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Middle School Classroom Furniture Evaluation Model
Based on Combinatorial Weighting of Game Theory
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Within the context of educational innovation, diversified teaching models
impose higher requirements on classroom furniture adaptability. However,
conflicting multi-stakeholder demands and configuration imbalances
constrain the upgrading of educational spaces. To address this, this study
focuses on the “demand-configuration” contradiction and constructs a
composite evaluation model integrating the “game theory combined
weighting method - fuzzy comprehensive evaluation method - quadrant
diagram model”. Through improved Analytic Hierarchy Process (AHP) and
entropy method game weighting, this approach can balance multi-party
weight conflicts, quantify user satisfaction based on fuzzy evaluation, and
identify “high demand-low adaptation” core indicators using the quadrant
diagram. Taking classroom furniture in M Middle School as a practical
case, results demonstrate that the quadrant diagram model accurately
identified six core indicators based on comprehensive weights and
satisfaction levels, aligning with current key optimization directions for
classroom furniture. This validates the model’s feasibility and accuracy in
resolving contradictions between multi-dimensional demands and actual
configurations. The proposed evaluation system provides a framework of
“‘demand deconstruction-efficiency evaluation-design guidance” for
educational furniture design, which is applicable to quasi-public product
design evaluation fields involving multiple stakeholders such as public
medical products, thereby enhancing the matching efficiency between
product resource allocation and diverse demands.
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INTRODUCTION

With the innovation of educational concepts and the diversified development of
teaching scenarios, classrooms as core carriers of knowledge transmission have seen their
spatial functions and furniture design gradually evolve into critical factors influencing
teaching quality, teacher-student experience, and even educational equity (Ke and Chen
2022). However, current classroom furniture systems generally suffer from mismatches
between actual configurations and user requirements (Su 2020). On the one hand, modern
educational paradigms have extended furniture requirements towards dimensions of
flexibility, dynamism, and human-machine interaction adaptability (Ke and Chen 2022),
while existing classroom furniture configurations exhibit temporal lag. On the other hand,
as defined by Samuelson’s (1954) theory of public goods and Rosen and Gayer’s (2014)
exploration of educational facilities’ relationship with public goods, school furniture
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demonstrates quasi-public goods characteristics, integrating attributes of both public and
private products. This public goods nature implies that classroom furniture design involves
multiple stakeholders, including educational institutions, teachers, and students
(Kariippanon et al. 2020). However, current research predominantly focuses on student
needs (Fu et al. 2024), often neglecting other stakeholders’ demands. Studies indicate that
end-user preferences alone do not solely determine design success, necessitating
consideration of other stakeholders’ requirements (Jiao and Zhang 2005). As Wood
cautioned, “if these relations are ignored or not understood, the project may enter into an
‘uncharted stakeholder minefield’ (Wood et al. 2012). Furthermore, these stakeholders
may exhibit both explicit/implicit conflicts and complementary demand preferences
(Camargo et al. 2021). For instance, teachers prioritize furniture flexibility and
adaptability, while students emphasize comfort (Morris et al. 2023). Such demand
heterogeneity creates coordination challenges in design evaluation processes, with
ambiguous demand prioritization frequently leading to resource misallocation and
efficiency losses (Chen et al. 2023). This phenomenon demonstrates universality in public
goods domains (Chen et al. 2025; Wang et al. 2025), which is particularly evident in
furniture design practice. Specific manifestations include: administrative-led procurement
decisions potentially causing functional redundancy and low utilization rates, while
market-driven cost-reduction strategies may induce ergonomic deficiencies and health
risks. Consequently, divergent stakeholder demands generate varied evaluation criteria for
classroom furniture, making the balance of multi-party requirements crucial for advancing
furniture design optimization.

However, current furniture design demand assessment suffers from dual limitations.
First, user demand evaluation predominantly adopts an isolated analysis paradigm that not
only neglects other stakeholders’ requirements (Miao et al. 2024; Chen and Zhu 2024;
(Wang and Chen 2024) but also fails to consider trade-off relationships between
stakeholders (Zhao et al. 2023; Liang 2024; Xiao et al. 2024). Second, existing evaluation
research on multi-stakeholder furniture products remains relatively scarce, with no
effective solutions proposed to reconcile conflicting demands.

As a consequence, there has been a weak connection among products, users, and
teaching methods, which ultimately impedes the development of classroom furniture.
Moreover, from the perspective of furniture design and procurement, classroom furniture
involves multiple stakeholders, such as educators, student groups, school administration
teams, furniture manufacturers, and professional designers. How to coordinate the needs
of each subject for classroom furniture to guide the design evaluation still needs discussion.

The demand assessment of classroom furniture is closely related to multi-criteria
decision analysis (MCDA) and comprehensive evaluation research. The game theory
combined weighting evaluation model has emerged as a significant research direction in
MCDA and comprehensive evaluation domains (Zhang et al. 2024), which is particularly
prevalent in engineering applications. Its core mechanism lies in resolving conflicts
between different weighting methods through game-theoretic principles to achieve
optimsized weight combinations. To overcome the limitations of single-weighting
approaches, scholars increasingly employ game theory combined weighting methods to
balance decision-makers’ subjective preferences with objective indicator data (Fu et al.
2022). Notable applications include the following: Tang et al. (2024) utilized game-
theoretic combined weighting to coordinate four evaluation indicators (safety, flexibility,
adaptability, and sufficiency), validating their model’s feasibility through cloud computing
to support sustainable energy transition. Xie and Hu (2024) developed a game theory
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combined weighting-TOPSIS method to objectively determine multi-factor impacts on
property insurance, establishing practical assessment tools for insurance decision-making.
Wang et al. (2022) applied this approach to reconcile interests among village collectives,
governments, and developers, providing methodological references for urban village
renewal evaluations and multi-stakeholder decision scenarios. Within game theory
weighting systems, stakeholder preference claims in public decision-making are typically
quantified through indicator weight values (Camargo et al. 2021). The weight allocation
process inherently reflects multi-party interest conflicts and strategic interactions, enabling
effective deconstruction of stakeholder demands through this methodology. Furthermore,
its application has expanded to cultural creative design (Zhang et al. 2022) and product
design domains (Zhou et al. 2023), demonstrating cross-disciplinary adaptability.

In the weighting system of game theory combined weighting methods (GT-CWM),
subjective weighting typically employs the Analytic Hierarchy Process (AHP) (Saaty
2008), while objective weighting utilizes the entropy method. AHP models and quantifies
decision-making processes in complex systems through a transparent framework,
effectively capturing the core demands of diverse stakeholders (Wang et al. 2022).
However, practical applications reveal limitations: to satisfy consistency requirements of
judgment matrices, original weights often require adjustment, a process that may
excessively weaken divergent indicators with significant stakeholder disagreements (Yao
et al. 2024). In contrast, the entropy method (EWM) calculates information entropy from
indicator data to identify measurement dispersion, thereby detecting contentious indicators
(Petrov 2022; Wang et al. 2013) and assigning them higher weights. Notably, high-
divergence indicators identified through entropy analysis frequently suffer from weight
reduction in AHP due to consistency correction mechanisms. The integration of these
approaches via game theory combined weighting establishes a dynamic equilibrium
mechanism (Nyimbili and Erden 2020). Such an approach can achieve the dual objectives
of an optimized balance of indicator weights and comprehensive accommodation of multi-
stakeholder interests. This methodology demonstrates particular efficacy in resolving
multi-agent, multi-criteria evaluation challenges. Its application to classroom furniture
evaluation holds significant research value and practical relevance, offering systematic
solutions for coordinating conflicting demands among stakeholders.

The game theory combined weighting model traditionally employs the Analytic
Hierarchy Process (AHP). However, classroom furniture evaluation indicators often
exhibit strong subjectivity-metrics such as comfort and aesthetic appeal. These indicators
demonstrate significant perceptual variations across stakeholders. In contrast, engineering
domains predominantly utilize objective quantifiable indicators such as structural strength
and material performance. To mitigate excessive personal bias in AHP-based weight
analysis, consensus validation (Kendall and Smith 1939) must be integrated to enhance
objectivity and reliability. This approach quantifies expert opinion convergence through
Kendall’s coefficient of concordance, calibrating individual weights deviating from group
consensus to ensure equilibrium in game-theoretic weighting results and improve
collective decision-making rigor. Currently, Kendall’s concordance coefficient
demonstrates broad applicability in complex evaluation scenarios, including healthcare
(Wang et al. 2023) and land development (Ding et al. 2017), proving particularly valuable
for resolving multi-stakeholder conflicts in subjective evaluation systems.
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In conventional design paradigms, the prioritization of user requirements through
weighting methods such as the Analytic Hierarchy Process (AHP) typically enables the
derivation of critical design elements to guide practical implementation (Chen and Zhu
2024). However, classroom furniture systems frequently exhibit disconnections between
actual configurations and user demands. Sole reliance on user requirements for design
development, without validating real-world effectiveness, risks creating ‘satisfaction gaps’
that hinder furniture optimization (Oliver 1997). Therefore, design practice necessitates the
integration of current usage patterns with user demands to formulate targeted and
actionable optimization strategies. User satisfaction serves as a pivotal metric for
evaluating classroom furniture performance (Kapuria et al. 2020). Defined as the affective
state resulting from comparisons between product performance and user expectations (Li
et al. 2009), satisfaction levels correlate positively with product efficacy. The fuzzy
comprehensive evaluation method (FCE), a widely adopted systematic assessment
framework, converts multi-dimensional qualitative evaluations into quantifiable scores,
and the approach has been extensively applied in design optimization (Shang et al. 2021)
and satisfaction measurement (Jin and Xu 2025). To address the accuracy and objectivity
limitations of singular evaluation models, this study proposes integrating game theory
combined weighting with fuzzy comprehensive evaluation for holistic classroom furniture
assessment. Nevertheless, systematic methodologies for analyzing the alignment between
furniture configurations and requirements using these dual-dimensional datasets, along
with prioritization of improvement targets, remain underexplored and warrant further
investigation.

The integration and refinement of these two methodologies for product design
guidance would empower designers to establish a closed-loop ‘analysis-evaluation-design’
mechanism. The quadrant diagram model (QDM), by combining indicator importance
weights with current satisfaction data, enables precise identification of ‘high-demand-low-
adaptation’ conflict points, providing a visual decision matrix for targeted resource
allocation and design iteration. Originally proposed by the Leadership Behavior Research
Group at Ohio State University as a management theory (Fleishman 1998), the quadrant
diagram model (also termed Two-Dimension Theory or Importance-Satisfaction Matrix)
serves as a diagnostic framework integrating quantitative and qualitative analysis to
investigate correlations between variable pairs (Bi et al. 2019). This model visualizes the
relationship between user satisfaction levels and expert-assessed importance weights for
identical indicators, thereby identifying priority improvement targets with significant
configuration-demand mismatches (Wang and Mao 2025). For instance, in urban renewal
studies, it has guided spatial optimization by reconciling resident satisfaction with planning
priorities (Wang 2015).

In summary, this study aimed to develop a comprehensive and precise evaluation
model applicable to quasi-public products. The framework provides a full-cycle solution
for classroom furniture design—from demand exploration and current state analysis to
targeted design optimization—while its methodological structure holds extensible potential
for evaluating other multi-stakeholder quasi-public products, such as medical devices and
park facilities. The research employs a composite evaluation model integrating game
theory combined weighting, fuzzy comprehensive evaluation, and quadrant diagram
analysis. Practical case validation demonstrates the model’s operational feasibility,
offering actionable guidance for classroom furniture design enhancement.
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DESIGN EVALUATION MODEL FOR MIDDLE-SCHOOL CLASSROOM
FURNITURE

The multi-stakeholder collaborative evaluation feedback model developed in this
study aims to achieve continuous optimization throughout the classroom furniture design
lifecycle (Fig. 1). Its technical framework follows an iterative pathway of ‘demand
deconstruction—-efficacy assessment—design guidance—optimization implementation’.

Theoretically, improved solutions can undergo secondary evaluations to establish a closed-
loop verification mechanism, while systematically incorporating national policy updates
and user feedback as iterative parameters. This paper focuses on model construction from
multi-agent collaborative evaluation to design implementation guidance, supported by
practical case analyses.

In the demand deconstruction phase, the game-theoretic combination weighting
method is employed to allocate weights to multi-stakeholder demands, enabling a rational
assessment of each indicator’s importance and establishing the ‘significance’ dimension
for subsequent evaluations. In the efficacy evaluation phase, based on the game-theoretic
weighting results, the fuzzy comprehensive evaluation method (FUZZY) is utilized to
conduct quantitative analysis of user satisfaction, providing a data-driven benchmark for
design guidance. In the design guidance phase, through cross-analysis of significance and
satisfaction metrics, a visualized priority map is generated to drive targeted resource
allocation and inform design implementation.
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Fig. 1. Design evaluation model for middle-school classroom furniture

Flow chart of middle school classroom furniture design evaluation based on game
theory - Fuzzy is shown in Fig. 2. The first step involves establishing the design evaluation
indicators for classroom furniture. A comprehensive indicator system is constructed based
on the needs of diverse stakeholders and the developmental trends of classroom furniture,
with indicators screened by an expert panel to ensure scientific validity and
representativeness. Next, the Analytic Hierarchy Process (AHP) captures consensus
demands from a collective decision-making perspective, while the Entropy Weight Method
identifies conflicting priorities by analyzing objective data divergence. Through game-
theoretic equilibrium, the combined weighting approach retains AHP’s focus on core
demands while enhancing sensitivity to latent conflicts via entropy-driven adjustments,
ultimately deriving comprehensive weights to assess the relative importance of each
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indicator. Subsequently, fuzzy linguistic evaluations from users are transformed into multi-
level numerical intervals, and satisfaction scores are calculated using membership
functions. Finally, the Quadrant Model integrates quantified results into a decision matrix,
visually mapping the alignment between classroom furniture configurations and user needs,
thereby precisely identifying ‘high-importance, low-satisfaction’ indicators to guide
targeted optimization.
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Fig. 2. Flow chart of middle school classroom furniture design evaluation based on game theory -
Fuzzy

Establish Evaluation Indicator System

The establishment of the evaluation indicator system must adhere to principles such
as objectivity, universality, adaptability, and scalability (Min et al. 2000). To guarantee the
scientific and representative nature of the indicators, this element set should incorporate
the viewpoints of various stakeholders, including students, teachers, school administrators,
furniture manufacturers, etc., in order to guarantee the comprehensiveness and practicality
of the evaluation system. Students, being the principal users of classroom furniture, place
high importance on comfort, functionality, and usability, which are vital elements in
furniture design. Teachers, on the other hand, concentrate on durability, ease of cleaning,
and the support provided for students’ learning behaviors. School administrators stress
economic efficiency, maintenance costs, and long-term utility. Manufacturers are
preoccupied with production efficiency, cost management, and market competitiveness. As
furniture for public education spaces, other factors such as environmental sustainability,
safety, and adaptability to diverse teaching requirements also demand attention.
Considering the scarcity of research on evaluation systems for secondary school classroom
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furniture and the absence of standardized guidelines, it is imperative to conduct extensive
data collection based on the requirements of students, teachers, administrators, and
manufacturers. Subsequently, systematic classification and integration of this data should
be performed.

The construction of the evaluation indicator system for middle school classroom
furniture followed a sequential approach of ‘literature review — field research — expert

consultation — indicator screening’. Initially, key criteria and high-frequency keywords

were extracted from national standards such as Design Code for Primary and Secondary
Schools (GB50099 - 2011) and Functional Dimensions and Technical Requirements for
School Desks and Chairs (GB/T3976 - 2014), as well as industry reports including the 2019
Blue Book on the Development of International Schools in China. Foundational
requirements included structural safety, dimensional adaptability (Attai et al. 2021), and
rational spatial layout. Further refinement incorporated global research literature on
‘classroom space’, ‘school furniture’, and ‘educational furniture’, aligning with
contemporary priorities in pedagogical reform and aesthetic design innovation.

Due to the attributes of public goods, the design, application, and management of
school homes involve many professional fields such as education and furniture design. In
order to consider the diverse needs of different subjects and ensure the universality and
comprehensiveness of the indicators, an expert group was set up to classify the information
by using the KJ affinity graph method (Xie and Xu 2024), and to screen, supplement,
summarise, and cluster the elements of the evaluation indicators. The experts selected 25
cross-disciplinary representatives, including school representatives, faculty members,
student groups, designers, and industry experts. The composition of expert group is shown
in Table 1. In addition, the authority of the expert group members needed to meet the
requirements of Cr = 0.5x(Ca + Cs) = 0.7 (where Ca is academic authority and Cs is

practical experience) (Hsu and Sandford 2007). Among them, Ca refers to the number of
papers published in the field of furniture design in the past 5 years, and Cs refers to the
number of school furniture projects.

Table. 1. Composition of Expert Group

Expert Groups Selection Criteria Cr | Numbers
Holds a senior professional title and has been teaching
Teacher for 10 consecutive years or more, and participation in 0.72 5
classroom space renovation projects within the past three
Furniture Leads the completion of at least 3 educational furniture
desi design projects, and the works must have won product 0.81 5
esigner . L ;
design awards at the provincial level or higher.
Selects high school students who are required to use the
Student ) )
representative assessment classroom furniture for three consecutive 0.77 5
P years and rank in the top 30% of their GPA.
Holds school-level administrative positions and has more
School , . . . .
L than five years of experience in teaching equipment 0.83 5
administrator
management.
Furniture The first author has published 3 research papers on 0.75 5
expert classroom furniture design in SCI/SSCI journals. )

The classroom furniture evaluation indicator system developed in this study
establishes a multidimensional framework integrating five core stakeholders’ divergent
demands: students as frequent users prioritize ergonomic comfort; design professionals
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emphasize full-cycle safety compliance encompassing structural stability (EN 12521) and
environmental standards (GB 18580); teaching practitioners focus on pedagogical behavior
support metrics; school administrators evaluate asset performance through sustainability,
durability, and cost-effectiveness; while educational researchers assess literacy
development parameters, particularly educational adaptability. This system translates
multi-stakeholder requirements into 25 quantifiable design indicators (Fig. 3), creating an
integrated evaluation framework spanning the entire lifecycle from design and production
to operation and maintenance, thereby providing actionable guidance for optimizing
educational furniture development through evidence-based design validation,
manufacturing compliance (< 0.124 mg/m3 formaldehyde emissions), and operational

performance monitoring (85% modular components enduring > 5,000 reconfigurations).

Target layer Criterion layer Object layer

— Material safety and environmental friendliness C1

— Ergonomic dimension adaptability C2

_Security — Structural safety and stability C3
— indicators —
B1 — Easy passage in the flow area C4

— Smooth rounded - corner design of the shape C5

— Rational daylighting and ventilation C6

— Ergonomic comfort C7

— Temperature comfort of materials C8

Practicability — Storage function C9
— indicators —
B2 — Smooth activity routes C10

— Flexible furniture layout C11

— Comfortable space atmosphere €12

— Optimization of space function zones C13

— Conformity to teacher - student interaction C14

Educational — Function compatibility with teaching C15
—_— indicators —
B3 —  Color compatibility with the teaching model C16

— Shape conformity to user demands C17

— Conformity to the needs of smart classrooms C18

Evaluation of Middle School classroom furniture needs

— Maintenance of the teaching space C19

Sustainability — Maintenance costs of furniture G20
— indicators —
B4 — Furniture durability C21

- Convenience of furniture installation C22

— Cultivation of innovative and practical ability C23

Ability-inspiration
— indicators —— Enhancement of autonomous learning ability C24
B5

— Personality and individuality cultivation C25

Fig. 3. Classroom furniture evaluation index system

AHP Method to Determine the Subjective Weight of Each Indictor

Given the inherently subjective nature of classroom furniture evaluation indicators,
unlike objective metrics in the engineering domain, this study integrated the Kendall
concordance coefficient into the fundamental Analytic Hierarchy Process (AHP)
framework (Saaty 1980) to mitigate individual biases and enhance the scientific validity
and decision-making reliability of evaluation outcomes. The synergistic process involves
four phases: (1) group judgment matrix construction, (2) consensus validation (Kendall
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1939), (3) feedback-driven adjustment, and (4) comprehensive weight calculation.

Step 1. Individual Judgment Matrix Construction. For m decision-makers
evaluating n indicators at the same hierarchy, pairwise comparisons are conducted. Using
the 1-9 scale, each decision-maker k constructs a judgment matrix A(k) = [aij(k)], where
a;™ denotes the relative importance score of indicator i versus j by decision-maker k. All
matrices must pass consistency verification .

Step 2: Consensus Validation. Convert each stakeholder’s global weights into
demand rankings. Calculate Kendall’s concordance coefficient W (Eq. 1) for all decision-
makers’ indicator rankings, where WW € [0,1]. Higher W values indicate stronger group
consensus (typically requiring W = 0.7). Validate statistical significance via chi-square
test (Eq. 2); p < 0.05 confirms meaningful consensus.

Step 3: Feedback Adjustment Mechanism. If the initial Kendall’s concordance
coefficient W < 0.7, the following feedback mechanisms are triggered. First, Conflict

Indicator Identification: Compute rank sums and coefficients of variation CV; = R‘ . Re-

evaluate indicators with CV; > 0.3; Second, Dynamic Weight Correction: Introduce group
negotiation weights A, for disputed indicators, reconstructing composite judgment
matrices (Eq. 3).

Step 4: Group Weight Synthesis and Consistency Verification. Calculate final
weights via eigenvector method (Eqg. 4) using adjusted individual matrices. Verify
consistency ratio CR (Eq. 5); iterations return to Step 3ifCR = 0.1.

S= Z(R —R) Ak.rank(a)f)

k=1
- m (n+1) 128
R= 2 » W= m? m3-n) (1)

where the rank sum R; of indicator i is the total of ranking values assigned by all decision-
makers.

X?=mmh-1)W )
s Ak

aij _Hk 14 SC) ’ Zlk =1 (3)

Af/%é\ ° wzlmax T (4)

where Amax IS the maximum eigenvalue and  is the normalised weight vector.

¢l =tmax cp_ (5)

n-1 '’ RI

Entropy Method to Determine the Objective Weight

This study employs the entropy method for objective weighting, leveraging
information entropy theory to quantify the dispersion of multi-stakeholder evaluation data,
thereby effectively identifying demand divergences among stakeholders. The entropy
method transforms opinion heterogeneity into mathematical representations, thereby
providing an objective basis for subsequent game-theoretic weighting through quantified
discrepancy analysis. The implementation process comprises four phases: (1) multi-source
data matrix construction (Eg. 6) to systematically integrate heterogeneous opinions; (2)
data standardization using the range method (Eq. 7) to eliminate dimensional differences,
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yielding a normalized matrix Y = (yij)m x n within the [0, 1] interval (Here, j is the
evaluation indicator number, i represents the respondent’s ID. Yij is the normalized value
of the i-th respondent for the j-th indicator, Xij is the raw data value of the i-th respondent
for the j-th indicator, (Xij)_min is the minimum value of the j-th indicator in the raw data,
and (Xj)_max and (Xj)_min are the maximum and minimum values of the j-th indicator,
respectively.); (3) entropy-based divergence quantification (Eg. 8) where entropy values ej
€10, 1) reflect group opinion dispersion; and (4) divergence-driven weight calculation (Eq.
9), prioritizing indicators with higher stakeholder conflicts. This methodology bridges
subjective preferences with mathematical rigor, enabling adaptive weight optimization
across design iterations.

X11 X122  ° X1m
x=|" o am ®
Xn1 Xnz2 0 Xpm
vy = i =(X) min_ "
(X)max- ()Q)min
Pij = 1tYij ¥
ZJ_:lYij
1 3 —
e :__(z Pijlnpij),Wi=l—erJn )
Inn = m_ijlej

Game-Theory Combination of Weights to Obtain the Overall Weights

This study introduces a game-theoretic combined weighting method that
harmonizes conflicts between subjective and objective weights, achieving optimal
retention of both information types while minimizing their discrepancies. The core lies in
constructing a game equilibrium between subjective and objective weights through the
following implementation pathway: (1) Base Weight Generation — Determine initial
weights for n indicators via linear combinations (Eq. 10); (2) Objective Function
Formulation — Minimize comprehensive deviations between combined weights and
original weights (Eq. 11); (3) Matrix Differentiation — Derive optimal first-order derivative
conditions (Eq. 12) and linear equation systems (Eq. 13); (4) Coefficient Optimization —
Normalize absolute combination coefficients (Eq. 14); and (5) Weight Synthesis —
Generate equilibrium weights through Nash bargaining solutions (Eg. 15).

w, = (WllJ Wiz, ", Wln)l l = 1121 Y L (10)
L
w= Y _ aw] (¢>0) (10)

where w represents the combined weight vector, and o, represents the linear combination
coefficient.

min ||ZZL=1alwlT—sz,||2,p=1,2,...,L (11)

L_ aw,wl =w,wl,p=12,-,L 12
=1 Pl p"p
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[wiw] wiwj - wle] [wiwl]
IW;“’I Wz'Wg WZWL _|wowi| (13)
wwl  wowl wLwL lWLWLJ
af = |ay|/ it | il (14)
w = ZlelaZ‘wlT,lzl,Z,---,L (15)

Fuzzy Method to Determine the Satisfaction Evaluation

The fuzzy comprehensive evaluation method is introduced to establish a
satisfaction analysis framework through the following integrated workflow: Initially, the
evaluation indicator system is defined by synthesizing hierarchical criteria (as depicted in
Fig. 3), followed by the establishment of a five-level evaluation grade set M = {M1, M2,
M3, M4, M5}, where M1-M5 represent evaluation levels from 1 to 5. After assigning
values, the intervals for M1-M5 are as follows: (0, 20], (20, 40], (40, 60], (60, 80], and (80,
100]. Expert assessments are then conducted on secondary indicators to construct single-
factor Fuzzy evaluation matrices D (EQ.16), where each element Kij represents the
membership degree of indicator ii to grade j. Leveraging criterion-layer weights derived
from game-theoretic combination weighting (WB, WB1, WB2, WB3, WB4 ,WB5), the
fuzzy comprehensive vector P is computed via P =W x D (Eq. 17). Finally, normalization
is applied to P using maximum-value scaling (Eg. 18), and the composite satisfaction score
T is calculated by weighting normalized values against predefined grade benchmarks.

Ku - Kun
D=| : : (16)
K -+ Km
Ku -+ K
P=WxD=( WB1,WB2,WB3,WB4,WBs) X | : D=L ) @an
K - K
pr=_F (18)

2 f
=L

The Quad-Graph Model to Determine the Importance-Satisfaction
Evaluation Matrix

This study incorporates the quadrant diagram model (Fleishman 1998) to establish
a dual-dimensional evaluation mechanism. On one hand, it mitigates decision bias inherent
in traditional single-dimensional assessments by integrating both importance weights and
satisfaction scores into a unified evaluation matrix, forming a comprehensive analytical
framework. On the other hand, leveraging the model’s partitioning capability, indicators
are categorized into four quadrants, enabling precise identification of ‘high-priority-low-
performance’ critical optimization targets.

The quadrant diagram model categorizes indicators into four distinct zones within
the coordinate space (Fig. 4): Advantage Zone, Maintenance Zone, Opportunity Zone, and
Improvement Zone. The Improvement Zone (high importance - low satisfaction) represents
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critical user pain points with significant gaps between current configurations and user
expectations, necessitating prioritized optimization efforts. The Advantage Zone (high
importance - high satisfaction) embodies core competitive strengths that require sustained
technological innovation and user experience refinement to maintain leadership. The
Opportunity Zone (low importance - low satisfaction) serves as a potential incubator for
latent demands, where uncovering hidden value can drive new growth opportunities. The
Maintenance Zone (low importance - high satisfaction) balances resource efficiency by
preserving existing performance while proactively mitigating quality risks. This quadrant-
based prioritization framework systematically guides strategic resource allocation and
action planning, offering a data-driven roadmap for design innovation and iterative
enhancement.

Hight
IMPORTANCE ADVANTAGDE
3
<
£
o
=9
E
OPPORTUNITY MAINTENANCE
Low Satisfaction High'

Fig. 4. Quadrant diagram model

APPLICATION EXAMPLE OF EVALUATION MODEL

To verify the rationality and feasibility of the evaluation model for middle school
classroom furniture based on the Game Theory Combined Weighting, the Fuzzy Method,
an empirical test of the indicator system and evaluation model, was carried out with M
Middle School as a case study. This empirical test also aimed to evaluate the development
level of classroom space and furniture in M Middle School (Shao 2024). Established in
1923 and situated in Eastern China, M Middle School has a long-standing history of
construction and development. This history reflects the changes in the design and standards
of secondary education buildings within China. Moreover, in terms of furniture
configuration, spatial arrangement, and educational standards, this school shares similar
characteristics with numerous schools across the country, thereby making it a
representative case. The school consists of a total of 142 classrooms, which are distributed
among three academic buildings. Table 3 presents the basic attributes and characteristics
of the general classroom spaces in this middle school.

To ensure case representativeness and typicality, M Middle School was validated
across five dimensions-basic attributes, operational management, hardware facilities and
teaching environments, student characteristics, policies, and external contexts—as detailed
in Table 2. The study employed a one-sample t-test (Cohen 1988) to systematically assess
its typicality in different dimensions, with all indicators passing significance verification
(o = 0.05). Data collection came from official statistics (National Compulsory Education
Quality Monitoring Reports, Jiangsu Provincial Education Department Annual Reports,
school asset registries), field measurements (classroom parameters captured via laser
rangefinders (Takona 2024), and illuminance meters with +1% error control),
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and standardized surveys (student anthropometrics aligned with the National Student
Physical Health Standards). Continuous variables underwent Z-score normalization (Z =

%, where p is the regional mean and o is the standard deviation) (Field 2013) to

eliminate dimensional heterogeneity, ensuring cross-indicator comparability in multi-
criteria analysis.

Table 2. Comparison Verification Table for M School

. . Local National
Angle Sub-dimension M Standard Standard Standard t-test Result
School Class Size 48 students 50 students <55 t=4.33,p<0.0019
Scale students
Student size 2,969 <3,000 <3,000 t=9.25,p<0.001
Curriculum 85% Core + 75% Core _
Funding Structure 15% Elective | (0=3%0=3%) 270% t=13.33,p<0.001
Manag- Teaching staff 38% 28% (0=4%) 20% t=12.50,p<0.001
ement i ¥17,000
Per Capita ) _
Education Funding ¥19,200 (0=1,200) >¥12,000 | t=9.17,p<0.0019
Service life 5 years 6.5 years2 8 years t=8.44,p<0.0019
. . Regional Bid o Allow _ _
Hard- Price Compliance Price +8% Allow +10% +15% t=2.50,p=0.015
fo’}If,e Material Safety GB 28007 95% pass GB 28007 | Chi-square test
Ay Seismic Requires National
Structural Safety q Standard compliance
Level 8 Level 7
Level 7
Body Male: 174 cm National
- Female: 160 | 170 cm (0=2) | Standard | t=10.00,p<0.001
Student Characteristics cm P50 Curve
analysis 5106
I 0, 0/4- 0 =
Gender Ratio Male 53% (6=0.5%) 45%-55%2 | t=4.00,p<0.001
Policy . Special Mean +5% Local _
Support Policy Preference Fund+15% (0=8%) standards t=3.92, p<0.001

By quantitatively comparing the key indicators, it provides a comprehensive

reflection of the typicality and compliance of M in terms of educational resources,
construction conditions, and student characteristics, making it suitable for feasibility and
applicability analysis of the model as a case study. The current status of teaching spaces
and furniture in M is shown in Table 3.

Table 3. The Current State of the Classroom Space

Size Per capita Furm_ture Techn!cal Photo
area design facilities
Single-seat Whiteboard
) Single-desk .
1.56m radio
48 locker .
/person . projector
podium computer
Microphone P
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AHP Method to Determine the Subjective Weight of Each Indictor

A judgment matrix was established based on the classroom furniture evaluation
indicator system. An expert panel, as detailed in Table 1, was enlisted to jointly evaluate
the significance and weights of each evaluation criterion for middle-school classroom
furniture through the application of a 9-point scale. Based on the final scores derived from
the decision-making procedure, a judgment matrix was formulated. This matrix
successfully passes the consistency test, thereby guaranteeing that the calculated weights
are in harmony.

The experimental methodology employed structured questionnaires administered
in soundproof meeting rooms, where experts individually completed paper-based surveys
under controlled 30-minute time limits using digital timers to mitigate group pressure
interference. The questionnaire comprised two sections: the first collected demographic
data (gender, age, profession, educational background) to analyze potential biases in group
decision-making, while the second contained 25 indicator-specific subjective evaluation
items for classroom furniture. Each indicator was accompanied by contextualized case
examples and regulatory references.

Two iterative consensus validations were conducted: the initial round yielded a
Kendall’s W = 0.62 (p < 0.01), while the second achieved W = 0.79 (p<0.001), satisfying
the high-consensus threshold (W>0.7) for social science research. This statistically
significant progression confirmed expert consensus. Finally, the geometric mean method
synthesized group judgment matrices, passing consistency verification (CR<0.1) to derive
weights for middle school classroom furniture. The weights of AHP method is shown in
Table 4.

Table 4. Weights of AHP Method

Criterion Layer Subcriteria Layer . .
Index Weight Index Weight CR Total Weight Value Ranking
Ci 0.275 0.109 1
Cc2 0.134 0.053 5
C3 0.256 0.101 2
B1 0.395 ca 0075 0.006<0.1 0.029 9
C5 0.134 0.053 4
C6 0.127 0.050 6
Cc7 0.362 0.087 3
Cc8 0.084 0.020 17
C9 0.133 0.032 10
B2 0.239 C10 0075 0.011<0.1 0018 18
c11 0.228 0.055 8
Ci12 0.119 0.028 11
C13 0.314 0.054 7
Cil14 0.176 0.030 11
Ci5 0.176 0.030 15
B3 0.173 c16 0062 0.017<0.1 0011 >4
Cc17 0.108 0.019 21
Ci8 0.165 0.029 16
C19 0.351 0.042 14
C20 0.351 0.042 13
B4 0.120 Co1 0189 0.004<0.1 0023 18
Cc22 0.109 0.013 22
Cc23 0.334 0.024 19
B5 0.073 C24 0.142 0.052<0.1 0.010 25
C25 0.275 0.038 20
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Entropy Method to Determine the Objective Weight

In this study, the questionnaire method was used. The expert group was provided
with a soundproof conference room, a paper questionnaire, and a timer (limited time of 30
minutes/person) to avoid cross interference. Based on the empirical study conclusions of
Leatham (2002) (the 5-level scale achieved the optimal balance between cognitive load and
discrimination), 25 indicators were scored by 5-level Likert scale, and the options were set
as (very important=5, important=4, neutral=3, not important=2, very unimportant=1). The
questionnaire consisted of two parts: the first part was the basic information of experts,
including gender, age, occupation, and education background; The second part was the
importance score table set according to 25 indicators (Table 2) of classroom furniture in
middle school. In order to ensure that the perspective and basis of data collection were
consistent under different evaluation methods and to avoid the deviation of results caused
by differences in expert groups, 25 members in Table 1 were still selected as the subjects
of questionnaire distribution.

The entropy weight method questionnaire collected 25 valid responses, with a
Cronbach’s alpha of 0.768 (>0.7 threshold), confirming its validity. Following the entropy
weight method’s computational procedures, objective weight results were derived. The
weights of Entropy method is shown in Table 5.

Table 5. Weights of Entropy Method

Criterion Layer Subcriteria Layer . .
Index Weight Index Weight Total Weight Value Ranking
Ci 0.156 0.041 10
Cc2 0.122 0.032 16
C3 0.194 0.051 7
Bl 0.262 C4 0.144 0.038 12
C5 0.236 0.062 3
Cc6 0.148 0.039 11
Cc7 0.153 0.027 20
c8 0.141 0.025 21
Cc9 0.181 0.032 16
B2 0.178 C10 0.260 0.046 9
Cl1 0.107 0.019 23
C12 0.158 0.028 19
C13 0.064 0.018 25
Cil4 0.212 0.060 4
C15 0.254 0.072 2
B3 0.282 C16 0.191 0.054 6
C17 0.166 0.047 8
C18 0.113 0.032 16
C19 0.132 0.019 23
C20 0.243 0.035 14
B4 0.144 C21 0.396 0.057 5
C22 0.229 0.033 15
C23 0.548 0.074 1
B5 0.135 C24 0.267 0.036 13
C25 0.185 0.025 21
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Game-Theory Combination of Weights to Obtain the Overall Weights

Based on the subjective and objective weights of each indicator, the subjective and
objective combination coefficients were 0.656 and 0.344 respectively, using the
combination principle of game theory. Subsequently, the combined weight values of the
evaluation indicators for middle school classroom furniture were derived according to the
calculation steps, as shown in Table 6.

Table 6. Summary of Game Theory Comprehensive Weights

Criterion Layer Subcriteria Layer . .
Index Weight Index Weight Total Weight Value Ranking
Ci1 0.245 0.086 1
Cc2 0.131 0.046 6
C3 0.239 0.084 2
Bl 0.350 C4 0.092 0.032 16
C5 0.160 0.056 4
C6 0.132 0.046 5
c7 0.304 0.066 3
C8 0.100 0.022 23
C9 0.147 0.032 17
B2 0218 C10 0.127 0.028 21
Ci1 0.195 0.043 8
Cci12 0.128 0.028 20
C13 0.197 0.042 9
Cil4 0.191 0.040 11
Ci15 0.211 0.044 7
B3 0211 C16 0.122 0.026 22
Cc17 0.136 0.029 19
C18 0.142 0.030 18
C19 0.266 0.034 14
C20 0.309 0.040 12
B4 0.128 Cc21 0.271 0.035 13
Cc22 0.155 0.020 24
Cc23 0.438 0.041 10
B5 0.094 C24 0.202 0.019 25
C25 0.357 0.034 15

Figure 5 shows the weight result curves based on the three weighting methods. In
the Analytic Hierarchy Process (AHP), the safety index (B1) dominated with a significant
weight of 0.395, which is in line with the industry/national standards (GB/T 3976-2014,
GB 50099-2011) and also reflects the core demands of multiple entities. In the Entropy
Method, the weight of the educational index (B3) reached 0.282, and its dispersion
coefficient was much higher than that of the safety index, reflecting the demand differences
of multiple entities.

The transformation of the educational mode put forward higher requirements for
the teaching space and furniture facilities. Therefore, teachers and industry experts pay
special attention to the educational index. In order to maintain the importance of the safety
index and take into account the educational needs, the game theory combined weight
method based on the theory of minimizing differences and achieving equilibrium was
adopted, and the obtained weight result lay between the results of the Analytic Hierarchy
Process and the Entropy Method. This method can effectively balance the weights of
various indicators and also take into account the needs of all stakeholders, thus obtaining a
more scientific and reasonable weighting result. Through this result, the effectiveness of
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the game theory combined weight method in achieving the balance of multiple parties'
demands in the furniture field is further verified, providing a reference for the importance
evaluation of the evaluation index system of classroom furniture.

0.12

: - Analytic Hierarchy Process
010 i - - - - Entropy Weight Method
; F Game-Theoretic Combined Weighting Method

008 |\

0.06

Weight

0.04 |

0.02

000 Lb—mrrro
123 456 7 8 91011121314 1516 17 18 1920 2122 23 24 25
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Fig. 5. Result curve chart of the weights for each method

Fuzzy Method to Determine the Satisfaction Evaluation

After determining the comprehensive weights of each indicator, the Fuzzy
Comprehensive Evaluation Method was applied to evaluate the satisfaction of the use of
classroom furniture in M Middle School, so as to obtain the current construction situation
of the classroom furniture.

Table 7. Fuzzy Comprehensive Evaluation Results

Target Layer Criterion Layer Subcriteria Layer Ranking
Score Ranking Index Score Ranking Index Score

C1 68.8 4

c2 64 4

Cc3 79.8 4

B1 70.39 4 ca 632 7

C5 70.4 4

C6 75.2 4

Cc7 58.4 3

c8 63.2 4

Cc9 59.6 3

B2 60.15 4 C10 616 4

Ci1 60.8 4

Ci12 59.2 3

65.40 4 Ci13 60.8 4
Ci4 59.2 3

Ci15 58.4 3

B3 58.84 3 C16 56 3

C17 57.6 3

Cci8 62.4 4

C19 66.4 4

C20 61.6 4

B4 62.23 4 Co1 696 7

Cc22 62.4 4

Cc23 52.8 3

B5 52.85 3 C24 49.6 3

C25 55.2 3
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In this study, the questionnaire survey method was adopted. To make the data more
authentic and reliable, the survey subjects were selected as 125 students and 25 middle
school teachers in M Middle School, covering different grades and subject backgrounds.
During the students’ evening self-study period, permission was obtained to enter the classes
and distribute the questionnaires.

The questionnaire used the Likert five-point scale to score the satisfaction of 25
indicators. A total of 150 valid questionnaires were retrieved from the questionnaire survey
using the Fuzzy Comprehensive Evaluation Method. The Cronbach’s alpha value of the
guestionnaire validity is 0.875 > 0.8, indicating that the questionnaire is valid. The analysis
results of the Fuzzy Comprehensive Evaluation Method are shown in Table 7.

According to the calculation and analysis of the questionnaire data, the evaluation
result of the classroom furniture in M Middle School was 65.40, which is at the fourth level,
basically taking into account the importance of safety, comfort, and education. Among
them, safety (B1), comfort (B2), and sustainability (B4) all reached the fourth level, while
education (B3) and ability inspiration (B5) failed to reach this level, resulting in a relatively
low comprehensive score. This also reflects that the current design of classroom furniture
in M Middle School did not match the actual educational needs. The on-site investigation
reveals that, on the one hand, there is an imbalance in the budget allocation of the school.
Non-core indicators (lockers) occupy too much renovation funds, leading to a lag in the
upgrading of key teaching equipment. At the same time, the furniture layout in M Middle
School is rigid. Fixed desks, chairs, and podiums account for a large proportion, restricting
the interaction between teachers and students and being unable to support students’
independent exploration and collaborative innovation. On the other hand, only 12% of the
classrooms in the school are equipped with collaborative furniture, and it takes up to 15
minutes to rearrange the furniture, making it impossible to carry out effective group
discussions.

The Quad-Graph Model to Determine the Importance-Satisfaction
Evaluation Matrix

In order to accurately locate the priority improvement items, the Quadrant Chart
Model was adopted. Taking the satisfaction index value as the horizontal axis and the
importance satisfaction value as the vertical axis, and using the average value as the critical
line of the horizontal and vertical axes, a scatter plot of ‘importance — satisfaction’ of
classroom furniture in M Middle School was drawn in the four quadrants. The evaluation
results of the Four-Quadrant Diagram for Classroom Furniture is shown in Fig. 6. The 25
core indicators were positioned in four strategic areas to achieve the visual output of
demand characteristics.

As can be seen from the figure, the 25 evaluation indicators were distributed among
all four quadrants. Among them, the advantage area (high importance - high satisfaction)
included four indicators, namely C1, C3, C5 and C6, indicating that these functions
currently possess core competitiveness. It is advisable to maintain this level, and there is
no need to allocate excessive resources to them.

The opportunity area (low satisfaction - low importance) had the largest
concentration, with a total of 13 indicators. This shows that non-core indicators account
for a relatively large proportion in the design decision-making process, and these features
have not attracted the attention of users. Therefore, within the scope permitted by resources,
it is possible to appropriately explore the implicit value of this area. The maintenance area
(low importance - high satisfaction) includes two functional indicators, C19 and C21.
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However, it is worth noting that the indicators in the low importance area are not static. It
IS necessary to consider whether the update of national standards and other factors will
affect their weights, so as to adjust the priority order in a timely manner. The improvement
area (high importance - low satisfaction) includes six indicators: ergonomic dimension
adaptability (C2), ergonomic comfort (C7), functionality’s fit with teaching methods (C15),
flexibility of spatial layout (C11), optimization of spatial functional areas (C13), and
cultivation of innovative practical ability (C23). These indicators reflect the pain points
existing in the current classroom furniture and should be regarded as the primary
breakthrough points for design optimization.
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Fig. 6. Evaluation results of the Four-Quadrant diagram for classroom furniture

DISCUSSION

Through the collaborative analysis of the Analytic Hierarchy Process (AHP) and
the Entropy Method, this study revealed deep-seated contradictions between the demand
consensus (Table 5) and the divergence (Table 6) in the evaluation of classroom furniture.
As discovered from Fig. 5, there were significant differences in the educational indicators
between the two weighting methods. The AHP weight (0.173) reflects the basic consensus
of the group on the teaching adaptability, while the high dispersion coefficient (0.282) of
the Entropy Method exposes the cognitive conflicts of multiple entities regarding the
connotation of ‘educational empowerment’. As Kariippanon et al. (2020) pointed out,
teachers still regard the traditional layout and furniture as their comfort zone; while
designers and school leaders will emphasize the transformation of classroom furniture,
leaving teachers with no choice. This phenomenon reflects the practical dilemma of
China’s educational reform (Su 2020). Although the ‘student-centered’ teaching model has
been implemented for many years, the design of classroom furniture is still limited by the
traditional ‘lecture-style’ spatial paradigm. The reasons are as follows. On the one hand,
the current classroom furniture standards (such as GB/T 3976-2014) do not include
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education as a mandatory indicator. On the other hand, the market lacks furniture products
that match the actual needs (Chen et al. 2024) Based on the coupled analysis of the
combined weighting based on game theory and the Fuzzy Comprehensive Evaluation
(Tables 6-7), the satisfaction ranking (4/5) of the educational indicators is lower than the
comprehensive weight ranking (3/5), reflecting the mismatch between the ‘configuration
of classroom furniture and teaching needs’ (Echeverria 2018). The Quadrant Chart Model
further locates the educational and other related indicators in the improvement area of ‘high
demand - low adaptability’. The discussion in this section, taking education as a
breakthrough point, once again confirms the scientificity and adaptability of this composite
model in solving the evaluation problem of the diverse needs of classroom furniture. In
addition, it can also be extended to the field of quasi-public goods.

Improvement Area Indicators Should Be Met First

The indicators in the improvement area of ‘high demand - low adaptability’ include
C2, C7, C15, C11, C13, and C23, which need to be prioritized for breakthrough in the
design optimization of middle school classroom furniture. Among them, C2 and C7 are the
continuous focuses in the field of school furniture design and belong to the category of
basic human factors needs, which is consistent with the view proposed by Smith (2007)
that the satisfaction of human factors needs is a mandatory prerequisite for the design of
educational furniture. In order to improve the adaptability of the furniture, a multi-
dimensional adjustment mechanism and an intelligent adaptation extension system can be
explored, and intelligent furniture that can sense students’ body postures and
environmental parameters can be developed, such as monitoring sitting postures through
pressure sensors. To enhance users’ comfort, in-depth exploration can be carried out in
aspects such as the support design of the contact surface materials and temperature control.
C15, C13, and C11 are all fall within the category of teaching scene responsive design.
They need to be adapted to teaching needs and are also the key directions for future design,
which is in line with the priority of future classroom furniture design in the research of
Zhou and Chen (2023). The teaching functions of the furniture should be deeply developed.
For example, the classroom space layout and furniture should achieve decentralized
movement on demand (Jing et al. 2025), providing support for users to carry out social
interactions and switch teaching modes at any time for learning. C23 is the design goal of
middle school classroom furniture. This goal can be achieved by building a learning
pathway (to facilitate the input and construction of new knowledge) and a learning
exhibition area (to facilitate the output and evaluation of new knowledge) (Jin and Shen
2024). Among them, the learning pathway includes wireless microphones, collaboration
software, metaverse platforms, etc.; the learning exhibition area includes 360-degree
writable whiteboards, wireless presentation, eye-tracking student learning technology, etc.

CONCLUSIONS

1. Aiming at the problem of the mismatch between the diverse needs of classroom
furniture and the actual configuration, this study has constructed a composite
evaluation model of ‘Game Theory Combined Weighting - Fuzzy Comprehensive
Evaluation Method - Quadrant Chart Model’, and formed a four-level evaluation path
of ‘demand deconstruction-current situation evaluation-design guidance-optimization
implementation’. Through the game weighting of the improved Analytic Hierarchy
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Process (AHP) and the Entropy Method, the demands of multiple entities such as
teachers and students were effectively balanced. Based on the Fuzzy Comprehensive
Evaluation Method, the user satisfaction was quantified, and the current configuration
situation was accurately depicted. The Quadrant Chart Model conducts a cross-analysis
of weights and satisfaction, locates the core of the contradiction of ‘high demand - low
adaptability’, and drives the precise allocation of resources. This model can provide a
reference for companies engaged in the design and development of classroom furniture,
and it can also be extended to the design evaluation fields of quasi-public products
involving multiple entities, such as public medical products and park facilities.

2. This study used the composite evaluation model to conduct an empirical test on the
supply-demand adaptability of middle school classroom furniture, taking the classroom
furniture of M Middle School as a case. The results show that after the game weighting,
the weight of the educational index was calibrated to 0.211, effectively balancing the
demand conflicts of multiple entities. The comprehensive evaluation of M Middle
School is at the fourth level, and the satisfaction of the educational index is relatively
low, which is consistent with the situation of the on-site investigation. The Quadrant
Chart accurately identifies six indicators of ‘high demand - low adaptability’, which
are consistent with the key optimization directions of the current classroom furniture,
confirming the feasibility and accuracy of the model in solving the contradiction
between diverse needs and actual configurations.

3. The future directions of middle school classroom furniture include ergonomic
dimension adaptability, ergonomic comfort, functionality’s fit with teaching methods,
flexibility of spatial layout, optimization of spatial functional areas, and cultivation of
innovative practical ability. These reflect the existing pain points of the current
classroom furniture and should be regarded as the primary breakthrough points for
design optimization.

4. This paper is limited to the construction and verification of the theoretical model. Due
to the limited space, the work of the closed loop and design verification will be reported
in full in another paper in the future.
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