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Abstract

To address the predicament in cultivating college students' autonomous learning
ability in basic mathematics courses amid the digital transformation of higher
education, this study constructs a multi-dimensional influencing factor model
based on Bandura's tripartite reciprocal determinism theory and Zimmerman's
self-regulated learning theory. An empirical analysis is conducted using structural
equation modeling (SEM) with 595 valid questionnaires as samples. The results
show that teacher support and digital literacy are core driving factors: they not only
directly and positively affect autonomous learning ability but also exert indirect
effects through the chain mediating path of "mathematical self-efficacy — learning
strategies and self-regulation”. Neither the direct nor indirect effects of the learning
environment are significant. The conclusions deepen the application of
autonomous learning theory in disciplinary contexts and provide theoretical
references for colleges and universities to implement targeted teaching
interventions and optimize basic mathematics courses.
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1. Introduction

With the in-depth advancement of the digital transformation of higher education and

the continuous shortening of the knowledge iteration cycle, the cultivation of college

students' autonomous learning ability in basic mathematics courses faces multiple
practical dilemmas. On one hand, the popularization of digital learning scenarios
imposes more stringent requirements on students' abilities in independent planning,
process regulation, and resource screening, making the traditional passive learning
model difficult to adapt to new needs. On the other hand, the inherent abstract, logical,
and systematic characteristics of mathematics further highlight the adaptation

problem between "disciplinary cognition and learning models" in autonomous
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learning, exacerbating obstacles to students' independent inquiry. Existing research
on influencing factors is mostly fragmented, failing to form a systematic consensus on
the internal connections and mechanisms of action among various factors. The
traditional linear paradigm is insufficient to explain the multiple interactive
relationships in complex teaching scenarios, necessitating a shift from generalized

model construction to discipline-oriented precise path exploration.

2. Model Design

2.1. Theoretical Basis and Variable Selection

Bandura's tripartite reciprocal determinism theory points out that individual
learning behavior is the result of dynamic interaction between internal factors,
individual behavior, and the environment. These three components form an overall
interactive process rather than a simple two-way effect. Its core value lies in
constructing a three-dimensional analytical framework of "individual-environment

-behavior”, clarifying that autonomous learning ability originates from the interaction
of these three elements. It emphasizes both the leading role of internal factors in
behavior and the environment, and the shaping effect of the environment on
individuals and behavior, providing core theoretical support for the study. Building
on and developing this theory, Zimmerman defines autonomous learning as students'
active participation in metacognition, motivation, and behavior, which essentially
refers to the ability to effectively regulate learning motivation, methods, and other
elements. He refines the influencing factors into three dimensions: personal internal
factors (including self-efficacy, metacognition, etc.), behavioral factors (involving self-
regulation and control), and environmental factors (including physical environment,
social support, etc.), providing specific analytical perspectives for the study. The two
theories form a theoretical system of "basic framework-detailed extension", offering
logical support and entry points for exploring college students' autonomous learning
ability in basic mathematics courses. Combined with literature review, college
students' cognitive characteristics, and the laws of mathematics courses, the final
influencing factors are determined as follows: personal factors include mathematical
self-efficacy and digital literacy; behavioral factors include learning strategies and
self-regulation; environmental factors include teacher support and learning

environment [1].
2.2. Model Construction and Hypothesis Proposal
2.2.1. Model Construction

Based on Bandura's tripartite reciprocal determinism theory and Zimmerman's self-
regulated learning theory, this study constructs a theoretical research model of the
influencing factors of college students' autonomous learning ability in basic
mathematics courses relying on the three-dimensional analytical framework of

"individual-environment-behavior”. In terms of variable setting, teacher support,
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learning environment, and digital literacy are defined as antecedent variables of the
model; mathematical self-efficacy, learning strategies, and self-regulation ability are
set as mediating variables; and autonomous learning ability is regarded as the core
outcome variable [1], as shown in Figure 1. The research objective of this model is to
systematically reveal the internal logic through which external support factors affect
college students' autonomous learning ability in basic mathematics courses via
internal cognitive mediating mechanisms, and to clarify the transmission paths and
action mechanisms among various variables.

Teacher Support

\ Mathematical

Self-Efficacy

Autonomous
Learning Ability

Learning
Environment

Learning
Strategies and
Self-Regulation

Digital Literacy

Figure 1. Research Model of Relevant Influencing Factors

2.2.2. Hypothesis Proposal

Combined with the research questions, literature review, and constructed research
model, the following hypotheses are proposed, as shown in Table 1.

Table 1. Summary of Research Hypotheses

No. Research Hypotheses
H1 Teacher support has a significant positive impact on mathematical self-efficacy;
H2 Learning environment has a significant positive impact on mathematical self-efficacy;
H3 Digital literacy has a significant positive impact on mathematical self-efficacy;
H4 Teacher support has a significant positive impact on learning strategies and self-regulation;
Hs Learning environment has a significant positive impact on learning strategies and self-
regulation;
H6 Digital literacy has a significant positive impact on learning strategies and self-regulation;
H7 Mathematical self-efficacy has a significant positive impact on learning strategies and self-
regulation;
H8 Teacher support has a significant positive impact on autonomous learning ability;
H9 Learning environment has a significant positive impact on autonomous learning ability;
H10 Digital literacy has a significant positive impact on autonomous learning ability;
H11 Mathematical self-efficacy has a significant positive impact on autonomous learning ability;
H12 Learning strategies and self-regulation have a significant positive impact on autonomous
learning ability;
H13 Mathematical self-efficacy and learning strategies and self-regulation have a significant
mediating effect between teacher support and autonomous learning ability;
H14 Mathematical self-efficacy and learning strategies and self-regulation have a significant
mediating effect between learning environment and autonomous learning ability;
H15 Mathematical self-efficacy and learning strategies and self-regulation have a significant
mediating effect between digital literacy and autonomous learning ability.
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3. Research Design

3.1. Questionnaire Design

On the basis of systematically sorting out previous research results and practical
experience, drawing on the construction logic of relevant mature scales, and closely
aligning with the core research needs of this study, the core dimensions of the scale
are finally determined. All scales adopt the Likert five-point scoring scale. The main

design includes the following two aspects.
3.1.1. Autonomous Learning Ability Scale

Based on the autonomous learning ability evaluation scale compiled by Zhu Zude and
other scholars, a three-dimensional measurement system of "learning self-planning
— learning resource acquisition — learning effect evaluation" is constructed,

including 10 specific measurement items, as shown in Table 2.

Table 2. Coding of Autonomous Learning Ability Scale

! . i Reference
Dimension Items Coding oo crerence
Learning Self- ]
Planning 1 Goal Setting
Learning Self- ]
Learning Self- Planning 2 Goal Adjustment
Planning Learning Self- Short-term Goal
Planning 3 Setting
Learning Self Goal Implementation
Planning 4 p

Learning Resource

Autonomous
Learning Ability

Learning Resource

Acquisition 1

Resource Acquisition

Learning Resource

Learning Interaction

Acquisition Acquisition 2
Learnmg R?source Resource Utilization
Acquisition 3
Learning Effect Knowledge and Skill
Evaluation 1 Evaluation
Learning Effect Learnmg.Effect Learning 01.1tc0me
. Evaluation 2 Evaluation
Evaluation -
. Academic
Learning Effect
) Performance
Evaluation 3 .
Evaluation

Zhu Zude et al.
(2005)

3.1.2. Scale of Influencing Factors of Autonomous Learning Ability

The items of this scale are revised based on mature scales and combined with the
scenario of college students' basic mathematics courses. Dimensions such as
mathematical self-efficacy refer to the Pintrich scale; the learning environment and
teacher support dimensions are adapted from Yin Rui's and Zhu Zude's scales
respectively; the digital literacy dimension integrates the EU framework and Xu
Shun's questionnaire [2]. After revision and improvement under the guidance of
experts, a scale with 5 dimensions and 21 items is finally formed, as shown in Table
3.
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Table 3. Coding of Scale of Influencing Factors of Autonomous Learning Ability

. . . Reference
Dimension Items Coding Scale/Questionnaire
Teacher Support 1 Teacher Guidance
Teacher Support 2 Teacher Attention
Teacher Support Teacher Support 3 Teacher Assistance Zhu Zude etal. (2005)
Teacher Support 4 Teacher Evaluation

Learning Environment

Learning Environment 1

Completeness of Hardware

Equipment
. . Richness of Learnin
Learning Environment 2 &
Resources
. . Convenience of Learning
Learning Environment 3
Resources

Yin Rui (2011)

Digital Literacy

Digital Literacy 1

Effective Information
Retrieval Ability

Digital Literacy 2

Effective Online Learning

Digital Literacy 3

Information Processing

Ren Youqun, Sui Xiaoxiao,
Liu Xin (2014); Xu Shun
(2019)

Ability
Digital Literacy 4 Resource Utilization Ability
Mathematical Self-Efficacy 1 Effort Efficacy
Mathematical Self-Efficacy 2 Ability Efficacy
Mathematical Self-Efficacy | Mathematical Self-Efficacy 3 Task Efficacy
Mathematical Self-Efficacy 4 leflculty-pvercomlng
Efficacy

Learning Strategies and
Self-Regulation

Learning Strategies and Self-
Regulation 1

Organizational Strategies

Learning Strategies and Self-
Regulation 2

Elaborative Processing
Strategies

Learning Strategies and Self-

Pintrich, DeGroot (1990)

Regulation 3 Regulatory Strategies

Learning Strategies and Self-
Regulation 4

Review Strategies

3.2. Survey Implementation and Data Collection

Based on the aforementioned scale system and theoretical framework, a
questionnaire survey method is adopted for empirical research, and two
questionnaires are compiled: "Autonomous Learning Ability Questionnaire” and
"Questionnaire on Influencing Factors of Autonomous Learning Ability". The two
questionnaires are designed through the online platform Wenjuanxing. After pre-
testing to verify reliability and validity and optimize items, the final measurement
tools are formed. The survey objects are freshmen and sophomores of a university,
who are in a critical stage of learning basic mathematics courses, and the data is highly
targeted and representative. A total of 616 questionnaires are distributed and
collected in this survey, with a recovery rate of 100%. After strict data cleaning,
invalid questionnaires such as extreme responses and incomplete filling are excluded,
resulting in 595 valid questionnaires with an effective recovery rate of 96.6%. The
sample representativeness and data quality are good, providing reliable support for

subsequent empirical analysis.

3.3. Correlation Analysis

First, the correlation between autonomous learning ability and the five influencing

factors is tested, because only when there is a correlation between these variables
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can the proposed hypothetical model be tested [3]. As shown in Table 4, there are
significant positive correlations between all core variables (P<0.01). Among them, the
correlation coefficients R between antecedent variables and mediating variables,
antecedent variables and outcome variables, and mediating variables and outcome
variables are all greater than 0.5, and the correlation strength reaches a moderate to
high level, meeting the requirements of statistical analysis. This result verifies the
rationality of variable selection and lays a solid data foundation for subsequent causal

inference through structural equation modeling.
Table 4. Results of Correlation Analysis

Learnin Learnin Learnin Learning Learnin
Teacher rning Digital Mathematical ning & | Resource 5 Ability
Support Environm Literacy | Self-Efficacy Strategies and Self- Acquisitio Effect Scale
ent Self-Regulation | Planning N Evaluation
Teacher Support 1
Learning 0.511%* 1
Environment
Digital Literacy 0.662** 0.659** 1
Mathem.atlcal Self- 0.725% 0.545% 0.691% 1
Efficacy
Learning Strategies o . . %
and Self-Regulation 0.684 0.566 0.720 0.695 1
Learning Self- 0.728* | 0503** | 0.663** 0.705%* 0.747%* 1
Planning
Learning Resource | ) cg7ex | (53000 | 0.672% 0.638* 0.670* 0.605** 1
Acquisition
Learning Effect 0.702** | 0.508** | 0.683** 0.710% 0.725% 0.605* | 0.605** 1
Evaluation
Ability Scale 0.810** 0.587** 0.767** 0.780** 0.815** 0.871** 0.852** 0.893** 1

Note: ** indicates P<0.01, * indicates P<0.05.
4. Structural Equation Model Analysis

4.1. Test of Measurement Model

The test of the measurement model is a prerequisite for structural equation model
analysis. The validity and stability of the measurement of latent variables by observed
variables are verified through three indicators: fit indices, reliability and convergent
validity, and discriminant validity [4]. This study selects core indicators such as chi-
square to degree of freedom ratio (CMIN/DF), root mean square error of
approximation (RMSEA), and comparative fit index (CFI) to conduct tests with
reference to general academic criteria. The specific measurement model is shown in

Figure 2.
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Figure 2. Standardized Model Diagram of Overall Confirmatory Factor Analysis

4.1.1. Fit Index Analysis

Fitindex analysis aims to judge the adaptability between the measurement model and
the survey data. As shown in Table 5, among the absolute fit indices, the CMIN/DF
value is within the reasonable range of 1~3, and both RMSEA and GFI values meet the
adaptation standards; all incremental fit indices are higher than the critical value of
0.9, indicating that the model has a significant improvement in fit compared with the
baseline model; all parsimonious fit indices are far higher than the basic standard of
0.5; in summary, the overall fit of the measurement model is good, and it can enter

the subsequent reliability and validity tests.
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Table 5. Parameters of Fit Indices of Overall Measurement Model

Category Index Name Definition Standard Index of This Model

CMIN/DF Chi-square to Degree of Freedom 1-3 2547

Ratio
Absolute Fit Indices RMSEA Root Mean Sq_uare. Error of <0.08 0.051

Approximation
GFI Goodness of Fit Index >0.9 0.903
. TLI Tucker-Lewis Index >0.9 0.946
Incremental Fit -
Indices IF1 Incremental Fit Index >0.9 0.954
CFI Comparative Fit Index >0.9 0.953
PNFI Parsimonious Normed Fit Index >0.5 0.796
Parsimonious Fit PCFI Parsimonious Comparative Fit 505 0.820
Indices - - -

PGFI Parsimonious Goodness of Fit 505 0725

Index

4.1.2. Reliability and Convergent Validity Analysis

Reliability is evaluated with composite reliability (CR) as the core indicator, and
convergent validity is comprehensively determined through standardized factor
loadings, CR, and average variance extracted (AVE) [5]. As shown in Table 6, the
standardized factor loadings of all 31 observed variables are greater than 0.5, and all
path coefficients pass the significance test, indicating that the observed variables have
strong explanatory power for the latent variables. At the latent variable level, the CR
values of each dimension significantly exceed the minimum threshold of 0.6; the AVE
values all meet the convergent validity standard of >0.5. The Cronbach's a coefficient
is much higher than 0.7, further confirming that the model has good internal
consistency reliability. In summary, the reliability and convergent validity of the
measurement model meet the standards, which can provide reliable data support for

subsequent structural model tests.

Table 6. Confirmatory Factor Analysis and Internal Consistency Reliability Analysis

. Standardiz AVE CR
. Observed | Unstandardized P (Average . Cronbach’
Latent Variable - . ed Factor S.E. C.R. Lo - (Composite
Variable Factor Loading . (Significance) Variance S sa
Loading Reliability)
Extracted)
JS1 1 0.846 0.742
Teacher ]S2 0.98 0.864 0.036 | 26.963 <0.001 0.742 0.92 0.92
Support JS3 0.987 0.867 0.036 | 27.13 <0.001 0.742 ' '
]S4 1.041 0.869 0.038 | 27.221 <0.001 0.742
Learning Hj1 1 0.806 0.585
Environment HJ]2 0.728 0.639 0.047 | 15.359 <0.001 0.585 0.806 0.799
HJ3 1.028 0.834 0.051 | 19.981 <0.001 0.585
SZ1 1 0.744 0.663
.. . SZ2 1.049 0.817 0.052 | 20.182 <0.001 0.663
Digital Literacy g3 1.067 0.845 | 0.051 | 20935 <0.001 0.663 0.887 0885
SZ4 1.094 0.846 0.052 | 20.957 <0.001 0.663
XN1 1 0.763 0.569
Mathematical XN2 1.091 0.752 0.058 | 18.682 <0.001 0.569 084 0.842
Self-Efficacy XN3 1.145 0.809 0.056 | 20.284 <0.001 0.569 ' ’
XN4 1.005 0.687 0.06 16.882 <0.001 0.569
Learning CL1 1 0.786 0.582
. CL2 1.011 0.762 0.051 | 19.747 <0.001 0.582
SsetlrfatRZg;ls;t‘l’;‘L CL3 0.987 0759 | 005 | 19.642 | <0.001 0.582 0848 0847
CL4 0.95 0.743 0.05 19.156 <0.001 0.582
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GH1 1 0.744 0.528
Learning Self- GH2 0.947 0.712 0.055 17.071 <0.001 0.528 0.817 0815
Planning GH3 1.061 0.724 0.061 17.381 <0.001 0.528 ' ’
GH4 1.043 0.725 0.06 17.411 <0.001 0.528
Learning ZY1 1 0.805 0.572
Resource 7Y2 0.947 0.737 0.051 18.595 <0.001 0.572 0.8 0.799
Acquisition 7Y3 0.856 0.725 0.047 18.222 <0.001 0.572
Learning Effect PGl L 0.756 0.582
Evaluation PG2 0.903 0.721 0.052 17.493 <0.001 0.582 0.807 0.808
PG3 1.01 0.81 0.051 | 19.853 <0.001 0.582

4.1.3. Discriminant Validity Analysis

Discriminant validity is tested using the criterion that "the square root of the AVE of
a latent variable is greater than the correlation coefficient between it and other latent
variables" [6]. As shown in Table 7, the square root values of AVE on the diagonal are
all greater than the correlation coefficients between the latent variables in the
corresponding rows and columns, indicating that each latent variable has a clear
conceptual boundary without dimension confusion, and the measurement model has

good discriminant validity.

Table7. Discriminant Validity Test

. L . Learning . 3 Learning Learning

poacer | earns | sl | et | spageoma | 1St | e | i
PP y y Self-Regulation 5 Acquisition | Evaluation

Teacher 0.861

Support

Learning 0.286 0.865

Environment

Digital Literacy 0.437 0.466 0.814

Mathematical

Self-Efficacy 0.533 0.353 0.317 0.754

Learning

Strategies and 0.477 0.37 0.533 0.535 0.763

Self-Regulation

Learning Self- | 5, 0.404 0477 0.558 0.496 0.727

Planning

Learning

Resource 0.513 0.334 0.497 0.384 0.511 0.433 0.756

Acquisition

Learning Effect | ;g 0326 0.413 0.473 0.486 0535 0.462 0.763

Evaluation

4.2. Model Modification and Hypothesis Testing

4.2.1. Model Fit and Modification

Consistent with the test logic of the measurement model, the empirical test of the
structural model also takes fit index analysis as the primary core link. As shown in
Table 8, the parsimonious fit indices all meet the standards; however, the core
indicators perform poorly: CMIN/DF>3, GFI<0.9; all incremental fit indices are lower
than the critical value of 0.9, indicating that the model needs further modification and
optimization.

Table 8. Parameters of Fit Indices of Structural Equation Model
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Category Index Name Definition Standard Index of This Model
Chi-square to Degree of
CMIN/DF Freedom Ratio 1-3 4.459
Absolute Fit Indices RMSEA Root Mean Sq_uare. Error of <0.08 0.076
Approximation
GFI Goodness of Fit Index >0.9 0.845
I tal Fit TLI Tucker-Lewis Index >0.9 0.879
e ! IFI Incremental Fit Index >0.9 0.892
CFI Comparative Fit Index >0.9 0.892
PNFI Parsimonious Normed Fit 205 0772
Index
Parmmoplous Fit PCFI Parsimonious Comparative Fit 205 0.795
Indices Index
PGEI Parsimonious Goodness of Fit 50.5 0.703
Index

Based on the AMOS modification index (MI), this study prioritizes the modification

strategy of adding covariances. According to the ranking of MI values, three

modification paths are determined: first, adding a covariance between teacher

support and digital literacy; second, adding a covariance between digital literacy and

learning environment; third, adding a correlation path between the residuals e12 and

e30 of the observed items of mathematical self-efficacy [7], as shown in Figure 3.
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Figure 3. Modified Structural Model of Influencing Factors of College Students' Autonomous
Learning Ability in Basic Mathematics Courses

After modification, all fit indices of the model meet the standards. As shown in Table
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9, CMIN/DF decreases to 2.630, GFI increases to 0.907, and all incremental fit indices
are >0.9. The parsimonious fit indices are also optimized synchronously, indicating
that the model has a good fit with the data and hypothesis testing can be carried out.

Table 9. Parameters of Fit Indices of Modified Structural Equation Model

Category Index Name Definition Standard Model Index
Chi-square to Degree of
CMIN/DF Freedom Ratio 1-3 2.630
Absolute Fit Indices RMSEA Root Mean Sq.uare‘ Error <0.08 0.052
of Approximation
GFI Goodness of Fit Index >0.9 0.907
IFi TLI Tucker-Lewis Index >0.9 0.943
Incrlerrlréeiélgs Fit IFI Incremental Fit Index >0.9 0.950
CFI1 Comparative Fit Index >0.9 0.950
PNFI Par51mo.mous Normed 205 0815
Fit Index
Parsimonious Fit Parsimonious
Indices PCFI Comparative Fit Index >0.5 0.840
Parsimonious Goodness
PGFI of Fit Index >0.5 0.749

4.2.2. Path Analysis and Hypothesis Testing

The results of the path coefficient significance test are shown in Table 10. Among the
12 direct effect hypotheses, 9 are supported, and 3 (H2, H5, and H9) are not supported.
Specifically, teacher support has a significant positive impact on mathematical self-
efficacy, learning strategies and self-regulation, and autonomous learning ability;
digital literacy also has a significant positive impact on the above three variables; the
positive impacts of mathematical self-efficacy on learning strategies and self-
regulation and autonomous learning ability, as well as the positive impact of learning
strategies and self-regulation on autonomous learning ability, all pass the tests. All
direct effect hypotheses related to the learning environment are not supported. Its
path coefficients to mathematical self-efficacy, learning strategies and self-regulation,
and autonomous learning ability are 0.005, 0.061, and -0.016 respectively, none of
which reach the significance level of P>0.05, indicating that pure environmental
optimization cannot directly enhance college students' mathematical autonomous

learning ability.
Table 10. Summary of Path Coefficients
Unstandardized Standardized
Path Coefficient SE. CR P Coefficient
Mathematical Self- - Teacher Support 0.564 0.041 | 13.601 wox 0.544
Efficacy
Mathematical Self- - Learning 0.005 0039 | 0133 | 0895 0.005
Efficacy Environment
Mathematical Self- - Digital Literacy 0392 0063 | 6234 - 0.304
Efficacy
Learning Strategies and - ok
Self-Regulation Teacher Support 0.206 0.04 5.134 0.311
Learning Strategles and - Le.arnmg 0.04 0.035 1146 0.252 0.061
Self-Regulation Environment
Learning Strategies and -~ Digital Literacy 0.377 0.059 6.361 ok 0.457
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Self-Regulation
Learning Strategies and - Mathematical
Self-Regulation Self-Efficacy 0.118 0.038 3.145 0.002 0.185
Autonomous Learning - o
Ability Teacher Support 0.241 0.03 8.13 0.395
Autonomous Learning - Learning ) ) )
Ability Environment 0.009 0.022 0.422 0.673 0.016
Autonomous Learning - Digital Literacy 0.122 0.043 2.825 0.005 0.161
Ability
Autonomous Learning Mathematical
Ability Self-Efficacy 0.05 0.025 2.002 0.045 0.084
Autonomous Learnin Learning
Abili & - Strategies and 0.452 0.06 7.487 ok 0.492
vy Self-Regulation

4.2.3. Mediating Effect Test

The Bootstrap resampling method is used to test the mediating effect [7], and the
results are shown in Table 11. Among them, the mediating paths related to teacher
support and digital literacy are partially supported, while the mediating paths related
to the learning environment are not supported. Specifically, teacher support
indirectly affects autonomous learning ability through two paths: first, the chain
mediating path of "teacher support — mathematical self-efficacy — learning strategies
and self-regulation — autonomous learning ability"; second, the simple mediating
path of "teacher support — learning strategies and self-regulation — autonomous
learning ability”. However, the mediating effect of the path "teacher support —
mathematical self-efficacy — autonomous learning ability" is not significant.

Digital literacy also indirectly enhances autonomous learning ability through two
significant paths: the chain mediating path of "digital literacy - mathematical self-
efficacy — learning strategies and self-regulation — autonomous learning ability" and
the simple mediating path of "digital literacy — learning strategies and self-regulation
— autonomous learning ability". The latter has the largest mediating effect size and is
the core transmission path. All paths through which the learning environment affects
autonomous learning ability via mediating variables are not significant, further
confirming that its influence mechanism is not empirically supported.

Total effect analysis shows that the total effects of teacher support and digital literacy
on autonomous learning ability are 0.393 and 0.333 respectively, indicating that they
are the core factors affecting college students' autonomous learning ability in basic

mathematics courses, and teacher support has a stronger impact.

Table 11. Mediating Effect Test

Model Me}c)i;i;clmg Mediating Path Estimate Lower Upper P
Teacher Support — Mathematical Self-
Mediator 1 Efficacy - Learning Strategies and .Self- 0.03 0.008 0.062 0.008
Regulation — Autonomous Learning
Ability
Model 1
. Teacher Support — Mathematical Self-
Mediator 2 Efficacy - Autonomous Learning Ability 0.028 -0.006 0.065 0.095
Mediator 3 Teacher Support - Learning Strategies 0.093 0.049 0.148 0
and Self-Regulation - Autonomous
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Learning Ability

Model 2

Learning Environment — Mathematical
Self-Efficacy — Learning Strategies and
Self-Regulation — Autonomous Learning
Ability

Mediator 4 0 -0.005 0.008 0.852

Learning Environment — Mathematical
Mediator 5 Self-Efficacy - Autonomous Learning 0 -0.005 0.009 0.797
Ability

Learning Environment — Learning
Mediator 6 Strategies and Self-Regulation — 0.018 -0.018 0.067 0.333
Autonomous Learning Ability

Model 3

Digital Literacy — Mathematical Self-
Efficacy — Learning Strategies and Self-
Regulation — Autonomous Learning
Ability

Mediator 7 0.021 0.006 0.047 0.007

Digital Literacy - Mathematical Self-

Efficacy - Autonomous Learning Ability 0.019 -0.003 0.049 0.079

Mediator 8

Digital Literacy — Learning Strategies and
Mediator 9 Self-Regulation — Autonomous Learning 0.171 0.099 0.27 0
Ability

Direct
Effect

Teacher Support — Autonomous Learning

Direct Effect 1 Ability 0.241 0.18 0.308 0

Learning Environment — Autonomous

Learning Ability -0.009 -0.064 0.049 0.784

Direct Effect 2

Digital Literacy - Autonomous Learning

Ability 0.122 0.021 0.219 0.017

Direct Effect 3

Total
Effect

Total Effect 1 Mediator 1 + Direct Effect 1 0.393 0.331 0.463 0

Total Effect 2 Mediator 2 + Direct Effect 2 0.009 -0.055 0.086 0.761

Total Effect 3 Mediator 3 + Direct 0.333 0.227 0.432 0

5. Result Discussion and Implications

Through structural equation model analysis, this study confirms that teacher support
and digital literacy are the core driving factors of college students' autonomous
learning ability in basic mathematics courses. Both promote ability improvement
through direct and indirect paths, while the impact of the learning environment is not
empirically supported. Learning strategies and self-regulation are core mediating
variables, with the most significant direct effect and undertaking the indirect
transmission role. This is consistent with Bandura's social cognitive theory,
confirming that teacher support can play a role through partial mediation and chain
mediation, and digital literacy efficiently enhances autonomous learning ability
through learning strategy mediation. For the learning environment, the
misunderstanding of "valuing hardware over adaptation” should be avoided.

Based on the above conclusions, the following teaching implications are proposed:
first, strengthen the role of teachers' precise support, such as providing targeted
guidance on learning strategies and personalized feedback to enhance students’
mathematical self-efficacy; second, integrate digital literacy into mathematics
teaching, including training on information retrieval, processing, and online learning
skills to improve students' ability to adapt to digital learning scenarios; third,
optimize the adaptability of the learning environment and strengthen guidance,
avoiding blind investment in hardware and focusing on matching the environment
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with students' learning needs and cognitive characteristics; fourth, focus on the
cultivation of core mediating variables, and improve students' autonomous learning
ability through systematic guidance on learning strategies and self-regulation
methods, such as organizing strategy training workshops and establishing self-
regulation learning logs.

In summary, by focusing on core driving factors and mediating mechanisms, colleges
and universities can effectively address the practical dilemmas in cultivating
autonomous learning ability in basic mathematics courses, and provide strong
support for the digital transformation of higher education and the improvement of

teaching quality.
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