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ABSTRACT

	Aims: To solve problems like strong subjectivity, unbalanced weights, and lagging evaluation dimensions in blended teaching of Higher Mathematics, and build a process-oriented comprehensive evaluation model empowered by digital intelligence for precision teaching.
Study design:  Constructed an evaluation system and comprehensive evaluation model based on dual-drive logic of Delphi method and Analytic Hierarchy Process (AHP).
Place and Duration of Study: Shenyang Normal University, School of Mathematics and Systems Science, between December 2025 and February 2026.
Methodology: Established a 15-member interdisciplinary expert consultation pool; screened and optimized indicators through two rounds of Delphi surveys; used AHP to determine indicator weights and conduct consistency tests.
Results: The results of AHP weight determination and consistency tests indicate that the "Teaching Support" dimension holds a dominant position, among which "Automated Learning Early Warning and Intervention Response Efficiency" has the highest composite weight (0.112), emerging as a core variable driving precision teaching.
Conclusion: The research demonstrates that the focus of evaluation has achieved a paradigm reconstruction from "end-product output" to "process intervention". This model provides decision-making support for the precise implementation of Higher Mathematics teaching reform and offers an operational framework for quality assessment in the digital transformation of higher education.
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1. INTRODUCTION

The "Opinions of the Ministry of Education on Implementing the Excellent Teacher Training Program 2.0" clearly states that new teaching models such as flipped classrooms and blended learning should be promoted, forming an autonomous, cooperative, and exploratory learning model that organically combines and deeply integrates online and offline teaching. With the comprehensive and in-depth advancement of the national education digitalization strategy, blended learning, as a teaching model that integrates the advantages of traditional and online teaching, has been widely applied in higher education. As a core basic course in universities, advanced mathematics, with its rigorous teaching logic and continuous knowledge system, makes it difficult for traditional classrooms to meet the personalized learning needs of students with different professional backgrounds and mathematical foundations.

In recent years, many universities have begun to introduce blended learning models into the teaching practice of advanced mathematics (Cui, 2026; Liu, 2026; Yang, 2026). Through the integration of teaching spaces, teaching times, teaching methods, and teaching evaluations (Liu, 2026), a complete process of pre-class autonomous preview, in-class deep exploration, and post-class precise review has been reshaped, achieving remarkable results in creating learning environments, improving academic performance and pass rates, enhancing student satisfaction, and increasing teaching efficiency (Srivastava & Scott, 2026; Bowles et al., 2025). However, at the same time, problems such as ambiguous evaluation standards for blended learning and a mismatch between evaluation standards and teaching models have become prominent (Han, 2025; Li, 2025). How to evaluate the effectiveness of blended learning and construct a scientific, standardized, and operational evaluation model for blended learning is not only a practical need for improving teaching quality but also a key link in deepening course teaching reform and implementing the requirements of the education digitalization strategy. Currently, research on the evaluation of blended learning mostly focuses on the construction of general indicator systems (Gong et al., 2025; Zhou et al., 2025), while targeted research for the discipline of advanced mathematics is still relatively weak.

In view of this, this study, based on the perspective of precise teaching enabled by digital intelligence, uses the Delphi method and the Analytic Hierarchy Process (AHP) (Xu, 2024; Hao, 2025), follows the research path of "initial indicator proposal - screening and optimization - weight quantification", and constructs a "process-oriented" evaluation model suitable for blended learning in advanced mathematics, with the aim of providing scientific basis and theoretical reference for the precise evaluation and reform practice of blended learning in advanced mathematics.

2. methodology

To construct a robust and scientifically valid evaluation model, this research utilizes a dual-drive methodological framework combining the Delphi method and the AHP. The integration of these two methods allows for the synthesis of expert qualitative judgment with rigorous quantitative weight determination, ensuring both the authority and the logical consistency of the resulting indicator system.

2.1 The Construction of the Evaluation Index System for Blended Teaching of Advanced Mathematics

2.1.1 Selection and Profile of the Expert Consultation Pool

The validity of a Delphi study is heavily dependent on the professional maturity and representativeness of the selected expert panel. For this study, a consultation pool of 15 cross-disciplinary experts was established, encompassing specialists in Higher Mathematics pedagogy, educational technology, and administrative quality monitoring. These individuals were selected based on their academic qualifications, professional titles, and extensive experience in blended teaching environments, as shown in Table 1.	Comment by arike: Change Table 1 to Table 2.1

The high concentration of doctoral-level experts and seasoned practitioners (over 20 years in the field) provides a robust foundation for identifying the nuanced requirements of mathematics education within a digital framework. The panel's familiarity with the Delphi and AHP methods further ensures that the consultative feedback is grounded in an understanding of the research methodology's constraints and strengths.
Table 1.	Statistics of Expert Profiles	Comment by arike: Change Table 1 to Table 2.1

	Professional Dimension
	Distribution and Metrics
	Percentage (%)

	Academic Titles
	Professors (4) / Associate Professors (6) / Lecturers (5)
	26.7 / 40.0 / 33.3

	Educational Background
	Doctoral Degree (12) / Master's Degree (3)
	80.0 / 20.0

	Years of Experience
	21+ Years (6) / 11-20 Years (9)
	40.0 / 60.0

	Blended Teaching Experience
	7+ Years (5) / Others (10)
	33.3 / 66.7

	Methodological Familiarity
	Highly Familiar (7) / Moderately Familiar (8)
	46.7 / 53.3



2.1.2 Initial Indicator Drafting and First-Round Delphi Consultation

The research path followed a systematic trajectory of "initial drafting—screening and optimization—weighting." The initial framework was constructed by synthesizing the core requirements of the "Evaluation Indicator System for Undergraduate Teaching in Regular Higher Education Institutions" with the specific practical characteristics of Higher Mathematics blended learning. This preliminary framework comprised 5 primary dimensions and 27 secondary indicators.

The first round of Delphi consultation aimed to filter redundant indicators and refine the terminology to reflect the demands of the digital transformation. Statistical analysis of this round revealed an expert authority coefficient () of 0.87, which indicates a high degree of reliability and representative authority.16 The expert authority coefficient is a function of the judgment basis () and the expert's self-assessed familiarity with the content ():

As shown in Table 2, the results of the first round showed that the experts reached a high level of consensus, as evidenced by the Coefficient of Variation (CV) and the Kendall coordination coefficient.	Comment by arike: Change Table 2 to Table 2.2

Table 2.	Statistical Results of the First Round of Expert Consultation	Comment by arike: Change Table 2 to Table 2.2

	Evaluation Level
	CV
	Coordination coefficient
	chi-square value
	Degree of freedom
	Significance

	Primary Dimension Layer
	0 - 0.11
	0.352
	21.12
	4
	< 0.001

	Secondary Indicator Layer
	0.06 - 0.22
	0.284
	110.76
	26
	< 0.001



During this phase, qualitative feedback provided by the experts led to the integration of overlapping indicators. For example, the indicators for "difficulty gradient" and "stratified guidance" were merged into a single metric: "Resource difficulty is tiered (basic, advanced, extended) to adapt to the stratified teaching needs of students with different mathematical foundations". Furthermore, to respond to the ethical and technical requirements of the digital age, new indicators regarding "platform data security and privacy protection" and "automated learning early warning efficiency" were introduced.

2.1.3 Second-Round Delphi and Finalization of the Indicator System

The second round focused on verifying the consensus on the refined system. As shown in Table 3, the results indicated a significant improvement in the Kendall coordination coefficient, suggesting a successful convergence of expert opinions and a decrease in the dispersion of scores. This convergence is a critical prerequisite for the subsequent AHP analysis, as it ensures that the inputs for the pairwise comparison matrices are grounded in a stable expert consensus.	Comment by arike: Change Table 3 to Table 2.3

Table 3.	Statistical Results of the Second Round of Expert Consultation	Comment by arike: Change Table 3 to Table 2.3

	Evaluation Level
	CV
	Coordination coefficient
	chi-square value
	Degree of freedom
	Significance

	Primary Dimension Layer
	0.08 - 0.15
	0.536
	32.16
	4
	< 0.001

	Secondary Indicator Layer
	0.07 - 0.20
	0.428
	154.08
	24
	< 0.001



The finalized evaluation system consists of 25 indicators across five core dimensions: Teaching Objectives, Teaching Content, Teaching Implementation, Teaching Effectiveness, and Teaching Support. This structure not only reflects the internal logic of Higher Mathematics instruction but also explicitly incorporates the dimensions of digital empowerment and process intervention.

2.2 Quantitative Weighting and Model Consistency Analysis

Following the consensus achieved through the Delphi rounds, the AHP was employed to quantify the relative importance of each indicator. Experts used the Saaty 1-9 scale to perform pairwise comparisons, which were then converted into standardized weights. This process allows the model to capture the "non-linear" importance of various factors in a complex educational system.

2.2.1 Hierarchical Structure and Weight Distribution

The final weight distribution of the evaluation index system for the blended teaching of advanced mathematics is shown in Table 4. The weighting results reveal a striking emphasis on the infrastructural and support dimensions of the blended teaching system. The "Teaching Support" dimension emerged with an overwhelming relative weight, indicating that the stability and intelligence of the digital environment are considered the primary drivers of quality in the current digital transformation phase. 	Comment by arike: Change Table 4 to Table 2.4

Table 4.	Evaluation Indicator System and Weight Distribution for Blended Teaching of Higher Mathematics	Comment by arike: Change Table 4 to Table 2.4

	Primary Indicator 
(Level 1)
	Weight 
(W1)
	Secondary Indicator (Level 2)
	Weight 
(W2)
	Composite Weight 
(W1×W2)

	A. Teaching Objectives
	0.132
	A1 Alignment with standards & talent programs
	0.288
	0.038

	
	
	A2 Integration of knowledge, ability & values
	0.258
	0.034

	
	
	A3 Mathematics as a cross-disciplinary tool
	0.212
	0.028

	
	
	A4 Online/offline role & task division
	0.144
	0.019

	
	
	A5 Quantifiable & observable target setting
	0.098
	0.013

	B. Teaching Content
	0.125
	B1 Core logic and coverage of key difficulties
	0.256
	0.032

	
	
	B2 Deep logic bridge: online and offline resources
	0.232
	0.029

	
	
	B3 Tiered resource difficulty for stratified needs
	0.216
	0.027

	
	
	B4 Ideological integration and value guidance
	0.168
	0.021

	
	
	B5 Case selection: academic frontiers & apps
	0.128
	0.016

	C. Teaching Implementation
	0.118
	C1 Platform functionality and data support
	0.220
	0.026

	
	
	C2 High-frequency interaction design
	0.212
	0.025

	
	
	C3 Offline focus on breaking through difficulties
	0.203
	0.024

	
	
	C4 Seamless online-offline phase switching
	0.195
	0.023

	
	
	C5 24h response and precision guidance
	0.169
	0.020

	D. Teaching Effectiveness
	0.089
	D1 Mastery of concepts, theorems, and skills
	0.225
	0.020

	
	
	D2 Mathematical thinking in solving real problems
	0.213
	0.019

	
	
	D3 Active participation and self-directed study
	0.202
	0.018

	
	
	D4 Satisfaction and perceived achievement
	0.191
	0.017

	
	
	D5 Transferability to subsequent courses
	0.169
	0.015

	E. Teaching Support
	0.536
	E1 Stability of facilities and digital resources
	0.201
	0.108

	
	
	E2 Teacher digital literacy and model mastery
	0.201
	0.108

	
	
	E3 Dynamic monitoring and management systems
	0.196
	0.105

	
	
	E4 Data security and student privacy protection
	0.192
	0.103

	
	
	E5 Automated warning and intervention efficiency
	0.209
	0.112



2.2.2 Consistency Checks and Logical Reliability

To ensure that the weights derived from the AHP matrices were logically consistent, the research performed consistency tests on 90 judgment matrices submitted by the experts. The Consistency Ratio (CR) was calculated for each level. The formula for CR is:

                                                              (1)

where CI is the Consistency Index   and RI is the Random Index corresponding to the matrix size n. In all cases, the CR value was less than the 0.1 threshold, confirming that the experts' judgments were logically consistent and that the resulting weights were statistically reliable.

The dominance of the "Teaching Support" dimension (weight: 0.536) marks a fundamental departure from traditional evaluation models that prioritize summative outcomes. In a complex, technology-mediated system like blended learning, the operational stability of platforms, the quality of digital assets, and the technical competence of instructors are not merely auxiliary factors; they are the "infrastructure" upon which all pedagogical activities depend. For Higher Mathematics, characterized by high levels of logical concentration and cumulative knowledge, any technical friction, such as platform lag or inaccessible resources, can break the "learning chain," leading to cognitive overload and student disengagement. The expert group emphasizes that without reliable teaching support, pedagogical innovations like flipped classrooms cannot be effectively sustained. This finding reflects a broader trend in the digital transformation of higher education toward prioritizing "safety, stability, and high-quality development".

3. results and discussion

3.1 Results

The weight calculation results show that the weight of teaching support (E) exceeds 50%, marking a shift in the concept of the blended teaching evaluation system from "effect priority" to "support first". Traditional teaching evaluations are mostly centered on the final learning outcomes, but in the complex system of blended teaching, the stability of platform operation, the compatibility of software and hardware, and the supply capacity of digital resources have all become important foundations for ensuring the orderly conduct of teaching activities. The higher mathematics course has strong logical coherence, and technical faults or data delays in the online teaching platform may lead to the disruption of students' learning chains. The expert group believes that without reliable teaching support as a backing, the innovation of teaching models and the optimization of teaching processes are difficult to truly implement. Therefore, this study places the support mechanism in a priority position, which also reflects the deep transformation of the evaluation concept in the process of educational digitalization and intelligence from a single focus on teaching effects to a balance between "safety and stability" and "high-quality development".

The analysis of composite weights reveals a clear Pareto Effect, where a "critical few" indicators exert a disproportionate influence on the overall quality of the teaching system. Specifically, the top six indicators account for 57.4% of the total cumulative weight, demonstrating that focusing on these variables can yield the most significant improvements in teaching quality, as shown in Table 5. The fact that "Automated learning early warning and intervention response efficiency (E5)" is the highest-weighted indicator globally identifies it as the core variable of precision teaching. In large-scale Higher Mathematics courses, where a single instructor may manage hundreds of students across multiple sections, manual monitoring of individual progress is impossible. Digital empowerment allows for the real-time collection of online behavioral data—such as video viewing duration, interactive forum participation, and homework submission patterns—enabling the system to trigger pre-emptive alerts. This allows for a transition from "post-hoc" fault-finding to "pre-emptive" risk management, ensuring that interventions occur while the learning process is still ongoing.	Comment by arike: Change Table 5 to Table 3.1

Table 5.	Weights of Core Indicators	Comment by arike: Change Table 5 to Table 3.1

	Indicator Code
	Indicator Name
	Composite Weight
	Global Rank

	E5
	Automated learning warning and intervention efficiency
	0.112
	1

	E1
	Facility stability and digital resource reserves
	0.108
	2

	E2
	Teacher digital teaching literacy
	0.108
	2

	E3
	Dynamic quality monitoring and management
	0.105
	4

	E4
	Data security and personal privacy protection
	0.103
	5

	A1
	Alignment with standards and talent programs
	0.038
	6



Another significant observation is the "rank inversion" where the weight of "Teaching Objectives (A)" (0.132) is notably higher than that of "Teaching Effectiveness (D)" (0.089). This weighting distribution is deeply aligned with the OBE philosophy of "backward design". In the context of blended teaching, the dispersal of learning across time and space can easily lead to cognitive fragmentation if the objectives are not clearly defined and partitioned between online and offline phases. If the "front-end" design of learning goals—including the division of labor between autonomous online study and deep offline inquiry—is flawed, the final "effectiveness" metrics may merely capture superficial exam performance rather than true competency development. Therefore, the evaluation system prioritizes the precision of target setting as a primary driver for ensuring that meaningful learning occurs.

3.2 Discussion

Given that teaching support (E) and automated intervention (E5) are the most critical factors, universities should prioritize the construction of intelligent teaching platforms that go beyond simple content delivery. These platforms should integrate deep learning algorithms to analyze student behavioral data in real-time. The goal is to create a closed-loop system of "platform warning—teacher intervention—student feedback." This base serves not just as a repository of resources but as a "pedagogical navigator" that informs the teacher’s decisions on where to focus limited in-person classroom time for maximum impact.

Due to the fact that experts from different backgrounds still have certain differences in the assignment of weights to the indicators, in order to enhance the universality of the evaluation system, it is suggested that different types of universities set differentiated adjustment intervals for the weights of the indicators based on their own educational positioning and talent cultivation goals. For instance, for institutions with significant differences in students' mathematical foundations, the weights of "stratified teaching resource supply (B3)" and "precise guidance (C5)" can be appropriately increased. At the same time, a regular dynamic calibration mechanism should be established, with expert opinions re-solicited every 1-2 evaluation cycles to revise and improve the weights of the indicators, so as to ensure the timeliness and scientific nature of the evaluation standards.

The high weight of "Teacher Digital Literacy (E2)" indicates that the human element remains central to the success of blended teaching. Teachers must evolve from being "lecturers" to "learning architects" and "data analysts". This transition requires training programs that focus on data literacy—the ability to collect, interpret, and act upon the analytics generated by the teaching platform. When a platform issues an early warning for a specific student group, the teacher’s ability to conduct targeted "precision guidance" (C5) becomes the deciding factor in whether the digital system actually improves learning outcomes.

The emergence of "Data Security and Privacy Protection (E4)" as a top-five indicator highlights the ethical responsibilities inherent in the digital transformation of education. As universities collect granular behavioral data on students, they must establish strict protocols for data access, storage, and anonymization. This is not only a matter of legal compliance but is also critical for building student trust in the blended model. Ensuring that students feel their data is used solely for the purpose of "process empowerment" and not for punitive surveillance is essential for maintaining high levels of engagement.

4. Conclusion

This study comprehensively employs the Delphi method and the AHP, based on the background of digital and intelligent development, to construct a blended teaching evaluation system for advanced mathematics. It forms an overall framework of "guarantee-oriented, goal-driven, process feedback, and result supplementation", and establishes a 25-item evaluation index system with the efficiency of automatic learning situation early warning and intervention response at its core. The research results show that the focus of the evaluation of blended teaching in advanced mathematics is shifting from the traditional end-product evaluation to digital and intelligent pre-emptive guarantee and full-process teaching monitoring. With the deep integration of artificial intelligence technology and education and teaching, the evaluation system should also be continuously iterated and improved, incorporating emerging dimensions such as human-machine collaboration and emotional interaction, thereby providing scientific basis and continuous support for the precise and long-term advancement of advanced mathematics teaching reform.
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