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Abstract: As the core course of civil engineering, the teaching quality of bridge engineering and
the learning effectiveness of students are crucial for the construction of bridge engineering. The
traditional teaching of bridge engineering courses tends to be teacher-centered, with learning as a
supplement, and therefore is commonly referred to as teacher-centered. This article analyzes the
drawbacks of the teacher-centered teaching model and proposes a student-centered holographic
teaching method in the teaching practice of bridge engineering courses. By reconstructing the
learning content and constructing a holographic information field from a comprehensive perspective
of digital, physical, and humanistic aspects, a teacher—student learning community guided by
teachers and deeply participated in by students is established. From the perspective of integrating
life experience, professional knowledge cognition, and engineering philosophy thinking, the learning
effect of students is made high order, innovative, and challenging. The improved analytic hierarchy
process (AHP) was used to evaluate the student-centered holographic teaching concept, and the
results showed that adopting a multidimensional and multi-level holographic teaching method has
great practical significance in promoting the establishment of student knowledge systems and the
development of diversity.

Keywords: student-centered teaching method; holographic learning paradigm; analytical hierarchy
process; bridge engineering course

1. Introduction

As a compulsory course in civil engineering, the teaching objectives of bridge engi-
neering include but are not limited to cultivating students’ basic understanding of the stress
characteristics of various bridge types and components, mastering the structural princi-
ples of large-span, medium, and small bridges, and new bridge structures, and becoming
familiar with the design characteristics and application scope of common construction
methods. As the core course of transportation characteristic universities against the back-
ground of large-scale infrastructure and intelligent transportation, its classroom teaching
effect has a profound impact on the cultivation of students’ engineering and technical
abilities [1-3]. However, considering the teaching characteristics of this type of course,
such as wide application scope, complex and variable bridge types, cumbersome design
specifications, and high difficulty in calculation content, traditional teaching methods only
focus on explaining theoretical knowledge, often neglecting the integration of software
technology and engineering project practice related to bridge disciplines, resulting in a
decrease in students’ classroom enthusiasm and participation, and a significant reduction
in teaching efficiency. Therefore, exploring and adapting research methods for bridge
teaching is particularly important.
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With the development of the times, there has been a diverse demand for theoretical,
practical, complex, and landscape-oriented teaching in bridge engineering [4-7]. Practical
teaching plays an important role in the training system of undergraduate engineering
talents, and is an important teaching method that connects theoretical classrooms with
engineering practice. However, the practical teaching mode in engineering has problems
such as low efficiency, poor effectiveness, and students being prone to “hasty observation”,
making it difficult to achieve the expected results, and even more difficult to fully reflect
the teaching philosophy of “student-centered development” [8]. The theoretical character-
istics of bridge engineering are that the knowledge content is a summary of engineering
experience, the knowledge system is complex, and the logical line is not particularly clear.
Without practical experience accumulation, students find it difficult to understand the
scientific principles of bridge engineering knowledge deeply. The complexity of bridge
engineering is reflected in the diverse structural systems, lengthy calculation principles,
and the difficulty for students to quickly and effectively understand the force transmission
mechanism of structures in the mechanical calculation process. Therefore, the construction
of complex and diverse bridge structural systems is extremely difficult. With the gradual
transformation of concepts in recent years, the demand for bridge aesthetics in society
has gradually increased. However, there is currently a shortage of talent with relevant
knowledge in the engineering design industry, especially bridge engineers who understand
structural aesthetics. This has led to a one-sided pursuit of “novelty, uniqueness, and dif-
ference” in design, which in turn has led to a deviation in bridge aesthetics. It is imperative
to improve the professional aesthetic literacy of bridge engineering professionals, which
puts high demands on our higher education, especially engineering education [9-11].

“Putting students at the center” is the core foothold of humanistic education the-
ory [12]. The goal of education should be to promote the development of students, making
them “free” individuals who can adapt to change and know how to learn. Advocating
meaningful learning, we believes that learning is the realization of the learner’s inner
potential, a meaningful psychological process, and characterized by individual active learn-
ing. Teaching evaluation is an important measure for monitoring teaching quality. How
to evaluate teaching objectively not only affects the fair operation of university teaching,
but also seriously affects the exploration and cultivation of innovative talent [13,14]. The
traditional teaching evaluation system focuses on the aspect of teachers’ teaching, such as
teaching attitude, teaching content, teaching methods, teaching effectiveness, and student
evaluation. It is obvious that this system is a “teacher-centered” teaching evaluation, which
mainly evaluates teachers and cannot fully reflect the actual results achieved by students.
It is easy to generalize and cannot truly reflect the quality of teaching [15].

We are in an era full of expectations and tolerance for innovation, conceptualization,
and breakthrough, and the transformation of education and teaching is imperative. Under
such an impact, it is necessary and worth pondering how to implement the student-centered
teaching philosophy and how to formulate evaluation standards for the teaching ability
of university teachers. Bridge engineering is an important core compulsory course in
civil engineering. Through long-term teaching practice and evaluation statistics, student
feedback, and survey questionnaires, the team has found that the course has a deep
theoretical foundation but is disconnected from practice, the textbook is rigorous but
not flexible enough, and the objective learning situation of students who are eager for
knowledge but mechanically memorize and calculate can bring the following pain points.
(1) The problem of insufficient analytical ability in practical bridge engineering is mainly
reflected in the lack of spontaneous cognitive construction knowledge system ability, weak
modeling ability in real-world bridge engineering, and lack of independent analysis and
judgment ability in software calculation, resulting in students lacking analytical ability in
practical engineering. (2) The problem of weak thinking in bridge design due to integration
and transfer is mainly reflected in unclear logical thinking in bridge structural component
design, chaotic composition of bridge structural system design frameworks, and a weak
global perspective in bridge engineering conceptual design, resulting in students remaining
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in a stage of confusion with knowledge. (3) The lack of flexible and innovative bridge
aesthetic literacy is mainly reflected in the lack of emphasis on shape selection in the
structural analysis process, inadequate analysis of variability in the structural calculation
process, and lack of active landscape awareness in the conceptual design process, leading
to students’ lazy habit of valuing force calculation and neglecting aesthetic shape.

It is necessary to adopt the holographic concept in the teaching process of the bridge
engineering course. Holographic teaching is a teaching method based on holographic
theory, which emphasizes the combination of teaching content and practical situations to
improve students” learning effectiveness and practical abilities. The following are some of
the necessities of using holographic teaching concepts. (1) Improving learning effectiveness:
holographic concept teaching can help students understand and master the knowledge
and skills of bridge engineering better by integrating practical engineering cases and situ-
ations into the teaching process. This teaching method can present the teaching content
more vividly and intuitively, improving students’ interest and participation in learning.
(2) Cultivate practical skills: bridge engineering is a highly practical discipline. Through
holographic teaching, students can understand the problems and challenges in practical
engineering better and learn to apply the knowledge they have learned to solve these
problems. This can cultivate students” practical skills and problem-solving abilities. (3) En-
hancing comprehensive qualities: holographic teaching can promote the development
of students’ comprehensive qualities, including communication skills, teamwork skills,
innovation abilities, etc. By analyzing and solving practical engineering cases, students
can exercise their comprehensive abilities and adapt to the needs of future work better.
(4) Adapt to industry development: the bridge engineering industry is constantly evolving
and changing, and using holographic teaching concepts can help students understand
the latest trends and technological developments in the industry better, enabling them to
adapt to the development needs of the industry better. In summary, adopting the holo-
graphic concept in teaching can improve the quality and effectiveness of bridge engineering
teaching, cultivate students’” practical abilities and comprehensive qualities, and enable
them to adapt to the development needs of the industry better. However, specific teaching
methods should be selected and adjusted based on factors such as teaching objectives,
student characteristics, and teaching resources.

In order to address the significant issues of teacher and student role positioning,
teacher teaching design, and student learning ability in the traditional bridge engineering
teaching process, the course team proposed a teaching model based on the holographic con-
cept on the basis of teaching practice, and evaluated the teaching effect using the intelligent
analytic hierarchy process (AHP) evaluation method [16-19]. We have constructed and im-
plemented a holographic learning paradigm centered on the comprehensive development
of students. This concept, based on the characteristics of broad course information, deep
organizational content, and a pattern of comprehensive education, takes the “basic idea
of combining strength and form” as the core implementation path, practices the concept
of integrated development of “bridge engineers + bridge architects”, guides students to
establish a scientific and rational view of bridge engineering, and cultivates cross-border
innovative talents with comprehensive qualities of “engineering + art”.

2. Student-Centered Hypothesis Based on Holographic Teaching
2.1. The Meaning of Student-Centered Approach

The teaching philosophy of “student-centered” emphasizes students” autonomous par-
ticipation in learning during the course-teaching process. The concept of “student-centered”
has inspired many learning theories, but they share three concepts: firstly, learning is a
process of knowledge construction, and knowledge is constructed through the interac-
tion of thinking and activities; secondly, learning is social and completed through social
interactions between learners and other participants; and thirdly, learning is situational,
and learning is completed in specific contexts. The context in which practice occurs has a
significant impact on learning outcomes.
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2.2. Holographic Teaching Method

The holographic concept is a way of thinking based on holism, systematicity, and
relevance. Applying it to the teaching mode of bridge engineering can help students under-
stand and master the knowledge and skills of bridge engineering more comprehensively
and deeply.

In the teaching mode of bridge engineering under the holographic concept, teachers
can use various teaching methods and means, such as project-based teaching methods, case
teaching methods, group discussion methods, etc., to stimulate students’ learning interest
and initiative. Meanwhile, teachers can also utilize modern information technologies such
as virtual reality and augmented reality to provide students with a more intuitive and vivid
learning experience.

In addition, the teaching mode of bridge engineering under the holographic concept
also focuses on cultivating students’ practical abilities and innovative spirit. Teachers can
organize students to conduct on-site investigations, experimental explorations, and other
activities, so that students can improve their abilities and qualities in practice.

In short, the teaching mode of bridge engineering under the holographic concept can
help students to have a more comprehensive and in-depth understanding and mastery
of the knowledge and skills of bridge engineering, improve their practical ability and
innovative spirit, and lay a solid foundation for their future career development.

2.3. Evaluation of the Effectiveness of Student-Centered Holographic Teaching Method

The student-centered holographic teaching method is a teaching method that em-
phasizes the comprehensive development and personalized learning of students. The
evaluation of its effectiveness can be considered from the following aspects:

(1) Student learning outcomes: evaluate students’ mastery of knowledge and skills
through their exam scores, homework completion, project reports, etc.

(2) Student learning experience: through questionnaire surveys, student feedback, class-
room observations, and other methods, understand the feelings and experiences of
students towards teaching methods, including their interest in learning, participation,
autonomy, and other aspects.

(3) Comprehensive quality of students: observe the improvement of students’ abilities
in communication, cooperation, problem-solving, innovation, and other aspects, as
well as the development of their self-confidence, sense of responsibility, and other
comprehensive qualities.

(4) Teachers’ teaching effectiveness: evaluate teachers’ ability and effectiveness in teach-
ing design, implementation, and evaluation, as well as their attention and guidance
on individual differences among students.

(5) Teaching environment and resources: evaluate the level of support that the teaching
environment provides for student learning, including the richness and applicability
of teaching facilities, textbooks, and resources.

Based on the comprehensive evaluation of the above aspects, we can comprehensively
understand the effectiveness of the student-centered holographic teaching method, and
improve and optimize the teaching method based on the evaluation results. It should
be noted that evaluation should be an ongoing process to promptly identify issues and
make adjustments.

3. Teaching Philosophy Model
3.1. Philosophy

Holistic learning refers to a paradigm that advocates for the comprehensive develop-
ment of individuals and an enhanced approach to learning. Aligned with the principles
of talent cultivation and the demands of future advancement, it aims to nurture students’
capacity to adapt to societal transformations and spearhead epochal shifts. The core goal
of holistic learning entails fostering the all-encompassing growth of individuals, with its
cornerstone concept residing in the perpetual and ubiquitous nature of learning. Engaging
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in a pedagogical approach characterized by fusion, continuity, and integration, its under-
lying pillars rest upon the scaffolding provided by the learning environment, curriculum
resources, and information platforms [20].

The essence of holistic learning bears semblance to the “pyramid” model (Figure 1),
an architectural structure that ensures the scientific essence, integrated nature, and de-
velopmental trajectory of holistic learning. Among these interrelated components, the
fundamental concepts, learning methodologies, and contextual support converge to serve
the attainment of the core aspirations underlying “holistic development”. The basic con-
cepts form the lynchpin of a humanistic interpretation of these aspirations, whereas the
learning methodologies embody the diverse practical manifestations of these ground-
ing principles. Finally, the contextual support serves as the foundational bedrock that
underpins the efficacy and sustainability of the learning methodologies.

whole-person

development Core objectives

Basic concept

Learning style

conditional support

course resources

Information
platform

Learning
Environment

Figure 1. Holographic learning “pyramid” model.
3.2. Train of Thought

In the holistic learning mode, the knowledge acquired by students is not fragmented or
isolated, but structured and conducive to knowledge growth, transformation, and transfer.
Process-based construction is employed to facilitate an understanding of knowledge, while
a big-picture perspective is used to promote knowledge connections [21]. Conditioned
generation is employed to promote knowledge activation, thus creating a “comprehend—
connect—activate” holistic learning model (Figure 2).

processual construction

Figure 2. Learning model of the holographic concept.

Under the guidance of the holistic concept, learning is regarded as the process of
“doing scholarship”. Learning takes place through questioning, and questioning leads to
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learning. Learning occurs through action, and action leads to learning. An inquiry-based
and student-centered holistic learning model is constructed, known as the “question-
based” learning model (Figure 3). The holistic teaching concept emphasizes starting
with “discovering problems” and going through the process of “interest exploration” to
upgrade “transfer and innovation” abilities, culminating in the construction of the “holistic
information” knowledge system, resulting in a “one for all” learning effect. In teaching
practice, students are empowered to become the masters of their learning, participating in
a vibrant and diverse classroom environment where they openly express their viewpoints.
Teachers and students are closely connected, with teachers effectively grasping the pulse of
the classroom and playing their role as “guides”, while students act as “explorers”.

LDiagnostic Learning }

Generate
questions\ problem

Synthesis
problem

Detecting / Sublimation
Problems \ problem

Solve
problem

Bringing questions to Go out of the classroom
the classroom with questions

[ Guidance Learning }

Figure 3. Holographic conceptual learning paradigm of “problem-oriented and learning-centered”.

4. Analytical Hierarchy Process

The analytic hierarchy process (AHP) is a multi-objective decision-making method
that combines qualitative and quantitative methods. The basic idea of this method for risk
identification is to decompose complex risk problems into various constituent factors, group
these factors according to dominant relationships to form an ordered hierarchical structure,
determine the relative importance of each factor in each level relative to the overall goal of
the previous or highest level through pairwise comparison and judgment, and sort them to
determine the main risk modes and risk factors of the system. The AHP reflects the basic
characteristics of people’s decision-making thinking, namely decomposition, judgment,
and synthesis.

The analytic hierarchy process mainly includes three parts: constructing a hierarchical
structure model; establishing a judgment matrix group; and hierarchical sorting and
consistency testing. These three parts will be briefly introduced below.

4.1. Building a Hierarchical Model

Analyze the interrelationships and subordinate relationships among all factors that
affect the teaching effectiveness of bridge engineering courses, organize and level risk
issues, and establish a systematic hierarchical structure model [22]. Merge elements with
common attributes into a group as a hierarchy in the structural model; elements at the
same level have a constraining effect on the elements in the next level, while also being
constrained by the elements in the previous level. The entire hierarchical model consists of
three levels from top to bottom (as shown in Figure 4).



Sustainability 2024, 16, 2430

7 of 20

General target G Target level G
Code A, Code Ay, | e Code A, Criteria layer A
Index P, IndexP, | e Index P, Index Sign layer P

Figure 4. Hierarchical structure.

(1) Target layer G: contains only one element, representing the overall goal of teaching ef-
fectiveness evaluation, that is, the learning effectiveness of bridge engineering courses;

(2) Criterion layer A: represents the various sub-objectives involved in achieving the
overall goal, namely the potential factors that affect the teaching effectiveness of bridge
engineering. Taking knowledge learning as an example, these potential factors include
the knowledge system of bridge engineering, mechanical principles, engineering
experience, etc.;

(8) Indicator layer P: represents the various sub-factors that cause various influencing fac-
tors in the criterion layer, such as educational background, learning habits, expression
ability, thinking mode, etc.

4.2. Constructing a Judgment Matrix Group

The purpose of establishing a judgment matrix is to measure the relative importance
of each element in each level to a neighboring element in the previous level. The specific
process is to use a certain element in the adjacent upper layer as a criterion, compare and
judge the elements in that layer pairwise, quantify the comparison results according to
specific scoring rules, and form a judgment matrix.

Taking criterion layer A as an example, the judgment matrix formed by pairwise com-
parison resultsis A = (a;;) . (i,j =1,2,---,n), where the relative importance of element
i to element j is considered from the G layer, and this value is determined using a 1-9 scoring
rule. According to the definition of 4;;, it can be inferred that a;; > 0, a;; = 1, a;; = 1/aj;.

4.3. Hierarchical Sorting and Consistency Testing

The objective of ranking the importance of hierarchical elements is to sort them based
on their relative importance to the higher-level elements or the overall goal of the highest
level, in order to achieve the goal of risk identification. The sorting objective is divided into
hierarchical single sorting and hierarchical total sorting.

By calculating the maximum eigenvalue and corresponding eigenvector of the judg-
ment matrix, the relative importance weight of a certain layer element relative to the
relevant elements in the previous layer is calculated. This sorting is called hierarchical
single sorting; after calculating the single ranking value of each element in a certain level
relative to the previous level, the relative importance weight of a certain level element
relative to the entire level can be calculated by weighting and synthesizing the weights of
the previous level elements. This ranking is called hierarchical total ranking. By sorting
the importance of hierarchical elements in a single order and a total order, the relative
importance of each element in the criterion layer and each element in the indicator layer can
be obtained, thereby determining the main influencing factors on the teaching effectiveness
of bridge engineering.

Due to the complexity of the system, the diversity of personal understanding, and the
subjective one-sidedness and instability, achieving complete consistency is very difficult.
Therefore, in order to ensure consistency in hierarchical sorting, it is necessary to perform
consistency checks on the given judgment matrix. Taking hierarchical single sorting as an
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example, consistency testing usually uses a consistency ratio as the testing standard, which

is defined as:
_CI

R—= —
¢ RI

1)
where the calculation formula for consistency indicators is CI = %, with Amax deter-
mining the maximum eigenvalue of matrix A, and RI is an indicator of average random
consistency, which is related to the order of the judgment matrix, 7, and can be found
in Table 1.

Table 1. Average random consistency index values.

Ordern 1

3 4 5 6 7 8 9 10 11 12

RI 0

0.52 0.89 1.12 1.26 1.36 1.41 1.46 1.49 1.52 1.54

5. Particle Swarm Optimization
5.1. Basic Concepts

The process of parameter optimization adopts a dynamic optimization method, which
originates from the foraging thinking of birds in nature. It compares particles to birds
and treats them as basic individuals. The speed, position, and fitness represent the group
characteristics of each basic individual. In the extreme value optimization problem, the
speed and position of each particle are constantly and dynamically adjusted according to
its own moving experience of other particles, to achieve the purpose of approaching the
extreme value faster.

It is described mathematically as follows: in a D-dimensional search space composed
of functional solutions containing d independent variables, randomly distributed n particles
that can move freely, where the particle position is X; = (x;1,xip, - -+ , x;j4) and velocity
is V; = (vj1,vip, - - ,vjg), the dynamic adjustment equation is as follows:

0 i(t+1) = wo; j(t) + crr1 [pij — xij(£)] 4 cora[pgj — xij(1)] (2)

xl-lj(t + 1) = xl-,]-(t) + Ui/]'(t + 1) 3)
In the formula:

i—number of particles;

j—dimensions of particles;

w—inertial weight;

t—the current number of iterations;

c1, cp—acceleration factors, whose values are not negative;

r1, r»—random factors, whose values are located at [0, 1];

pij—the position corresponding to individual optimal value of i particle;
pg,;—the position corresponding to optimal value of entire particle population.

In order to prevent the blind search of particles in the search space and the detachment
boundary of particle position velocity, the optimization efficiency is further improved, to
impose certain constraints on the position and velocity of free particles. Generally, the
position of a particle is confined to the interval [—Xmax, Xmax], and the particle velocity is
limited to the interval [—Vmax, Vimax|-

5.2. Algorithm Optimization

Although the particle swarm optimization (PSO) algorithm has strong versatility and
fast convergence, there are still problems of local optimal results and low efficiency of late
iteration. Therefore, this paper proposed the PSO algorithm to optimize the determination
of weight elements of the AHP from these.

Causes for the precocious occurrence of the PSO algorithm: as the iteration process
goes on, the particle swarm search space continuously shrinks to a certain limited local
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range due to the initialization value of the variable, so the optimal result only occurs in
the local range, rather than in the whole search space. In order to improve this defect, we
refer to the mutation principle in the genetic algorithm during the iterative calculation
process, so that some variables are no longer limited to an initial value, and can have a
certain opportunity to reinitialize and increase the particle population diversity. The variant
operation substantially broadens the population search space during computation, raising
the possibility of finding the optimal solution using the particle swarm algorithm while
maintaining the original population diversity.

For the problem of low, late iteration efficiency of the PSO algorithm, this paper
improves the iteration efficiency by optimizing the inertial weight, w, based on the basic
algorithm. Inertial weights characterize the level of particle inheritance to the previous
velocity, which largely determines the rate of particle evolution (i.e., iterative efficiency).
Studies have shown that a large inertial weight is favorable for the global search, while
a smaller inertial weight is favorable for the local search. To achieve full potential of the
global search and local search, linear decreasing inertial weights are introduced, i.e.,

(wstart - wend) X k

w(k) = Wstart — T
max

(4)

In the formula:

Wstar—initial inertia weight;

weg—inertial weight at iteration to maximum number;
k—number of current iterations;

Tmax—maximum iterative algebra.

5.3. Algorithm Process

After the mathematical model of the structure reliability index is obtained, it is solved
using the PSO algorithm. The solution process is shown in Figure 5.

and velocity initialization

l

Fitness values are calculated by substituting the particles
into the limit equation of state

l

[ Find the indrvidual optima and the group optima ]

[Paﬂicle (potential solution of the equation}J

Variant operations and linear inertia weights are
introduced to update the particle velocity and position

[ Recalculate the particle fitness values ]

I

[Update the individual optima and the population optima ]

Whether the

Output the optimal indi'\'idualJ

{ reliability index)

Figure 5. Solution process of reliability index based on PSO algorithm.
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Original Chapter
One Design criteria
Two Com!)ination for

action effects
T | i
Four Simple bridge
Five Continuous bridge
Six Arch bridge
Seven  Cable-stayed bridge
Eight Suspension bridge
Nine Bridge bearings
Ten Piers and abutments
Eleven Installation and

manufacturing

6. Teaching Design Scheme of Bridge Engineering Course
6.1. Restructuring the Curriculum Content System

With the cultivation of students’ logical thinking as the main goal, the curriculum
system will be reconstructed, and the original chapters will be condensed and reconstructed
into three modules and nine units. Starting from the conceptual design of bridges, we
will establish a holistic understanding of bridges from a macro level; clarify the external
constraints of the bridge and establish a solid foundation for the bridge with underlying
logic; and build a bridge structural system and design different bridge types at the top
level (Figure 6). At the same time, in response to the problem of the lack of cutting-edge
content in this era, we will expand multi-directional content, integrate diverse scenarios,
and focus on aspects such as “intelligent construction of bridges, landscape bridge creation,
hot topics on bridges, and key events on bridges”. We will focus on the depth and breadth
of the content, broaden the horizons of students, cultivate disciplinary thinking, and clarify
the internal connections and logic of bridge engineering. We will also establish a network
framework (seen Figure 2) between knowledge using a conceptual approach.

Expansion and

Module Unit . :
integration
Development history of bridges
Bridge conceptual design External effects of bridges Intelligent construction
Internal structure of the bridge Bridge 3D printing

Landscape Bridge Creation

Bridge bearings

External constraints on » Exploration of Bridge Culture

bridges Bridge piers and abutments Bridge engineering accidents
Bridge Spirit World
Beam bridge
Cultural Relics Protection
; Arch bridge Hot topics on bridges
Bridge structural system
Cable-stayed bridge Bridge Focus Event

Suspension bridge

Figure 6. Reconstruction and expansion of the content system of bridge engineering.

6.2. Multidimensional Guided Teaching Methods

In the teaching process, emphasis is placed on combining qualitative analysis with
quantitative calculation, combining micro analysis with macro analysis, and combining
scientific reasoning with philosophical speculation. Guided by “engineering philosophy”
and using the basic principle of “force shape combination” as the core means, establish a
teaching model that integrates “conceptual design, qualitative analysis, and quantitative
calculation”, practice the concept of comprehensive development of “bridge engineers”
and “bridge architects”, establish a scientific and rational “bridge engineering worldview”,
and cultivate students’ broad mindedness and grand pattern (Figure 7).
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Figure 7. Basic principle of force shape combination.

6.3. Integrating Course Resources through Multiple Channels

The learning environment is an important factor that affects learning. With today’s
highly developed internet technology, students are constantly immersed in the encirclement
of information. Based on the concept of holographic learning, we need to establish a learner-
centered environment and strengthen the integration of physical, digital, and cultural
environments (see Table 2). The teaching team has built material humanities, virtual reality,
and other multi-channel resources online and offline, such as the MOOC online open class
of bridge engineering, the teaching material of bridge engineering, the WeChat official
account “Poetic and Picturesque Talk about Bridges”, the “Collection of Bridge Poetry”,
and the bridge physical model.

Table 2. The construction of the learning environment under the holographic concept.

Type Construction

Action

Holographic learning classroom

Network classroom Support centralized learning, group learning, and
personalized learning
Laboratory
Physical environment Pr Bridge physical model, playing cards, teaching baton, tape
op measure, LEGO
Textbook Learning physical materials
Etc. Project site, campus bridges, bridges in daily life

Online courses

Autonomous learning, testing, tracking, and evaluation

Virtual simulation experiment

Immersive experience

Rain classroom

Roll call and collective interaction

WeChat and QQ groups Q&A, personalized interaction
IPad Problem solving and drawing
Digital environment
Bridge game Virtual environment participation in bridge construction
TikTok Bridge micro video collection
WeChat official account Learning and sharing experiences
VR Immersive experience

Mechanics Master software 3.2.0

Rapid modeling and analysis

Enterprise personnel

Joint guidance, integrating theory with practice

Movies related to bridges, Spring Festival Gala programs

Movies related to bridges, and a variety of shows related to bridges
Cultural environment . .
Poetry Bridge culture cultivation
Story Bridge emotional resonance
Etc. Bridge cuisine, bridge wine, bridge paintings, etc.
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6.4. Multidisciplinary Intersection and Integration of “Engineering + Art”

By analyzing the stress characteristics and aesthetic design of bridge structures in a tar-
geted manner, and discussing the application of aesthetic knowledge through case studies,
students can deepen their understanding of bridge aesthetics. By combining mechanical
analysis with bridge aesthetics as a teaching method, enriching classroom teaching content,
and further mobilizing students’ enthusiasm for classroom learning, bridge engineers and
bridge architects cross-integrate and develop, cultivating interdisciplinary talents with
comprehensive qualities of “science + art + humanities”.

6.5. Evaluation of Teaching Effectiveness

The course grade evaluation consists of four parts (see Figure 8): regular performance
(20%), discussion classes (15%), course projects (15%), and final exams (50%). Each dis-
cussion class and course project has designed qualitative evaluation indicators such as
humanistic literacy, team collaboration, and information technology capabilities to eval-
uate students’ comprehensive literacy. The concept of “diversified and comprehensive”
assessment reflects the process and results, quantitative and qualitative, individual and
team, science and humanities, and ability and literacy.

- Attendance and learning Qualitative analysis questions
Contribution within the group Quantitative calculation questions

Completion rate of scheme Basic knowledge questions

T Outcome evaluation T
—

Course Class
report examination

I e

Data organization and analysis 5% Research report
Question answering ) 5% Defense score
Question and communication 5% Learning insights

Figure 8. Teaching effectiveness evaluation system.

7. Application

Teaching activities are led by teachers, with students as the core members of learning.
Therefore, as a group, teachers and students have a more intuitive understanding of
classroom teaching and the most voice. Therefore, conducting interviews with teacher
and student groups on the evaluation indicators of bridge engineering teaching can fully
grasp the actual situation of evaluating bridge engineering teaching in the course, which
is of great significance and can ensure the rationality and operability of the evaluation
indicator system.

7.1. Selecting Interviewees

After recommendation, a total of 40 teachers were selected as interviewees, all of
whom are full-time teachers in the field of civil engineering and have more than 3 years
of experience in teaching courses related to civil engineering. Teachers are familiar with
the training work of bridge engineering courses in classroom teaching, and have their
own opinions on course evaluation, which can ensure the reliability and effectiveness of
interview results.

For data collection, we first developed a questionnaire and then interviewed 40 au-
thoritative teachers in our professional field. Based on the interview results, we assigned
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interval values to the element weights in the analytic hierarchy process, and then used
particle the swarm optimization algorithm to optimize the weights. The assignment of
weights is mainly determined based on the interval values and median values scored by
40 experts, and the particle swarm optimization algorithm is used for optimization under
the conditions that meet the actual evaluation situation.

In order to ensure the validity and reliability of the data collection, we calculated
the KMO and reliability index of the weight data of the AHP. The KMO value of the
questionnaire was near 0.95 and the Cronbach’s « coefficient of the questionnaire was
larger than 0.9, which indicate that the collected data were valid and reliable.

7.2. Develop Interview Outline

To truly achieve the development and implementation of student-centered teaching
evaluation standards, the core needs to rely on a set of scientific and student-oriented eval-
uation indicators, and adhere to the indicator system that focuses on evaluating teaching
quality based on student learning outcomes rather than teacher teaching effectiveness. To
achieve student-centered evaluation indicators, it is necessary to closely evaluate students’
teaching feedback and feelings about teaching philosophy, teaching content, the teaching
process, and teaching effectiveness, as shown in Table 3.

Table 3. Teaching evaluation standards.

Evaluation Dimension

Evaluation Points

A1l: Teaching philosophy

P11: The teaching philosophy embodies the student-centered education philosophy, embodies the
idea of cultivating morality and talents, and is in line with the characteristics of the subject and the
requirements of the curriculum.

P12: Guided by the construction of new engineering disciplines, we will promote education and
teaching reform and improve talent cultivation capabilities.

A2: Teaching content

P21: The teaching content has depth and breadth, reflecting high-level, innovative, and
challenging aspects.

P22: Reflecting the forefront of the discipline, infiltrating professional ideas, and utilizing
high-quality teaching resources.

P23: The teaching content meets the needs of the industry and society, handles the teaching
emphasis and difficulties appropriately, focuses on the existing knowledge and experience of
students, and has scientific content.

A3: Teaching process

P31: Emphasizes student-centered innovative teaching, reflecting teacher-led and
student-centered approaches.

P32: The teaching objectives are scientific and accurate, in line with the requirements of the
syllabus, subject characteristics, and student reality, reflecting the requirements for knowledge,
abilities, and thinking.

P33: Orderly teaching organization and reasonable arrangement of teaching process; innovative
teaching methods and strategies, emphasizing teaching interaction, inspiring students to think and
solve problems.

P34: Creating a teaching environment with information technology to support teaching innovation.

P35: Innovates the content and methods of assessment and evaluation, emphasizing the solution
and application of formative evaluation and generative problems.

A4: Teaching effectiveness

P41: Classroom teaching is attractive, the classroom atmosphere is harmonious, and students
engage in active thinking and participate deeply in the classroom.

P42: Students develop their knowledge, abilities, and thinking to achieve teaching objectives.

P43: Forming a teaching model that is suitable for the characteristics of the subject and students has
significant reference and promotion value.




Sustainability 2024, 16, 2430

14 of 20

7.3. Implementation of Interviews

The interviews were conducted using a survey questionnaire combined with video
and phone calls. Firstly, record teaching videos and send them online to the interviewing
teachers. Then arrange a quiet interview environment. At the beginning of the interview,
introduce the purpose of the interview, and then follow the interview outline. The interview
time should be controlled at around 10 min.

7.4. Analytic Hierarchy Process Statistical Results

Using the analytic hierarchy process to determine the weight of indicators, collect data
from questionnaire surveys, investigate the importance of each indicator, and finally use
SPSS software 22.0 to determine the weight of indicators, in order to construct an evaluation
index system for bridge engineering course teaching. SPSS is an auxiliary software for
statistical analysis of data. This study mainly uses SPSS to provide assistance in model
construction, the calculation process, and result analysis for the decision-making process of
the analytic hierarchy process.

Based on the above principles and formulas, the ranking weights of the A level
indicators in the teaching evaluation indicators of the bridge engineering courses are
obtained using SPSS software, as shown in Table 4. According to the SPSS software, the
consistency test, CR, for A level indicators is 0.0412, and CR < 0.1, so it is considered to
meet the consistency test requirements, with the maximum eigenvalue, Amax, of 3.1102.

Table 4. Factor weights of index layer A.

Index A Al A2 A3 A4 Wi
Al 1 0.25 0.5 0.3 0.2136
A2 4 1 2 2 0.2578
A3 2 0.5 1 0.3 0.3847
A4 3 0.5 3 1 0.1439

Using SPSS software, obtain the ranking weights of P1 level indicators in the teaching
evaluation indicators of bridge engineering courses, as shown in Table 5. According to the
SPSS software, the consistency test, CR, for P1 level indicators is 0.0442, and CR < 0.1, so
it is considered to meet the consistency test requirements, with the maximum eigenvalue,
Amax, of 4.1516.

Table 5. Factor weight of indicator P1 under indicator Al.

Index P1 P11 P12 Wi
P11 1 0.3 0.35
P12 3 1 0.65

Using SPSS software, obtain the ranking weights of P2 level indicators in the teaching
evaluation indicators of bridge engineering courses, as shown in Table 6. According to
SPSS software, the consistency test, CR, for P2 level indicators is 0.0382, and CR < 0.1, so
it is considered to meet the consistency test requirements, with the maximum eigenvalue,
Amax, of 2.9918.

Table 6. Factor weights of indicator P2 under indicator A2.

Index P2 P21 P22 P22 Wi
P21 1 0.3 0.25 0.4135
P22 3 1 2 0.3171

P23 4 0.5 1 0.2694
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Using SPSS software, obtain the ranking weights of P3 level indicators in the teaching
evaluation indicators of bridge engineering courses, as shown in Table 7. According to the
SPSS software, the consistency test, CR, for P3 level indicators is 0.0625, and CR < 0.1, so
it is considered to meet the consistency test requirements with the maximum eigenvalue,
Amax, of 4.1182.

Table 7. Factor weight of indicator P3 under indicator A3.

Index P3 P31 P32 P33 P34 P35 Wi
P31 1 0.25 0.2 0.3 0.5 0.1798
P32 4 1 2 2 0.3 0.1827
P33 5 0.5 1 0.3 2 0.2637
P34 3 0.5 3 1 0.5 0.1726
P35 2 3 0.5 2 1 0.2012

Using SPSS software, obtain the ranking weights of P4 level indicators in the teaching
evaluation indicators of bridge engineering courses, as shown in Table 8. According to the
SPSS software, the consistency test, CR, for P4 level indicators is 0.0343, and CR < 0.1, so
it is considered to meet the consistency test requirements, with the maximum eigenvalue,
Amax, of 3.1167.

Table 8. Factor weights of indicator P4 under indicator A4.

Index P4 P41 P42 P43 Wi
P41 1 2 0.3 0.3124
P42 0.5 1 3 0.2138
P43 3 0.3 1 0.4738

7.5. Optimization of Evaluation System Based on Particle Swarm Optimization Algorithm

The consistency index function solution mentioned in the above analytic hierarchy
process is a conventional method, but the solution process is difficult to handle and is
a classic nonlinear optimization problem. Therefore, in the case where the judgment
matrix has been determined, it is proposed to use PSO to encode particles, construct fitness
functions, and optimize nonlinear programming problems, so that the optimal weight
value solution can be obtained when the consistency index function is minimized.

Compare the optimal fitness value obtained from the first generation with the historical
optimal particle swarm fitness value, and update the historical optimal fitness value.
Perform n cycles to find the optimal fitness value (i.e., CR < 0.1). If the constraint conditions
are met, jump out. Otherwise, continue with the cycle iteration, which can be seen Figure 9.

Write the particle swarm optimization algorithm as a module of the Matlab math-
ematical software R2023 program, and the system can effectively execute the algorithm
and gradually execute iterative commands. As the algorithm iterates, the system gradu-
ally optimizes to obtain a judgment matrix that meets the consistency requirements, and
recalculates the corresponding weight allocation.
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Figure 9. Particle swarm optimization process of analytic hierarchy process.

The original matrix of level A was as follows,

W N ==
NIRRI— = s
W = NN
= Wl N Gl

The optimization matrix of level A was as follows,

1 0.2736 0.4694 0.3461
3.6556 1 2.1192 1.9508
2.1304 0.4547 1 0.3722
2.8891 0.5126 2.6869 1

A=

The original matrix of level Al was as follows,

1 1
— 3
=3 3]

The optimization matrix of level Al was as follows,

— 1 03108
Al_[3.2173 1 }
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The original matrix of level A2 was as follows,

1 1 1
3 4
Ay=13 1 2
4 71

The optimization matrix of level A2 was as follows,

1 03605 0.2204
A, = (27738 1 1.8567
45365 05386 1

The original matrix of level A3 was as follows,

As

I
N W Ul =
W NN = =
W W~ Nul-
N o~ N w—
= N0 QI =N =

The optimization matrix of level A3 was as follows,

1 02359 0.2048 0.3525 0.4737
42391 1 23657 2.1675 0.2913
A, = | 4.8829 04227 1 0.3204 0.3039
2.8368 0.4613 3.1208 1 0.4458

21109 3.4325 3.2896 2.2432 1

The original matrix of level A4 was as follows,

Ay =

W NI—= =
W~ =N
— Q) W=

The optimization matrix of level A4 was as follows,

o 1 1.8795 0.2952
Ayq = [0.5320 1 2.8794
3.3872  0.3473 1

The above matrices all meet CR < 0.1 after correction, indicating that the initial matrix
meets the requirements of consistency testing after being corrected by the intelligent particle
swarm optimization algorithm.

7.6. Ouverall Evaluation of Bridge Engineering Course Teaching

We provided a set of evaluation levels, V = (v1, v2, v3, v4), where v1 represents poor
evaluation results, v2 represents moderate evaluation results, v3 represents good evaluation
results, and v4 represents excellent evaluation results.

According to the evaluation of the teaching level of the 40 selected teachers, the single
factor evaluation results of bridge engineering course teaching were analyzed, as shown
in Table 9.
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Table 9. Single factor evaluation results.
Evaluation Factors Evaluation Factors Evaluation Level

A P vl v2 v3 v
P11 0 5 15 20

Al
P12 0 3 11 26
P21 0 3 13 24

A2 P22 0 2 17 21
P23 0 4 15 21
P31 0 3 13 24
P32 0 5 18 17

A3
P33 0 1 14 25
P34 0 2 15 23
P35 0 1 12 27
P41 0 1 14 25

A4
P42 0 3 13 24

According to the formula of the fuzzy evaluation set, we can obtain V = (0, 0.1102,
0.2317, 0.6581). According to the principle of maximum membership degree, the fourth
indicator value of bridge engineering teaching is the highest, so the teachers’ comprehensive
evaluation score for this course is “excellent”.

8. Conclusions

Starting from the practical needs of bridge engineering course education, this study
constructs a holographic concept bridge engineering course teaching evaluation system
based on the intelligent analytic hierarchy process. This system can evaluate the current
implementation of student-centered curriculum teaching in schools. The comprehensive
evaluation of scientific and effective bridge engineering course teaching has important
theoretical and practical significance, providing guidance for the future development of
bridge engineering education. The research conclusions of this article are as follows:

(1) Inresponse to the contradiction between the theoretical and practical aspects of bridge
engineering teaching content, traditional teaching content has been restructured to
form a clear knowledge logic system from the perspectives of structural concept
design, external constraints, and internal construction.

(2) A bridge landscape knowledge system that comprehensively considers engineering
and art has been proposed to meet the practical needs of bridge aesthetic literacy
in the current urban construction process, guiding students to develop innovative
talents with the comprehensive qualities of bridge engineers and architects.

(3) A holographic learning environment based on the integration of physical, digital,
and humanistic environments has been constructed in the teaching context, guiding
students to learn everywhere, all the time, and using all the media they can access.

(4) A student-centered teaching evaluation system for bridge engineering courses has
been proposed, which establishes a hierarchical model from the perspectives of teach-
ing philosophy, teaching objectives, the teaching process, and teaching effectiveness
to scientifically and effectively evaluate learning outcomes.

(5) The use of the particle swarm analytic hierarchy process can intelligently search and
identify the factor weight matrix in the analytic hierarchy process, providing a conve-
nient means for scientifically and effectively evaluating the teaching achievements of
bridge engineering courses.

The student-centered holographic teaching concept and method proposed in this
article can be applied to engineering teaching, including civil engineering, mechanical
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engineering, aerospace engineering, and other fields. However, it should be noted that, in
the specific process of practicing the teaching method proposed in this article, attention
should be paid to the breadth of teaching content, the depth of teaching organization, and
the teaching mode, in order to achieve the goal of comprehensive development of students’
physical and mental health, rather than just pursuing high and low grades.
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