (Han, 2024; L. S. Teng & Zhang, 2020); metacognitive strategy use transfers
across first- and second-language writing (Xu & Zhu, 2024); self-regulated learning interventions in online and blended
settings produce reliable gains (Guntur & Purnomo, 2024; Luo & Zhou, 2024); and critical thinking has responded to
instructional design with Chinese and other second-language learners (Liu & Wang, 2024; X. Song et al., 2025). Two
consequences follow. A needs assessment must ask about planning, monitoring, and evaluation separately rather than
treating metacognitive support as one commodity; and because the cycle is integrated, items addressing different phases
should cohere empirically, an expectation RQ1 tests.

2.2 Digital Learning Environments and the Asymmetry of Regulatory Support

The idea that an environment can carry part of a learner’s regulatory burden descends from scaffolding: a more capable
other, or designed artefact, temporarily assumes functions the learner cannot yet perform alone and withdraws
assistance as competence develops (Vygotsky, 1978; Wood et al., 1976). Digital environments extend this logic by
embedding prompts, planning templates, progress indicators, and feedback into students’ tools. Adaptive support has
become a design agenda (Khalil et al., 2024), agent scaffolding works best when aligned with learners’ subgoals (Dever
et al., 2024), and reviews show that technology can support regulation directly and indirectly (Michael et al., 2025),
although pre-structured environments risk performing regulation for learners rather than developing it (Herold &
Seufert, 2025).

Recent international work extends this issue: embedded prompts, dashboards, feedback, and adaptive scaffolds can
support regulation, yet their effects depend on timing, interpretation, and learner use. This study therefore treats Chinese
evidence as part of a broader debate about how digital environments distribute regulation between learner and system.

Support is uneven across the regulatory cycle. Monitoring is well served: progress bars, completion indicators, and
dashboards make current state visible. Planning may be less provisioned because helping learners construct goals before
work begins is harder to instrument than tracking completed work; evaluation may be harder still because it requires
support for judging quality against criteria. The prevailing paradigm predicts outcomes rather than describing process,
yet regulation depends on actionable process information.

Feedback is a main route through which digital environments influence writing. Meta-analytic and review evidence
reports gains from automated and Al-generated feedback on second-language writing performance and related
outcomes (Fleckenstein et al., 2023; Shi & Aryadoust, 2024), while uptake depends on metacognitive awareness (M. F.
Teng, 2025). Automated feedback is often evaluative and prescriptive rather than descriptive of the writer’s process; in
Hattie and Timperley’s (2007) terms, it operates more often at the task level than at the process and self-regulation
levels that support independent revision; telling a writer what to change differs from helping a writer see how they
worked. This asymmetry generates a directional expectation for RQ2: if planning and evaluation are under-provisioned
relative to monitoring, students should register the shortfall.
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2.3 Learner Beliefs, Expressed Demand, and the Assessment of Needs

Self-efficacy—belief in one’s capacity to execute actions required for an outcome—shapes effort, persistence, and goal
setting (Bandura, 1977, 1997), and in writing has long been linked to performance and strategy use (Pajares, 2003;
Zhang & Zhang, 2024). Its measurement is contested: recent scales and reviews argue that the construct is
multidimensional and may not generalise across tasks (Collado et al., 2023; J. Wang et al., 2026). For instrument
design, a few writing-competence items cannot be assumed to form a unitary construct.

A second strand concerns how expressed need should be read. Academic help-seeking is theorised not as dependence
but as a self-regulatory strategy: learners must monitor comprehension, recognise insufficiency, identify an adequate
source, and act (Karabenick & Newman, 2006; Newman, 1994; Won & Chang, 2024). Demand for support may
therefore indicate regulatory awareness rather than its absence, meaning better provisioned or more capable learners
might report more need, not less.

These questions are culturally situated. Chinese higher education often combines strong instructional structure with
developing learner autonomy, so students may value guidance while still needing support for planning, monitoring, and
evaluation. This context makes it important to ask what learners themselves perceive as missing.

Needs assessment grounds design in context. Expert review can establish item relevance, but exploratory factor analysis
is still needed to test whether students distinguish provision, support need, and competence beliefs.

3. Methodology
3.1 Research Design

This cross-sectional quantitative survey established the empirical basis for a digital learning environment model
(DLEM) to enhance metacognitive regulation in critical writing. It formed the context-analysis component of Phase 1
within a Type 2 design and development research framework (Richey & Klein, 2007). The design suited the descriptive
aims: to characterise current provision, quantify metacognitive-support needs, and test subgroup differences. No
intervention or temporal comparison was involved.

3.2 Setting and Participants

The study was conducted at two private undergraduate institutions in Hechuan District, Chongqing, China: Paisi
College of Chongqing Technology and Business University, and Chongqing College of Humanities, Science and
Technology. Both shared comparable teaching-management principles, student profiles, and critical-writing provision,
allowing aggregation while retaining institution as an analytic contrast. Both are private undergraduate colleges, a sector
that may differ from public universities in student intake, resourcing, and digital infrastructure; this bounds the
population to which the findings can be generalised (Section 6).

Participants were 400 second-year undergraduates, 200 from each institution. They were targeted because critical
writing is taught at this stage and they had enough experience with the institutional digital environment to evaluate it.
Of the respondents, 188 (47.0%) were male, 212 (53.0%) female, 318 (79.5%) reported prior online-learning
experience, and 82 (20.5%) did not.

Sample size was set a priori. Factor-analytic conventions recommend a 10:1 subject-to-item ratio and at least 300 cases
(Comrey & Lee, 1992; MacCallum et al., 1999); with 15 items, N = 400 gives 26.7:1. G¥Power 3.1 (Faul et al., 2007)
indicated .98 power to detect d = 0.40 with two groups of 200 at o = .05.

3.3 Instrument

The Digital Learning Environment Teaching Needs Survey was developed for this study. Part 1 recorded institution,
year, gender, and prior online-learning experience. Part 2 contained 15 five-point Likert items (1 = strongly disagree to
5 = strongly agree) across three conceptual blocks: current digital learning environment use (Q6—Q10), metacognitive
regulation support needs (Q11-Q15), and critical writing status and needs (Q16—Q20). Item wording appears in Table 1.

Item development followed standard design-and-development procedures: the framework was derived from the
literature, sub-dimensions were specified, an item pool was drafted and reviewed by the supervisor, and the revised
instrument was submitted to an expert panel.

Five experts independently rated item relevance. Eleven items had I-CVI = 1.00 and four had I-CVI = 0.80 (Table S1),
all meeting the 0.78 criterion for five-expert panels (Lynn, 1986). The S-CVI/Ave was 0.95, exceeding the 0.90
threshold for scale-level content validity (Polit & Beck, 2006). Wording revisions followed expert feedback.

3.4 Ethical Considerations

The protocol was approved by the Center for Ethics in Human Research, Khon Kaen University (HE693082;
IRB00012791; FWA00003418), and both institutions granted permission. Participants received written information,
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gave consent, could decline items or withdraw without academic consequence, and provided no identifying information.
Questionnaires used anonymous codes (S001-S400) and sealed collection boxes.

3.5 Data Collection and Preparation

The paper questionnaire was administered in intact classes over three weeks by non-teaching research assistants and
took about 20 minutes. A random subset was independently re-entered to check accuracy. Screening examined
out-of-range values, skewness, and kurtosis against maximum-likelihood criteria (jskew| < 1.0; |[kurtosis| < 2.0).

Response-set bias was assessed using Harman’s single-factor test (Podsakoff et al., 2003) and by comparing the
inter-item correlation structure before and after within-person centring.

Missing data were minimal: 24 of 6,000 responses (0.4%), with no item exceeding 1.0%, and were consistent with
missing completely at random. Listwise deletion was used for factor analysis (n = 378) and available-case analysis
elsewhere; no imputation was performed.

3.6 Data Analysis
Statistical significance was evaluated at o = .05 unless otherwise stated.
3.6.1 Dimensionality and Reliability (RQ1)

Because the instrument was new, exploratory factor analysis was used. Factorability was assessed with KMO and
Bartlett’s test, and factor number by parallel analysis (Horn, 1965). Factors were extracted using maximum likelihood
and promax rotation. Items were retained if they loaded > .40 on a primary factor, did not cross-load > .30, and achieved
communality > .30; failing items were removed and the solution re-estimated. Internal consistency was evaluated using
Cronbach’s a, McDonald’s ®, and, for two-item scales, the Spearman—Brown coefficient with inter-item correlation
(Eisinga et al., 2013).

3.6.2 Need—provision discrepancy (RQ2)

A paired-samples z-test compared Support Need and DLE Provision, reporting Cohen’s d, and the proportion of

students with a positive discrepancy. Item priorities used within-person centring, subtracting each respondent’s grand
mean from each item score to reduce scale-use bias and show relative priority.

3.6.3 Subgroup variation and profile analysis (RQ3)

Institution, gender, and prior online-learning differences were tested using independent-samples #-tests on each retained
scale. Latent profile analysis used standardised scale scores, Gaussian mixture models with diagonal covariance, and 50
random initialisations. One- to five-profile models were compared using Akaike and Bayesian information criteria,
entropy, and smallest-class size; entropy > .80 marked confident assignment (Celeux & Soromenho, 1996). Multinomial
logistic regression tested whether background variables predicted membership.

3.6.4 Equivalence testing

Because subgroup analyses yielded null results, two one-sided tests (TOST) distinguished absence of evidence from
evidence of absence (Lakens, 2017). The smallest effect size of interest was set a priori at d = +0.40: about one-third of
a scale point on a five-point scale with standard deviations near 0.85, below which subgroup-specific pathways would
not be warranted. Equivalence was concluded when the 90% confidence interval fell entirely within the bounds. A
sensitivity analysis used d = £+0.30, with achieved power reported for each comparison.

3.7 Reproducibility

A scripted pipeline regenerated all reported tables and figures from the raw item-level data. Thresholds were
predeclared in code, item removal was automated, fixed seeds controlled stochastic steps, and repeated execution
reproduced all numerical output.

Analyses used Python 3.12.3 with numpy, pandas, scipy, scikit-learn, statsmodels, factor analyzer, and matplotlib. The
de-identified dataset, analysis script, codebook, console log, and environment specification are available from the
corresponding author on reasonable request.

4. Results
4.1 Dimensional Structure of Students’ Perceptions (RQ1)
4.1.1 Screening Outcomes

Table 1 reports item-level statistics. Means ranged from 2.91 to 3.64; skewness and kurtosis were within
maximum-likelihood criteria. Respondents discriminated across items rather than endorsing a single response set.
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Table 1. Item-level descriptive statistics for the 15 survey items, by designed block

Item Description n M SD  Skew  Kurtosis
Q6 Frequent use of digital learning tools 399 329 1.16 -0.21 —0.81
Q7 Platform functions are comprehensive 398 3.05 124 -0.01 -1.03
Q8 School provides sufficient digital resources 399 3.19 1.16 -0.15 -0.79
Q9 Technical support is timely and effective 397 3.01 1.11 -0.01 —0.71
Q10  Overall satisfaction with the DLE 399 321 1.17 -0.12 -0.81
Q11  Need tools for planning and goal setting 398 3.57 115 —-034 —0.93
Q12  Need tools to monitor writing progress 399 358 1.12 —-046 —0.51
Q13  Need tools for self-evaluation and reflection 398 3.53 1.07 -032 —0.67
Q14  Need structured guidance and model references 400 3.64 1.13 —-047 —0.55
Q15  Peer feedback and collaboration are important 398 332 1.12 —-0.25 —0.72
Q16  Encounter difficulty in critical writing 400 320 1.20 -0.02 -0.98
Q17  Know how to construct a persuasive argument 398 291 127 0.14 —-1.00
Q18  Can evaluate and use evidence effectively 399 293 1.26 0.11 -0.99
Q19  Want more guidance and practice opportunities 396 354 121 -039 —0.84
Q20  DLE can improve critical writing ability 398 353 1.18 -035 —0.82

Note. N =400; n varies by item owing to missing responses. Response scale 1-5. Designed blocks: Q6—Q10 = current
digital learning environment (DLE) use; Q11-Q15 = metacognitive regulation support needs; Q16—Q20 = critical
writing status and needs. Skewness within +1.0 and kurtosis within £2.0 indicate distributions suitable for
maximum-likelihood estimation.

4.1.2 Factorability and Factor Retention

Sampling adequacy was adequate overall, KMO = .861, and Bartlett’s test of sphericity was significant, y2(105) = 1710.7,
p <.001. Item-level KMO values ranged from .58 to .92, the two lowest belonging to Q17 and Q18, which shared less
variance with the remaining pool.

Parallel analysis supported three factors: the first three observed eigenvalues (4.58, 2.12, 1.60) exceeded their random
criteria (1.42, 1.33, 1.26), whereas the fourth (0.94) fell below its criterion (1.20). One item was then removed by the
retention procedure: Q16 (“I have encountered difficulties in critical writing”) achieved a primary loading of .25 and a
communality of .12. Re-estimation on the reduced set satisfied all criteria at the first iteration and did not disturb any
other item’s assignment.

4.1.3 The three-factor Solution

The final solution (Table 2) accounted for 46.9% of total variance. Simple structure was achieved: every item loaded
> .51 on its primary factor, the largest secondary loading anywhere in the matrix was .27 (Q20 on the provision factor),
and communalities ranged from .34 (Q20) to .62 (Q17).

Table 2. Rotated pattern matrix of the three-factor solution, showing which items students grouped together (maximum
likelihood, promax; n = 378)

Item  F1 Support Need F2 DLE Provision F3 CW Self-Efficacy W

Q11 77 —.08 .06 .61
Q12 .75 ~.09 07 57
Q14 .73 —-.05 .05 .54
Q15 .65 -.02 .08 43
Q13 .63 .07 -.04 40
Q19 .58 .04 -.19 37
Q20 51 27 -.09 .34
Qo6 —.04 .70 -.02 49
Q7 .00 .70 .05 49
Q10 -.08 .69 —-.03 49
Q9 -.01 .65 .04 42
Q8 .06 .61 .04 37
Q17 .06 .02 .78 .62
Q18 .00 .04 .65 43

Note. Primary loadings in bold. Q16 removed prior to the final extraction. 2> = communality. SS loadings =3.12/2.34/
1.10; cumulative variance = 46.9%. Retention required a primary loading > .40, no cross-loading > .30, and communality
>.30. F1 items express demand for support from the environment; F2 items appraise current provision; F3 items appraise
one’s own argument competence. CW = critical writing.
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The recovered structure departed from the a priori design. The first block (Q6—Q10) emerged intact as Factor 2
Perceived DLE Provision. The second (Q11-Q15) held together as Factor 1 Perceived Support Need and absorbed Q19
and Q20, yielding a seven-item scale. Q17 and Q18 formed Factor 3 Critical Writing Self-Efficacy.

Q19 and Q20 migrated coherently: both express demands directed at the learning environment and align more closely
with support need than competence. The third designed block had conflated writing-ability appraisal with desired
environmental support. Q16 aligned with no factor strongly enough to retain, correlating +.33 with support need, +.22
with provision, and —.19 with self-efficacy—modest, shared variance with all three, membership of none.

Factor intercorrelations followed this pattern. Support Need correlated positively with DLE Provision (¢ = .42) and
negatively with Self-Efficacy (¢ = —.20), while Provision and Self-Efficacy were unrelated (¢ = —.10). Observed
composite correlations showed the same pattern: »=.33 (p <.001), r=—.10 (p = .048), and r = .01 (p = .847).

4.1.4 Reliability

Internal consistency was acceptable for Support Need and DLE Provision. The two-item Critical Writing Self-Efficacy
scale showed modest reliability, so it is treated as a focused indicator rather than a full self-efficacy measure.

Table 3. Composition, reliability, and descriptive statistics of the three retained scales

Scale Items k o ® M SD

F1 Perceived Support Need Q11-Q15,Q19, Q20 7 .852 .846 3.53 0.83
F2 Perceived DLE Provision Q6-QI10 5 .801 .802 3.15 0.87
F3 Critical Writing Self-Efficacy Q17,Q18 2 .667 .681 2.92 1.10

Note. For the two-item self-efficacy scale the Spearman—Brown coefficient is reported in place of a; inter-item » = .50. ®
= McDonald’s omega. Scale scores are item means on the 1-5 response scale, on which 3.0 is the midpoint; only Critical
Writing Self-Efficacy falls below it.

4.2 The Need—provision Discrepancy and Its Composition (RQ2)
4.2.1 Magnitude and Prevalence of the Discrepancy

Perceived Support Need (M = 3.53, SD = 0.83) exceeded Perceived DLE Provision (M = 3.15, SD = 0.87) by 0.38 scale
points, 95% CI [0.28, 0.48]. The difference was significant, #(399) = 7.73, p <.001, d, = 0.39.

The distribution clarifies the pattern (Figure 1). Of 400 students, 262 (65.5%) reported need above provision, 126
(31.5%) the reverse, and 12 (3.0%) no gap. Among those with unmet need, 98 (24.5% of the full sample) showed a gap
exceeding one scale point and 83 (20.8%) a gap between half and one point. Scores were close to symmetric (Mdn =
0.40, skew = —0.18), indicating a distributional shift rather than an effect driven by extreme respondents.

A. Scale means (95% ClI) B. Individual need-provision gap

4 Need exceeds provision 24.5%
—~ 4 Need exceeds provision oy 65.5% report
4 95% CI [0.28, 0.48] by 0.5t0 1.0 HAIBAL RS
h=s d, =0.39
© i Need exceeds provision 1 (20.2%
g 3.2 3.15 by less than 0.5 81 (20.2%)
@
©
P304 No gap 12 (3.0%)

: scale midpoint
2.92
T T T T T T T
Support DLE CW Self- 0 50 100 150
Need Provision  Efficacy Number of students (N = 400)

Figure 1. Need—provision discrepancy at the scale level and for individual students (N = 400)

Note. Panel A shows scale means with 95% confidence intervals; the dashed line marks the scale midpoint, and the
arrow marks the mean need—provision gap from the paired #-test. Panel B classifies each student by the difference
between their Support Need and DLE Provision scores; the three blue bars together make up the 65.5% of students
reporting unmet need.

Absolute levels add context. Agreement (responses of 4 or 5) with provision items ranged from 34.0% to 45.6%, with
36.5% scoring below the provision-scale midpoint; need items drew agreement between 47.2% and 56.5%. The
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discrepancy therefore appears to reflect generic provision alongside unmet writing-specific requirements, not absent
digital infrastructure.

4.2.2 Ttem-level Priorities

Relative priorities after within-person centring are shown in Figure 2. The ordering divides sharply into two blocks with
almost no overlap.
Structured guidance & model references (Q14) +0.34
Progress-monitoring tools (Q12) +0.28
Planning / goal-setting tools (Q11) +0.27
More guidance & practice (Q19)
DLE can improve writing (Q20)
Self-evaluation & reflection tools (Q13)
Peer feedback important (Q15)
Frequent use of digital tools (Q6)
Overall DLE satisfaction (Q10)
Difficulty in critical writingt (Q16)
Sufficient digital resources (Q8)
Platform functions comprehensive (Q7)
Timely technical support (Q9)
Can evaluate & use evidence (Q18)  —0.37
Know how to construct an argument (Q17) —0.39

T T T T T
-0.4 -0.2 0.0 0.2 0.4
Relative priority (item score minus respondent’s own mean, scale points)

I F1 Perceived Support Need B F3 CW Self-Efficacy
I F2 Perceived DLE Provision I t Removed from factor solution

Figure 2. Relative priority of the 15 survey items after within-person centring, coloured by factor membership (N = 400)

Note. Positive values indicate items rated above a respondent's own average across all items, negative values indicate
below-average priority. This shows relative priority rather than absolute agreement.

The six highest priorities, from +0.34 to +0.23, were structured guidance and model references, progress-monitoring
tools, planning and goal-setting tools, more guidance and practice, belief in the potential of digital environments, and
self-evaluation and reflection tools. All request scaffolding of the metacognitive cycle. The lowest priorities were the
two self-efficacy statements—knowing how to construct an argument (—0.39) and being able to evaluate evidence
(—0.37)—followed by timely technical support (—0.29) and comprehensive platform functions (—0.25).

Peer feedback (+0.02) was neutral, the only need item outside the priority group. This is notable given the emphasis on
collaborative learning in this literature. The result may reflect examination-oriented settings in which learner autonomy
and peer-based learning remain under-developed (Su et al., 2023), or limited exposure to structured peer review; this
cannot be settled here and matters because collaborative features are easy to add but may not be students’ main priority.

4.2.3 The position of Self-efficacy

Critical Writing Self-Efficacy was the lowest-scoring construct (M = 2.92) and the only scale below the midpoint, with
46.0% of students below 3.0. About one third agreed that they knew how to construct a persuasive argument (32.7%) or
could evaluate and use evidence (33.1%); about 40% disagreed with each, the highest disagreement rates in the
instrument.

Self-efficacy correlated negatively with support need (r = —.10, p = .048): students who felt least capable expressed the
greatest demand for scaffolding. The association is weak and is not interpreted further, though stronger at the factor
level (¢ = —.20); the removed item Q16 behaved similarly, correlating —.18 with argument-construction competence and
+.41 with desire for further guidance. Self-efficacy was unrelated to perceived provision (» = .01, p = .847): students
who rated the digital environment highly felt no more capable as critical writers than those who rated it poorly.

4.3 Uniformity of Needs Across Subgroups (RQ3)
4.3.1 Direct Comparisons

No scale differed significantly by any background variable (Table 4). The largest effect was for Support Need between
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institutions (Mgigr = 0.15, d = 0.18, p = .077); the other eight comparisons had |d| < 0.18 and p values from .157 to .905.
Provision and self-efficacy were near-identical across institutions (3.17 versus 3.13, and 2.90 versus 2.94), and the
mean need—provision gap was similar in both settings, 0.43 and 0.33.

Table 4. Subgroup comparisons with equivalence tests (TOST) showing that needs did not differ meaningfully by
institution, gender, or prior online experience; primary bound d = £0.40

Comparison Scale nm/ nz Mg d p (NHST) 90% CI p (TOST) Equivalent
Institution (1 vs 2) Support Need 200/200 +0.15 +0.18 .077 [+0.01, +0.28] .013 Yes

DLE Provision 200/200 +0.05 +0.05 .596 [-0.10,+0.19] <.001 Yes

CW Self-Efficacy 200/200 —0.05 —0.04 .666 [-0.23,+0.13] <.001 Yes
Gender (male vs female) Support Need 188 /212 +0.04 +0.05 .634 [-0.10, +0.18] <.001 Yes

DLE Provision 188 /212 —0.06 —0.07 .517 [-0.20,+0.09] .001 Yes

CW Self-Efficacy 188/212 +0.01 +0.01 .905 [-0.17,+0.20] <.001 Yes
Online experience (no vs yes) Support Need 82/318 —0.13 —0.15 .220 [-0.29,+0.04] .023 Yes

DLE Provision 82/318 +0.13 +0.15 .230 [-0.05,+0.31] .022 Yes

CW Self-Efficacy 82/318 —0.19 —0.18 .157 [-0.42,+0.03] .035 Yes

Note. Equivalence is concluded when the 90% CI falls entirely within the bounds. Sensitivity results at d =+0.30 are given
in the text. Positive differences indicate a higher mean in the first-listed group. NHST = two-tailed independent-samples
t-test; TOST p = the larger of the two one-sided p values.

4.3.2 Exploratory Profile Analysis

Latent profile analysis found no well-separated need profiles. Although fit indices varied, entropy was low and profile
differences were descriptive rather than actionable.

4.3.3 Equivalence Testing

All nine equivalence tests were significant at the primary bound of d = £0.40, with p values from < .001 to .035 (Table
4); in each case the 90% confidence interval of the mean difference fell entirely within the bounds. Achieved power to
detect d = 0.40 was .98 for the institution and gender comparisons and .90 for online experience.

The sensitivity analysis at d = £0.30 produced a more qualified picture. All three gender comparisons remained
equivalent (p = .002 to .010), as did two institution comparisons (provision p = .007, self-efficacy p = .005), while
institutional differences in support need did not (p = .110). None of the online-experience comparisons reached
equivalence at the stricter bound (p = .112 to .158); this follows from the unbalanced group sizes (82 versus 318), which
reduced power to .68, since observed effect sizes were |d| < 0.18 throughout.

5. Discussion
5.1 RQI1: The Dimensional Structure of Students’ Perceptions

Students distinguished three constructs the instrument was not designed to separate: environmental provision, desired
support, and perceived writing capability. Read against Bandura’s (1977, 1997) account, the separation is coherent:
efficacy beliefs concern what one can execute, whereas desired environmental support is an outward-directed outcome
expectation. Students appear to hold these apart even when the questionnaire does not.

The solution left one issue unresolved: planning, monitoring, and evaluation items loaded on a single support-need
factor. Students did not separate regulatory phases as theory does, perhaps because they experience these supports as
one practical need.

Designers should therefore avoid assuming that separate platform features will be experienced as separate supports.
Future instruments should include more items per regulatory phase.

5.2 RQ2: The Discrepancy Between Need and Provision

The documented gap indicates adequate but unremarkable infrastructure alongside unmet writing-regulation needs. The
priority is not more technology in general, but support for planning, monitoring, and evaluation.

One element of that ordering was unexpected. If digital environments over-serve monitoring relative to planning and
evaluation, monitoring should rank lower; instead, it ranked second. Students may distinguish activity visibility, which
dashboards supply, from interpretive support for acting on displayed information, consistent with reviews finding
dashboards weakly grounded in regulation models (Cabral et al., 2025; Matcha et al., 2020; Paulsen & Lindsay, 2024).
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Alternatively, the single monitoring item may have been read as a general request for feedback.

Peer feedback was neutral despite its prominence in the literature. It may need staged introduction after students have
practised self-evaluation and evidence-based revision.

The positive correlation between provision and need may reflect regulatory awareness: students who recognise useful
support also see what additional support could help them.

5.3 RQ3: Uniformity of Needs Across Subgroups

Expressed needs did not differ by institution, gender, or prior online-learning experience, and equivalence tests support
a stronger conclusion than failure to detect difference: every comparison fell within d = +0.40. A model for this
population may not require pathways tailored to these characteristics, making a universal scaffolding architecture the
more defensible starting point. This conclusion is unavailable from non-significant t-tests alone, which remain
compatible with real differences the study was underpowered to detect (Ponce-Renova, 2022). The profile analysis was
consistent: no solution achieved acceptable class separation, and no background variable predicted membership.

This differs from profile studies of regulatory capability because this study profiled expressed demand rather than
learner competence.

Uniform demand does not imply uniform benefit. Future work should test whether a common scaffold helps all learners
equally once actual performance and log data are observed.

5.4 Implications for the Design of Digital Learning Environments

The findings suggest a universal core: structured guidance, model references, planning prompts, progress interpretation,
and self-evaluation tools attached to writing tasks rather than generic platform use.

At the same time, the system should allow optional intensification. Learners with low confidence or weak engagement
could receive extra examples, planning prompts, or reflection questions without creating fixed pathways by gender or
institution.

Peer feedback and adaptive release should be staged. Students first need individual scaffolds for planning, monitoring,
and evaluation; collaborative and adaptive functions can then build on that foundation.

6. Limitations
Several constraints bound what can be claimed from these data.

Design and inference. The study is cross-sectional. It documents perceptions at one point in time and supports no
statement about what produces them or about what would follow from changing them; the associations reported are
correlational.

Measurement. The study used self-reports, so it captures perceived need rather than demonstrated need. The two-item
self-efficacy scale is narrow and modest in reliability; future work should add items, writing samples, interviews, or log data.

Analysis. The factor structure was exploratory and has not been confirmed on an independent sample; it is a hypothesis
about the instrument, not established measurement. The profile labels are not validated learner types. The analysis was
not pre-registered, and some Type I error inflation across tests cannot be ruled out.

Generalisability. Participants came from two private institutions in one district of Chongqing and one course context.
Findings should be replicated in public universities, other regions, other years, and different writing courses.

7. Conclusion

This study found that Chinese undergraduates perceived a clear metacognitive support gap in digital critical-writing
environments. Support need exceeded provision, with strongest priorities for structured guidance, progress monitoring,
planning, and self-evaluation. Needs were equivalent across the measured subgroups, supporting a common scaffolding
core with optional individual intensification. The findings offer a context-grounded basis for designing DLEs that
support regulation rather than only deliver content.
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