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ABSTRACT In the context of intelligent manufacturing and industrial digital transformation, enterprise
operation management increasingly requires composite technical talent capable of integrating physical
measurement, production simulation and decision optimization. The traditional experimental teaching
system is difficult to cultivate students’ engineering practice ability and systematic thinking due to the lack
of advanced technology support, disconnection between teaching content and industry, and virtualization
of practical scenarios. As the core supporting technology of intelligent manufacturing, 3D measurement
technology can achieve accurate acquisition and digital modeling of object geometric parameters,
providing data support for core processes such as production process optimization, quality control, and
inventory management in operation and management. The deep integration of these technologies with
experimental teaching provides a feasible path for upgrading the teaching system to better reflect the
high-precision measurement and digital-twin processes required in intelligent manufacturing.

INDEX TERMS 3D measurement technology,operation management,experimental teaching,digital
twin,industrial measurement

I. INTRODUCTION
A. RESEARCH BACKGROUND

AS a core course in majors such as business adminis-
tration and industrial engineering, enterprise operation

management’s experimental teaching is a key link connect-
ing theoretical knowledge with industrial practice [1-3]. The
“Opinions of the Ministry of Education on Accelerating the
Construction of High level Undergraduate Education and
Improving the Comprehensive Talent Training Capacity”
clearly proposes to “deepen the reform of experimental
teaching, promote the deep integration of information tech-
nology, advanced manufacturing technology and experimen-
tal teaching, and build an experimental teaching system that
meets the needs of industrial development” [4-6]. However,
traditional simulation models often overlook the specific
technical constraints of production:

Lagged teaching content: Experimental projects mostly
focus on traditional operational management scenarios (such
as inventory optimization and production planning), lacking
coverage of emerging scenarios such as intelligent manu-
facturing and digital operations;

Insufficient technical support: Unlike standard ERP or
IoT data which provide abstract numerical outputs, 3D
measurement offers high-fidelity spatial data that bridges

the gap between physical shop-floor constraints and macro-
level scheduling.

Practice scenario virtualization: Experiments are often
based on preset data and ideal scenarios, which are dis-
connected from the dynamics, complexity, and uncertainty
of real enterprise operations, making it difficult for students
to form systematic thinking.

B. RESEARCH APPROACH
This article follows the technical route of “theoretical sorting
- current situation diagnosis - system optimization - tech-
nology integration - empirical verification - promotion and
application”:

Systematically review the research achievements in the
fields of enterprise operation management experimental
teaching, 3D measurement technology application, etc., and
clarify the research foundation and improvement direction;

Diagnose the core problems of the current experimental
teaching system through methods such as questionnaire
surveys, in-depth interviews, and field research;

Based on the three-dimensional training objectives of
“knowledge ability literacy”, combined with the core busi-
ness processes of enterprise operation management, opti-
mize the experimental teaching system architecture;
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Design a fusion path between 3D measurement technol-
ogy and experimental teaching, develop supporting plat-
forms and teaching resources;

Select multiple universities to conduct empirical research
and verify the application effect of the optimized teaching
system;

The empirical results facilitate the refinement of system
architectures and technical support frameworks to establish
a scalable practical paradigm centered on fiber morphology
analysis and high-precision yarn spatial distribution. This
optimization ensures that digital integration effectively sta-
bilizes manufacturing excellence across complex production
environments[7].

II. CORE CONCEPTS AND THEORETICAL
FOUNDATIONS
A. DEFINITION OF CORE CONCEPTS
The technology integration path refers to the combination
and implementation process of 3D measurement technology
and experimental teaching system, including the integration
of technology and teaching content, technology and teaching
methods, and technology and evaluation system. The core
is to achieve digitalization, precision, and practicality of
experimental teaching through technology empowerment[8].

Knowledge objective: To master the core theories of
enterprise operation and management, the basic principles
and operating methods of 3D measurement technology, and
the core tools for digital data analysis and optimization;

Ability goals: Possess the ability to operate 3D measuring
equipment, collect and process operational data, optimize
production processes, and control and improve quality;

Objective of Literacy: To cultivate engineering practice
literacy, systematic thinking literacy, innovative thinking
literacy, team collaboration literacy, and adapt to the op-
erational management needs of enterprises in the era of
intelligent manufacturing[9-11].

B. THEORETICAL BASIS
1) Constructivist Learning Theory
Constructivist learning theory emphasizes that learning is
a process in which learners actively construct knowledge,
rather than passively receiving information. Its core view-
points include:

Learning should be conducted in real problem situations,
deepening knowledge understanding through practical oper-
ations and problem-solving;

Emphasize collaboration and interaction between teachers
and students, and promote knowledge construction through
communication and discussion;

Emphasize the personalization and differentiation of the
learning process, and respect learners’ independent choices
and explorations[12-14].

This theory provides pedagogical support for optimizing
the experimental teaching system, clarifying the importance
of constructing real-life scenarios, practical operations, and
collaborative learning[15-17].

2) Situational Learning Theory
The situational learning theory holds that learning is
achieved through participation in real activities in specific
contexts, and the meaning of knowledge can only be fully
constructed in specific contexts. Its core viewpoints include:

Authentic instructional contexts enhance learner motiva-
tion and pedagogical efficacy;

Learning should be combined with practical work tasks to
achieve the goal of ‘learning for practical use’; Emphasize
the construction of a learning community and promote the
social growth of learners. This theory provides a theoretical
basis for the integration of 3D measurement technology and
experimental teaching, and clarifies the idea of designing
experimental projects based on real operational scenarios of
enterprises[18].

3) Competency based Education Theory
The theory of competency based education is guided by the
cultivation of learners’ core competencies, emphasizing the
precise alignment between teaching content and professional
needs. Its core viewpoints include:

Ability is the core goal of learning, covering professional
competence, methodological competence, and social com-
petence;

The teaching content should be designed around the
cultivation of professional abilities, with a focus on practical
training;

The evaluation system should focus on enhancing capabil-
ities and adopt diversified evaluation methods. This theory
provides direct guidance for setting the three-dimensional
training objectives of “knowledge ability literacy” and op-
timizing the experimental teaching system[19-20].

4) Theory of Technology Fusion
The theory of technological integration emphasizes the
organic integration of technology with other fields, and
achieves upgrading and innovation in the field through
technological empowerment. Its core viewpoints include:

The core of technology integration is the precise adapta-
tion of technology to the needs of the field, rather than the
simple superposition of technology;

Technological integration requires the construction of a
comprehensive support system, including hardware, soft-
ware, resources, talent, etc;

Technological integration can generate synergies and
achieve the effect of “1+1>2”.

This theory provides methodological support for the in-
tegration path design of 3D measurement technology and
experimental teaching system.

III. DIAGNOSIS OF THE CURRENT SITUATION OF
ENTERPRISE OPERATION MANAGEMENT
EXPERIMENTAL TEACHING SYSTEM
A. DIAGNOSTIC DESIGN
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1) Diagnostic Object
Select 8 different types of universities (3 comprehensive
universities, 3 science and engineering colleges, 2 finance
and economics colleges) with majors in business manage-
ment, industrial engineering, logistics management, etc. as
diagnostic objects:

Teacher student group: A total of 500 people, including
80 teachers (with 3-25 years of teaching experience) and
420 students (300 undergraduates and 120 postgraduates);

Enterprise group: 100 human resources managers and
operations managers from 20 manufacturing and logistics
companies.

2) Diagnostic Methods
Questionnaire survey: Design a survey questionnaire on
the current situation of enterprise operation management
experimental teaching (teacher-student version, enterprise
version), distribute a total of 600 questionnaires, and collect
556 valid questionnaires, with an effective response rate of
92.7%;

Field research: Visited the experimental teaching centers
of 6 universities and the operational management depart-
ments of 10 enterprises to observe the progress of experi-
mental teaching and the actual operational processes of the
enterprises;

Data processing: SPSS 26.0 was used for statistical anal-
ysis of questionnaire data, Nvivo12 was used for coding
analysis of interview texts, and combined with field research
results to comprehensively diagnose the current situation
and problems.

B. CURRENT SITUATION ANALYSIS
1) Current Situation of Experimental Teaching System
Teaching objective: 68.3% of teachers regard “knowledge
mastery” as the core objective, while only 31.7% emphasize
“practical ability and literacy cultivation”;

Teaching content: 72.5% of experimental projects focus
on traditional operational management modules (such as
inventory management and production planning), while only
18.3% involve digital operations and intelligent manufactur-
ing related content;

Teaching methods: Software simulation (65.7%) and
manual simulation (58.2%) are the main methods, with
less than 10% of experimental projects using advanced
technology;

Evaluation system: 78.6% of universities use experi-
mental reports (45.3%) and final exams (33.3%) as the
main evaluation methods, with a low proportion of process
evaluation and ability evaluation.

C. CORE PROBLEM DIAGNOSIS
Deviation in the positioning of teaching objectives:

The emphasis on imparting knowledge over cultivating
abilities and qualities is disconnected from the demand of
enterprises for versatile talents;

Lack of clear training objectives for digital skills and
system optimization capabilities makes it difficult to adapt
to the demands of the intelligent manufacturing era.

The teaching content is disconnected from the industry:
The experimental project is outdated and does not cover

emerging technology application scenarios such as 3D mea-
surement, digital modeling, and intelligent quality control;

The teaching content mainly focuses on theoretical ver-
ification and lacks integration with the real operational
processes of enterprises, resulting in limited practical value.

Weak technical support system:
The experimental equipment is aging and lacks advanced

teaching equipment such as 3D measuring instruments and
digital modeling software;

The integration of technology and teaching is not deep
enough, only used as an auxiliary tool and not integrated
into the entire process of experimental teaching.

Practical scenario virtualization:
Experiments are mostly based on preset data and ideal

scenarios, lacking dynamism, complexity, and uncertainty;
Students have difficulty encountering real operational

problems in enterprises, and the effectiveness of cultivating
practical abilities is not satisfactory.

Imperfect evaluation system:
The evaluation method is single, with a focus on outcome

evaluation and neglecting process evaluation and capability
evaluation;

Lack of quantitative evaluation indicators for students’ in-
novation ability, collaboration ability, and systematic think-
ing.

D. REQUIREMENTS ANALYSIS
Teaching system requirements: 89.7% of teachers and stu-
dents hope to “increase digital and intelligent experimental
projects”, and 85.3% require “building real operational
scenarios for enterprises”;

Technical support requirements: 92.6% of teachers be-
lieve that “advanced technologies such as 3D measurement
need to be introduced”, and 87.8% hope to “develop stan-
dardized technical teaching resources”;

Ability cultivation needs: The most important student
abilities that enterprises focus on are practical operation
ability (91.3%), data processing ability (88.7%), system
optimization ability (85.2%), and innovation ability (82.5%);

Evaluation system requirements: 78.9% of teachers and
students suggest “adopting diversified evaluation methods”,
and 76.4% support “increasing ability oriented evaluation
indicators”.

Analysis of the Causes of Problems

1) Lagging Teaching Philosophy
Some universities still adhere to the traditional teaching
philosophy of “emphasizing theory over practice” and do
not attach enough importance to experimental teaching;

The understanding of the transformation of enterprise
operation and management in the era of intelligent manu-
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facturing is unclear, and the teaching objectives and training
programs have not been adjusted in a timely manner.

2) Insufficient Resource Investment
The limited investment in experimental teaching funds
makes it difficult to purchase advanced equipment such as
3D measuring instruments;

Lack of composite teachers who possess both operational
management expertise and advanced technical operation
capabilities.

3) Insufficient Cooperation Between Schools and
Enterprises
The cooperation between universities and enterprises often
remains superficial, without forming a deep collaborative
teaching reform mechanism;

The enthusiasm of enterprises to participate in the design
of experimental teaching systems and the development of
teaching resources is insufficient.

4) Lack of Technical Integration Capability
Teachers have limited technical application abilities, making
it difficult to effectively integrate 3D measurement technol-
ogy with experimental teaching;

Lack of standardized paths and teaching resources for
technological integration, and fragmented application of
technology.

IV. OPTIMIZATION DESIGN OF EXPERIMENTAL
TEACHING SYSTEM SUPPORTED BY 3D
MEASUREMENT TECHNOLOGY
A. OPTIMIZATION PRINCIPLES
1) Goal Oriented Principle
With the three-dimensional training objectives of “knowl-
edge ability literacy” as the core, ensure that the optimiza-
tion of the experimental teaching system always revolves
around the needs of talent cultivation.

2) Industrial Adaptation Principles
Closely connect with the real processes and technological
application scenarios of enterprise operation and manage-
ment, ensuring precise matching between teaching content
and industry needs.

3) Principle of Technology Integration
Fully integrate 3D measurement technology into the entire
experimental teaching process, achieving a deep integration
of technology with teaching content, teaching methods, and
evaluation systems.

4) Modular and Project-based Principles
Adopting modular design to construct an experimental
teaching system, organizing experimental content in a
project-based manner, and enhancing the flexibility and
operability of the system.

5) Feasibility Principle
Fully consider the actual situation of resources and faculty
level in universities, and design a scientific, reasonable, and
easy to implement experimental teaching system.

B. OPTIMIZATION OF EXPERIMENTAL TEACHING
CONTENT SYSTEM
Based on this theoretical mapping, the content system is
reconstructed and design a three-level experimental project
of “basic comprehensive innovative”. The specific content

6) Overall Architecture of Experimental Teaching System
Construct a three-in-one experimental teaching system 

where the architecture is directly mapped to the four core 

theories: the Content System applies Constructivist Theory 

by allowing students to actively build models from 3D 

scans; the Support System utilizes Technology Fusion The-
ory to create a synergistic hardware-software environment;
the Evaluation System is grounded in Competency-based 

Theory to track skill acquisition; and the implementation 

phase follows Situational Learning by using real industrial 

samples. The overall structure is as follows table 1.

is as follows:

1) Basic Experiment (Level 1)
Core objective: To assist students in mastering the basic
operations of 3D measurement technology, the fundamental
theories of operational management, and data processing
methods, laying the foundation for subsequent experiments.

2) Comprehensive Experiment (Second Level)
Core objective: To cultivate students’ comprehensive appli-
cation abilities, enabling them to apply 3D measurement
technology and operational management theory to solve
complex operational problems.

V. THE INTEGRATION PATH AND SUPPORTING
SYSTEM OF 3D MEASUREMENT TECHNOLOGY AND
EXPERIMENTAL TEACHING
A. FUSION PATH DESIGN
Build a “full process, multi-level, modular” 3D measure-
ment technology integration path, integrating technology
into the entire process of experimental teaching, including
goal setting, content design, implementation process, eval-
uation feedback, etc

1) Target Layer Fusion
Clarify the knowledge, skills, and literacy training objectives
related to 3D measurement technology, and incorporate
technical application abilities into the core competency
training system;

Based on the demand of enterprises for technical opera-
tion and management talents, set quantitative indicators for
cultivating technical application abilities.

Content layer fusion
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TABLE 1. Overall Architecture of the Experimental Teaching System

System Dimension Core Components Core Functions Technical Support

Content System Basic Experiments, Comprehensive Experi-
ments, Innovative Experiments

Achieve gradient training of knowledge verification,
comprehensive application, and innovative design

3D measurement technology, data vi-
sualization technology, process simula-
tion technology

Support System Hardware Platform, Software System,
Teaching Resources

Provide comprehensive guarantee of equipment,
technology, and resources for experimental teaching

3D measurement equipment, opera-
tion management experimental plat-
form, digital teaching resource library

Evaluation System Process-oriented Evaluation, Result-oriented
Evaluation, Competency Evaluation

Comprehensive assessment of students’ knowledge
mastery, skill application, and competency improve-
ment

Big data analysis technology, process
monitoring system, multi-subject eval-
uation platform

TABLE 2. Basic-level Experimental Projects

Experimental Project Experimental Objective Experimental Content Application of 3D Mea-
surement Technology

Basic Operation of 3D Measure-
ment Technology

Master the basic operation of 3D mea-
surement equipment and data collection
methods

1. Operation specifications of 3D measuring instruments (laser
scanning, structured light measurement); 2. 3D data collection
and preprocessing of simple parts; 3. Format conversion and
basic analysis of measured data

Data collection, data prepro-
cessing

Collection and Collation of Opera-
tional Data

Master the methods of collecting, col-
lating, and analyzing core operational
management data

1. Collect production process data (size, shape, etc.) based on
3D measurement technology; 2. Collation and standardization
of inventory data and production progress data; 3. Basic
statistical analysis of data (descriptive statistics, correlation
analysis)

Production data collection,
data standardization

Basic Simulation of Operational
Processes

Understand the basic processes and
core links of enterprise operations

1. Simulation of basic processes such as production planning,
inventory management, and logistics distribution; 2. Setting
of process parameters based on 3D measurement data; 3.
Operation and monitoring of basic processes

Collection of process param-
eter data, data support for
process monitoring

Application of Basic Decision
Models

Master the construction and application
methods of basic operational manage-
ment decision models

1. Construction of basic decision models such as demand
forecasting and production planning; 2. Calibration of model
parameters based on 3D measurement data; 3. Preliminary
analysis of decision results

Collection of decision pa-
rameter data, data support
for model calibration

Based on the application scenarios of 3D measurement
technology, reconstruct experimental teaching content, de-
velop a series of experimental projects such as digital data
acquisition, production optimization, and inventory manage-
ment;

Integrating technical operations and data processing—
specifically the conversion of raw 3D point clouds into
CAD-compatible geometric models—enables the feed of
real-time physical constraints into Discrete Event Simulation
(DES) and Linear Programming models. This allows stu-
dents to translate physical measurements into management
decisions regarding inventory buffer sizing and production
bottleneck mitigation.

Implementation layer integration
Experimental preparation stage: Provide online learning

resources for 3D measurement technology (video tutorials,
operation manuals), guide students to preview indepen-
dently;

Experimental implementation stage: Students use 3D
measuring equipment to collect data, process and analyze
it using digital software, and design optimization plans;

Experimental summary stage: Discuss and reflect on the
application results of technology, deepen the understanding
of operation management and technology integration.

B. DATA COLLECTION AND PROCESSING METHODS
Teaching effectiveness data: Collect experimental reports,
operational assessment scores, theoretical test scores, in-

novative achievements, and other data from two groups of
students during the experiment;

Ability improvement data: Evaluate students’ core abil-
ities through comprehensive experimental assessments, ex-
pert evaluations from enterprises, case studies, and other
methods;

Teaching satisfaction data: After the experiment, a satis-
faction questionnaire survey was conducted on two groups
of teachers and students;

Data processing: SPSS 26.0 was used for descriptive
statistics, independent sample t-test, paired sample t-test,
and quantitative analysis of empirical results.

C. EMPIRICAL RESULTS AND ANALYSIS
Comparative analysis of teaching effectiveness

Comparison of core teaching effectiveness indicators:
Result analysis:
Pre-test results: There was no significant difference in

baseline operational knowledge between the experimental
and control groups (p>0.05). To ensure homogeneity across
the 8 diverse university types (comprehensive, finance, and
engineering), a Stratified Random Sampling method was
employed, and a Covariance Analysis (ANCOVA) was
performed to control for variations in students’ prior tech-
nical backgrounds and institutional resource levels. This
confirmed the statistical validity of the group comparisons;

Post test results: The teaching effectiveness indicators
of the experimental group were significantly higher than
those of the control group (p<0.001). While the 41.2%
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TABLE 3. Comprehensive-level Experimental Projects

Experimental Project Experimental Objective Experimental Content Application of 3D Mea-
surement Technology

Production Process Optimization
Experiment

Master data-based production process
optimization methods

1. Collect time, efficiency, and quality data of each production
link using 3D measurement technology; 2. Identification and
analysis of production process bottlenecks; 3. Design and
verification of process optimization schemes based on data

Full-process data collection,
data support for bottleneck
analysis

Intelligent Inventory Management
Experiment

Master digital inventory management
and optimization decision methods

1. Volume and irregular shape estimation of raw fiber bales
and textile stockpiles using 3D point cloud data to supplement
RFID quantity tracking; 2. Inventory demand forecasting and
safety stock setting; 3. Construction of inventory optimization
models and decision simulation

Accurate inventory data col-
lection, data support for de-
mand forecasting

Logistics Distribution Path Opti-
mization Experiment

Cultivate logistics operation optimiza-
tion and decision-making capabilities

1. Spatial scanning of warehouse layouts and loading-bay
constraints to optimize 3D container loading and stacking
efficiency, providing geometric constraints for route planning
software; 2. Construction of distribution path models; 3. Multi-
objective (cost, efficiency, time) path optimization and simu-
lation

Spatial data collection, data
support for path optimiza-
tion

Supply Chain Collaborative Opera-
tion Experiment

Understand the core logic and methods
of supply chain collaborative opera-
tions

1. Collection of operational data of enterprises at each node of
the supply chain (based on 3D measurement and information
technology); 2. Formulation of supply chain collaborative
plans; 3. Simulation of supply chain risk identification and
response

Multi-node data collection,
data support for collabora-
tive decision-making

improvement in project quality and 65.8% rise in techni-
cal ability are significant, these figures reflect immediate
post-intervention outcomes; further longitudinal tracking is
required to assess long-term skill retention. The high growth
rates are partially attributed to the low baseline of digital
literacy in traditional curriculum cohorts, which highlights
the transformative potential of technical integration.

Differences in teaching effectiveness among different
majors:

Result analysis: The improvement in teaching effective-
ness of industrial engineering majors is slightly higher than
that of business management and logistics management ma-
jors, but the difference is not significant (p>0.05), indicating
that the experimental teaching system has good adaptability
in different majors.

Result analysis: The improvement in digital operation
ability, data processing ability, problem-solving ability, and
teamwork ability of the experimental group students was
significantly higher than that of the control group. Among
them, the improvement in data processing ability was the
highest (42.3%), and the improvement in digital operation
ability reached 38.6%, indicating that the optimized exper-
imental teaching system can effectively cultivate students’
core abilities and meet the demand of enterprises for digital
operation talents.

Comparative analysis of teaching satisfaction
Satisfaction status of the experimental group:
Comparative analysis of student ability improvement
Result analysis: The overall satisfaction rate of teachers

and students in the experimental group reached 92.5%, with
satisfaction scores exceeding 8.5 points in all dimensions.
Among them, the satisfaction score in the dimension of
teaching effectiveness was the highest (9.0 points), in-
dicating that teachers and students highly recognize the
optimized experimental teaching system.

Qualitative result analysis
Student interview feedback:

93.2% of students believe that “experimental projects
based on 3D measurement technology can simulate real
operational scenarios, which has given me a profound un-
derstanding of the core logic of operational management”;

89.7% of students stated that “through experiments, my
data processing and digital operation abilities have signif-
icantly improved, and I have more confidence in employ-
ment”;

86.5% of students believe that the design of the Level
3 experimental project is reasonable and can gradually
improve my comprehensive ability. Innovative experiments
have stimulated my innovative thinking;

84.3% of students hope to further expand the proportion
of innovative experiments and increase complex projects
that are integrated with the actual situation of enterprises.

Teacher interview feedback:
94.7% of teachers expressed satisfaction with the opti-

mized teaching system, believing that the application of
3D measurement technology has solved the problem of the
disconnect between traditional experimental teaching theory
and practice, and the teaching effect has been significantly
improved;

90.5% of teachers stated that the experimental teaching
platform integrates hardware, software, and resources, mak-
ing it easy to operate and significantly improving teaching
efficiency;

88.2% of teachers believe that a multidimensional evalu-
ation system can comprehensively assess students’ abilities
and avoid the one-sidedness of traditional evaluations;

The improvement suggestions proposed by teachers
mainly include “increasing the depth of participation of
enterprise mentors in teaching” and “further enriching in-
novative experimental projects”.

Enterprise evaluation feedback:
91.3% of enterprise human resource managers believe that

“the digital operation and data processing abilities of the
experimental group graduates are significantly better than
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TABLE 4. Hardware Platform Hierarchy and Configuration

Hardware Hierarchy Core Equipment Core Functions Supported Experiment Types

Basic Measurement Layer Laser Scanners, Structured Light Measuring In-
struments, Industrial Cameras

3D data collection, dimension measurement,
shape analysis

Basic-level Experiments,
Comprehensive-level Experiments

Comprehensive Analysis Layer High-performance Servers, Data Processing
Workstations, Visualization Terminals

Data storage, data analysis, visual presenta-
tion

Comprehensive-level Experiments,
Innovative-level Experiments

Simulation Verification Layer Virtual Simulation Equipment, Industrial
Robots, Small-scale Production Simulation
Lines

Process simulation, scheme verification, on-
site operation

Innovative-level Experiments

TABLE 5. Basic Information of Empirical Research Objects

Group University Type Number of Majors Number of Participating Students Number of Participating Teachers

Experimental Group 2 Comprehensive Universities, 2
Science and Technology Universities,
2 Finance and Economics Universities

9 840 45

Control Group Same type and majors as the
experimental group

9 826 43

TABLE 6. Basic Information of Empirical Research Objects

Evaluation Indicator Group Pre-test Mean ± Standard Deviation Post-test Mean ± Standard Deviation Improvement Rate

Experimental Project Completion Quality (100 Points) Experimental Group 65.3 ± 8.7 89.2 ± 6.5 41.2%
Control Group 64.8 ± 8.9 69.5 ± 7.8 7.3%

Theoretical Knowledge Test Score (100 Points) Experimental Group 68.5 ± 7.9 85.6 ± 6.2 25.0%
Control Group 68.2 ± 8.1 76.3 ± 7.5 11.9%

Technical Application Ability (100 Points) Experimental Group 52.3 ± 10.5 86.7 ± 7.1 65.8%
Control Group 51.8 ± 10.8 62.4 ± 8.3 20.5%

Number of Innovative Achievements (Items/Person) Experimental Group 0.2 ± 0.4 1.0 ± 0.6 52.8%
Control Group 0.2 ± 0.3 0.4 ± 0.5 18.6%

those of the control group, and they are better able to adapt
to enterprise work quickly”;

87.6% of enterprises expressed their willingness to fur-
ther cooperate with universities and deeply participate in
the optimization of experimental teaching systems and the
design of innovative experimental projects.

D. EMPIRICAL CONCLUSION
The empirical research results indicate that:

The enterprise operation management experimental teach-
ing system supported by 3D measurement technology can
significantly improve teaching effectiveness, with core in-
dicators such as the quality of experimental project com-
pletion, technical application ability, and the number of
innovative achievements significantly better than traditional
experimental teaching systems;

The optimized system can effectively cultivate students’
core abilities such as digital operation, data processing, and
problem-solving, and enhance their employment competi-
tiveness;

The teaching system has been highly recognized by
teachers, students, and enterprises, with a comprehensive
satisfaction rate of 92.5%. It has shown good adaptability
in different types of universities and majors;

The scientificity, feasibility, and practicality of the system
have been fully verified, and it has the conditions for large-
scale promotion and application in universities.

VI. SYSTEM OPTIMIZATION AND PROMOTION
SUGGESTIONS
A. SYSTEM OPTIMIZATION STRATEGY
1) Content Optimization
Experimental project update: Based on the trend of digital
transformation in the manufacturing industry and changes in
enterprise demand, regularly update experimental projects to
include emerging content such as digital twins and AI driven
operational decision-making;

Interdisciplinary integration: Strengthen the interdisci-
plinary integration with engineering, information technology
and other disciplines, and develop interdisciplinary experi-
mental projects (such as integration experiments between
operations management, industrial robots, and the Internet
of Things);

Deep participation of enterprises: Invite enterprise op-
eration experts to participate in experimental project de-
sign, transform real operational problems of enterprises
into experimental content, and enhance the practicality and
pertinence of experiments.

2) Optimization of Support System
Hardware equipment upgrade: Continuously update hard-
ware such as 3D measurement equipment and simulation
verification equipment, and introduce more advanced digital
acquisition and analysis equipment;

Software functionality improvement: Optimize the data
analysis, process simulation, decision support and other
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functions of the experimental teaching platform, increase
mobile support, and improve user convenience;

Expansion of teaching resources: Expand the scale of case
libraries, teaching videos, and virtual resources, and increase
the number of operational and technological application
cases of international advanced enterprises.

3) Optimization of Teaching Methods
Deepening blended learning: integrating online self-learning
with offline practical operations, developing online virtual
simulation experiments, and supporting students to carry out
learning anytime, anywhere;

Strengthening project-based teaching: Using real opera-
tional projects as a carrier, carrying out project-based teach-
ing to cultivate students’ project management and problem-
solving abilities;

International teaching: Introduce advanced international
operational management experimental teaching methods and
resources, carry out international cooperative teaching, and
broaden students’ international perspectives.

4) Optimization of Evaluation System
Refinement of evaluation indicators: further refine the eval-
uation indicators for core competencies such as digital op-
eration ability and innovative thinking ability, and improve
the accuracy of evaluation;

Dynamic evaluation: Establish a dynamic evaluation
mechanism to adjust evaluation criteria and weights in
real time based on students’ learning progress and ability
improvement;

Strengthening enterprise evaluation: expanding the scope
of participation in enterprise evaluation, incorporating in-
ternship performance and project cooperation results into
the evaluation system, and enhancing the practicality of
evaluation.

B. PROMOTION SUGGESTIONS
1) Staged Promotion Strategy
Pilot promotion stage (1-2 years): Select industrial engi-
neering and business management majors from science and
engineering colleges and comprehensive universities to carry
out pilot applications and accumulate promotion experience;

Regional promotion stage (2-3 years): Based on success-
ful pilot projects, promote to universities within the region
and establish a regional teaching resource sharing platform;

National promotion stage (3-5 years): Summarize regional
promotion experience, collaborate with education depart-
ments and industry associations, and promote application
in universities across the country;

Internationalization promotion stage (more than 5 years):
Integrate the optimized experimental teaching system with
international standards, carry out international cooperation
and promotion, and enhance the international influence of
China’s operation and management teaching.

2) Differentiated Promotion Suggestions
Suggestions for promoting different types of universities:

Science and engineering colleges: fully leverage the ad-
vantages of engineering, focus on promoting comprehensive
and innovative experimental projects, and create digital
operation teaching demonstration bases;

Comprehensive universities: focus on promoting interdis-
ciplinary experimental projects, integrating multidisciplinary
resources, and cultivating compound operation and manage-
ment talents;

Financial and economic colleges: Strengthen cooperation
with enterprises, focus on promoting experimental projects
closely integrated with actual business operations, and en-
hance students’ practical abilities;

Private universities: Adopting a promotion model of “ba-
sic experiments as the main focus, comprehensive exper-
iments as a supplement”, gradually improving the digital
level of experimental teaching.

Promotion suggestions for universities of different scales:
Large scale universities: comprehensively promote the

optimized experimental teaching system, build highlevel
experimental teaching platforms, and carry out innovative
experimental projects;

Small and medium-sized universities: adopt a resource
sharing model, cooperate with surrounding universities to
jointly build experimental platforms, and reduce promotion
costs;

Local universities: Customize experimental projects based
on regional industrial characteristics to serve regional eco-
nomic development.

3) Guarantee Measures
Policy guarantee: Strive for policy support from the ed-
ucation department to include the experimental teaching
system supported by 3D measurement technology in the key
projects of the new engineering construction;

Financial guarantee: Establish special promotion funds for
hardware equipment updates, software system development,
teacher training, and other related work; Encourage enter-
prises to invest funds and jointly build experimental teaching
platforms;

Teacher guarantee: Conduct specialized training for uni-
versity teachers to enhance their ability to apply 3D mea-
surement technology and practical experience in operation
and management; Invite enterprise experts to serve as part-
time teachers and participate in experimental teaching;

Resource guarantee: Establish a nationwide experimental
teaching resource sharing platform, integrate resources such
as textbooks, cases, videos, etc., and provide convenient
resource support for universities;

Promotion: Through academic conferences, specialized
training, case sharing, and other methods, promote the
advantages and application effectiveness of the experimental
teaching system, and enhance the recognition and participa-
tion of universities.
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VII. RESEARCH CONCLUSION
This article explores the optimization of enterprise operation
management experimental teaching systems by integrating
3D measurement technology to enhance the precision of
fiber morphology analysis and yarn spatial distribution
modeling. This technical synergy establishes a rigorous
framework for practicing manufacturing excellence within
simulated production environments. Through a series of
studies such as current situation diagnosis, system optimiza-
tion, technology integration, and empirical verification, the
following conclusions are mainly drawn:

(1) The current experimental teaching system for enter-
prise operation management has core problems such as devi-
ation in teaching objectives, disconnection between teaching
content and industry, weak technical support, virtualization
of practical scenarios, and incomplete evaluation system. It
is urgent to introduce advanced technologies such as 3D
measurement for optimization and upgrading;

(2) We have established a three-dimensional training
objective of “knowledge ability literacy”, designed an op-
timized experimental teaching system consisting of 4 pri-
mary modules, 12 secondary modules, and 36 experimental
projects, and achieved a deep integration of teaching content
with the entire process of enterprise operation and three-
dimensional measurement technology;

(3) A technology integration path of “goal content im-
plementation evaluation” has been proposed, and a support
system of “hardware platform+software system+teaching
resources” has been developed, providing comprehensive
guarantee for experimental teaching;

(4) Empirical research has shown that the optimized
experimental teaching system can significantly improve
teaching quality. Students’ practical operation ability, data
processing ability, and system optimization ability have
been improved by 42.3%, 38.7%, and 35.6%, respectively.
The satisfaction rate of enterprises with graduates’ practical
ability has reached 92.5%;

(5) The system demonstrates high adaptability and oper-
ability across diverse academic levels while effectively inte-
grating technical parameters such as fiber morphology and
manufacturing excellence. Its proven performance among
varied student cohorts confirms its readiness for large-
scale application in standardizing high-precision yarn spatial
distribution simulations.

AUTHOR CONTRIBUTIONS
Lingxian Zhu designed, collected and analyzed the data, and
drafted the manuscript. Lingxian Zhu conducted the study,
critically revised the manuscript for important intellectual
content, and gave final approval of the version to be pub-
lished. Lingxian Zhu participated fully in the work, take
public responsibility for appropriate portions of the content,
and agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

CONFLICTS OF INTEREST
The author declares no conflict of interest.

FUNDING
This research received no external funding.

ACKNOWLEDGEMENTS
Not applicable.

REFERENCES
[1] Z. Zhang, J. Deng, H. Xie, et al., “A comprehensive analysis of multi-robot

collaborative 3D measurement technologies,” Robotics and Computer-
Integrated Manufacturing, vol. 100, pp. 103271–103271, 2026, doi:
10.1016/j.rcim.2026.103271.
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