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Abstract 

Objective To quantitatively evaluate the early postoperative inflammatory response 
after micro-incision phacoemulsification combined with minimally invasive vitrectomy, 
and to compare the differences in postoperative inflammatory responses among three 
different surgical approaches. Methods This prospective, open-label, single-center 
clinical study enrolled patients who underwent micro-incision phacoemulsification with 
intraocular lens implantation (phaco group, n=17), minimally invasive 23-gauge 
vitrectomy (vitrectomy group, n=17), or combined micro-incision phacoemulsification 
and vitrectomy (combined group, n=30) at our hospital between 2021 and 2022. All 
patients underwent slit-lamp examination and anterior chamber flare measurement 
using a laser flare meter (FM-600) preoperatively and at 1 day, 1 week, and 1 month 
postoperatively. Repeated measures ANOVA was used to assess the time effect of 
anterior chamber flare values within each group, and one-way ANOVA was used for 
inter-group comparisons. Results There were no significant differences in baseline 
demographic characteristics among the three groups. The time effect of anterior 
chamber flare values was statistically significant in the vitrectomy group (P=0.04) and 
the combined group (P=0.04), but not in the phaco group (P=0.68). Compared with 
preoperative values, the vitrectomy group showed significant increases in anterior 
chamber flare at 1 day (33.85±53.16 vs. 3.93±3.40 pc/ms), 1 week (9.84±13.47 vs. 
3.93±3.40 pc/ms), and 1 month (5.48±3.94 vs. 3.93±3.40 pc/ms) postoperatively. The 
combined group showed a significant increase only at 1 day postoperatively 
(24.05±41.36 vs. 8.68±15.66 pc/ms), with values returning to baseline at 1 week and 1 
month. No statistically significant differences were observed among the three groups at 
any time point (P=0.39 preoperatively, P=0.23 at 1 day, P=0.90 at 1 week, and P=0.15 at 
1 month). Conclusion Both minimally invasive vitrectomy and combined surgery can 
cause transient blood-aqueous barrier breakdown in the early postoperative period, but 
recovery to baseline is generally achieved by 1 month. Combined surgery did not 
significantly increase the postoperative inflammatory response, and its inflammatory 
profile was similar to that of vitrectomy alone. 
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1. Introduction 

Cataract and vitreoretinal diseases frequently coexist in middle-aged and elderly populations. 
With the continuous advancement of phacoemulsification and minimally invasive vitrectomy 
techniques, combined surgery has become a commonly used clinical strategy [1-3]. Combined 
surgery avoids a second operation, reduces medical costs, and accelerates visual recovery. 
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Additionally, it allows for more extensive anterior vitreous removal, thereby reducing the 
incidence of postoperative proliferative vitreoretinopathy (PVR), and prevents intraoperative 
lens damage [4-6]. 

However, intraocular surgical trauma inevitably disrupts the blood-aqueous barrier, leading to 
protein and inflammatory cell exudation in the aqueous humor, which manifests as 
postoperative anterior chamber inflammation. Studies have shown that various cytokines 
(such as BLC, ICAM-1, IL-4, IL-6, and IL-8) are significantly elevated in the aqueous humor after 
vitrectomy and can persist for up to one year. It is hypothesized that this sustained 
inflammatory microenvironment may be closely related to the development of secondary 
glaucoma and complicated cataract after vitrectomy [7-8]. The degree of postoperative 
inflammatory response is also considered an important risk factor for macular edema following 
vitrectomy [9]. Therefore, objective and quantitative evaluation of early postoperative 
inflammatory response after combined surgery is of significant clinical importance for 
assessing surgical outcomes and optimizing treatment strategies. 

Anterior chamber cells and flare are important indicators of anterior chamber inflammation. 
Although the traditional SUN grading system is widely used, it is somewhat subjective and 
exhibits considerable inter-evaluator variability [10]. Anterior chamber flare values measured 
by laser flare photometry are considered an objective and sensitive indicator for assessing 
blood-aqueous barrier disruption, and have been widely used to evaluate postoperative 
inflammatory responses following various surgeries, including minimally invasive vitrectomy, 
phacoemulsification, and trabeculectomy [11-13]. To date, no studies have utilized laser flare 
photometry to quantitatively assess the inflammatory response after combined micro-incision 
phacoemulsification and minimally invasive vitrectomy. This prospective study aimed to use 
laser flare photometry to quantitatively evaluate and compare early postoperative 
inflammatory responses among three surgical approaches, providing evidence-based guidance 
for clinical treatment decisions. 

2. Subjects and Methods 

2.1. Study Design and Participants 

This prospective, open-label, single-center clinical study was approved by the hospital ethics 
committee, and all patients provided written informed consent. Patients hospitalized and 
undergoing surgical treatment at the ophthalmology department of our hospital between July 
2021 and June 2022 were enrolled and divided into three groups: the phaco group (micro-
incision phacoemulsification with intraocular lens implantation, n=17), the vitrectomy group 
(minimally invasive 23-gauge vitrectomy, n=17), and the combined group (combined micro-
incision phacoemulsification and 23-gauge vitrectomy, n=30). 

The inclusion criteria were as follows: age between 18 and 80 years; diagnosis of age-related 
cataract, complicated cataract after vitrectomy, idiopathic epiretinal membrane, idiopathic 
macular hole, or vitreous opacification; no other ocular surgery within the past six months; no 
topical or systemic corticosteroid use within the past three months; and ability to provide 
written informed consent. Patients were excluded if they had coexisting ocular diseases such 
as uveitis, glaucoma, ocular hypertension, diabetic retinopathy, retinal vein occlusion, or iris 
neovascularization; a history of ocular trauma; systemic autoimmune diseases; pregnancy or 
lactation; neurological or psychiatric disorders precluding informed consent or follow-up; or 
inability to cooperate with examinations. 

2.2. Examinations 

All patients underwent slit-lamp examination (assessing the cornea, lens, anterior chamber 
exudation, vitreous cavity, and fundus), measurement of uncorrected and best-corrected visual 
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acuity (BCVA), intraocular pressure (IOP) assessment, and anterior chamber flare 
measurement using the FM-600 (Kowa, Tokyo, Japan) preoperatively and at 1 day, 1 week, and 
1 month postoperatively. Anterior chamber flare values were expressed as photon counts per 
millisecond (pc/ms). 

2.3. Surgical Procedures 

In the phaco group, standard micro-incision phacoemulsification with posterior chamber 
intraocular lens implantation was performed. In the vitrectomy group, standard three-port 23-
gauge minimally invasive vitrectomy was performed, with retinal laser photocoagulation, gas, 
or silicone oil tamponade as clinically indicated. In the combined group, micro-incision 
phacoemulsification with intraocular lens implantation was performed first, followed by 23-
gauge vitrectomy. All surgeries were performed by the same experienced vitreoretinal surgeon. 

2.4. Statistical Analysis 

SPSS statistical software was used for data analysis. Continuous variables were expressed as 
mean ± standard deviation (x̄±s). Repeated measures ANOVA was used to assess the time-
dependent trend of anterior chamber flare values within each group. One-way ANOVA was used 
for inter-group comparisons at each time point. Non-parametric tests were applied when data 
did not follow a normal distribution. A P-value <0.05 was considered statistically significant.  

3. Results 

3.1. Baseline Characteristics 

There were no statistically significant differences in age, sex, or systemic comorbidities 
(hypertension, diabetes) among the three groups (Table 1). 

Table 1 Baseline demographic characteristics of the three groups 
Group Phaco(n=17) Vitrectomy(n=17) Combined(n=30) 

Age(years) 68.06±11.34 54.65±18.45 64.20±9.96 
Sex (male/female) 7/10 5/12 6/24 
Hypertension (n) 6/17 3/17 4/30 

Diabetes (n) 2/17 1/17 0/30 

3.2. Anterior Chamber Flare Values 

Changes in anterior chamber flare values among the three groups at each time point are 
presented in Table 2. 

Table 2 Comparison of anterior chamber flare values among the three groups (pc/ms, x̄±s) 
Group Preoperative Postoperative 

1d 
Postoperative 

1w 
Postoperative 

1m 
P 

Phaco 7.06±5.48 10.43±9.71 8.63±7.54 7.41±5.08 0.68 
Vitrectomy 3.93±3.40 33.85±53.16* 9.84±13.47* 5.48±3.94* 0.04 
Combined 8.68±15.66 24.05±41.36* 8.68±6.43 8.17±4.49 0.04 

Pb 0.39 0.23 0.90 0.15 - 

 

Repeated measures ANOVA for time effect; * Significantly different from preoperative value 
(P<0.05); b One-way ANOVA for inter-group comparison 

Repeated measures ANOVA showed no significant change in anterior chamber flare values over 
time in the phaco group (P=0.68). In contrast, the time main effect was significant in both the 
vitrectomy group (P=0.04) and the combined group (P=0.04). Post-hoc analysis revealed that 
the vitrectomy group had significantly higher anterior chamber flare values at 1 day, 1 week, 
and 1 month postoperatively compared with preoperative values. The combined group showed 
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a significant increase only at 1 day postoperatively, with values returning to baseline at 1 week 
and 1 month. 

One-way ANOVA showed no statistically significant differences in anterior chamber flare values 
among the three groups at any time point (P=0.39 preoperatively, P=0.23 at 1 day, P=0.90 at 1 
week, and P=0.15 at 1 month). 

4. Discussion 

This prospective study used laser flare photometry to quantitatively evaluate the early 
postoperative inflammatory response after combined micro-incision phacoemulsification and 
minimally invasive vitrectomy. The results showed that both minimally invasive vitrectomy 
and combined surgery caused transient blood-aqueous barrier breakdown in the early 
postoperative period, as evidenced by elevated anterior chamber flare values. However, 
inflammatory responses in all groups had essentially returned to preoperative levels by 1 
month. Notably, combined surgery did not exhibit a more severe inflammatory response than 
vitrectomy alone, and no statistically significant inter-group differences were observed at any 
time point. 

4.1. Inflammatory Characteristics After Cataract Surgery and Vitrectomy Alone 

In this study, anterior chamber flare values in the phaco group showed no significant 
fluctuation across time points, suggesting that micro-incision phacoemulsification causes 
minimal disruption to the blood-aqueous barrier with rapid recovery. This finding is consistent 
with previous reports [12]. In contrast, the vitrectomy group showed a significant increase in 
anterior chamber flare at 1 day postoperatively, and although values gradually declined at 1 
week and 1 month, they remained significantly above preoperative baseline. This result 
supports the findings of Jiang et al [7], who reported sustained elevation of inflammatory 
cytokines in the aqueous humor after vitrectomy, indicating that blood-aqueous barrier repair 
requires a longer time. The relatively severe inflammatory response after vitrectomy may be 
attributed to longer surgical duration, mechanical and chemical irritation from intraocular 
irrigation solutions, and phototoxic damage from the light fiber and operating microscope [13-
14]. 

4.2. Inflammatory Characteristics After Combined Surgery 

The combined group showed a significant increase in anterior chamber flare at 1 day 
postoperatively, but values returned to baseline by 1 week, indicating a faster recovery than 
the vitrectomy-alone group. This finding is clinically significant because, despite the increased 
number of procedural steps and longer surgical duration, combined surgery did not result in 
more severe sustained inflammation. Several factors may explain this observation. First, 
combined surgery avoids the additional trauma of a second operation, thereby reducing 
cumulative surgical stress. Second, following cataract removal, the surgeon can perform 
vitrectomy with a clearer and wider field of view, which reduces anterior segment 
manipulation and the number of instrument entries into the eye, thereby minimizing 
mechanical irritation to the iris and ciliary body. Third, the application of micro-incision 
techniques, including 23-gauge vitrectomy and micro-incision phacoemulsification, further 
reduces intraocular tissue disturbance. 

Previous studies evaluating postoperative inflammation after combined surgery have relied 
primarily on slit-lamp observations, including anterior chamber exudation, posterior synechiae, 
and endophthalmitis rates, lacking objective quantitative data [4,6,15]. This study provides 
objective quantitative evidence through laser flare photometry, supporting the safety of 
combined surgery in terms of inflammatory control.  
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4.3. Clinical Implications and Future Perspectives 

Postoperative inflammatory response is recognized as an important risk factor for macular 
edema and secondary glaucoma after vitrectomy [9,16]. Our results indicate that early 
postoperative inflammation after combined surgery is transient and generally resolves by 1 
month, providing evidence-based support for surgeons considering combined surgery. 
However, the follow-up duration in this study was only 1 month, which is insufficient to assess 
the long-term effects on macular edema, glaucoma, or cataract progression. Future studies with 
longer follow-up periods and aqueous humor cytokine analysis are needed to further elucidate 
the long-term impact of different surgical approaches on the intraocular microenvironment. 

4.4. Limitations 

This study has several limitations. First, as a single-center, open-label study with a relatively 
small sample size (64 cases), the statistical power may be limited, particularly for inter-group 
comparisons. Second, aqueous humor cytokine analysis was not performed, precluding 
mechanistic insights at the molecular level. 

5. Conclusion 

Micro-incision phacoemulsification combined with minimally invasive vitrectomy causes 
transient blood-aqueous barrier breakdown in the early postoperative period, but recovery to 
baseline is generally achieved by 1 month. Combined surgery did not significantly increase the 
postoperative inflammatory response, and its postoperative inflammatory profile was similar 
to that of vitrectomy alone. Laser flare photometry is an objective and effective tool for 
quantitatively evaluating postoperative inflammatory responses after combined surgery. 
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Abstract 

The integration of education, science, technology, and talent is critical for cultivating 
innovative professionals in modern vocational education. However, the conventional 
"3+3" segmented training model often suffers from fragmented stages and a disconnect 
between instruction and innovation. To address these systemic flaws, this study 
proposes a five-year integrated vocational education system tailored to the 
developmental trajectory of electrical automation majors. Utilizing Wenzhou 
Polytechnic as a case study, this paper constructs an optimized training framework 
driven by the collaborative synergy of educational, technological, and talent 
empowerment. This framework introduces comprehensive reforms across objective 
restructuring, curriculum integration, faculty development, and industry-academia-
research collaboration. Practical outcomes indicate that this integrated approach 
successfully dismantles educational barriers, deeply merges professional instruction 
with technological innovation, and significantly elevates students' technical and 
innovative proficiencies. The reform not only fulfills the talent requirements of regional 
intelligent manufacturing upgrades but also provides a replicable paradigm for long-
term training in related engineering disciplines. 

Keywords 

Integration of education,  technology and talent; electrical automation technology; long-
term schooling system. 

1. Introduction 

The new-era reform of vocational education emphasizes the coordinated integration of 
education,  technology and talent. It closely links vocational education, industrial technological 
innovation and high-quality talent cultivation[1]. This linkage has become a key driving force 
for professional upgrading and talent empowerment in vocational education. The intelligent 
manufacturing industry is rapidly transforming toward digitization, intelligence and 
integration. The talent requirements for electrical automation have changed greatly. Talents 
are no longer only required to master basic equipment operation and maintenance. They need 
comprehensive abilities including system debugging, process optimization, technological 
iteration and innovative application. 

The five-year integrated vocational education system offers a continuous and comprehensive 
pedagogical framework that perfectly aligns with the developmental trajectory of electrical 
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automation students, seamlessly guiding them from foundational knowledge acquisition to 
technological innovation. Conversely, the conventional "3+3" segmented training model 
presents notable limitations. Hindered by fragmented educational stages, disjointed instruction 
and research, and superficial industry-academia integration, this segmented approach 
overemphasizes basic operational proficiency for immediate job adaptation. By neglecting the 
cultivation of long-term innovative literacy, it ultimately fails to meet contemporary demands 
for industrial upgrading and integrated educational development[2]. 

Wenzhou Polytechnic is a national Double High-level vocational college. It deeply engages in 
the local intelligent manufacturing industrial cluster. The college has long explored long-term 
integrated talent training for electrical automation majors. It actively responds to regional 
industrial technological innovation and talent upgrading demands. This study reconstructs the 
long-term talent training system. It breaks the internal barriers between teaching, scientific 
innovation and talent output. It solves the structural defects of traditional training modes. The 
research provides theoretical and practical support for vocational professional upgrading, 
regional industrial innovation and compound talent cultivation. 

2. Deficiencies of Traditional Segmented Talent Training Modes 

2.1. Disconnected Training Objectives and Vague Stage Positioning 

Secondary and higher vocational colleges formulate talent training plans independently. They 
lack unified top-level design and stage connection planning. This leads to homogeneous 
training objectives and ambiguous hierarchical positioning. Secondary vocational teaching 
overemphasizes shallow skill training such as basic equipment operation and simple circuit 
installation. It ignores the cultivation of professional theoretical foundation and engineering 
thinking[3]. The higher vocational stage only lasts two years. After deducting enterprise 
practice, the effective teaching time is merely 1.5 years. Teachers usually assume that students 
have complete basic knowledge from secondary vocational study. They directly teach advanced 
courses such as complex system debugging and automatic programming. This makes it difficult 
for students with weak foundations to adapt. In addition, the two-stage teaching fails to form a 
clear progressive ability gradient. It cannot realize the hierarchical cultivation from basic 
operators to innovative technical talents, which is inconsistent with industrial post demands. 

2.2. Irrational Curriculum System with Repetition and Discontinuity 

Curriculum connection is the core and difficult point of integrated vocational education. 
Traditional segmented modes lack overall coordination of curriculum standards and teaching 
contents. They cause two prominent problems: repeated basic courses and discontinuous core 
courses. Basic courses such as public foundation, electrical fundamentals and mechanical 
knowledge are repeatedly taught in two stages. This wastes educational resources and students’ 
learning time. In contrast, advanced core courses lack systematic enlightenment in the 
secondary vocational stage. These courses include advanced PLC programming, industrial 
robot integration, frequency conversion speed regulation and industrial network control. The 
fast teaching pace in higher vocational colleges leads to fractured knowledge and skill systems. 
Furthermore, the curriculum design is poorly connected with actual post working processes. 
The lack of modular teaching further aggravates the disconnection between theory and 
practice[4]. 

2.3. Fragmented Practical Teaching and Disordered Skill Progression 

Electrical automation is a highly practical major. It requires systematic and progressive 
practical training. Traditional secondary vocational practical training focuses on scattered 
projects such as equipment disassembly and basic circuit debugging. It only aims to improve 
students’ basic operational proficiency. Higher vocational comprehensive training focuses on 
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system debugging and integration, but it is not connected with secondary vocational training 
foundations. The whole practical training lacks hierarchical and progressive design. Besides, 
secondary and higher vocational training venues and equipment are constructed 
independently without sharing. This causes repeated construction and idle high-end resources. 
No five-year continuous practical teaching system is available. Students’ skill training becomes 
fragmented, and they cannot form a complete competency chain for automatic system 
operation, debugging and optimization[5]. 

2.4. Imperfect Teacher Team and Evaluation System 

Secondary and higher vocational teachers work independently in teaching and research. 
Secondary vocational teachers are good at basic practical teaching but lack the ability of 
advanced technical teaching. Higher vocational teachers are proficient in theoretical and 
project teaching, but they are unfamiliar with secondary vocational students’ learning 
situations and basic training standards. The cross-stage teaching adaptation is poor. The 
absence of two-way teaching research mechanisms makes integrated teaching impossible. In 
terms of evaluation, traditional modes rely on final written exams and single skill assessments. 
They focus on knowledge memorization and one-time learning results. They ignore the 
dynamic growth of students’ skills and innovative literacy during the five-year training cycle. 
The lack of whole-process and diversified evaluation mechanisms cannot fully reflect talent 
training quality. 

2.5. Insufficient Depth of School-Enterprise Collaborative Education 

Current school-enterprise cooperation mostly stays at the shallow level of internship 
arrangement and employment delivery. Enterprises do not deeply participate in the top-level 
design of integrated talent training. They are rarely involved in training plan formulation, 
curriculum development, practical project design and teaching implementation. Teaching 
contents lag behind the latest industrial technologies, processes and equipment standards. 
There is a clear gap between school teaching and industrial practical demands. Graduates 
require secondary training after taking posts. This reduces the pertinence and effectiveness of 
talent training and fails to meet industrial demands for innovative technical talents[6]. 

3. Core Reform Ideas and Educational Logic Under Integrated 
Development 

The integration of education,  technology and talent aims to realize deep coupling and 
collaborative empowerment of teaching, scientific innovation and talent supply. It breaks the 
traditional vocational education defect of valuing teaching over scientific research and 
innovation. It also adapts to the digital, intelligent and innovative transformation of the 
intelligent manufacturing industry. Based on the long-term teaching experience of Wenzhou 
Polytechnic and local industrial innovation demands, this reform abandons fragmented 
segmented teaching ideas. It adopts an overall reform principle centered on stage integration, 
science-education integration, innovative empowerment and talent quality improvement. It 
constructs a three-in-one modern educational logic of foundation consolidation, technological 
empowerment and talent upgrading to form a closed-loop collaborative system of teaching, 
innovation and talent cultivation as shown in Figure 1. 

From an educational perspective, this reform leverages the inherent advantages of the five-year 
integrated vocational schooling system. By consolidating cross-stage teaching resources, it 
reconstructs progressive training objectives and curriculum frameworks, thereby eliminating 
persistent issues such as curriculum redundancy, skill discontinuity, and stage fragmentation. 
Furthermore, it establishes a tiered professional education system designed to solidify 
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students' theoretical foundations and occupational competencies, facilitating a seamless 
transition from basic skill acquisition to comprehensive technical application. 

From a technological standpoint, the training model aligns precisely with rapid industrial 
iterations. It integrates cutting-edge enterprise technologies, novel processes, and applied 
research projects into routine pedagogical and practical training. By constructing school-
enterprise collaborative innovation scenarios and incorporating frontier content—such as 
intelligent control, industrial digitalization, and system optimization—the reform cultivates 
students' adaptive thinking and engineering innovation capabilities, effectively bridging the 
gap between academic instruction and industrial advancement. 

Regarding talent cultivation, this initiative transcends the traditional, single-skill training 
paradigm to focus on developing versatile, innovative, and compound technical professionals. 
It comprehensively enhances students' occupational adaptability, sustainable development 
potential, and technological innovation capabilities, precisely fulfilling the intelligent 
manufacturing industry's demand for high-caliber electrical talents. 

Guided by five core principles—holistic design, phased implementation, progressive 
advancement, innovative empowerment, and industry-education synergy—the overarching 
reform pools high-quality resources across curricula, practical training, faculty, and enterprises. 
Consequently, it establishes five integrated systems encompassing curriculum instruction, 
innovative practice, teacher development, collaborative education, and diversified evaluation. 
This comprehensive framework effectively resolves the prominent deficiencies of traditional 
long-term talent training, notably weak innovation capacity, low job adaptability, and singular 
educational structures. 

 
Fig. 1 Teaching Reform Framework Diagram 

4. Specific Implementation Strategies of Integrated Teaching Reform 

4.1. Optimize Top-level Design and Reconstruct Progressive Training 
Objectives 

The college establishes a professional construction steering committee with cooperative 
secondary vocational schools and local leading manufacturing enterprises. The committee 
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investigates regional post competency standards and industrial innovative demands. It 
formulates integrated five-year talent training plans and defines progressive positioning for 
each stage. The first three years of secondary vocational education focus on foundation 
cultivation. The core goals are to consolidate basic knowledge, enlighten professional skills and 
shape professional literacy. It cultivates students’ basic abilities in electrical foundation, 
electrical drawing recognition and basic equipment commissioning. It helps students form 
standardized professional operation awareness. The last two years of higher vocational 
education focus on quality improvement and innovation empowerment. It cultivates students’ 
advanced abilities in PLC programming, industrial network control, intelligent equipment 
integration and system optimization. It enables students to solve complex post technical 
problems independently and realize the upgrading from basic skilled talents to comprehensive 
innovative technical talents. 

4.2. Integrate Curriculum Resources and Build Progressive Curriculum System 

Driven by an "occupational role–competency–curriculum" paradigm, this reform 
systematically resolves curriculum redundancy and discontinuity by eliminating overlapping 
modules and addressing advanced skill deficits. It constructs a modular, tiered five-year 
framework comprising public foundational, professional foundational, core professional, 
professional expansion, and comprehensive training modules. 

Instruction is progressively structured: public foundational courses utilize unified standards—
focusing on core knowledge accumulation in the secondary vocational stage and occupational 
adaptation in the higher vocational stage. Professional foundational modules are strategically 
positioned early to establish a robust disciplinary base. The core professional curriculum 
employs a meticulous gradient layout. Foundational skills, such as low-voltage electrical 
applications and basic PLC, are established in the secondary phase. These seamlessly bridge 
into advanced higher vocational topics—including advanced PLC programming, servo control, 
industrial robotics, and automated line commissioning—to precisely meet high-end industry 
demands. 

Crucially, comprehensive training escalates annually from discrete skill exercises to authentic 
enterprise project practicums. By continuously embedding frontier technologies in intelligent 
manufacturing and digital control, the curriculum remains strictly synchronized with rapid 
industrial iterations and integrated developmental requirements. 

4.3. Optimize Practical Teaching and Build Stepped Training System 

Grounded in collaborative school-enterprise bases and premium training resources, this study 
establishes a four-tier progressive practical pedagogical framework. This continuous five-year 
system smoothly transitions students from foundational protocols (Years 1-2: circuit 
installation, basic troubleshooting) to specialized core competencies (Years 3-4: PLC, frequency 
conversion, industrial networks), culminating in advanced engineering applications (Year 5: 
automated line debugging and system optimization via authentic enterprise projects). 

Crucially, the reform champions the systemic integration of occupational roles, coursework, 
skill competitions, and certifications. By embedding industry standards—such as those for 
electrical and industrial robot maintenance—into the curriculum, the framework utilizes 
competitive and certification assessments to drive educational innovation. This paradigm 
fosters teaching enhancement through competition and standardizes training through 
certification. Ultimately, by co-constructing and sharing cross-stage training facilities, the 
institution eliminates infrastructural redundancy, thereby optimizing resource allocation and 
maximizing the efficiency of technical talent cultivation. 
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4.4. Optimize Teacher Team and Build Integrated Teaching Echelon 

A long-term two-way exchange and joint teaching research mechanism is established for 
secondary and higher vocational teachers. An integrated double-qualified teaching team is 
formed. Regular collective lesson preparation, curriculum standard research, learning situation 
analysis and teaching reform activities are carried out. These activities unify cross-stage 
teaching standards, progress and requirements and break teaching barriers. A two-way teacher 
training plan is implemented. Secondary vocational teachers are sent to enterprises for 
temporary training and advanced technical learning to improve innovative teaching ability. 
Higher vocational teachers participate in secondary vocational classroom teaching and 
research. They are familiar with basic teaching modes and learning situations to optimize 
advanced curriculum design. In addition, enterprise technical backbones and industrial 
craftsmen are employed as part-time teachers. They participate in practical guidance, project 
innovation and curriculum development. The mixed teaching team of full-time college teachers 
and enterprise part-time teachers strongly supports integrated and innovative teaching reform. 

4.5. Deepen Industry-Education Integration and Improve Collaborative 
Mechanism 

The college deepens school-enterprise cooperation to realize full-process and all-round 
collaborative education[6]. It cooperates with local leading enterprises including Chint Group 
and Yalong Intelligent Equipment Group. Both sides jointly build industrial colleges, shared 
training bases and master studios. Relying on enterprise real production projects and technical 
resources, they co-revise integrated talent training plans, develop modular innovative courses, 
compile characteristic textbooks and design innovative training projects. The college fully 
implements modern apprenticeship and order-based training modes. It formulates customized 
training schemes according to enterprise post and innovation demands. Students participate in 
cognitive internship, follow-up internship, innovative training and post internship in stages. It 
realizes seamless connection between campus teaching, innovative training and enterprise 
production and research. A school-enterprise two-way evaluation mechanism is established to 
ensure that talent training adapts to industrial innovative development demands. 

4.6. Innovate Evaluation Mode and Establish Whole-Process Diversified 
Evaluation System 

This reform abandons the traditional single result-oriented evaluation mode. It constructs a 
whole-process, diversified and hierarchical evaluation system suitable for five-year long-term 
training. The evaluation covers five dimensions: theoretical knowledge, practical skills, 
professional literacy, innovative ability and growth increment. Multiple evaluation subjects 
include teachers, practical instructors, enterprise engineers and students. The evaluation 
method combines process assessment and summative assessment. Process assessment runs 
through the whole five-year teaching cycle[7]. It records students’ daily classroom performance, 
practical operation, project completion, innovative practice and skill progression. Summative 
assessment is comprehensively determined by stage examinations, skill certificates, 
competition achievements and internship performance. Differentiated evaluation standards 
are set for different stages. Secondary vocational evaluation focuses on basic competency 
assessment, while higher vocational evaluation emphasizes comprehensive ability and 
innovation assessment. The system can objectively and dynamically reflect students’ five-year 
growth and training effects. 

5. Conclusion 

The integrated development of education, technology, and talent provides a crucial guiding 
framework for long-term vocational education. Consequently, the integrated teaching reform 
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for electrical automation majors serves as a pivotal strategy for cultivating high-caliber, 
innovative professionals to support the upgrading of the intelligent manufacturing industry. 
Leveraging its "Double High-level" infrastructural advantages and aligning with regional 
industrial characteristics, Wenzhou Polytechnic effectively addresses the systemic limitations 
of traditional segmented training—namely, stage fragmentation, the disconnect between 
instruction and scientific innovation, inadequate cultivation of innovative capacities, and low 
occupational adaptability. Through comprehensive optimizations, the institution has 
constructed a novel, long-term integrated talent training model. This paradigm shift 
encompasses progressive objective reconstruction, an integrated curriculum system, a tiered 
innovative training platform, a collaborative "dual-qualified" faculty framework, deep industry-
academia-research synergy, and a diversified, whole-process evaluation mechanism. 

This optimized training model successfully dismantles cross-stage educational barriers, 
facilitating the profound integration of professional education, practical instruction, 
technological innovation, and talent output. Multiple iterations of teaching practice confirm the 
reform's efficacy, demonstrating substantial improvements in students' professional 
proficiencies and engineering innovation literacy. Key performance indicators—including 
certification acquisition rates, competition award rates, and high-quality employment rates—
have experienced steady growth. Furthermore, the quality of cultivated talent has garnered 
comprehensive recognition from local intelligent manufacturing enterprises, culminating in a 
replicable and scalable pedagogical reform paradigm. Moving forward, the college remains 
committed to the requirements of integrated development. Future initiatives will focus on 
deepening industry-academia-research integration, enriching digital innovative teaching 
resources, refining hierarchical training schemes, and continuously optimizing the long-term 
training system. Ultimately, this sustained effort will ensure the steady supply of high-quality, 
versatile, and innovative electrical automation professionals to drive the high-quality 
development of the intelligent manufacturing sector in southern Zhejiang. 
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Abstract 

Diese Studie zielte darauf ab, die Zusammenhänge zwischen kind- und 
betreuungsbezogenen Merkmalen und dem Affiliate Stigma von Betreuungspersonen in 
Familien von Kindern mit Entwicklungsstörungen zu untersuchen. Insgesamt nahmen 
245 familiäre Betreuungspersonen von Kindern mit Entwicklungsstörungen im 
Südwesten Chinas an der Studie teil und füllten einen demografischen Fragebogen sowie 
die Affiliate Stigma Scale aus. Die Ergebnisse zeigten, dass das Alter bei der 
Diagnosestellung des Kindes positiv mit dem Affiliate Stigma der Betreuungspersonen 
assoziiert war, wobei Betreuungspersonen von Kindern mit späterer Diagnosestellung 
ein höheres Ausmaß an Affiliate Stigma berichteten. Allerdings wurden keine 
signifikanten Zusammenhänge zwischen Affiliate Stigma und anderen kindbezogenen 
Merkmalen (d. h. Alter, Geschlecht, Art der Beeinträchtigung und Schweregrad) oder 
betreuungsbezogenen Merkmalen (d. h. Alter, Geschlecht, Betreuungsrolle, tägliche 
Betreuungszeit, Bildungsniveau, beruflicher Status und Haushaltseinkommen) 
gefunden. Diese Befunde deuten darauf hin, dass demografische Merkmale nur eine 
begrenzte Erklärungskraft für Affiliate Stigma bei Betreuungspersonen von Kindern mit 
Entwicklungsstörungen besitzen. Zukünftige Forschung sollte sich stärker mit 
psychosozialen Faktoren befassen, die die Variationen im Affiliate Stigma besser 
erklären könnten. 

Keywords 

Affiliate Stigma, Betreuungspersonen, Entwicklungsstörungen. 

1. Einleitung 

Entwicklungsstörungen werden üblicherweise als chronische körperliche, kognitive, 
sprachliche oder kommunikative, psychische sowie die Selbstversorgung betreffende 
Beeinträchtigungen definiert, die typischerweise in der frühen Kindheit beginnen [1]. Die 
Betreuung eines Kindes mit Entwicklungsstörungen stellt Familien häufig vor erhebliche 
psychologische, soziale und finanzielle Herausforderungen. Frühere Studien haben gezeigt, 
dass Betreuungspersonen von Kindern mit Entwicklungsstörungen ein höheres Ausmaß an 
Depressionen, Angstzuständen und Stress aufweisen [2, 3]. 

Über die Anforderungen der Betreuung hinaus können Betreuungspersonen auch 
stigmatisierende Reaktionen aus der Öffentlichkeit erleben, die mit der Beeinträchtigung ihres 
Kindes in Zusammenhang stehen, beispielsweise unsensible Bemerkungen oder feindselige 
Blicke [4]. Nach Mak und Cheung [5] wird die Internalisierung öffentlicher Stigmatisierung 
durch Familienangehörige und nahestehende Personen stigmatisierter Individuen als „Affiliate 
Stigma“ bezeichnet. Affiliate Stigma hat in Studien zu Familien von Kindern mit 
Entwicklungsstörungen zunehmend Aufmerksamkeit erhalten. Eine wachsende Zahl von 
Forschungsarbeiten zeigt, dass Betreuungspersonen von Kindern mit Entwicklungsstörungen 
häufig stigmatisierende Wahrnehmungen und diesbezügliche Sorgen bzw. Befürchtungen 
erleben [6-15]. Von besonderer Bedeutung ist, dass Affiliate Stigma mit einer Reihe negativer 
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psychologischer und familiärer Folgen in Verbindung gebracht wird, darunter ein geringes 
Selbstwertgefühl, eine erhöhte Schamneigung, stärkerer elterlicher Stress, ausgeprägtere 
Angst- und Depressionssymptome, ein geringeres subjektives Wohlbefinden sowie eine 
eingeschränkte familiäre Anpassungsfähigkeit und eine niedrigere familienbezogene 
Lebensqualität [6, 8, 9, 15-21]. Angesichts dieser negativen Folgen ist es wichtig, die mit 
Affiliate Stigma verbundenen Faktoren zu verstehen, um die Entwicklung gezielter 
Unterstützungs- und Interventionsprogramme zu fördern. 

Frühere Studien haben verschiedene kindbezogene Faktoren untersucht, die mit Affiliate 
Stigma in Zusammenhang stehen; die Ergebnisse sind jedoch bislang uneinheitlich. Das Alter 
des Kindes zählt zu den am häufigsten untersuchten Einflussfaktoren, wobei die berichteten 
Zusammenhänge zwischen den Studien variieren. Einige Untersuchungen zeigten, dass 
Betreuungspersonen älterer Kinder ein höheres Ausmaß an Affiliate Stigma berichteten [7, 22, 
23], währenddessen berichteten Banga und Ghosh [15] über einen negativen Zusammenhang 
zwischen dem Alter des Kindes und Affiliate Stigma. Im Gegensatz dazu fanden Lyu et al. [24] 
sowie Werner und Shulman [25] keinen signifikanten Zusammenhang zwischen dem Alter des 
Kindes und Affiliate Stigma. Ähnlich uneinheitliche Befunde wurden auch hinsichtlich des 
Geschlechts des Kindes berichtet. Während Werner und Shulman [25] höhere Ausprägungen 
von Affiliate Stigma bei Betreuungspersonen von Jungen als von Mädchen feststellten, fanden 
Lyu et al. [24] sowie Ma et al. [7] keine signifikanten Geschlechtsunterschiede. Einige Studien 
berichteten, dass Betreuungspersonen von Kindern mit schwereren Symptomen ein stärker 
ausgeprägtes Affiliate Stigma erlebten [16, 24, 26]. Darüber hinaus fanden Werner und 
Shulman [25] , dass sich Affiliate Stigma je nach Diagnose der Beeinträchtigung unterscheidet, 
wobei bei Betreuungspersonen von Personen mit Autismus-Spektrum-Störung ein höheres 
Affiliate Stigma berichtet wurde als bei Betreuungspersonen von Personen mit intellektuellen 
oder körperlichen Beeinträchtigungen. Darüber hinaus fanden Salleh et al. [26], dass Eltern ein 
geringeres Ausmaß an Affiliate Stigma wahrnahmen, wenn ihre Kinder in einem höheren Alter 
diagnostiziert wurden. Insgesamt deuten diese Befunde darauf hin, dass die Zusammenhänge 
zwischen kindbezogenen Merkmalen und Affiliate Stigma weiterhin unklar sind und weiterer 
Forschung bedürfen. 

Ähnliche Inkonsistenzen wurden auch hinsichtlich der Merkmale der Betreuungspersonen 
beobachtet. Die Befundlage zum Geschlecht der Betreuungspersonen bleibt weiterhin nicht 
eindeutig. Während Wang et al. [23] einen signifikanten Zusammenhang zwischen dem 
Geschlecht der Betreuungspersonen und Affiliate Stigma berichteten, fanden Lyu et al. [24], Ma 
et al. [7], sowie Werner und Shulman [25] keine signifikanten Geschlechtsunterschiede. Die 
Befunde zum Alter der Betreuungspersonen sind ebenfalls inkonsistent. Banga und Ghosh [15] 
berichteten über einen negativen Zusammenhang zwischen dem Alter der 
Betreuungspersonen und Affiliate Stigma, während Ma et al. [7] einen signifikanten 
Zusammenhang feststellten und Lyu et al. [24] sowie Werner und Shulman [25] keinen 
signifikanten Zusammenhang berichteten. Darüber hinaus haben Studien, die 
sozioökonomische Merkmale untersuchten, uneinheitliche Ergebnisse geliefert. Salleh et al. [26] 
sowie Wang et al. [23] berichteten über signifikante Zusammenhänge zwischen Affiliate Stigma 
und Indikatoren wie Bildungsniveau, beruflichem Status und Haushaltseinkommen. Ähnlich 
fanden Ma et al. [7], dass das monatliche Haushaltseinkommen mit Affiliate Stigma in 
Zusammenhang steht, während das Bildungsniveau keinen signifikanten Zusammenhang 
aufwies. Im Gegensatz dazu berichteten Lyu et al. [24], Werner und Shulman [25], sowie Zhou 
et al. [6] überwiegend nicht signifikante Zusammenhänge zwischen sozioökonomischen 
Variablen und Affiliate Stigma. Darüber hinaus fanden Zhou et al. [6], dass Betreuungspersonen 
aus ländlichen Gebieten ein höheres Ausmaß an Affiliate Stigma berichteten als jene aus 
städtischen Gebieten, während Lyu et al. [24] sowie Ma et al. [7] keine signifikanten 
Unterschiede zwischen städtischen und ländlichen Gebieten feststellten. Die Befundlage zu 
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betreuungsbezogenen Merkmalen ist ebenfalls uneinheitlich. Banga und Ghosh [15] fanden, 
dass Affiliate Stigma mit der Anzahl der Kinder in der Familie in Zusammenhang steht, während 
Lyu et al. [24] keine signifikanten Zusammenhänge zwischen Affiliate Stigma und der Dauer der 
Betreuung oder der täglichen Betreuungszeit berichteten. Insgesamt deuten diese Befunde 
darauf hin, dass die Zusammenhänge zwischen Merkmalen der Betreuungspersonen und 
Affiliate Stigma weiterhin unklar sind, was weiteren Forschungsbedarf unterstreicht. 

Angesichts der inkonsistenten Befunde aus bisherigen Studien zu Faktoren sowohl 
kindbezogener als auch betreuungsbezogener Merkmale bleibt unklar, welche 
Betreuungspersonen besonders anfällig für Affiliate Stigma sein könnten. Vor diesem 
Hintergrund zielte die vorliegende Studie darauf ab, die Zusammenhänge zwischen 
kindbezogenen Merkmalen (d. h. Alter, Geschlecht, Art der Beeinträchtigung, Schweregrad und 
Alter bei der Diagnose) sowie betreuungsbezogenen Merkmalen (d. h. Alter, Geschlecht, 
Betreuungsrolle, Bildungsniveau, beruflicher Status, Haushaltseinkommen und tägliche 
Betreuungszeit) und Affiliate Stigma bei Betreuungspersonen von Kindern mit 
Entwicklungsstörungen zu untersuchen. 

2. Methoden 

2.1. Teilnehmende 

Die Teilnehmenden dieser Studie waren 245 familiäre Betreuungspersonen von Kindern mit 
Entwicklungsstörungen. Alle Betreuungspersonen wurden über Förderschulen in der Provinz 
Sichuan im Südwesten Chinas rekrutiert. Unter ihnen waren die meisten Mütter (61,6 %), mit 
einem Durchschnittsalter von 42,44 Jahren (SD = 11,22) und einer durchschnittlichen täglichen 
Betreuungszeit von 13,57 Stunden (SD = 8,92) für das Kind mit Beeinträchtigung. Mehr als die 
Hälfte der Kinder war männlich (55,9 %), mit einem Durchschnittsalter von 10,73 Jahren (SD = 
3,68) sowie einem durchschnittlichen Alter bei der Diagnosestellung von 4,04 Jahren (SD = 
3,30). 39,1% der Kinder hatten eine Autismus-Spektrum-Störung, während 60,9% eine 
intellektuelle Beeinträchtigung aufwiesen. 

2.2. Messinstrumente 

Ein kurzer demografischer Fragebogen erfasste Informationen zum Alter des Kindes, 
Geschlecht, Alter bei der Diagnosestellung, Art und Schweregrad der Beeinträchtigung sowie 
zum Alter, Geschlecht, zur Betreuungsrolle, täglichen Betreuungszeit, zum Bildungsniveau, 
monatlichen Haushaltseinkommen und beruflichen Status der Betreuungspersonen. 
Anschließend wurde das Affiliate Stigma der Betreuungspersonen von Kindern mit 
Entwicklungsstörungen mithilfe der Affiliate Stigma Scale erfasst. Die Skala wurde von Mak und 
Cheung [5] entwickelt und von Liang [27] adaptiert. Sie umfasst 17 Items mit drei Faktoren: 
affektives Stigma, kognitives Stigma und Verhaltensstigma. Jedes Item wurde auf einer 
sechsstufigen Likert-Skala von 1 = stimme überhaupt nicht zu bis 6 = stimme voll und ganz zu 
bewertet. Es wurde der Mittelwert der Skalenwerte analysiert, wobei höhere Werte ein 
stärkeres Ausmaß an Affiliate Stigma widerspiegeln. Die Skala zeigte eine angemessene 
Reliabilität und Validität [27]. In der vorliegenden Stichprobe betrug der Cronbachs-Alpha-
Koeffizient 0,932. 

2.3. Statistische Analyse 

Die Daten wurden mit IBM SPSS Statistics Version 22.0 analysiert. Die Reliabilität der Affiliate 
Stigma Scale wurde mithilfe von Cronbachs Alpha überprüft. Zur Beschreibung der Stichprobe 
wurden deskriptive statistische Analysen durchgeführt. Der Mittelwert und die 
Standardabweichung des Affiliate Stigma wurden berechnet. Zur Untersuchung von 
Unterschieden im Affiliate Stigma in Abhängigkeit vom Geschlecht des Kindes, Art der 
Behinderung und dem Geschlecht der Betreuungsperson wurden t-Tests für unabhängige 
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Stichproben durchgeführt. Einfaktorielle Varianzanalysen (ANOVAs) wurden eingesetzt, um 
Unterschiede im Affiliate Stigma hinsichtlich des Schweregrads der Beeinträchtigung des 
Kindes sowie der Betreuungsrolle, des Bildungsniveaus, des monatlichen 
Haushaltseinkommens und des beruflichen Status der Betreuungspersonen zu prüfen. Darüber 
hinaus wurden Spearman-Korrelationsanalysen durchgeführt, um Zusammenhänge zwischen 
kontinuierlichen demografischen Variablen (d. h. Alter des Kindes, Alter bei Diagnosestellung, 
Alter der Betreuungsperson und tägliche Betreuungszeit) und Affiliate Stigma zu untersuchen. 
Ein p-Wert < 0,05 wurde als statistisch signifikant betrachtet. 

3. Ergebnisse 

Tabelle 1 zeigt den Mittelwert und die Standardabweichung des Affiliate Stigma. Die Ergebnisse 
zeigten, dass der Mittelwert des Affiliate Stigma bei den Betreuungspersonen von Kindern mit 
Entwicklungsstörungen 50,74 (SD = 15,53) betrug. 

Tabelle 1 Mittelwert und Standardabweichung des Affiliate Stigma 

Variablen M SD 
Affiliate stigma 50,74 15,53 

Tabelle 2 zeigt die Ergebnisse der t-Tests für unabhängige Stichproben sowie der 
einfaktoriellen Varianzanalysen (ANOVAs), die durchgeführt wurden, um die Zusammenhänge 
zwischen kindbezogenen und betreuungsbezogenen Merkmalen und Affiliate Stigma zu 
untersuchen. Die Ergebnisse zeigten, dass sich das berichtete Ausmaß des Affiliate Stigma der 
Betreuungspersonen weder in Abhängigkeit vom Geschlecht des Kindes (t = 0,596; p > 0,05), 
Art der Behinderung (t = −1,060; p > 0,05), dem Schweregrad (F = 0,158; p > 0,05), dem 
Geschlecht der Betreuungsperson (t = −0,260; p > 0,05), der Betreuungsrolle (F = 1,755; p > 
0,05), dem Bildungsniveau der Betreuungspersonen (F = 0,388; p > 0,05), dem monatlichen 
Einkommen (F = 1,162; p > 0,05) noch dem beruflichen Status (F = 1,329; p > 0,05) signifikant 
unterschied. 
Tabelle 2 Ergebnisse der t-Tests fu r unabha ngige Stichproben und einfaktoriellen ANOVAs 
zum Affiliate Stigma in Abha ngigkeit von kind- und betreuungsbezogenen Merkmalen 

Demografische Variablen Affiliate stigma 
M (SD) 

F oder t p 

Geschlecht des Kindes    
Ma nnlich 51,29 (15,94) 0,596 0,552 
Weiblich 50,06 (15,05)   

Art der Behinderung    
Autismus-Spektrum-Sto rung 49,39 (14,82) -1,060 0,290 

Intellektuelle Beeintra chtigung 51,62 (16,06)   
Schweregrad der Beeintra chtigung    

Leicht 50,66 (15,55) 0,158 0,924 
Moderat 49,83 (15,23)   
Schwer 51,53 (14,98)   

Sehr schwer 50,56 (15,63)   
Geschlecht der Betreuungsperson    

Ma nnlich 50,34 (16,21) -0,260 0,795 
Weiblich 50,99 (15,37)   

Rolle der Betreuungsperson    
Va ter 47,70 (14,35) 1,755 0,175 
Mu tter 50,43 (14,30)   

Großeltern 53,82 (19,35)   
Bildungsniveau der    
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Betreuungsperson 
Grundschule oder niedriger 52,98 (17,16) 0,388 0,857 
Mittelschule (Unterstufe) 50,67 (14,68)   

Obere Mittelschule 48,33 (15,58)   
Fachhochschule / Junior College 51,04 (17,89)   

Bachelorabschluss 50,82 (15,36)   
Masterabschluss oder ho her 50,27 (10,87)   

Monatliches Haushaltseinkommen    
≤ 5000 ¥ 50,30 (14,99) 1,162 0,328 

5001–8000 ¥ 54,36 (15,99)   
8001–11000 ¥ 50,30 (18,37)   
≥ 11001 ¥ 47,41 (13,47)   

Beruf der Betreuungsperson    
Einfache Bescha ftigung / arbeitslos / 
Jobsuche / landwirtschaftliche oder 

ungelernte Arbeit 

50,46 (15,53) 1,329 0,260 

Arbeiter / Selbststa ndige / Techniker 
o. a . 

51,98 (15,93)   

Bu roangestellte / Fachkra fte / 
Verwaltung 

52,36 (16,78)   

Mittleres Management / mittlere 
Fachkra fte 

38,43 (6,80)   

Ho heres Management / leitende 
Fachkra fte 

53,71 (12,72)   

 

Die Zusammenhänge zwischen kontinuierlichen kind- und betreuungsbezogenen 
demografischen Variablen und Affiliate Stigma wurden mittels Korrelationsanalysen 
untersucht. Die Ergebnisse zeigten, dass das Alter bei der Diagnosestellung des Kindes 
signifikant positiv mit dem Affiliate Stigma der Betreuungspersonen assoziiert war (r = 0,143; 
p < 0,05), was darauf hinweist, dass Betreuungspersonen von Kindern mit 
Entwicklungsstörungen, bei denen die Diagnose in einem höheren Alter gestellt wurde, ein 
stärker ausgeprägtes Affiliate Stigma berichteten. Das Alter des Kindes, das Alter der 
Betreuungsperson sowie die tägliche Betreuungszeit standen hingegen in keinem signifikanten 
Zusammenhang mit Affiliate Stigma (r = −0,073; p > 0,05; r = 0,079; p > 0,05; r = 0,042; p > 0,05; 
siehe Tabelle 3). 
Tabelle 3 Korrelationen zwischen kind- und betreuungsbezogenen Merkmalen und Affiliate 

Stigma 

Demografische Variablen Affiliate stigma 
Alter des Kindes -0,073 

Alter bei Diagnosestellung 0,143* 
Alter der Betreuungsperson 0,079 
Ta gliche Betreuungszeit 0,042 

Anmerkung. * p < 0,05. 

4. Diskussion 

Diese Studie untersuchte die Zusammenhänge zwischen kind- und betreuungsbezogenen 
Merkmalen und dem Affiliate Stigma der Betreuungspersonen. Die Ergebnisse zeigten, dass das 
Alter bei der Diagnosestellung des Kindes statistisch signifikant positiv mit dem Affiliate Stigma 
der Betreuungspersonen assoziiert war, was darauf hinweist, dass Betreuungspersonen von 
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Kindern, bei denen die Diagnose in einem höheren Alter gestellt wurde, ein höheres Ausmaß 
an Affiliate Stigma berichteten. Dieser Befund steht im Widerspruch zu Salleh et al. [26], die 
berichteten, dass Eltern ein geringeres Stigma wahrnahmen, wenn bei ihrem Kind die Diagnose 
in einem höheren Alter gestellt wurde. Eine aktuelle Studie zeigte zudem, dass eine verzögerte 
Diagnosestellung mit höheren Raten elterlicher Depression, erhöhtem Stress sowie einer 
allgemeinen Unzufriedenheit mit dem Diagnoseprozess assoziiert ist. Eine zeitnahe 
Diagnosestellung kann hingegen dazu beitragen, dass Betreuungspersonen wieder Kontrolle 
erlangen, aktive Bewältigungsstrategien entwickeln und somit die psychische Gesundheit der 
Eltern positiv beeinflussen [28]. Dementsprechend kann eine frühzeitige Diagnosestellung 
dazu beitragen, die Anfälligkeit von Betreuungspersonen für Affiliate Stigma zu verringern. 
Allerdings stand das Alter des Kindes in der vorliegenden Studie nicht in einem statistisch 
signifikanten Zusammenhang mit dem Affiliate Stigma der Betreuungspersonen. Dieser Befund 
steht im Einklang mit Lyu et al. [24] sowie Werner und Shulman [25], widerspricht jedoch 
früheren Studien, die einen signifikanten Zusammenhang zwischen dem Alter des Kindes und 
Affiliate Stigma bei Betreuungspersonen von Kindern mit Beeinträchtigungen berichteten [7, 
15, 22, 23, 26]. Eine mögliche Erklärung hierfür ist, dass Betreuungspersonen im Verlauf des 
Älterwerdens der Kinder allmählich Bewältigungs- und Anpassungsstrategien entwickeln, um 
mit den Anforderungen und Belastungen der Betreuung umzugehen [29, 30]. Eine solche 
Anpassung kann den Einfluss des Alters des Kindes auf die Wahrnehmung und Internalisierung 
von Stigma durch die Betreuungspersonen verringern. Darüber hinaus unterschied sich das 
Affiliate Stigma der Betreuungspersonen nicht signifikant in Abhängigkeit vom Geschlecht des 
Kindes, der Art der Beeinträchtigung und dem Schweregrad. Diese Befunde stehen im 
Widerspruch zu Werner und Shulman [25], die ein höheres Affiliate Stigma bei 
Betreuungspersonen von Jungen sowie bei Betreuungspersonen von Personen mit Autismus-
Spektrum-Störung im Vergleich zu jenen von Personen mit intellektuellen oder körperlichen 
Beeinträchtigungen berichteten. Die Ergebnisse weichen zudem von früheren Studien ab, die 
darauf hindeuten, dass Eltern von Kindern mit weniger ausgeprägten Symptomen tendenziell 
ein geringeres Ausmaß an Affiliate Stigma berichten. [7, 16, 24, 26]. Gemäß dem von Mak und 
Cheung [5] vorgeschlagenen Affiliate-Stigma-Modell entwickelt sich Affiliate Stigma, wenn 
Betreuungspersonen negative gesellschaftliche Einstellungen gegenüber Behinderung 
internalisieren. Daher können Betreuungspersonen von Kindern unterschiedlichen 
Geschlechts, mit unterschiedlichen Beeinträchtigungen oder unterschiedlichem Schweregrad 
ähnliche Ausprägungen von Affiliate Stigma erfahren, sofern sie vergleichbaren 
gesellschaftlichen Stereotypen und diskriminierenden Einstellungen ausgesetzt sind. 

Die vorliegende Studie untersuchte zudem die Zusammenhänge zwischen Merkmalen der 
Betreuungspersonen und Affiliate Stigma. Im Gegensatz zu Wang et al. [23], jedoch in 
Übereinstimmung mit Lyu et al. [24], Ma et al. [7] sowie Werner und Shulman [25], wurden 
keine statistisch signifikanten Geschlechtsunterschiede im Affiliate Stigma der 
Betreuungspersonen festgestellt. Dies könnte darauf zurückzuführen sein, dass sowohl 
männliche als auch weibliche Betreuungspersonen im Vergleich zu Eltern von Kindern ohne 
Entwicklungsstörungen ein hohes Maß an elterlichem Stress erleben [31], was potenzielle 
Geschlechtsunterschiede in psychologischen Reaktionen verringern könnte. Darüber hinaus 
zeigte sich – im Gegensatz zu Ma et al. [7] und Banga und Ghosh [15], jedoch in 
Übereinstimmung mit Lyu et al. [24] sowie Werner und Shulman [25] – kein statistisch 
signifikanter Zusammenhang zwischen dem Alter der Betreuungspersonen und Affiliate Stigma. 
Dies könnte darauf hindeuten, dass Betreuungspersonen unterschiedlichen Alters in ähnlichem 
Maße öffentlicher Stigmatisierung und sozialer Bewertung ausgesetzt sind, was zu 
vergleichbaren Ausprägungen von Affiliate Stigma führt. Zudem unterschied sich das Affiliate 
Stigma nicht signifikant zwischen Müttern, Vätern und Großeltern. Dieser Befund steht im 
Widerspruch zu Mak und Cheung [5], die berichteten, dass ein erhöhtes Affiliate Stigma 
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insbesondere bei Müttern beobachtet wurde. Eine mögliche Erklärung hierfür ist, dass 
Betreuungsrollen in Familien von Kindern mit Beeinträchtigungen zunehmend geteilt werden. 
Väter sind aktiv in die Betreuung von Kindern mit Beeinträchtigungen eingebunden und 
beteiligen sich stärker an alltäglichen Betreuungsaufgaben gemeinsam mit den Müttern, anstatt 
ausschließlich eine sekundäre Betreuungsrolle einzunehmen [32]. In vielen Fällen übernehmen 
zudem Großeltern die Rolle primärer Betreuungspersonen und tragen dabei erhebliche 
Verantwortung in der täglichen Versorgung der Kinder [33]. Diese geteilten 
Betreuungsaufgaben können dazu führen, dass die Betreuungspersonen ähnlichen 
Betreuungsanforderungen ausgesetzt sind und vergleichbare Ausprägungen von Affiliate 
Stigma erfahren. Darüber hinaus stand die tägliche Betreuungszeit der Betreuungspersonen 
nicht in einem signifikanten Zusammenhang mit Affiliate Stigma. Dieser Befund steht im 
Widerspruch zu früheren systematischen Übersichtsarbeiten von Shi et al. [34] und Mitter et al. 
[14], die berichteten, dass eine längere Betreuungszeit mit einem höheren Ausmaß an 
Stigmainternalisierung bei Betreuungspersonen von Kindern mit Beeinträchtigungen 
assoziiert ist, stimmt jedoch mit Lyu et al. [24] überein, die ebenfalls keinen signifikanten 
Zusammenhang zwischen den täglichen Betreuungsstunden und dem elterlichen Affiliate 
Stigma fanden. Dies könnte darauf zurückzuführen sein, dass die Betreuungszeit die objektive 
Dauer der Pflegeleistung widerspiegelt, während Affiliate Stigma primär ein psychologisches 
Konstrukt ist, das stärker durch die Internalisierung wahrgenommener gesellschaftlicher 
Stigmatisierung als durch die tatsächlich aufgewendete Betreuungszeit beeinflusst wird. 

Darüber hinaus unterschied sich das Affiliate Stigma der Betreuungspersonen nicht signifikant 
in Abhängigkeit vom Bildungsniveau. Dieser Befund steht im Widerspruch zu Wang et al. [23] 
und Salleh et al. [26], die einen signifikanten Zusammenhang zwischen Bildungsniveau und 
Affiliate Stigma berichteten, stimmt jedoch mit Zhou et al. [6] und Lyu et al. [24] überein, die 
keine Unterschiede im Affiliate Stigma zwischen Betreuungspersonen unterschiedlicher 
Bildungsniveaus fanden. Darüber hinaus unterschied sich das Affiliate Stigma der 
Betreuungspersonen nicht signifikant in Abhängigkeit vom beruflichen Status und dem 
Haushaltseinkommen. Dieser Befund steht im Einklang mit Werner und Shulman [25] sowie 
Lyu et al. [24], die ebenfalls keine statistisch signifikanten Unterschiede im Affiliate Stigma 
zwischen Einkommens- und Berufsgruppen berichteten, stimmt jedoch nicht mit Ma et al. [7] 
und Wang et al. [23] überein, die einen signifikanten Zusammenhang zwischen 
Haushaltseinkommen und Affiliate Stigma fanden. Insgesamt deuten diese Befunde darauf hin, 
dass Affiliate Stigma eine relativ universelle Erfahrung bei Betreuungspersonen von Kindern 
mit Entwicklungsstörungen sein könnte, unabhängig von ihrem sozioökonomischen 
Hintergrund. Obwohl ein höherer sozioökonomischer Status einen besseren Zugang zu 
Ressourcen ermöglichen kann, die das familiäre Funktionieren unterstützen [35, 36], kann er 
zugleich die Sensibilität gegenüber sozialer Bewertung erhöhen und die Orientierung an 
gesellschaftlichen Erwartungen verstärken [7]. Umgekehrt kann ein niedriger 
sozioökonomischer Status den Zugang zu Ressourcen einschränken, führt jedoch nicht 
zwangsläufig zu einer stärkeren Internalisierung von Stigma. Folglich könnten sich die 
gegensätzlichen Mechanismen sozioökonomischer Vorteile und Nachteile gegenseitig aufheben 
und somit zu einem insgesamt nicht signifikanten Zusammenhang mit Affiliate Stigma führen. 

Mehrere Einschränkungen der vorliegenden Studie sollten berücksichtigt werden. Erstens 
limitiert das Querschnittsdesign kausale Schlussfolgerungen hinsichtlich der Zusammenhänge 
zwischen kind- und betreuungsbezogenen Merkmalen und dem Affiliate Stigma der 
Betreuungspersonen. Längsschnittstudien sind erforderlich, um die Entwicklung und 
Veränderung von Affiliate Stigma über die Zeit hinweg zu untersuchen. Zweitens basieren alle 
Daten auf Selbstauskünften, die anfällig für soziale Erwünschtheit sein können. 
Betreuungspersonen könnten ihre Erfahrungen mit Affiliate Stigma je nach individueller 
Interpretation und emotionalem Zustand unter- oder überberichten. Drittens wurde die 



International Journal of Science Volume 13 Issue 6, 2026 

ISSN: 1813-4890  
 

21 

Stichprobe in der Provinz Sichuan erhoben, was die Generalisierbarkeit der Ergebnisse auf 
andere Populationen einschränken könnte. 

Trotz dieser Einschränkungen weist die vorliegende Studie wichtige praktische Implikationen 
auf. Der positive Zusammenhang zwischen dem Alter bei der Diagnosestellung und Affiliate 
Stigma unterstreicht die Bedeutung einer zeitnahen Diagnosestellung sowie eines frühen 
Zugangs zu unterstützenden Ressourcen für Familien. Gleichzeitig deuten die fehlenden 
signifikanten Zusammenhänge zwischen den meisten kind- und betreuungsbezogenen 
demografischen Variablen und Affiliate Stigma darauf hin, dass Affiliate Stigma als potenzielles 
Problem bei einer breiten Gruppe von Betreuungspersonen verstanden werden sollte und nicht 
auf spezifische demografische Gruppen beschränkt ist. Dementsprechend könnten 
Interventionsmaßnahmen stärker auf psychologische Prozesse als auf demografische 
Risikofaktoren fokussieren. Frühere Befunde zeigen, dass psychosoziale Faktoren wie 
Belastung der Betreuungspersonen, wahrgenommene soziale Unterstützung, Stress und 
Depression mit Affiliate Stigma in Zusammenhang stehen [34]. Neuere Befunde von Becerra 
Carrillo et al. [37] betonen zudem die protektive Rolle sozialer Unterstützung sowie von 
Bewältigungsstrategien bei der Abschwächung der negativen Auswirkungen von Affiliate 
Stigma auf das psychische Wohlbefinden der Betreuungspersonen. Daher könnten 
Interventionen wie Psychoedukation, Programme zur Stigma-Reduktion sowie Selbsthilfe- bzw. 
Unterstützungsgruppen für Betreuungspersonen besonders hilfreich sein, um Affiliate Stigma 
zu verringern. Die Stärkung der Bewältigungsressourcen und sozialen 
Unterstützungsnetzwerke von Betreuungspersonen kann darüber hinaus dazu beitragen, die 
Internalisierung von Stigma zu reduzieren und das psychische Wohlbefinden zu verbessern. 

5. Schlussfolgerung 

Diese Studie untersuchte die Zusammenhänge zwischen kind- und betreuungsbezogenen 
Merkmalen und dem Affiliate Stigma von Betreuungspersonen in Familien von Kindern mit 
Entwicklungsstörungen. Die Ergebnisse zeigten, dass Affiliate Stigma mit den meisten 
kindbezogenen Variablen (z. B. Geschlecht, Alter, Art der Beeinträchtigung und Schweregrad) 
sowie mit den soziodemografischen Merkmalen der Betreuungspersonen (z. B. Geschlecht, 
Alter, Betreuungsrolle, tägliche Betreuungszeit, Bildungsniveau, beruflicher Status und 
Haushaltseinkommen) nicht signifikant assoziiert war. Diese Befunde deuten darauf hin, dass 
Affiliate Stigma stärker durch psychosoziale Faktoren als durch demografische Merkmale 
geprägt sein könnte. Zukünftige Forschung sollte die zugrunde liegenden Mechanismen von 
Affiliate Stigma näher untersuchen und wirksame Ansätze zur Unterstützung von 
Betreuungspersonen von Kindern mit Entwicklungsstörungen identifizieren. 
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Abstract 

In this paper, the problem on global exponential stability in Lagrange sense for 
memristive neural networks (MNNs) with both multiple delays and general activation 
functions is dealt with. Here, the nonsmooth analysis and control theory is adopted to 
handle MNNs with discontinuous right-hand side. And based on assuming that the 
activation functions are neither bounded nor monotonous or differentiable, several 
algebra criteria for the globally exponentially Lagrange stability of MNNs are obtained 
by virtue of constructing proper Lyapunov functional and using inequality techniques. 
Meanwhile, detailed estimations of the globally exponentially attractive sets are also 
given out. Finally, a numerical example is given to demonstrate the theoretical result. 
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1. Introduction 

Because their promising potential applications in areas such as image processing, pattern 
recognition, optimization and other areas, memristive neural networks(MNNs) have attracted 
increasing interest in scientific community [1-3]. Most importantly, these applications strongly 
depend on the dynamic behavior of the networks. As it is known, the integration and 
communication delays are unavoidably encountered both in biological and artificial neural 
networks, which may lead to poor performance such as oscillation, instability, chaos, etc. Hence, 
for the necessity of applications, the dynamical characteristics on the stability in Lyapunov 
sense of neural networks with time-varying delays and finite distributed delays have become a 
subject of intense research activities [4-5].  

It is worth mentioning that Lyapunov stability refers to the stability of the equilibrium points 
which requires the existence of equilibrium points, while Lagrange stability refers to the 
stability of the total system, rather than the stability of equilibrium points. Moreover, the global 
stability in Lyapunov sense can be viewed as a special case of stability in Lagrange sense by 
regarding an equibrium point as an attractive set [6-7]. So it is necessary and rewarding to 
study Lagrange stability. Basically, the goal of the study on globally exponentially stability in 
Lagrange sense is to determine the globally exponentially attractive sets. Therefore, a 
considerable number of works studied the Lagrange stability for engineering systems, 
including neural networks with time-delays [6-8]. 

Especially, to our best knowledge, few authors have discussed the stability in Lagrange sense 
of MNNs with general activation functions. This has motivated the study of the Lagrange 
analysis of MNNs by using LMI technique, and the estimation of the Lagrange exponential 
convergence rate is investigated in this paper.  
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Motivated by the above discussion, in this paper, we will mainly deal with the global 
exponential stability in Lagrange sense for MNNs with mixed time-varying delays as follows: 
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in which switching jumps 0, 0, 0,i i iT d d   and , , , , ,ij ij ij ij ij ija a b b c c are all constant numbers. In 

system (1), ( )ix t is the state of the i -th neuron at time t ; ( ( ))i id x t is the i -th neuron self-

inhibitions at time t ; ( ( )), ( ( ))ij i ij ia x t b x t and ( ( ))ij ic x t is the connection weight and the delayed 

connection weights, respectively. ( ( ))j jg x t denote the neuron activation function; j( ), ( )jt t 

correspond to the transmission delays and satisfy 
i i0 (t) ,    i i0 (t) .     Here, i and i  

are constants. Let 
1  i  n i=max { },   and 

1  i  n i=max { }.   Obviously, the memristive neural network 

(1) is a state-dependent switched system, which is the generalization of those for conventional 
neural networks. 

In the next section, we describe some preliminaries, including some necessary notations, 
definitions, assumptions and lemmas. Our main results and their proofs for MNNs to global 
exponential stability in Lagrange sense and have globally exponentially attractive sets are given 
in Section 3. We present an illustrative example in Section 4 and finally give a summery in 
Section 5.  

2. Preliminaries 

For convenience, we first make the following preparations. 

Throughout this paper, solutions of all the systems considered in the following are intended in 

Filippov’s sense (see [9]). And the mark  ,  represents the interval. C[X,Y] is a class of 

continuous mapping set from the topological space X to the topological space Y. Especially, 
nC  [[-h, 0],R ],@ where h=max{ , }.   For any initial function 

0 0(s) C, s [t -h, t ],    the solution of (1) 

that starts from the initial condition  will be denoted by 
0x(t,t , )  or simply ( )x t  if no 

confusion should occur.  For vector 
1( , , )T n

nv v v R= L , v  is said to be the Euclidean norm. The 

symbols nR  and n mR  stand for the n -dimensional Euclidean space and the set of all n m real 

matrices, respectively. TM , 1M − and ( )M  denote the matrix transpose, inverse and the 

eigenvalues of the square matrix M . 0M  or 0M  denotes that the matrixM is a symmetric 



International Journal of Science Volume 13 Issue 6, 2026 

ISSN: 1813-4890  
 

26 

and positive definite or negative definite matrix. Meanwhile,
1 2M M  indicates 

1 2- 0M M  . 

Moreover, in symmetric block matrices, we use   as an ellipsis for the terms that are introduced 
by symmetry.  

Let max{ , }, min{ , }, max{ , }, min{ , },i i i i i i ij ij ij ij ij ijd d d d d d a a a a a a= = = =
) ( ) ( ) ( ) (  

max{ , }, min{ , }, max{ , }, min{ , }.ij ij ij ij ij ij ij ij ij ij ij ijb b b b b b c c c c c c= = = =
) ( ) ( ) ( ) (  

And [ , ]i ico   denotes the convex hull of [ , ]i i  , clearly, in this paper, we have [ , ]=[ , ]i i i ico     . 

Then, we first make the following assumption for system (1). 

Assumption 1 There exist two diagonal matrices 
1{ , , }nL diag L L= L  and 

1{ , , }nF diag F F= L such 

that for any ,  x y R and ,x y  the neuron activation of system (1) satisfies:  
( ) ( )

 .i i
i i

g x g y
L F

x y

−
 

−
 

Remark 1 It should be noted that the constants ,  ,  i iL F i R  in assumption 1 are allowed to be 

positive, negative or zero. So, the assumption 1 of this paper is weaker than the literatures [6-
8, 10]. 

Now, as the literature [11], by applying the theories of set-valued maps and differential 
inclusions [9], from system (1), we have  

 

1

1

- ( )
1

( )
[ , ] ( ) [ , ] ( ( ))

        [ , ] ( ( ( )))

        [ , ] ( ( )) ( ),

        . . 0,

j

n
i

i i i ij ij j j

j

n

ij ij j j j

j

n t

ij ij j j i
t t

j

dx t
d d x t a a g x t

dt

b b g x t t

c c g x s ds U t

for a a t

=

=


=

− +

+ − 

+ +







 

                                                 (2) 

or equivalently, there exist ( ) [ , ], ( ) [ , ],i i i ij ij ijd t d d a t a a   ( ) [ , ], ( ) [ , ]ij ij ij ij ij ijb t b b c t c c   such that  

 

1 1

- ( )
1

( )
= ( ) ( ) ( ) ( ( )) ( )

        ( ( ( ))) ( ) ( ( ))

        ( ), 0, 1, .

j

n n
i

i i ij j j ij

j j

n t

j j j ij j j
t t

j

i

dx t
d t x t a t g x t b t

dt

g x t t c t g x s ds

U t t i n

= =


=

− + +

 −  +

+  =

 

 

L

                                        (3) 

Now, let 
1 1( , ), ( , ), ( ) ,n n ij n nD diag d d D diag d d A a = = =  

( ) , ( ) , ( ) , ( ) , ( ) ,ij n n ij n n ij n n ij n n ij n nA a B b B b C c C c    = = = = =  

then, (2) and (3) can be rewritten as follows: 

 

- ( )

( )
[ , ] ( ) [ , ] ( ( )) [ , ] ( ( ( )))

        [ , ] ( ( )) ( ), . . 0,
t

t t

dx t
D D x t A A g x t B B g x t t

dt

C C g x s ds U t for a a t


− + + − 

+ + 

                                 (4) 

or equivalently, there exist ( ) [ , ], ( ) [ , ],D t D D A t A A  ( ) [ , ], ( ) [ , ]B t B B C t C C   such that  
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- ( )

( )
= ( ) ( ) ( ) ( ( )) ( ) ( ( ( )))

        ( ) ( ( )) ( ), . . 0,
t

t t

dx t
D t x t A t g x t B t g x t t

dt

C t g x s ds U t for a a t


− + + − 

+ + 
                                (5) 

 

where 
1 1 1( ) ( ( ), ( )) , ( ( )) ( ( ( )), ( ( )))T T

n n nx t x t x t f x t f x t f x t= =L L , 

1 1 1( ) ( ( ), ( )) , ( ) ( ( ), ( )) , ( ) ( ( ), ( )) .T T T

n n nt t t t t t U t U t U t =    =   =L L L  For deriving the global exponential 

stability in Lagrange sense of system (1), the following definitions and lemmas are also needed. 

Definition 1[11] If there exists a radially unbounded and positive definite Lyapunov function
( ( ))V x t , and positive constants   and  such that for any solution ( )x t  of system (1), when

0 0( ( )) ,  ( ( )) ,   V x t V x t t t     implies the inequality 

0 0 0 0( ( )) ( ( ( )) ) exp{ ( )}( ( ( )) ( ( ))),V x t V x t t t V x t V x t−  − − −  0 t t always holds.  

Then, the system (1) is said to be globally exponentially stable in Lagrange sense. Moreover, the 
compact set ={ ( ) | ( ( )) }nx t R V x t    is called a globally exponentially attractive set of system (1), 

where 
0( ( ))V x t is a constant. 

Definition 2 MNNs (1) with globally exponentially attractive set is said to be globally 
exponentially stable in Lagrange sense.  

Lemma 1[12] For any vectors , na b R , the inequality 12 T T Ta b a Y a b Yb−  + holds, in which Y is any 

matrix with 0.Y    

Lemma 2[13] For any constant matrix ,n nP R   0, 0,TP P=    vector function :[0, ] nR  → such 

that the integrations concerned are well defined, then 

0 0 0
( ( ) ) ( ( ) ) ( ) ( ) .T Ts ds P s ds s P s ds

  

        

Lemma 3[14] The LMI 0
T

P R

R Q

 
 

 

with ,T TP P Q Q= = is equivalent to one of the following 

conditions: 1(1) 0, 0;TQ P RQ R− −  1(2) 0, 0.TP Q R P R− −   

Lemma 4[15] Assume there exist 1 2 0r r  and a nonnegative continuous quantity function 

( ),x t which satisfies 
1 2( ) ( ) ( ),D x t r x t r x t+  − + for all 

0 0[ , ],t t h t −  then 
0 0( ) ( )exp( ( ))x t x t t t − − holds 

for
0 ,t t  where ( ) sup ( ), 0,

t h s t

x t x s h
−  

=  and is the unique positive root of equation 
1 2 .hr r e = −  

Lemma 5[16] Given some constant matrices
1 2 3, , ,A A A 1 2 3, , ,n nB B B R   and appropriate reversible 

matrices X, Y, Z,  let 

3 31 1 2 21 1 1

1

3 31 1 2 2

1

1 2 3 1 2 31

2

1 2 3 1 2 31

,

0 0

0 0

0 0

.

TT T

T

A AA A A A
X Y Z

B BB B B B

X
A A A A A A

Y
B B B B B B

Z

− − −

−

−

−

          
 + +           

           

 
    

=

=     
    

 

 

Then 1 2. =   
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3. Main results 

Theorem 1 Assume that assumption 1 holds, the MNNs system (1) is globally exponentially 
stability in Lagrange sense if there exist four positive diagonal matrices Q, R, S, T and two 
positive definite matrices , n nP H R  such that the following LMIs (6) and (7) hold, where 

 2( ) 2 ( ) ,P Q F L PD DP LQD W R T W = + − − − + + +  
1diag{ , , }, max{| |,| |}, 1, , .n i i iW w w w L F i n=  =  =   

Moreover, { ( ) ( ) / }n T Tx R x t Px t U HU  =  ∣ is a globally exponentially attractive set of the system 

(1), where 0 1.   

0,0 0

0

T

PA LQA DQ PB LQB PC LQC P LQ

QA A Q R QB QC Q

S

T

H

  − − − − −
 
 + − 

    −
 
   − 

     − 

                               (6) 

 

.WSW P                                                                                     (7) 

Proof: We consider the following radial unbounded and positive definite Lyapunov functional 
with the given positive definite matrix P  and positive diagonal matrix 

1{ , , },nQ diag q q=  

( )

0
1

( ( )) ( ) ( ) 2 ( ( ) ) .
i

n x t
T

i i i

i

V x t x t Px t q g s l s ds
=

= + −                                            (8)  

 

Calculating the derivative of ( ( ))V x t along the positive semi-trajectory of (1), we can obtain 

(1) (5)

( )

( )

( ( ))
| 2 ( ) [ ( ) ( ) ( ) ( ( )) ( ) ( ( ( )))

( ) ( ( )) ] 2( ( ( )) ( ))

[ ( ) ( ) ( ) ( ( )) ( ) ( ( ( ))) ( ) ( ( )) ]

2( ( ) ( ( )) ( )

T

or

t
T

t t

t

t t

T T T

dV x t
x t P D t x t A t g x t B t g x t t

dt

C t g x s ds U g x t Lx t Q

D t x t A t g x t B t g x t t C t g x s ds U

x t P g x t Q x t









−

−

 − + + −

+ + + − 

− + + − + +

= + −





( )

)( ( ) ( ) ( ) ( ( )))

2( ( ) ( ) ( ( )) ( ) ( ) ( )) ( ( ( )))

2( ( ) ( ) ( ( )) ( ) ( ) ( )) ( ( ))

2( ( ) ( ( )) ( ) ) ( ).

T T T

t
T T T

t t

T T T

LQ D t x t A t g x t

x t PB t g x t QB t x t LQB t g x t t

x t PC t g x t QC t x t LQC t g x s ds

x t P g x t Q x t LQ U t





−

− +

+ + − −

+ + −

+ + −



                         (9) 

 

From assumption 1, for given positive diagonal matrix R we derive 

2( ( ) ( ( )) ( ) )( ( ) ( ) ( ) ( ( )))

2 ( )( ) ( ) 2 ( )( ) ( ( ))

2 ( ( )) ( ( )) ( ) ( ) ( ( )) ( ( ))

( ) 2

( ( ))

T T T

T T

T T T

T

T

x t P g x t Q x t LQ D t x t A t g x t

x t PD LQD x t x t PA LQA QD g x t

g x t QAg x t x t WRWx t g x t Rg x t

x t PD DP LQD WRW PA LQA QD

g x t QA A Q R

+ − − + 

− + + − −

+ + − =

 − − + + − − 
 

 + −  

( )
.

( ( ))

x t

g x t

 
 
 

                        (10) 

 

By using assumption 1, Lemma 1 and Lemma 2, we know that there exist two positive diagonal 
matrices S, T and a positive definite matrix H such that the following inequalities hold. 
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1

1

2( ( ) ( ) ( ( )) ( ) ( ) ( )) ( ( ( )))

( ( ) ( ) ( ( )) ( ) ( ) ( ))

( ( ) ( ) ( ( )) ( ) ( ) ( ))

( ( ( ))) ( ( ( )))

( )

( ( ))

T T T

T T T

T T T T

T

T

x t PB t g x t QB t x t LQB t g x t t

x t PB t g x t QB t x t LQB t S

x t PB t g x t QB t x t LQB t

g x t t Sg x t t

x t PB LQB PB LQ
S

g x t QB



 

−

−

+ − −

 + −

+ −

+ − − 

 − − 
  

   

( )

( ( ))

( ( )) ( ( )),

T

T

x tB

g x tQB

x t t WSWx t t 

   
   

  

+ − −

                                          (11) 

 

1

1

2( ( ) ( ( )) ( ) ) ( )

( ( ) ( ( )) ( ) )

( ( ) ( ( )) ( ) ) ( ) ( )

( ) ( )

( ( )) ( ( ))

.

T T T

T T T

T T T T T

T T

T

x t P g x t Q x t LQ U t

x t P g x t Q x t LQ H

x t P g x t Q x t LQ U t HU t

x t P LQ P LQ x t
H

g x t Q Q g x t

U HU

−

−

+ − 

+ −

+ − + =

− −       
       
       

+

                                                         (12) 

 

( )

1

( ) ( )

2

2( ( ) ( ) ( ( )) ( ) ( ) ( )) ( ( ))

( ( ) ( ) ( ( )) ( ) ( ) ( ))

( ( ) ( ) ( ( )) ( ) ( ) ( ))

( ( ( )) ) ( ( ( )) )

( ) ( )

( )

(

t
T T T

t t

T T T

T T T T

t t
T

t t t t

T

x t PC t g x t QC t x t LQC t g x s ds

x t PC t g x t QC t x t LQC t T

x t PC t g x t QC t x t LQC t

g x s ds T g x s ds

x t WTWx t

x t

g



 



−

−

− −

+ −

 + −

+ −

+

 +



 

1
( )

( )) ( ( ))

TT
x tPC LQC PC LQC

T
x t g x tQC QC

−   − −   
      

      

                                              (13) 

 

where 
1=(max ( ) , max ( ) ) .TnU U t U t  

Based on Lemma 5 and (9)-(13), we have 

(1) (5)

( ( ))
| ( ( )) ( ( ))

( ) ( ) ( ) ( )
,

( ( )) ( ( )) ( ( )) ( ( )

( ( )

)

)T T

or

T T

dV x t
x t t WSWx t t U HU

dt

x t x t x t x t

g x t g x t

t t

g x t g x t

  − − + +

       
 +        

       

                                            (14) 

 

Where 

1

2

1

= ,

= 2 ( ) ,

T

PA LQA DQ

QA A Q R

PD DP LQD W R T W

  − −
  

 + − 

 − − + + +

 

1

1

1

0 0

0 0

0 0

.

T

S
PB LQB PC LQC P LQ

T
QB QC Q

H

PB LQB PC LQC P LQ

QB QC Q

−

−

−

 
 − − −  

 =   
  

 

 − − −
 
 

 

Following from (6), there exists 0 1   such that 
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0,0 0

0

T

PA LQA DQ PB LQB PC LQC P LQ

QA A Q R QB QC Q

S

T

H

  − − − − −
 
 + − 

    −
 
   − 

     − 

 

where (1 )( ( ))P Q F L PD DP = + + − − − 22 ( ) .LQD W R T W+ + +  In the light of Lemma 3, one gets 

(1 )( ( )) 0
0.

0 0

P Q F L+ + − 
 + +  

 
 

Therefore, combining (3) and (10), we could derive that 

(1) (5)

0

( ( ))
| (1 ) ( )( ( )) ( )

( ( )) ( ( )) , .

T

or

T T

dV x t
x t P Q F L x t

dt

x t t Px t t U HU t t



 

 − + + −

+ − − + 

                                 (15) 

 

From assumption 1 and the formula (8), one has 

0( ( )) ( )( ( )) ( ), .TV x t x t P Q F L x t t t + −                                            (16) 

 

According to (15) and (16), we obtain 0 ,t t   

(1) (5)

( ( ))
| (1 ) ( ( )) ( ( )) ,T

or

dV x t
V x t V x t U HU

dt
 − + + +                                 (17) 

 

Where ( ( )) sup ( ).
t h s t

V x t V s
−  

=  

On the basis of (17), when ( ( )) , ( ( )) ,V x t V x t    one gets 

 

(1) (5)

0

( ( ( )) )
|

(1 )( ( ( )) ) ( ( ( )) ), ,

or

d V x t

dt

V x t V x t t t



  

−

 − + − + − 

 

 

Where / .TU HU =  According to Lemma 4, we deduce ( ( ( )) ) ( ( ( )) )exp( ),V x t V x t t  −  − −  where 

  is the unique positive root of the equation (1 ) .he = + − In terms of Definition 1, and noticed 

( ( )) ( ) ( ),TV x t x t Px t  it is deduced that { ( ) ( ) / }n T Tx R x t Px t U HU  =  ∣  is a globally exponentially 

attractive set of the system (1). Hence, the MNNs system (1) is globally exponentially stable in 
Lagrange sense via the Definition 2. So, the proof of Theorem 1 is completed. 

Corollary 1 Assume that assumptions 1 holds and let (t)=0.  The MNNs (1) is globally 

exponentially stable in Lagrange sense if there exist three positive diagonal matrices Q, R, S and 
two positive definite matrices P, n nH R  such that the following LMIs hold: 

 

0,
0

T

PA LQA DQ PB LQB P LQ

QA A Q R QB Q

S

H

  − − − −
 
 + −  

   −
     − 

                                     (18) 
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.WSW P                                                                                      (19) 

 

( ) 2 .P Q F L PD DP LQD WRW = + − − − + + Similarly, 
1 n i i idiag{w , , w }, w = max{|L |,|F|},W =   i=1, ,n.   

What’s more, { ( ) ( ) / }n T Tx R x t Px t U HU  =  ∣ is a globally exponentially attractive set of (1), 

where 0 1.   

Proof: The course of proof is almost parallel to that of Theorem 1, except for getting rid of the 
inequality (13) in the theorem 1. So the process of the proof is omitted in here. 

Remark 2 In this paper, we adopt nonsmooth analysis and control theory to handle memristive 
neural networks. And compared with the results on globally exponentially stable in Lagrange 
sense of the neural networks with continuous right-hand side [6-7, 12, 16], our results for 
globally exponentially stable in Lagrange sense of the neural networks are right-hand side with 
coefficients discontinuous, so the results of this paper extend the earlier publications. 

Remark 3 For the memristive neural networks, some sufficient conditions were obtained for 
periodic dynamic behaviors [2-3], exponential dissipativity [8], exponential synchronization [1, 
11]. Compared with the above results, the main results of this paper are obtained for global 
exponential stability in Lagrange sense and the existence of globally exponentially attractive 
sets, which complement the earlier publications.  

4. Illustrative example 

Example: Considering the following three-neuron MNNs system with time-varying and finite 
distribute delays: 

1

1

- ( )
1

( )
( ( )) ( ) ( ( )) ( ( ))

        ( ( )) ( ( ( )))

        ( ( )) ( ( )) ( ),

        0, 1,2,3

j

n
i

i i i ij i j j

j

n

ij i j j j

j

n t

ij i j j i
t t

j

dx t
d x t x t a x t g x t

dt

b x t g x t t

c x t g x s ds U t

t i

=

=


=

= − +

+ − 

+ +

 =





 

                                              (20) 

 

where ( ) 2 cos( ) ( ) 0.8 | sin( |, ) ,tt tt  ==  

 

3 3

32 3 33 3

3 3

1 2 3

0.88, ( ) 1, 1.55, ( ) 1,
( ( )) ( ( ))

0.36, ( ) 1, 0.75

(max ( ) , max ( ) , max ( ) )

(0.8862 0.6455 0.93

, ( ) 1

12) ,

,

=

T

T

x t x t
c x t c x t

U u t

x t

u t

x t

u t

    
= = 

   

=  
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1 2

1 1 2 2

1 2

3 1

3 3 11 1

3 1

1

12 1 13 1

1

2.5, ( ) 1, 3, ( ) 1,
( ( )) ( ( ))

1, ( ) 1, 3.2, ( ) 1,

2.3, ( ) 1, 8, ( ) 1,
( ( )) ( ( ))

2, ( ) 1, 4, ( ) 1,

2, ( ) 1, 2,
( ( )) ( ( ))

2.5, ( ) 1,

x t x t
d x t d x t

x t x t

x t x t
d x t a x t

x t x t

x t
a x t a x t

x t

    
= = 

   

    
= = 

   

 − 
= =

− 

1

1

2 2

21 2 22 2

2 2

2 3

23 2 31 3

2 3

3

32 3

3

( ) 1,

5, ( ) 1,

8, ( ) 1, 3, ( ) 1,
( ( )) ( ( ))

9, ( ) 1, 6, ( ) 1,

9, ( ) 1, 2, ( ) 1,
( ( )) ( ( ))

0.5, ( ) 1, 4, ( ) 1,

2, ( ) 1,
( ( ))

0.5, (

x t

x t

x t x t
a x t a x t

x t x t

x t x t
a x t a x t

x t x t

x t
a x t

x

 




−    
= = 

−    

    
= = 

−    


=

3

33 3

3

1 1

11 1 12 1

1 1

1 2

13 1 21 2

1 2

2

5, ( ) 1,
( ( ))

) 1, 6, ( ) 1,

2, ( ) 1, 5, ( ) 1,
( ( )) ( ( ))

1, ( ) 1, 6.5, ( ) 1,

1, ( ) 1, 4, ( ) 1,
( ( )) ( ( ))

0.2, ( ) 1, 1, ( ) 1,

x t
a x t

t x t

x t x t
b x t b x t

x t x t

x t x t
b x t b x t

x t x t

b

 −  
= 

 −   

   −  
= = 

 −   

    
= = 

   

2 2

2 2 23 2

2 2

3 3

31 3 32 3

3 3

3 1

33 3 11 1

3

8, ( ) 1, 3, ( ) 1,
( ( )) ( ( ))

2, ( ) 1, 5, ( ) 1,

7, ( ) 1, 6, ( ) 1,
( ( )) ( ( ))

4, ( ) 1, 8, ( ) 1,

7, ( ) 1, 1.32,
( ( )) ( ( ))

9, ( ) 1,

x t x t
x t b x t

x t x t

x t x t
b x t b x t

x t x t

x t x
b x t c x t

x t

    
= = 

   

  −  
= = 

 −   

− 
= =

−  1

1 1

12 1 13 1

1 1

2 2

21 2 22 2

2 2

23 2

( ) 1,

1.03, ( ) 1,

0.58, ( ) 1, 0.55, ( ) 1,
( ( )) ( ( ))

0.34, ( ) 1, 0.85, ( ) 1,

1.01, ( ) 1, 0.35, ( ) 1,
( ( )) ( ( ))

0.1, ( ) 1, 0.13, ( ) 1,

(

t

x t

x t x t
c x t c x t

x t x t

x t x t
c x t c x t

x t x t

c x

 

− 

  −  
= = 

   

    
= = 

−    

2 3

31 3

2 3

0.58, ( ) 1, 0.13, ( ) 1,
( )) ( ( ))

0.28, ( ) 1, 0.02, ( ) 1,

x t x t
t c x t

x t x t

    
= = 

   

 

And then, the parameters are given as follows: 

{1,3,2}, {3.5,6.2,4.3},

8 2 5 4 2.5 2

8 6 9 , 9 3 4.5 ,

4 2 5 2 0.5 6

2 5 1 1 7 0

4 8 5 , 1 2 3

7 6 7 4 8 9

1.32 0.58 0.85 1.32 0.34

1.01 0.35 0.58 ,

0.13 0.88 1.55

D diag D diag

A A

B B

C C

= =

− −   
   

= − = −   
   − −   

− −   
   

= =   
   − − − −   

− − 
 

= = 
 
 

0.55

0.10 0.13 0.28 .

0.02 0.36 0.75

 
 
− 
 
 
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Case 1: When the activation function is selected as 1
( ( )) ( ( ) tanh( ( ))),

16
g x t x t x t= + it is obviously that 

the activation function ( )g   satisfies the assumption 1 with L 0,=

{0.125,0.125,0.125}.F W diag= =  

Then by using the Matlab LMI Control Toolbox, the solutions to the LMIs in (6) and (7) are 
derived as follows: 

0.6819    0.1166   0.2544

0.1166    0.7451    0.2085

0.2544    0.2085    0.8519

0.0458,0.0777,0.3611

25.3785,19.1

,

{ },

{ },418,21.9942

20.9788,22.8649,19.1{ },807

6.8177,9{

P

Q diag

R diag

S diag

T diag

 
 

=  
 
 

=

=

=

=

−

−

.4480,8.0978

13.1677    0.0083    0.0208

0.0083   13.0189    0.0522

0.0208    0.0522   13.

.

5

},

162

H

 
 

=  
 
 

 

Calculating the eigenvalues of H, we get the eigenvalues are 13.0019, 13.1505, 13.1967. 
Therefore, following from Theorem 1, we gain that the MNNs system (20) is globally 
exponentially stable in Lagrange sense. Moreover, the compact set 

{ ( ) ( ) 27.1337 / }n Tx R x t Px t  =  ∣ is a globally expo-nenttially attractive set of (20). 

Case 2: On the other hand, when considered the function 1
( ( )) (| 1| | 1|),

16
g x t x x= + + − the activation 

function ( )g   satisfies the assumption 1 with  

{ 0.125, 0.125, 0.125},L diag= − − −  

{0.125,0.125,0.125}.F W diag= =  

Analogously, the solutions to the LMIs in (6) and (7) are derived as follows: 

5.2500    0.9791   2.1937

0.9791    5.8322    1.1810

2.1937    1.1810    7.4673

1.9109,1.6459,4.1828

260.7605,190

,

{ },

{ },.7273,194.4384

153.7660,183.9017,{ },

{

138.0816

51

P

Q diag

R diag

S diag

T diag

 
 

=  
 
 

=

=

=

=

−

−

.0309,77.4338,75.3789

104.9556   0.1554    0.2436

0.1554  103.6230    0.5247

0.2436    0.5247  104.1278

},

.H

 
 

=  
 
 

−

−

 

Calculating the eigenvalues of H, we get the eigenvalues are 103.2528, 104.4315, 105.0220. 
Therefore, following from Theorem 1, we gain that the MNNs system (20) is globally 
exponentially stable in Lagrange sense, and the compact set { ( ) ( ) 215.7497 / }n Tx R x t Px t  =  ∣

is a globally exponentially attractive set of (20).  

Remark 4 The activation functions in Case 2 of this example don't meet with the conditions of 
[10], which mean that the conclusion in [10] can't be applied to ensure the stability in Lagrange 
sense of system (20). Hence, our results in this paper are less conservative than those in [10]. 
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5. Conclusion 

In this paper, we have analyzed the Lagrange stability problem for memristive neural networks 
with general activation functions and mixed delays. The mixed delays considered here are time-
varying and finite distributed delays. Under the framework of Filippov’s solution, and by 
utilizing a new Lyapunov-Krasovskii functional, the Halanay inequality and Linear matrix 
inequality technique, a set of novel sufficient conditions are obtained to ensure the globally 
exponentially stability in Lagrange sense of MNNs. Obviously, our approaches are different 
from those of the pre-existing. Moreover, our results show that the globally exponentially 
attractive set does contribute to the Lagrange stability of the considered system. Finally, a 
numerical example is given to show the effectiveness of the theoretical result. 
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