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Abstract: With the continuous development and progress of the construction industry, the requirements for
civil engineering professionals are also increasing daily. Building a high-quality ability training model is
the top priority in educational reform and development. As an important part of undergraduate teaching in
civil engineering, graduation design plays a vital role in cultivating students' comprehensive abilities and
innovative spirit. This research combined BIM technology with the OBE concept to conduct reform and
practical research on graduation design for civil engineering majors. By analyzing the problems existing
in the current graduation design of civil engineering majors, the advantages of BIM technology and the
OBE concept and the necessity of combining the two were elaborated. This paper introduced in detail the
graduation design reform plan based on BIM technology and the OBE concept, including reform measures
in aspects such as design content, guidance methods, and evaluation system. Through actual case analysis
and questionnaire survey, the effectiveness of the reform plan was verified and future development was
prospected.
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1. Introduction
Higher education is the foundation of a country. Building a high-quality ability training

model is the top priority in educational reform and development [1]. Deepening the reform of
talent training models requires strengthening the integration of “virtual and real” education
and teaching activities [2]. Civil engineering higher education has cultivated a large number of
professional outstanding talents, which has promoted the rapid development of the country’s
modernization drive. With the rapid development of information technology, Building Informa-
tion Modeling (BIM) technology has been widely used in the field of civil engineering. BIM
technology has brought revolutionary changes to the design, construction, and management of
civil engineering with its advantages of visualization, coordination, simulation, optimization,
and chartability [3, 4]. At the same time, the concept of Outcomes-based Education (OBE) has
gradually emerged in the field of education, emphasizing student-centered, oriented by expected
learning outcomes, and focusing on the cultivation of students’ comprehensive abilities [5, 6].
In this context, it is of great practical significance to combine BIM technology with the OBE
concept to reform the graduation design of civil engineering majors.

This research aims to explore reform plans for graduation design of civil engineering majors
based on BIM technology and the OBE concept, improve the quality of graduation design, and
cultivate high-quality civil engineering professionals with innovative spirit and practical ability.
By introducing BIM technology and the OBE concept, the content and methods of graduation
design are optimized to improve students’ design level and innovation ability, to improve the
quality of graduation design. OBE concept emphasizes student-centered and pays attention
to the cultivation of students’ comprehensive abilities. In the graduation design, students
can not only improve their professional skills by using BIM technology, but also cultivate
comprehensive abilities such as teamwork, communication and expression, and problem-
solving. With the continuous development of the construction industry, the requirements for
civil engineering professionals are becoming higher and higher. Combining BIM technology
with the OBE concept to cultivate high-quality talents that meet the development needs of the
industry will help improve the employment competitiveness of graduates [7]. Fig. 1 shows the
goals, principles, and methods of graduation design reform for civil engineering major based
on BMI technology and OBE concept.

Fig. 1. Goals, principles, and methods of graduation design reform for civil engineering major based on
BMI technology and OBE concept
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2. Combination of BIM technology and OBE concept

The necessity of combining: (1) Improve the quality of graduation design. BIM technology
can provide more advanced design tools and methods for graduation design, and improve
design quality, and efficiency. The OBE concept can provide clearer learning goals and
evaluation standards for graduation designs, and improve the pertinence and effectiveness of
graduation design. (2) Cultivate students’ comprehensive abilities. The application of BIM
technology requires students to have comprehensive abilities such as teamwork, communication
and expression, and problem- solving. The OBE concept emphasizes student-centered and
focuses on the cultivation of students’ comprehensive abilities. The combination of the two can
better cultivate students’ comprehensive abilities. (3) Adapt to the development needs of the
industry. The construction industry has increasingly high requirements for civil engineering
professionals, not only requiring solid professional knowledge, but also requiring skilled BIM
technology application ability and comprehensive ability. Combining BIM technology with
the OBE concept can better adapt to the development needs of the industry.

The feasibility of combining: (1) Technical feasibility. With the continuous development
and popularization of BIM technology, more and more civil engineering professional software
supports BIM technology, providing technical support for students to apply it in their graduation
design [8]. (2) Teaching feasibility. The OBE concept is becoming more and more widely used
in the field of education, and many universities have begun to apply the OBE concept in teaching
reform [9–11]. Combining BIM technology with the OBE concept is feasible in teaching.
(3) Practical feasibility. Many universities have introduced BIM technology into the teaching
of civil engineering and other related majors, and achieved good teaching results [12–14].
Combining BIM technology with the OBE concept is feasible in practice.

In the above aspects, universities such as Southeast University, Nanjing Tech University,
Fuzhou University, and Yangtze University have carried out research and practice on graduation
design reform for civil engineering majors based on BIM technology [8,15–18], which reflects
the feasibility and applicability of graduation design for civil engineering majors based on
BIM technology.

As shown in Fig. 2, the research and practice of graduation design reform of Yangtze
University based on BIM in civil engineering majors was analyzed as a typical case. To
better integrate BIM technology into the graduation design of undergraduate civil engineering
majors, Professor Wensheng Li [18] took the graduation design reform of the 2016 grade Civil
Engineering Excellence Pilot Class of Yangtze University as an example, and combined the OBE
concept to select the final graduation design topic based on the actual project under construction
on the campus, and the civil engineering graduation design titled “Virtual Construction of
a University Student Dormitory Building Based on BIM Technology” was carried out (Fig. 2).
The overall task requirements of the graduation design: Comprehensively used the core
knowledge of the three major groups of design, construction, and management included in
the civil engineering profession, and used the latest BIM digitalization and multi-professional
collaborative technology to simulate the project from scheme optimization, engineering design,
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cost management, and construction organization design to the entire process of construction
links such as 5D project management. The design content was divided into six professional
modules: Architectural design module, structural design module, electromechanical modeling
module, measurement and pricing module, construction organization module, and project
management module.

Regarding forming BIM instructors [18]: The guidance teachers for graduation design
have been changed from the previous single-instructor system to a BIM instructor group.
The members of the instructor group are mainly from the civil engineering majors, and
teachers from related majors such as architecture, equipment, and engineering management
will be added as needed. The requirement is that they are “dual-qualified” teachers with rich
theoretical teaching and engineering practical experience. Regarding forming student design
teams [18]: By leveraging the collaborative design concept of BIM, the graduation design
model is promoted that is mainly based on civil engineering and involves multiple disciplines
working together. The above helps students broaden their knowledge of civil engineering
horizontally and deepen their overall understanding of the entire process and all aspects of
engineering construction. Through the formulation of a scientific and reasonable workflow and
phased plan, the reform of civil engineering graduation design based on BIM technology was
achieved (Fig. 2).

(a)

(b) (c) (d)
Fig. 2. Citation case (Yangtze University): Virtual construction of a college student dormitory building
based on BIM technology (3D model drawings) [18]: (a) Revit architecture, (b) Revit structure, (c) Revit

MEP (d) Render effect
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3. Analysis on the current situation of graduation design
for civil engineering majors

3.1. Problems existing in current graduation design

Presently, the topics for graduation designs for civil engineering majors are often outdated
and lack innovation and practicality. The design content is out of touch with the actual project,
and students cannot be exposed to the problems and challenges in the actual project during the
graduation design. It is difficult to improve their ability to solve practical problems. During
the graduation design process, students often only focus on the application of professional
knowledge, while neglecting the cultivation of comprehensive abilities such as teamwork,
communication and expression, and problem-solving. This makes it difficult for students to
adapt to the needs of practical work after graduation. At present, the guidance method for
graduation design is mainly for teachers to guide students to complete design tasks. This
kind of guidance method is relatively simple and lacks personalized guidance. Teachers are
often unable to meet the needs of every student, which affects students’ learning effectiveness.
At present, the evaluation system of graduation designs mainly evaluates students based
on their design results and paper quality. This evaluation system is not perfect enough to
comprehensively evaluate students’ learning outcomes. For example, it is difficult for students
to effectively evaluate their comprehensive abilities such as teamwork ability, communication
and expression ability, and problem-solving abilities during the graduation design process.

3.2. Analysis of the causes of the problems

At present, the teaching model of civil engineering is still relatively traditional, focusing
on the transfer of knowledge and neglecting the cultivation of students’ dominant position
and innovative ability. In graduation designs, students often only passively accept teachers’
guidance and lack the motivation to learn independently and innovate. Civil engineering is
a highly practical major that requires students to have strong practical abilities. However, at
present, the practical teaching link of civil engineering majors is relatively weak, and students
lack opportunities to exercise in practical engineering. This makes it difficult for students to
combine theoretical knowledge with practical engineering in their graduation design, which
affects the quality of the graduation design. Among the teachers majoring in civil engineering,
some teachers lack practical engineering experience and are difficult to provide effective
guidance to students in graduation designs. At the same time, the knowledge structure and
ability level of the teaching team also need to be continuously updated and improved to meet
the development needs of the construction industry. Teaching resources for civil engineering
include laboratory equipment, books and materials, software, etc. At present, some colleges
and universities have insufficient teaching resources to meet students’ needs in graduation
designs, which affects students’ application of BIM technology.
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4. Graduation design reform plan based on BIM technology
and OBE concept

4.1. Goals and principles of reform

To cultivate high-quality civil engineering professionals with innovative spirit and practical
ability, the graduation design of civil engineering majors has been reformed by introducing
BIM technology and the OBE concept. Specific goals include: (1) Improve the quality of
graduation designs and make students’ design results more in line with actual engineering
needs. (2) Cultivate students’ comprehensive abilities, including teamwork, communication
and expression, problem-solving, and other abilities. (3) Enhance students’ awareness of
innovation and practical ability, so that students can skillfully apply BIM technology to solve
practical engineering problems. (4) Establish a scientific and reasonable evaluation system to
comprehensively evaluate students’ learning outcomes.

Reform principles: (1) Student-centered. Give full play to students’ main role, pay attention
to students’ learning needs and development potential, and provide students with personalized
guidance and support. (2) Outcome- oriented. Clarify the learning outcomes that students
should achieve in the graduation design, and reverse design the teaching process to ensure
that students can achieve the expected learning goals. (3) Continuous improvement. Establish
a teaching quality feedback mechanism, continuously improve teaching methods and teaching
content, and improve teaching quality. (4) Combination of industry, university, and research.
Strengthen cooperation with enterprises and introduce practical engineering cases so that
students can be exposed to practical engineering problems and challenges in graduation designs
and improve students’ practical and innovative abilities.

4.2. Reform of graduation design content

Design project options to introduce BIM technology. Select design projects with a practical
engineering background, such as multi-storey buildings, bridge engineering, underground space
development, etc. Students are required to use BIM technology for three-dimensional modeling,
structural analysis, construction simulation, etc. Improve students’ practical and innovative
abilities through the design of actual projects. Combine actual engineering cases to highlight
result-oriented. Integrate actual engineering cases into the graduation design to allow students
to understand the problems and solutions in actual engineering. Guided by the achievement
requirements of actual projects, clarify the tasks and goals of graduation design, so that students’
design results can be more in line with actual needs. Increase the content of comprehensive
ability training. In the graduation design, add content to cultivate comprehensive abilities such
as teamwork, communication and expression, and problem-solving. For example, students
are required to form a team to complete design tasks and cultivate students’ teamwork ability.
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Students are required to conduct design reports to cultivate students’ communication and
expression skills. Students are required to solve problems encountered in design and cultivate
students’ problem-solving abilities.

4.3. Reform of guidance methods

Collaborative guidance from multiple instructors. Establish a guidance team composed of
professional teachers, corporate engineers, and BIM technical experts to provide comprehensive
guidance to students. Professional teachers are responsible for imparting theoretical knowl-
edge and guiding design methods, corporate engineers are responsible for sharing practical
engineering experience and cultivating practical capabilities, and BIM technical experts are
responsible for training and application guidance of BIM technology. BIM technical training
and guidance go through the entire process. Before the graduation design begins, BIM technical
training courses will be provided for students to allow students to master the basic operation
and application methods of BIM software. During the graduation design process, guidance
teachers should provide students with timely guidance and support on BIM technology to help
students solve technical problems. Personalized guidance. Pay attention to the learning needs
and development potential of each student and provide personalized guidance and support
to students. For students with strong learning ability, more independent design space can be
given. For students with weak learning ability, more guidance and help can be given.

4.4. Evaluation system reform

Establish diversified evaluation indicators. Establish a diversified evaluation indicator
system including the quality of design results, teamwork ability, communication and expression
ability, problem-solving ability, innovative spirit, etc. to comprehensively evaluate students’
learning outcomes. Focus on process evaluation. Strengthen the supervision and management
of the graduation design process and pay attention to process evaluation. Regularly check
students’ design progress and quality, provide timely feedback to students, and help students
improve their design plans. Introduce corporate evaluation. Invite corporate engineers to
participate in the evaluation of graduation designs and evaluate students’ design results from
a practical engineering perspective. The results of enterprise evaluation can be used as an
important part of students’ graduation design scores.

5. Reform practice and effect analysis

5.1. Implementation process

Implementation process: (1) Before the graduation design starts, students will be provided
with BIM technology training and the OBE concept, so that students can understand the
advantages and application methods of BIM technology and the OBE concept. (2) Select
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design projects with a practical engineering background, such as high-rise buildings, bridge
engineering, underground space development, etc., and require students to use BIM technology
for 3D modeling, structural analysis, construction simulation, etc. (3) Establish a guidance team
composed of professional teachers, corporate engineers, and BIM technical experts to provide
comprehensive guidance to students. (4) During the graduation design process, strengthen the
process evaluation of students, regularly check students’ design progress and quality, provide
timely feedback to students, and help students improve their design plans. (5) Invite corporate
engineers to participate in the evaluation of graduation designs and evaluate students’ design
results from a practical engineering perspective.

5.2. Problems and solutions in practice

Students’ difficulty in mastering BIM technology. Some students have certain difficulties
in mastering BIM technology. In response to this problem, instructors have increased training
time and guidance on BIM technology, while encouraging students to communicate and learn
from each other. Conflict handling in teamwork. In the process of teamwork, conflicts and
differences may arise between students. Instructors should understand the situation in a timely
manner, coordinate and resolve conflicts, and guide students to establish a sense of teamwork.
The issue of unification of standards for enterprise evaluation. There may be differences in
evaluation standards between corporate engineers and school teachers. To solve this problem,
before evaluation, corporate engineers and school teachers were organized to communicate
and exchange to unify evaluation standards.

5.3. Practical effect and evaluation

5.3.1. Classroom teaching

The BIM course textbooks use the excellent textbook “BIM Applications: Revit Archi-
tectural Case Tutorial (Second edition)” edited by Lingjie Chen and others and published by
Peking University Press [19]. Combined with the example of the teaching building project,
using the information technology teaching platform of the School of Civil Engineering and
Architecture of Anhui University of Science and Technology, the comprehensive teaching
model of “knowledge content explanation + multimedia demonstration teaching + practical
operation of computer examples + group innovation drills + discussion and answering analysis”
is mainly used to fully embody the OBE teaching concept, to achieve the teaching effect of
students learning while doing, learning with thought, and thinking innovatively [20].

As shown in Fig. 3, during the classroom teaching process, the practical case (Drawing of
teaching building floors) was integrated, BIM’s visualization function was used to optimize
design solutions, and students were trained to work collaboratively to better solve key problems,
which not only improved students’ ability to use BIM technology, but also strengthened their
teamwork and problem-solving capabilities to effectively achieve OBE teaching goals.
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Fig. 3. Drawing of the actual cases integrated in daily teaching course activities (Drawing of teaching
building floors)

During the Revit architectural design example guidance process, the dual- instructor
co-guidance model of “university teacher + enterprise engineer” was adopted to carry out
case teaching at each drawing stage of the teaching building project. Here are examples of the
staircase, handrail, and, ramp designs:

In Revit, stairs, handrails, and ramps all belong to system families. The three commands,
“Handrails”, “Ramp”, and “Stair”, are all located in the stair ramp panel. As a part of stairs
and ramps, the railings are automatically generated when drawing stairs or ramps. Under the
dual- instructor co-guidance model of “university teacher + corporate engineer”, students
were helped to better master the key knowledge points of the stair, handrail, and ramp designs
(Table 1).

Table 1. Capability goals and knowledge points for stair, handrail, and ramp designs

Capability goals Knowledge points

Master the drawing and editing methods
of stairs in Revit

Stair components: stairs, platforms, support
components, and handrails

Sketch stairs

The stairs end at the kick surfaces

Master the drawing and editing methods
of railings and handrails in Revit

Top handrails

Handrail structures

Handrail positions

Heights of platform railings and stair railings

Master the drawing and editing methods
of ramps in Revit|

Edit the properties of the ramps

Draw the ramps
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Taking the drawing of the slab staircases as an example, the enterprise engineers provided
key parameter information in combination with the actual engineering situation: After the
calculation of the evacuation width, it was determined that the evacuation width of the staircase
was 1850 mm (one of the size types). Both the steps and rest platforms of the staircases were
120 mm thick cast-in-place reinforced concrete, and the risers and treads were faced with 50
mm thick marble.

Follow the stair drawing steps taught by university teachers: (1) Copy and create the stair
type; (2) Set the type parameters (calculation rules, stair type, platform type, treads and risers);
(3) Set the instance parameters (stair width, top and bottom constraints, number of risers required,
actual tread depth); (4) Draw the stairs; (5) Open a hole in the stairwell. As shown in Fig. 4, the
stairs that comply with national specifications and meet functional requirements can be drawn.

Fig. 4. Revit renderings of stairs, handrails, and ramps

As shown in Fig. 5, BIM teaching clarified the learning results-oriented training goal of
civil engineering talents and established a BIM course teaching evaluation system based on the
OBE concept [20]. The BIM course teaching evaluation system was mainly divided into two
stages: Process evaluation and conclusive evaluation. The process evaluation included the first
phase of teaching content (score accounting for 15%), the second phase of teaching content
(score accounting for 20%), the third phase of teaching content (score accounting for 15%),
and the final exam of teaching content (score accounting for 50%). The conclusive evaluation
was a comprehensive score of the process evaluation of teaching content. By building the
above diversified comprehensive evaluation system, scientific evaluation of students’ learning
effectiveness can be achieved.

Fig. 5. BIM course teaching evaluation system based on the OBE concept [20]
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In terms of classroom teaching assessment, by adopting the BIM course teaching evaluation
system based on the OBE concept, the distribution of students (38 students in the class)
modeling scores and comprehensive scores at the end of the term was further obtained (Fig. 6).
It can be seen from Fig. 6 that the average achievement rate of this course is 85.45%, and the
highest achievement rate is 98% [20]. The analysis of the achievement rate reflects that the
vast majority of students have a good grasp of the basic knowledge of BIM technical principles
and applications, and have achieved the teaching purpose.

Fig. 6. Analysis of students’ scores in practical building models

5.3.2. Graduation design

In terms of graduation design, through the display of a student’s design result (see Fig. 7),
it can be seen that students have greatly improved their use of BIM technology, solved practical
engineering problems, and achieved course objectives. The design results are more in line with
actual needs and are highly innovative and practical.

Course objectives:
Objective 1: Be able to use the basic theory and professional knowledge of engineering

design and related specifications, atlas, and manuals to optimize the design of the scheme.
Objective 2: Be familiar with the general laws and methods of engineering design, and

have the ability to accurately calculate engineering structure design or prepare construction
organization design.

Objective 3: Have the ability to select graduation design topics, test design, data analysis,
etc., and be able to use engineering design software to model and verify complex engineering
problems.

Objective 4: Have awareness of sustainable development such as selecting new energy-
saving and environmentally friendly materials, energy conservation, and water conservation,
and green construction.

Objective 5: Be able to effectively express the content of graduation design orally or in
writing, and have good communication and communication skills.
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Fig. 7. Graduation design case (3D model drawing)

It should be noted that to provide a scientific, objective, and reasonable evaluation of
graduation designs, the BIM graduation design evaluation system based on the OBE concept
has been established. As shown in Fig. 8, scoring standards for the scores of the completion
degree of the above five training goals have been formulated from three aspects: Guidance
teachers (Instructor) (score accounting for 30%), review teachers (score accounting for 30%),
and graduation defense performance (score accounting for 40%).

Fig. 8. Evaluation score standard for graduation design process based on the OBE concept

5.3.3. Feedback and evaluation from students and teachers
To more objectively evaluate the reform and practice effect of civil engineering graduation

design based on BIM technology and the OBE concept, real feedback from students and teachers
was obtained through questionnaires (Figs. 9 and 10). As can be seen from Figs. 9 and 10,
relatively speaking, students and teachers spoke highly of the reformed graduation design.
Students believe that through graduation design, they not only improve professional knowledge
and skills, but also cultivate comprehensive abilities such as teamwork, communication, and
expression. Teachers believe that the reformed graduation design is closer to the actual project
and will help improve students’ practical ability and innovative spirit. Compared with traditional
graduation designs, graduation designs based on BIM technology and the OBE concept have
been greatly improved in terms of design content, guidance methods, and evaluation systems.
Students’ comprehensive abilities and innovative spirit have been better cultivated, and the
quality of graduation design has been significantly improved.
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Fig. 9. Feedback and evaluation from students
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Fig. 10. Feedback and evaluation from teachers
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6. Analysis and discussion

6.1. Cost-effectiveness and hardware and software limitations of BIM
technology

In the reform practice of civil engineering graduation design based on BIM technology and
the OBE concept, although teaching results can be significantly improved and students’ ability
to collaborate and solve problems can be cultivated, there are still many practical challenges in
the implementation process, among which the cost-effectiveness and hardware and software
limitations of BIM technology can not be ignored.

(1) Cost-effectiveness analysis
From the cost-effectiveness perspective, introducing BIM technology involves multiple

costs. In addition to software purchase costs, hardware update costs cannot be ignored. BIM
software operation requires high computer hardware, and old equipment makes it difficult
to meet operating needs. Some universities may need to invest money to update computer
equipment to ensure the smooth operation of BIM software. However, BIM technology can also
bring significant benefits. In terms of teaching, it can provide a more intuitive and realistic project
simulation environment, enhance students’ interest and participation in learning, help students
better understand and master professional knowledge, cultivate students’ practical ability and
innovative thinking, and provide more professional talents to society. In terms of scientific
research, BIM technology can help carry out more in-depth research on building performance
analysis, construction process simulation, and other research, and enhance the schools’ scientific
research level and academic influence. In the long run, by training high-quality talents to adapt
to the development of the industry, the reputation and competitiveness of the school can be
improved, and more high-quality students and scientific research projects can be attracted.

(2) Hardware and software limitations issues
For universities with weak technological infrastructure, the following solution strategies

can be adopted. In terms of software acquisition, universities can negotiate with software
suppliers to strive for preferential education policies and obtain software licenses at a lower cost.
They can also focus on open-source BIM software. Although these open- source BIM software
functions are not as comprehensive as commercial software, they can meet basic teaching
needs. In terms of hardware updates, schools can formulate batch update plans to prioritize
configuring laboratories and computer rooms related to graduation designs with hardware
equipment that meets the requirements. They can also explore cloud desktop technology and
run BIM software through cloud servers. Students only need to use ordinary computer terminals
can access and use it, reducing reliance on local hardware. In terms of training, schools can
encourage teachers to participate in online training courses and obtain relevant certifications,
and then teachers on campus can train students. At the same time, they can establish a BIM
learning community on campus to promote experience exchange and learning mutual assistance
between teachers and students. Through these strategies, universities with weak technical
infrastructure can gradually overcome difficulties and smoothly advance the reform practice
of civil engineering graduation design based on BIM technology and the OBE concept.
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6.2. Potential obstacles and risks in reform and practice

In the practice of civil engineering graduation design reform based on BIM technology and
the OBE concept, although this reform has brought many positive prospects, it provides a new
path for cultivating professionals who can meet the needs of modern engineering. However, in
the implementation process, there are a series of potential obstacles and risks. If it is not paid
attention to and properly handled, it will have a negative impact on the smooth progress and
final results of the reform.

(1) The resistance of some teachers
Some teachers may be resistant to the graduation design reform led by BIM technology

and the OBE concept. On the one hand, some senior professors have long formed traditional
teaching models and thinking habits, and are slow to accept new technologies and concepts.
They are worried that reforms will disrupt the existing teaching rhythm and increase teaching
difficulty and workload. On the other hand, mastering BIM technology requires investing a lot
of time and energy in learning and practice, and professors themselves have heavy teaching and
scientific research tasks and it is difficult to spare enough time for self-improvement. To reduce
this risk, a hierarchical and classified training strategy can be adopted. For young teachers with
high acceptance of new technologies, provide in-depth BIM technical training to make them
a vanguard force in reform. For senior professors with rich experience but concerns about
new technologies, first carry out conceptual training to let them understand the significance
and value of reform, and then gradually guide them to participate in technical training. At the
same time, an incentive mechanism should be established to link teachers’ contributions in the
reform with performance evaluation, professional title promotion, etc., to increase teachers’
enthusiasm for participating in the reform.

(2) Potential risks of introducing BIM technology
In the process of gradually introducing BIM technology into the curriculum, problems may

arise in that the curriculum system is not smoothly connected. If the newly introduced BIM
technical content cannot be organically integrated with the original course content, it will lead
to confusion in students’ knowledge system and poor learning results. At the same time, due to
the rapid upgrading of BIM technology, schools may face the risk of teaching content lagging
behind industry development. To reduce these risks, schools should organize professional
teachers to comprehensively sort out and optimize the curriculum system, formulate scientific
and reasonable teaching syllabi, and ensure the organic connection between BIM technology-
related content and other courses. In addition, strengthen cooperation with industry enterprises,
keep abreast of the latest industry developments and technological development trends, and
regularly update teaching content to keep the knowledge students have learned in sync with
actual engineering needs.

(3) Long-term follow-up and effect evaluation
To measure the impact of this reform method on teaching effectiveness, students’ em-

ployability, and performance in actual projects, a long-term tracking mechanism needs to be
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established. Through return visits to graduates, learn how they use the knowledge and skills
they have learned at work, and collect their feedback on the reform of graduation design. At the
same time, maintain close contact with employers to understand the performance of graduates
in actual work and analyze the impact of reform on students’ employment competitiveness
and career development. Based on the results of follow-up feedback, the reform plan will be
adjusted and improved promptly to continuously improve the quality of teaching.

(4) The relationship between graduation design model and practical project
When using BIM technology for graduation design, how to ensure that the model established

is closely related to the actual engineering field is a key issue. If the model is disconnected
from the actual engineering, students will not be able to truly master the skills and methods
needed in the actual work. To solve this problem, schools should strengthen cooperation with
enterprises and introduce practical engineering projects as the source of graduation design
topics. Invite corporate engineers to participate in graduation design guidance, so that students
can fully understand the needs and specifications of actual projects during the design process.
At the same time, students are encouraged to participate in corporate internships, accumulate
experience through practical work, and apply what they see and hear during the internship to
graduation designs to improve the practicality and authenticity of the model.

The practice of civil engineering graduation design reform based on BIM technology and
the OBE concept is of great significance and value, but during the implementation process,
it is necessary to fully realize the potential risks and adopt effective response strategies.
Solving problems such as teachers’ resistance and students’ insufficient mastery of technology,
establishing a long-term tracking mechanism, and strengthening the connection between
models and actual projects, can ensure that the reform achieves the expected results and
cultivate more high-quality innovative talents for the civil engineering profession.

7. Conclusions and prospects

7.1. Summary of research results

By combining BIM technology with the OBE concept, this paper conducts reform and
practical research on graduation design for civil engineering majors. The research results show
that the reformed graduation design has significant advantages in improving students’ compre-
hensive abilities, cultivating innovative spirit, and being close to practical projects. Specifically,
it is reflected in the following aspects: (1) Optimize the graduation design content to make the
design project more practical engineering background and innovative. (2) Innovative guidance
methods, dual-instructor collaborative guidance, and BIM technical training throughout the
entire process, improving students’ practical ability and problem-solving abilities. (3) Recon-
structed the evaluation system, established diversified evaluation indicators, focused on process
evaluation and feedback, and improved the scientificity and objectivity of evaluation.
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7.2. Shortcomings and prospects of the research

Although the research in this paper has achieved certain results, there are also some
shortcomings. The scope of practical objects is small, and the promotion and application
of reform plans need further verification. The integration of BIM technology and the OBE
concept is not deep enough, and more effective integration methods need to be further explored.
Students’ graduation design scores need to be further improved. Future research can be carried
out from the following aspects: (1) Expand the scope of practical objects, promote and apply the
reform plan to more universities and majors, and further verify its effectiveness and feasibility.
(2) In-depth study of the integration of BIM technology and the OBE concept, explore more
effective teaching methods and evaluation systems, and improve the quality of talent training
for civil engineering professionals. (3) Based on the development needs of the industry, it
is necessary to combine big data, big models, and big databases, and pay attention to the
sustainable principles of civil engineering to continuously update the content and methods of
graduation design, and cultivate high-quality civil engineering professionals who meet the needs
of social development [21, 22]. In short, the reform of graduation design for civil engineering
majors based on BIM technology and the OBE concept is an important research topic. Through
continuous exploration and practice, new ideas and methods can be provided for improving
the quality of graduation design and talent training levels for civil engineering majors.

Acknowledgments

The authors gratefully acknowledge the financial support from the Research Project of
School-level Education and Teaching Reform in Anhui University of Science and Technology
(2023xjjy12).

References
[1] J. Yuan and Y. Wu, “Exploring the abilities-cultivation model for students in undergraduate academies in China”,

Education as Change, vol. 28, art. no. 15142, 2024, doi: 10.25159/1947-9417/15142.

[2] X. Jia, “Design and teaching application of a virtual simulation training system for bridge engineering
drawing recognition based on Unity3D”, Archives of Civil Engineering, vol. 70, no. 3, pp. 487–498, 2024, doi:
10.24425/ace.2024.150997.

[3] J. Xu and L. Li, “Research on teaching reform model based on BIM Technology”, Experimental Technology and
Management, vol. 37, no. 11, pp. 218–221, 2020, doi: 10.16791/j.cnki.sjg.2020.11.046.

[4] P. Gong, R. Luo, F. Xiong, and S. Guo, “Reform of BIM practice teaching in engineering management major
based on the concept of OBE-CDIO”, Journal of Engineering Management, vol. 34, no. 3, pp. 153–158, 2020,
doi: 10.13991/j.cnki.jem.2020.03.028.

[5] X. Li, H. Yang, F. Wang, J. Dong, and Q. Wu, “Teaching reform of mechanics course based on OBE concept”,
The Guide of Science & Education, no. 15, pp. 100–102, 2023, doi: 10.16400/j.cnki.kjdk.2023.15.032.

[6] X. Chen, B. Zhao, C. Fan, X. Mao, C. Liu, and B. Lu, “Design and implementation of engineering curriculum
continuous quality improvement mechanism based on the concept of outcome-based education”, Research and
Exploration in Laboratory, vol. 42, no. 12, pp. 161–169, 2023, doi: 10.19927/j.cnki.syyt.2023.12.030.

https://doi.org/10.25159/1947-9417/15142
https://doi.org/10.24425/ace.2024.150997
https://doi.org/10.16791/j.cnki.sjg.2020.11.046
https://doi.org/10.13991/j.cnki.jem.2020.03.028
https://doi.org/10.16400/j.cnki.kjdk.2023.15.032
https://doi.org/10.19927/j.cnki.syyt.2023.12.030


EXPLORATION AND RESEARCH ON REFORM AND PRACTICE OF GRADUATIO . . . 23

[7] Z. Lin, A. Qi, J. Ou, Y. Xiao, and S. Wang, “Exploration of BIM teaching reform in civil engineering specialty
based on OBE-CDIO concept”, Journal of Information Technology in Civil Engineering and Architecture, vol.
13, no. 2, pp. 36–43, 2021, doi: 10.16670/j.cnki.cn11-5823/tu.2021.02.06.

[8] W. Qin, Y. Yao, Z. Zhang, Z. Xu, and J. Lu, “Teaching practice and reflection on joint graduation design of civil
engineering based on CDIOF- BIM”, Journal of Architectural Education in Institutions of Higher Learning, vol.
31, no. 5, pp. 63–70, 2022.

[9] Y. Kong, W. Wang, and B. Rajabov, “New model of college physical education teaching based on the algorithm
and data structure of flipped classroom and OBE”, Heliyon, vol. 10, no. 11, art. no. e31368, 2024, doi:
10.1016/j.heliyon.2024.e31368.

[10] M.S.H. Khan, N. Salele, M. Hasan, and B.O. Abdou, “Factors affecting student readiness towards OBE
implementation in engineering education: Evidence from a developing country”, Heliyon, vol. 9, no. 10, art. no.
e20905, 2023, doi: 10.1016/j.heliyon.2023.e20905.

[11] Z. Li and K. Li, “Reform and exploration of graduation design model for civil engineering majors based
on OBE optimization”, Anhui Architecture, vol. 30, no. 12, pp. 117–118, 2023, doi: 10.16330/j.cnki.1007-
7359.2023.12.043.

[12] A. Abbas, Z.U. Din, and R. Farooqui, “Integration of BIM in construction management education: An
overview of Pakistani Engineering Universities”, Procedia Engineering, vol. 145, pp. 151–157, 2016, doi:
10.1016/j.proeng.2016.04.034.

[13] A. Agirbas, “Teaching construction sciences with the integration of BIM to undergraduate architecture students”,
Frontiers of Architectural Research, vol. 9, no. 4, pp. 940–950, 2020, doi: 10.1016/j.foar.2020.03.007.

[14] Q. Hu, L. Liu, and C. Zheng, “Curriculum reconstruction triggered by the application of BIM technology
in graduation design for civil engineering majors: Taking the College of Arts and Sciences of Yangtze
University as an example”, Science and Technology & Innovation, no. 6, pp. 157–159+165, 2024, doi:
10.15913/j.cnki.kjycx.2024.06.046.

[15] L. Xing, J. Xu, Y. Ding, and J. Shi, “Exploration of BIM technology in civil engineering graduation design”,
Journal of Sichuan Vocational and Technical College, vol. 34, no. 6, pp. 41–45, 2024, doi: 10.13974/j.cnki.51-
1645/z.2024.06.005.

[16] Z. Li, H. Hu, X. Xu, and X. Li, “Exploration of collaborative graduation design of bridge engineering based on
BIM technology”, Modern Vocational Education, no. 27, pp. 109–112, 2024.

[17] X. Yao, P. Qiu, and H. Zhang, “Practical reform of graduation design for civil and architectural classes based on
BIM”, Fujian Building Materials, no. 12, pp. 123–126, 2024.

[18] W. Li, “Research and practice of graduation design reform based on BIM in civil engineering majors”, Light
Industry Science and Technology, vol. 38, no. 6, pp. 181–183, 2022.

[19] L. Chen, B. Lin, and H. Zhuo, BIM applications: Revit Architecture case tutorial, 2nd ed. Beĳing: Peking
University Press, 2022.

[20] R. Yang and J. Wang, “Research on reform and practice of Revit Architecture BIM course teaching model
based on the “CDIO+SPOC” concept”, Survey of Education, vol. 13, no. 13, pp. 50–54+77, 2024, doi:
10.16070/j.cnki.cn45-1388/g4s.2024.13.026.

[21] A. Glema, “Building information modeling BIM – level of digital construction”, Archives of Civil Engineering,
vol. 63, no. 3. pp. 39–51, 2017, doi: 10.1515/ace-2017-0027.

[22] P. Jakiel and D. Fabianowski, “Analysis of bridge structure selection using a hybrid decision-making technique”,
Archives of Civil Engineering, vol. 70, no. 3, pp. 579–593, 2024, doi: 10.24425/ace.2024.151003.

Received: 2024-11-09, Revised: 2025-02-08

https://doi.org/10.16670/j.cnki.cn11-5823/tu.2021.02.06
https://doi.org/10.1016/j.heliyon.2024.e31368
https://doi.org/10.1016/j.heliyon.2023.e20905
https://doi.org/10.16330/j.cnki.1007-7359.2023.12.043
https://doi.org/10.16330/j.cnki.1007-7359.2023.12.043
https://doi.org/10.1016/j.proeng.2016.04.034
https://doi.org/10.1016/j.foar.2020.03.007
https://doi.org/10.15913/j.cnki.kjycx.2024.06.046
https://doi.org/10.13974/j.cnki.51-1645/z.2024.06.005
https://doi.org/10.13974/j.cnki.51-1645/z.2024.06.005
https://doi.org/10.16070/j.cnki.cn45-1388/g4s.2024.13.026
https://doi.org/10.1515/ace-2017-0027
https://doi.org/10.24425/ace.2024.151003

	Rongzhou YangExploration and research on reform and practice of graduation design for civil engineering major based on BIM technology and OBE concept

