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Combination and Practice of the Integration of Case Teaching Method and BOPPPS Model: Taking

the Course of Subgrade and Pavement Engineering as an Example
JIANG Hong—guang, GE Zhi, YAO Zhan-yong
(Cheeloo College of Transportation, Shandong University, Ji’nan, Shandong 250002, China)

Abstract: In view of the fact that engineering undergraduates in colleges and universities have weak basic the—

oretical knowledge foundation, it is not suitable for them to completely use case teaching method. This paper

provides the teaching method of combing case teaching method with BOPPPS model. Based on the six stages in

the BOPPPS model, we take the actual engineering cases as the designed content of bridge—in and post—assessment

stages, which runs through the whole process of basic theoretical knowledge learning, so as to cultivate students’

thinking and ability to master basic theoretical knowledge and solve practical problems and realize the unification of

theoretical knowledge and engineering practice for engineering students. Moreover, the “curriculum ideological and

political education” is integrated into the teaching of engineering cases, which helps to improve students’ profes—

sional literacy and shape their sense of social responsibility.

Key words: case teaching; BOPPPS model; curriculum ideological and political education; Subgrade and

Pavement Engineering
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Using TOP Method to Enhance the Construction Engineering
Student Learning

Abstract

This paper discusses a pedagogical method of TOP and its implementation in the classroom to
provide construction engineering students an opportunity to develop communication skills in
order to better prepare them for future employment in the construction industry. While this
discussion is based on the feedback from construction professionals, detailed course works are
presented to illustrate the idea in order to make it suitable to other typical construction
engineering classes. In this paper, communication practices, needs, and methodologies are
written in detail as well as the implementation in a course from both instructor and student
perspectives. The impact of learning and teaching is also discussed. The discussion and course
practice results showed that these are effective methods to enhance student learning in the area of
construction engineering.

Introduction

In the construction industry, professionals require new hires to have solid fundamentals of
engineering knowledge along with limited professional skills, and strong oral and written
communication capabilities developed when they were in school. Construction engineering
students, therefore, need an opportunity in the classroom to develop these skills and to find ways
to keep their motivation toward their construction engineering career. However, students often
comment that they don’t have many chances to obtain these skills in the classroom. How can this
gap be covered? This paper addresses a TOP method — —FOP” is an acronym for Teamwork (T),
Oral Interaction (O) and Professional (P) - based on the needs from the construction industry, to
address the gap between academic knowledge and professional experience.

Communication in Construction

Industry professionals as documented in the literature suggest that communication is the key to
the success of construction projects. Better communication allows for projects to be completed
within budget with reduced amount of rework." The primary function of communication is to
transfer information.” Quality communication has to include successful transmission and accurate
understanding of the message. Many factors can affect the transmission and understanding,
including information, interpretation, and feedback. In the context of construction engineering,
communication occurs not only among project team members, but also among all parties
involved in the project including the public.

The communication initializer provides the ideas, needs, instructions, and information; some of
these may have multiple purposes that are being communicated. For example in a scheduled
disruption caused by road construction was provided to all parties involved in the project as well
as to the public.” This serves as the specific purpose of communicating schedule information and



also as the general purpose of communicating to those who will be affected by the disruption. In
this communication process, relationships are also developed accordingly.

According to Mubarak,” good communication should have the following features:

e Clarity — The message provider and listener or reader must make sure the information
or instruction is understood exactly as what is meant.

e Simplicity — A construction engineer should use simple language as much as possible
in their daily communication but the documents must contain exact description.

e Accuracy — As a construction engineer, professional communication means the
information is accurate, objective, and always updated.

e Preciseness and relevance to the subject — Having so much information regarding
construction drawings, specifications, and field operation can make communication
complicated and confusing among any parties that can mislead the project.

e Legibility — If the communication form is written, it must be with good readability. It
shouldn’t leave any room for guessing.

e Proper support tools — When providing construction instruction, sometimes —& picture
1s worth more than a thousand words.” Pictures, tables, charts, and videos should be
used wherever possible. A follow-up should occur to check how much information is
correctly understood.

¢ Good organization — Construction information should always be organized due to its
teamwork nature. A certain format should be followed, especially for a large-scale
project.

e Industry standards — It is very important for construction professionals to use common
languages for communication. However, it has to follow certain industry standards to
avoid confusion.

However, previous research® > showed that usually engineering students often don’t develop
high level communication skills before they graduate. This was further analyzed by Mieke
Schuurman, et al.” Moreover, -EUnfortunately, a large number of undergraduate engineering
programs are not sufficiently providing students the skills necessary to succeed in the workplace
of the future.” This is most likely because —with the building of the analytic emphasis over the
decades, the undergraduate engineering educational experience became increasingly fragmented
into what appeared to the student as independent parts.” However, it has been recognized that a
direct relationship exists —b@wveen the amount of technical communication instruction and career
advancement.”® This is especially true for construction engineering students based on the
feedbacks that authors of this paper have documented from construction companies who attended
recent engineering job fairs.

Statement of Needs

Based on the above discussion, the construction industry is involved in intensive communication.
Therefore, having good communication skills is a basic requirement for construction
professionals. Construction Engineering programs primarily prepare students for employment in
the construction industry. This industry requires intensive communication skills at the



professional level within the realm of the team environment. Employers are emphatic that
students must develop strong oral and written communication skills along with a body of
knowledge of the construction/engineering disciplines. An opportunity must be provided to
develop communication skills in order to better prepare the students for future employment. A
significant gap exists between the industry’s requirements and the students’ capabilities in both
communication and teamwork skills.

Methodology

Within recent years, skills related to teamwork and communication training had been addressed
in the classroom, but the adaption of the TOP strategy may take this approach to a higher level.
To address the issues of communication, teamwork, and professional perspectives, the TOP
strategy was applied to a senior-level construction class. The purpose of this application was to
allow students to gain communication and teamwork skills in a professional manner, and to learn
these skills more thoroughly within an applied environment.

The scope of the work consisted of the following components:

e Two-way exposure to construction professionals: professionals came to students and
students went to professionals.

e Continuous oral communication training.

e Contractor office simulation focusing on teamwork.

Course Details — Instructors

The TOP method was applied to the Construction Scheduling and Project Control course. In
order to understand the suitability of TOP for this course, the course description is provided
below:

Construction Scheduling and Project Control —provides a discussion on the theories, principles,
and techniques of construction planning and scheduling with an emphasis on time management,
costs, and resources through the preparation and analysis of network schedules.”

The objectives of student leaning for this course include: (1) understanding and describing the
process of construction project planning, scheduling and control, and ethical issues involved in
the construction scheduling process, (2) developing a Gantt chart for a construction project, (3)
manually creating and calculating a project schedule using network scheduling techniques for a
construction project using critical path method (CPM), (4) updating schedules and monitoring
the progress of work, and (5) performing the project schedule calculation and analysis using
computer software.

First, focus group meetings with several construction professionals were held to gather and
review details of the industry requirements for new hires, especially a scheduler and a plan was
developed to apply these requirements to the classroom using the TOP method.

Second, the TOP strategy was implemented into the course preparation, using:



e Two-way exposure to construction professionals — the instructor planned frequent visits
by construction professionals to the classroom and student were required to interview
professionals.

e Continuous oral communication training — the instructor planned to require students to
practice their oral communications in several ways, including: site visit/interview report,
formal oral presentations, instant observations, and required in-class discussion for
almost every class periods. The goal of the preparation was to have every student speak at
least twice per week for the entire semester.

e Contractor office simulation focusing on teamwork - the course was modified from a
traditional classroom setting to a —eontractor’s office” by rearranging the tables and
dividing students into groups. Students acted as engineers during class time — but always
within the —eonstruction team” environment.

Third, in order to provide students both scheduling theory and practice in a way that students can
learn conveniently, the projects used in class were actual commercial projects but with some
assumptions to address drawing deficiency and to simplify the students’ work. Companies, who
were willing and were selected to support this project, were typical representatives of the
construction industry. The instructor traveled to these companies, conducted interviews and
meetings with related professionals, visited appropriate projects, and made agreements for
providing current construction data and long-term collaboration. A typical meeting agenda
consisted of the following:

e Meet and greet.

e Review of Construction Engineering program.

Why is the program is seeking industry collaboration and what is the vision (i.e., why
expend the effort and what is the exact nature of the revised program)?

Industry observations on education and skills of graduates entering the industry.
Brain storm ways the industry might provide involvement.

Action items and follow-up schedule.

Project site visit and project data.

These companies and their projects covered different types of construction — commercial,
residential, transportation, and utility projects. Different perspectives of a project were also
discussed — design, construction, engineering, and consulting.

Finally, the instructor was able to tie all these items together to fully implement the TOP method
into the classroom. At the end of the semester, in order to assess and evaluate the implementation
as related to the students’ learning, all students were surveyed on how well they met the course
objectives.



Course Details — Students

Processes described on the instructor’s perspective was of course implying on students’
perspectives as well. The two items that deserve a detailed description are provided below.

Student interviews with professionals.

Interviews and hands-on tasks were used in class to help students understand the scope of the
work and the responsibilities of a construction scheduler. This process allows students to
recognize the knowledge, skills, and experience that a successful scheduler must have and to
explore the scheduling software currently used in the construction industry. Students worked in a
group and based on the student’s experience and personal interest, each group interviewed a
contractor either from the contractors described in the previous section or from their own
contacts. Each group had obtained a set of project documents and scheduled the project
accordingly to the instructor’s requirements. A local contractor was preferred as it is more
convenient to get the information, however, contractors, who are not local were acceptable.
Typically, the students needed to gather three things from this interview:

e Scheduling practice including the people, process, skills, and the software that was used.

e An example project including the project’s drawings and specifications, estimate, and the
construction schedule — this was very important since students used this project for other
assignments.

e (Quality and safety plans for developing the schedule.
Before the interview, students developed a set of questions to collect this information.

The projects that students collected and used for the remainder of semester were in the area of
commercial, residential, transportation, or utility construction. For a residential project, students
were aware that they might not be able to get their formal scheduling documents but informal
scheduling work was used. If the project was expansive, only sections of the project were
needed.

After the interview, each group developed a written report to describe:

1. The interview process and information obtained.
Project objectives, including:
e A brief description of the project.
The method or type of construction.
The project start and completion dates.
Project milestones.
Total project costs.



Using the project obtained, students had to act the role of a construction professional by
preparing a Work Breakdown Structure (WBS), making an activity list and determining the
project —log.” At this stage, the groups of students:

1. Developed a WBS including:

a. Identifying the major CSI divisions and code numbers.

b. Having no less than 50 activities in the schedule.

c. Calculating the duration for each activity by using the estimate information
obtained.

d. Listing any assumptions.

2. Decided the logical relationships between activities and made a summary table
including following items:

a. Relationships among activities - meaning the construction operations based on
a constructability review.

b. WBS code numbers, durations, predecessors or successors, concurrent
activities, responsible party, resources that included labor, equipment and
materials.

c. Costs for each activity.

Each group then entered the data into Microsoft Project or Primavera P6 and printed the required
outputs: cost reports, Gantt chart, calendar view and a PDM network. Each group conducted an
analysis of their schedule.

Finally, each group wrote a final report, which included:

A letter of transmittal.

Standard format (title, table of contents, tables and figures, etc.).
A project narrative (divided into sections or subheadings).
Analysis summary or conclusions.

Appendices.

Student Formal Presentation

Each student group made a final presentation of their projects. They were evaluated by
instructors, students, and invited professionals based on the following criteria:

1. Organization — Is the presentation organized? Is the methodology and approach of the
presentation well crafted? Is the subject relevant to construction? Is there a logical
structure to the presentation?

2. Confidence/Enthusiasm/Interest — Is the presenter knowledgeable? Relaxed? Does the
presenter have a good stage presence and do they seem positive? Is there frequent eye
contact? Does the presenter look only at one person, or make eye contact with several
people? Is their voice stable? Are they caught up in any distractions? Do they convey an
interest for the subject?

3. Clarity — Is the material explained in a coherent fashion? Does the presenter use proper
terminology? Is the presentation straight forward or confusing? Does the presenter do a



reasonable job of making the material understandable?

4. Visual Aids — Are the visual aids understandable and are they appropriate? Does the
presenter explain the visual aids? Is the presenter creative in their use of the visual aids?
Are there not enough or too many visual aids (slides)? Are the visual aids visible long
enough for the audience to read and understand them?

5. Technical Content — Is the presentation accurate? Is the selection of the supporting
references for the presentation appropriate? Is the overall presentation too broad or too
narrow in its content?

6. Personal Appearance / Timing — Does the presenter look professional? Was their
appearance appropriate? Isthe introduction, body, and closing summary the proper length
with regard to time?

7. Summary — Does the presenter review key points? Does the presenter end with a strong
statement? Does it seem the presentation came to an end in a proper way? Does it close in
a way that didn’t leave the audience hanging?

8. Answering Questions — Does the presenter answer questions directly? Do they try to
give the best answer to the questions?

Impacts on Learning and Teaching

The Student Rating of Instruction (SROI, i.e., course assessment survey) indicated that the
students were able to fully accomplish the objectives. More than 85% of students reported that
they were 90% confident that after the semester that they were able to:

e Understand and describe the process of construction project planning, scheduling and
control, and ethical issues involved in the construction scheduling process.

e Develop a Gantt chart for a construction project.

e Manually create and calculate a project schedule using network scheduling techniques for
a construction project using CPM.

e Update schedules and monitor the progress of work.

e Perform the project schedule calculation and analysis using computer software.

They were also 70% confident related to explaining and performing resource leveling.

Conclusions

This paper reports the implementation of a TOP strategy to help student learning in terms of
teamwork, professional skills, and communication capacity. Based on the results of student
performances and responses, this method is effective. In general, by implementing the TOP
method, students and the instructor were able to obtain the following:

e C(Created an innovative and positive learning environment — the exposure to



construction professionals allowed students to experience actual construction
challenges. Students can develop fundamental skills needed for successful project
implementation and delivery.

e High quality of learning — the TOP method intuitively increased student interest and
comprehension which could ultimately lead to higher quality in the students’ work.

e Faculty learning — the instructor has promoted their professional development and
gained an opportunity to —aform” their teaching style that is suitable to a new
generation of student learners.

In a summary, TOP help students develop skills of teamwork and communication in a
professional manner. The instructor has also learned from this process and gained significant
insight into the student mindset related to student perspectives. Industry professionals, who were
also involved in this process, really liked this method and are willing to review other construction
courses in the near future.
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Exploration of the Mixed Teaching Mode of Intelligent Transportation General Education Course:
A Case Study of Intelligent Transportation System Course
WANG Xu, GE Zhi, SHI Wei-hua, ZHANG Ru-hua
(School of Qilu Transportation, Shandong University, Jinan, Shandong 250002, China)

Abstract: In view of the requirements of intelligent transportation talent cultivation and general education

curriculum construction under the background of building China into a country with strong transportation network,

this paper takes the general education course of “Intelligent Transportation System” as an example to optimize

and upgrade course content, deepen teaching design, improve teaching methods, refine course features, strengthen

teaching team construction, and carry out mixed teaching exploration. It can provide a reference for the construction

of general education curriculum system to meet the needs of cultivating innovative talents.

Key words: intelligent transportation; general education course; mixed teaching mode
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Abstract: This paper, focusing on the fundamental task of moral education, discusses how to integrate ideological and
political education into the course of Construction Organization and Budget Estimate of Highway. Through in-depth exploration
of ideological and political principles contained in typical chapters of the course, this paper determines four ideological and

political elements, designs corresponding teaching cases, and realizes the organic combination of education and talent

cultivation.

Keywords: Construction Organization and Budget Estimate of Highway; ideological and political education in courses;

design; teaching cases
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Integrating Building Information Modeling (BIM) in Teaching
Project Scheduling and Control

Abstract

In order to determine how to integrate Building Information Modeling (BIM) with current
construction engineering education, this paper reports a suggested approach of integrating BIM in
project scheduling and control in various courses within the current construction engineering
curriculum. The methods used are to find (1) how, when, and how much BIM knowledge should
be introduced, and (2) how a course framework should be set up. It was found possible to use an
existing construction curriculum to fully teach and apply BIM tools. Although the proposed
approach still needs a full assessment with more rounds of teaching practice and modification
depending on feedback being obtained from students and the construction industry, this pilot
study can provide some insight and generate further discussion to teaching similar contents in
other construction engineering programs,

Introduction

Technology and new tools always play an important role in the construction process. Usually,
employers in the construction industry expect new employees to have a better capacity on new
technologies. It is crucial that students in construction engineering programs have an opportunity
to learn about the most current technologies that are used in the construction industry. Building
Information Modeling (BIM) is one of such technologies and has obviously been used by the
construction industry. With BIM, the traditionally used two-dimensional (2D) drawings in the
construction industry is replaced with a data-embedded three-dimensional (3D) model that can
directly generate lists of materials, quantity take-offs, preliminary schedules and of course the 2D
drawings if necessary, working together with other computer software '. Local construction
companies and the Industry Advisory Council for construction programs provide intensive
feedback and suggestions regarding the needs and uses of BIM technology. More and more
construction companies are integrating BIM in their construction project design and management
process, especially for project scheduling and control. Accordingly, more and more design firms
and contractors who regularly hire our construction engineering students are asking for an
expertise of BIM from students and are expecting BIM knowledge and capability from new
graduates of construction engineering programs. More calls from those companies are asking the
programs for recommendations of “BIM” students. Obviously, having BIM skills will provide
construction students a positive element when they enter the construction industry and for their
future construction career. Therefore, adopting BIM to construction curriculum is necessary and
beneficial. However, a change of technology contents in courses requires significant updates on
an instructor’s knowledge and much time and effort are required. This paper reports a suggested
approach of integrating BIM in training construction engineering students to obtain knowledge
and skills of project scheduling and control in various courses within current construction
engineering curriculum, with a layout of course framework.
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Background of BIM Technology

As discussed in the literature®, many definitions of BIM are available in research and practice
depending on how people use it. Probably the most popular definition is that BIM is “a model-
based technology linked with a database of project information” (American Institute of
Architects) °. One can easily understand and relate BIM to a once popular technology of Object-
oriented CAD *, which provided much project information with 3D models and allowed users to
visualize the project before it is actually built. A new industry standard called National Standard
for Building Information Modeling (NBIMS), developed by the National Institute of Building
Sciences (NIBS), “allows all the users of building information models to be able to easily utilize
the information®” by standardizing the data formatting of BIM. However, the construction
industry does not only treat BIM as a technology tool, but rather defines it as a process. It is true
that BIM is a tool that allows viewing project data and information directly on a 3D model. It
does not stop here though. Information carried by BIM models are reused over and over
throughout the entire design and construction process among different project parties.
Additionally, these models may be updated each time they are used and these updates are shared
among all users instantly with proper levels of authorization. Moreover, BIM is integrated with
many existing computer programs in the construction industry such as software for construction
estimating, scheduling, and project management. These functions of a BIM ultimately allow
updates on construction documentation done directly on BIM models® and therefore provide
much better project scheduling and control — a key component of managing a construction
project.

Statement of Needs

Currently, it is very typical for an architecture program to have BIM courses in its curriculum. In
a construction engineering undergraduate program, however, it is not likely to have a BIM course
that covers all the details that fit the industry need. Actually, an independent BIM course requires
many components from other courses; therefore, it might not be too hard to establish such a
course but is hard, if not impossible, to make students realize BIM is a process that has many
applications involved from other courses as well. Also adding or deleting courses might be a
challenge under the current accreditation system of construction engineering. In our construction
programs, within recent years, concepts, functions and techniques of BIM, have been briefly
introduced to students in many different ways but in pieces here and there. However, it is desired
by the student and their potential employers to set up a systematic approach to adopt BIM
technology and process into the construction engineering curriculum.

Instead of establishing an independent BIM course, this paper proposes an alternative approach
to integrate BIM within a current construction engineering curriculum, regarding project
scheduling and control, by providing BIM components in various courses gradually. Discussions
in the paper are to find how, when, how much and at what levels BIM knowledge and
applications should be introduced and taught. The authors believe that a method of gradually
introducing undergraduates to BIM and its applications through several sequenced courses
should be one of the best approaches for students to fully understand project scheduling and
control with BIM skills.
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Methodology

The approach of integrating BIM in several classes is proposed below. This approach integrates
BIM technology in a systematic way that helps student learn the knowledge and skills of project
scheduling and control in many different perspectives. It can be forecasted that students can gain
BIM knowledge and skills more thoroughly within a current curriculum. The steps are listed
below:

e Determine the goals to be achieved by applying BIM into teaching.

e Choose method(s) to apply BIM into courses. At this step, it was determined to use
several existing courses.

e Employ different teaching styles. The selection of teaching style depends on various
stages of BIM knowledge and applications, the nature of courses, and the teaching
expertise of course instructors.

e Setup a course framework that integrates BIM concepts and determine changes to be
made to the current construction courses.

e Determine assessment and evaluation methods of student learning and teaching
effectiveness.

e Report the results to program constituents.

Outcomes and Course Framework

After talking to many construction professionals, it was determined that two major BIM concepts
and skills must be learned in order for students to provide benefits to the construction companies
quicker. The first one is BIM software operations. The second one is, more importantly, about
changes of construction engineering processes due to BIM implementation. In the classroom,
these two skills can be gained by not only relating students’ basic training along with
construction activity requirements but also with a focus toward skills of project scheduling and
project control.

Course layout and components can be established similarly to the one in the literature” . BIM
has to be learned while students are learning typical construction knowledge with a concentration
on skills of project scheduling and project control along with other aspects such as field layout
and management. As discussed above several related courses in the existing curriculum of a
construction engineering program are used. Courses selected based on the nature of courses are
Graphic Communication (CAD), Construction Planning and Scheduling, Construction Contract,
Field Management, and Construction Information Technologies and/or Senior Design
(Capstone). The development of instructional materials is critical, and is different at each level of
teaching depending on teaching style. It was determined that formal lecture, hands-on laboratory,
guest speakers, and comprehensive/intern projects are employed in order to achieve active and
cooperative learning, along with the nature of each course and instructor’s preference.

First, students must know the BIM basics before they can use BIM for project applications.
Similar to many construction curricula, our construction engineering and management programs
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have a course of Graphic Communication (CAD). In the past, the focus of this course was using
AutoCAD to produce 2D drawings with basic sketching skills and graphic theories. Now the
course is reshaped with BIM components and provides a basis for BIM applications in other
courses later. Also the classroom is equipped with various BIM programs (Autodesk’s Revit’,
Bentley’s Architecture'®, and Graphisoft’s ArchiCAD'"). Some professional tutorial materials or
instructional materials from professional workshops are used to speed up the class progress
without deleting too much of the original content of the course. Although in-class work focuses
on the basic operations of software, a final class project is used without requiring students to
understand the project in this stage. The final project is based on an actual construction BIM
project obtained from a local engineering/construction firm. Typical components covered during
this process are outlined as:

e Define common BIM terminology and learn basic operation commands.

e Obtain BIM modeling skills.

e Compare BIM with existing 2D CAD.

e Discuss how BIM is used in the industry and benefits that can be provided.

Secondly, in later courses, students can apply what they learned from CAD class to detailed
construction applications. Courses selected are Construction Surveying, Construction Planning
and Scheduling, Construction Contracts and specifications, and Construction Management.
Typical components covered during this process are outlined as:

e Apply BIM in visualization.
e Practice using BIM for spatial coordination.

e With a real project, simulate using BIM for scheduling and project control as well as
resource management.

BIM technology can be used for subcontractor coordination. Subcontractor selection is important
for a general contractor and will become an important parameter in the project scheduling and
control process. Subcontractors’ qualifications and coordination can be enhanced by applying
BIM models. The models with different levels of authority provide better coordination and
updates among subcontractors. In the classroom, instructors can simulate different parts of the
models based on the work scope of a subcontractor. They can then ask students analyze the
impact among subcontractors within models. Reflected on a scheduling chart, some adjustments
will be automatically generated due to changes on models.

The construction site layout is a very important aspect of project scheduling and control.
Traditionally, site planning is done by checking various documents such as drawings,
specifications, area regulations, and waste control along with construction systems. BIM models
can automatically and virtually layout the site in its best way and generate scheduling for material
delivery and others in a more accurate way. In the classroom, in order to make models work,
industry inputs must be used. A set of real project data is preferred for students working as a
group. Ideas from different groups can be exchanged as to practice the construction change
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orders.

Of course the most critical component in the project control process is construction estimating
and scheduling®. The detailed dimensions, specifications, and product information embedded in
BIM models allow a detailed and accurate takes-off generation. A cost estimate can then be
produced by considering the waste factors and the overhead margin that is applicable to certain
contractors by either on BIM models, or by exporting takes-off to specific estimating software
such as Timberline or just a spreadsheet. The former requires working to%ether with other
estimating programs '* such as Timeline via Innovaya Visual Estimating'*and Vico Software
Estimator'” via a plug-in tool. Then, similar information can be exported to scheduling programs
such as Microsoft Project or Primavera P6 generating a construction schedule. Now BIM models
contain project components, specifications, quantities, cost and schedule information, in addition
to the typical design information that can be found in 2D drawings'”. Obviously and excitingly,
now every project team member has this model during the entire construction process and all
updates will be shared'®. With actual progress measurements an optimal project control can be
easily and accurately achieved. Overall, the project can be scheduled and controlled more
efficiently. In the classroom, this process is simulated by deploying a real past project with real
project information provided by a local contractor.

Lastly, in the Construction Information Technologies or Senior Design course, after students
have learned the BIM basics and applications, they have an opportunity to work with a local firm
to apply their knowledge and skills to a real construction project. During this process they will
get familiar with:

¢ Identifying challenges of applying BIM for project scheduling and control.

e Developing an action plan in the future for a typical construction firm.

The class project mentioned above requires students to generate the following project scheduling
and control components:

e Overview of the project

e Project start and finish dates,

e Project milestones

e Project cost

e Assumptions or results of the Request for Information

e Work Breakdown Structure (WBS) and the code numbering system as well as BIM
model components

e General project specifications contained in the model
e Project resources including labor, material, equipment, and subcontractors
e Construction sequence and initial schedules

e Construction crush analysis
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e Mobilization

e Site layouts including project waste removal and disposal, on-site material storage,
material delivery checks, and utility connections

e Safety and quality plans

e Temporary structures

e Cost estimates and cost reports

e Project progress schedules

e Controlling methods between schedule and field progresses
e Explain any discrepancies in the schedules or changes

e Establish a typical BIM action plan for an average contractor

After this entire learning process, students should be able to:

e Realize the importance of BIM and potential benefits BIM provides.

e Understand the terminology of BIM and its capability to meet the needs of the
construction industry.

e Recognize the scope of construction activities for BIM that are applicable and
potential impacts by BIM to the existing construction process regarding project
scheduling and control.

e Select appropriate software and hardware for an action plan of using BIM to improve
construction performance.

e Locate future study directions to reshape project scheduling and project control
process.

Conclusion

An integrating approach was proposed to bring BIM to construction engineering education. The
paper has addressed needs, methodology, and course framework to help students learning BIM in
order to meet the construction industry’s requirements. The framework of integrating BIM in
project scheduling and control in various courses defines how, when, and how much BIM
knowledge should be introduced. It was found possible to use the existing construction
curriculum (instead of establishing a new independent course) to fully teach and apply BIM tools.
Integrating the BIM technology and its applications in the existing courses prevents a program
from frequent modifications of its curriculum. Students will gain the knowledge and skills in an
effective and efficient way. Real projects used in the classroom will help students better
understand how to plan, schedule and control the construction project. It is believed that gaining
BIM technology will benefit the students’ future career, while meeting the ABET accreditation
objectives of (j) a knowledge of contemporary issues, and (k) an ability to use techniques, skills,
and modern engineering tools necessary for engineering practice.
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Exploration and practice of multi-scale analysis of

civil engineering materials teaching
JIANG Jinyang' LIU Zhiyong® SHE Wei'
(1. School of Materials Science and Engineering Southeast University Nanjing 211189 P. R. China;

2. School of Mechanics and Civil Engineering China University of Mining and Technology Xuzhou 221116 P. R. China)

Abstract: The course of civil engineering materials is an important professional basic course and has the
content of complex as well as fast update of knowledge system. The knowledge points are closely linked and the
independent of each chapter is strong. However, the perceptual knowledge of students is poor, theory and practice
have a big difference. This paper explores a teaching method based on multi-scale theory. From the aspects of
reforming theory teaching and experiment teaching, we try to make the teaching for civil engineering materials more
visualization, so that students can understand the internal relations of many civil engineering materials from the view
of scientific thinking.

Keywords: civil engineering materials; professional basis; theory; experiment; multi-scale teaching
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Research on Curriculum System Reform of Civil Engineering Based on BIM
LIU Mei, WANG Yan—-ming, YI Zhen—hua
(School of Civil Engineering, Shandong University, Jinan, Shandong 250061, China)
Abstract: As BIM technology is gradually recognized by domestic and foreign construction markets, the BIM era needs

more talents to master BIM technology. Colleges and universities are the bases for training talents in the industry. With the

gradual promotion and deepening of BIM technology in various fields of construction industry, the demand for BIM talents

by society and construction industry is increasing. The reform of training high—quality professional BIM talents in colleges

and universities has become the development trend. Based on BIM teaching experience at home and abroad, this article puts

forward a series of BIM teaching reform suggestions for key issues such as establishing BIM course teaching system for building

information modeling technology in civil engineering and building BIM course practice teaching platform with enterprises and

software companies.

Key words: BIM technology; teaching reform; construction industry
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How Wonderful the University Classroom Teaching.
An Empirical Study of One Teaching Professor

FENG Wei-ming' ZHANF Hutjie®

(1. School of Civil Engineering » Shandong University, Jinan 250100, China;

2. Institute of Testing and Assessment , East China Normal University , Shanghai 200062, China)
Abstract ; Classroom teaching is the basis elements and key phrase which affects the quality of talent cultivating. How
to make the university classroom more exciting, a teaching-oriented professors more than thirty years of teaching ex-
perience shows: analogy, theoretical knowledge with students closer experience; wind blows, promote effective com-
munication between teachers and students interact; easy to understand, and difficult to build and students around the
case of the bridge; fascinating, inspire curiosity and create interest in exploring the environment; humorous, create
atmosphere in the classroom so that students willingly; wonderful stay loopholes activate students’ excitement in the
classroom learning; appropriately, follow the multimedia courseware aided teaching the law is to make the university
classroom and other wonderful necessary guarantees.

Key Words: university classroom; wonderful; empirical research
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Abstract—In recent years, with the development of
transportation, many talents want to enter the transportation
industry, especially for those undergraduates who want to learn
related knowledge for future career planning by switching their
majors at school. To help students to solve the problem of
switching majors to transportation, a self-administered
questionnaire was released to 64 undergraduate and graduate
students in Shandong University, to investigate the reasons and
their influential factors for switching majors. The collected data
were processed by questionnaire star, EXCEL and SPSS,
descriptive statistical analysis and significance analysis were
conducted by chi-square test and p-value test. It was found that
the main reasons for switching majors were good employment
prospects and wide development space in the transportation
industry. The influencing factors for switching majors were
mainly found in the weak basics of related professional
knowledge and the decline of teaching quality due to the online
teaching mode under the influence of the COVID-19 epidemic.

Keywords-transportation; reasons for
influential factors of switching majors

switching majors;

I. INTRODUCTION

In recent years, due to the national policy of building a
strong transportation country, the transportation industry in
China has become an emerging industry, attracting a large
number of talents to participate in this field [1]. To solve the
difficulties of entering the industry and attract more potential
practitioners, a relevant survey is needed to be launched.

Comparing the professional settings in China and abroad, it
can be found that foreign countries seemed more flexible in
professional settings, without limiting the number of times and
simple procedures. Oppositely, China only began to allow the
transfer of majors in 2005 after the Ministry of Education
promulgated the Regulations on the Management of Students
in General Higher Education Institutions[2]. With the fact that
fast developing transportation industry has a broad space for
development, it has attracted a large number of students,
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especially graduate students, who switched their majors into the
transportation field, for specific, the transportation design and
planning to achieve economic and social benefits[3, 4].

In this paper, undergraduate and graduate students are
investigated, the reasons why they would like to transfer majors,
along with the difficulties they may encounter are investigated
by using questionnaires, to find out the current problems of
transferring majors to transportation and analyze the factors
affecting the learning difficulties of major-transferred
students[5, 6]. In addition, by finding relevant literature to
target countermeasures and suggestions, the school's policy on
changing majors is prompted to be improved so that students
can carry out their studies and works better[7].

II. STUDY DESIGN

A. Selection of the study population

Considering the availability and reliability of the data,
along with the disciplinary discipline of the researcher, this
research was limited to undergraduate and graduate students
who may be interested in transferring to a transportation
program.

B. Data sources and research methodology

The survey was conducted using a self-administered
questionnaire, "Survey on the Reasons and Influencing Factors
of Interprofessionals in Transportation". The questionnaire
covers three sections, including "basic information", "reasons
for interprofessionalism" and "influencing factors" of the
respondents. The main questions were documented in table 1.
To effectively analyze and reasonably categorize the results of
the survey, this study distinguishes the four reasons for
changing majors into three categories, which are: growth
reasons, i.e. reasons for changing majors based on professional
development and individual growth needs, mainly reflecting
whether the respondents think that the employment prospect of
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transportation majors is good and has a broad development
space; external reasons, i.e. motivation under external
pressure or The objective factors of force majeure, including
the initial application to accept the transfer to study a major

they do not like, and the request to change majors at home; the
intrinsic reasons, i.e. the reasons for changing majors based on
subjective will, mainly reflected in the academic interest in
transportation[8].

TABLE 1. INDICATOR SYSTEM FOR INFLUENCING FACTORS AFFECTING THOSE WHO CHANGE PROFESSIONS
Statistical
Secondary Statistical
Indicators At The Account For
Indicators
First Level
Sex Male; Female
Grade Freshman; Sophomore; Junior; Senior; Graduate
Specialty Arts; Science; Engineering; Agriculture; Medicine; Other
Basic information i i i
Engmeermg specific Civil engineering; Other
majors
Intention to change
. Transferred successfully; Not transferred
majors

Interprofessional
reasons

Why do you want to
change your major?

Good job prospects and room for growth; Initial major accepted a transfer and did not like it; Greater
interest in transportation; Family requested a change of major.

Was it difficult for
you to change your

1 = A large number of courses to be made up; 2 = A weak basic in related professional knowledge; 3 =
Difficulty in gathering information; 4 = Teachers sometimes overlook students who change majors.

major?
Influencing factors How the epidemic
affects 1 =No learning atmosphere in the online mode of instruction; 2 = No face-to-face interaction and untimely
interdisciplinary communication; 3 = No access to laboratory courses; 4 = No rapid integration into learning life.
students?

This questionnaire was published using Questionnaire Star
throughout and the period of data collection was from October
4 to October 12 in 2021. To ensure the validity of the survey,
the respondents of this survey should be current students who
have transferred or wish to transfer to transportation-related
majors, so other populations were excluded.

A total of 64 questionnaires were distributed. After sorting
and screening, 64 valid questionnaires were recovered, which
could meet the requirements of sample recovery quantity and
efficiency. All data were processed using SPSS software, and
statistical analysis methods such as frequency, cross tabulation
and chi-square test were mainly used[9].

III. EMPIRICAL ANALYSIS

A. Analysis of the basic characteristics of the research
population

The basic information of the samples was given in Table 2.
From which it is obvious that the sample structure of the
research respondents is relatively reasonable. In terms of
gender structure, there were 33 males, accounting for 51.56%,
and 31 females, accounting for 48.44%. From the grade
structure, postgraduate students are the main ones, accounting
for 65.63%. In terms of major structure, the highest proportion
of the students was engineering students, accounting for
84.38%, with students who are majoring in civil engineering-
related fields accounting for 61.11% among all engineering
students[10]. In terms of the structure of transfer out results,
the percentage of students who successfully transferred out
was 54.69% and the percentage of students who did not
transfer out was 45.31%.
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TABLE II TABLE OF BASIC INFORMATION ON THE SAMPLE DATA
Basic Freque Percentage
Information Account For ney (%)
Se Male 33 51.56
x Female 31 48.44
First-year
university student 2 3.13
Second-year 0 0
university student
Grade Th}rd-ypar 14 21.88
university student
Fourth-year
university student 6 938
Postgraduates 42 65.63
Literature 3 4.69
School of principle | 4 6.25
Specialt Industrial science 54 84.38
P ¥ Agronomy 1 1.56
Medical science 1 1.56
Other 1 1.56
Engineering Civil engineering 33 61.11
specific majors | Other 21 38.89
Change  of iﬁf"e“ﬁ” transfer | 35 54.69
major results Not transferred out | 29 45.31

B. Analysis of reasons for changing professions

The survey results showed that among the four reasons
given in the questionnaire for changing majors, the highest
percentage of students decided to change majors based on
employment prospects and future development (46.88%),
followed by those who were not interested in their original
majors (37.50%) and those who were more interested in
transportation (35.94%), and some of the reasons for changing
majors were due to family requests to change majors (15.63%).

1) Grade level and reasons for changing majors
As shown in Table 3, students showed consistency (p>0.05)
for both good job prospects, wide scope for development and
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greater interest in transportation, while they have significant
differences (p<0.05) on both majors disliked by accepting
transfer studies and family requests to change majors. Among
the samples, freshmen students mostly considered changing
majors due to their interest in transportation and family request
to change majors, juniors mostly considered changing majors

based on accepting transfers to study majors they did not like,
seniors mostly considered changing majors based on good job
prospects, wide development space and family request to
change majors. Graduate students mostly considered changing
majors based on good job prospects, wide development space
and greater interest in transportation.

TABLE IIL. CROSS TABULATION BETWEEN GRADE LEVEL AND REASONS FOR CHANGING MAJORS
Your Grade
. First-year Second-year Third-year Fourth-year 2
Reason For Change Of Major university university university university Postgraduates Aggregate X p
student student student student
Good job prospects and plenty of | 4(28.57) 3 (50.00) 23 (54.76) 30 (46.88) | 4.721 | 0.193
room for growth
Initial major accepted a transfer
and didn't ke it 0 10 (71.43) 2(33.33) 12 (28.57) 24(37.50) | 9.549 | 0.023
Greater interest in transportation 1 (50.00) 0 4 (28.57) 0 18 (42.86) 23 (35.94) 4.741 0.192
iﬁ?oriam‘ly asked to change | 5 o) 0 2(14.29) 3 (50.00) 4(9.52) 10 (15.63) | 8375 | 0.039

C. Analysis of difficulties in changing professions

The results of the survey showed that among the eight
influencing factors given for changing majors, the highest
percentage of weak basics of relevant professional knowledge
(65.63%), followed by the reason that a large number of
courses need to be made up (43.75%) and difficulties in
gathering information (32.81%), and a relatively low
percentage of students who changed majors out of teacher
neglect (6.25%). The online teaching mode without learning
atmosphere (67.19%) and the inability to meet face to face and
communicate on time (59.38%) became the most influential
factors with the highest percentage under the influence of the
epidemic, followed by the inability to perform laboratory
courses (43.75%) and the inability to integrate quickly into
academic life (31.25%).

1) Grade level and transfer factors

As shown in Table 4, students' age showed no significant
difference (p>0.05) for the large number of courses to be made
up, weak basics of relevant expertise, difficulties in information
gathering and the influencing factors brought about by the
epidemic, while there was a significant difference (p<0.05) for
students whose teachers sometimes ignore major switched-
students. Among the factors of difficulty in changing majors,
juniors had a significantly higher percentage of students whose
teachers ignore students who change majors than other grades;
seniors also had the highest percentage of factors influenced by
the epidemic for not being able to communicate face to face and
not communicating in time.

TABLE IV. CROSS TABULATION OF FACTORS INFLUENCING GRADE LEVEL AND CHANGE OF MAJOR
Grade
Secondary Statistical Account : Second- : Fourth- 2
. First-year Third-year Aggregate X P
Indicators For university year, university year Postgraduates
student university student university
student student
1 1 (50.00) 0 6 (28.57) 4 (30.77) 17 (28.81) 28 (29.47) 1.500 0.682
o 2 1(50.00) 0 6(28.57) 5(38.46) 30 (50.85) 42 (44.21) | 4.895 0.180
Was it difficult for you
to change your major?
3 0 0 6(28.57) 3(23.08) 12 (20.34) 21 (22.11) | 2.764 0.429
4 0 0 3(14.29) 1(7.69) 0 4(4.21) 9.549 0.023
1 2(100.00) | 0 9(29.03) 3(20.00) 29 (35.80) 43 (33.33) | 1.900 0.593
How the epidemic 2 0 0 9(29.03) 6(40.00) 23 (28.40) 38(29.46) | 7.539 0.057
affects interdisciplinary
2
students? 3 0 0 7(22.58) | 2(1333) | 19(23.46) 28 (21.71) | 2.080 | 0.556
4 0 0 6 (19.35) 4 (26.67) 10 (12.35) 20 (15.50) 6.372 0.095
787
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2) Factors influencing original major and change of major

As shown in Table 5, students' original majors did not
show significant differences (p>0.05) for the factors of inferior
learning atmosphere in online teaching mode, unable to
perform laboratory courses, hard to quickly adjust newly
academic life and difficulties in changing majors. However,
there were significant differences (p<0.05) for the inability to
communicate face to face and untimely communication.

Among the factors caused by the COVID-19 epidemic,
engineering majors accounted for a significantly higher
percentage in the inability to communicate face to face and
untimely communication than other disciplines. Science and
other disciplines were more influenced by the epidemic
compared to the prevalent influencing factors of changing
majors.

TABLE V. CROSS TABULATION OF FACTORS INFLUENCING ORIGINAL MAJOR AND CHANGE OF MAJOR
Original Professional
Secondary Account
Statistical For Literatur | School of Industrial Adronom Medical Other Aggregate x? p
Indicators e Principle science 9 Y science
1 0 2(50.00) | 25(29.41) 1(100.00) | O 0 28(29.47) | 5.380 0.371
2 2 (66.7) 2(50.00) | 36 (42.35) 0 1 (100.00) 1 (100.00) 42 (44.21) | 3417 0.636
Was it difficult for
you to change your
major?
3 1(3333) | O 20 (23.53) 0 0 0 21(22.11) | 3.856 0.570
4 0 0 4(4.71) 0 0 0 4(4.21) 0.790 0.978
1 2(66.67) | 3(42.86) | 35(30.70) 1 (100.00) 1 (100.00) 1(33.33) 43 (33.33) 1.714 0.887
2 0 1(14.29) | 37(32.46) 0 0 0 38 (29.46) 12.600 | 0.027
How the epidemic
affects
interdisciplinary
students?
3 1(33.33) | 1(14.29) | 25(21.93) 0 0 1(33.33) 28 (21.71) | 3.687 0.595
4 0 2(28.57) | 17(14.91) 0 0 1 (33.33) 20(15.50) | 5.129 0.400

IV. CONCLUSIONS AND RECOMMENDATIONS

A. Problems with changing professions

1) Growth-oriented reasons are the most important reasons
for changing majors. The trend is that "the higher the grade
level, the more diverse the reasons for changing majors".
Freshmen and juniors are more easily influenced by external
factors. A possible explanation for the phenomenon that
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freshmen and juniors are more likely to be influenced by
external factors than other grades was that they have more
opportunities to change majors or enter graduate school.

2) The trend of factors influencing the change of major is
diversified. Among all the grades, graduate students are most
influenced by weak basic in related professional knowledge.
The possible explanation is that most of them achieved the
change of major through cross-examination and worry whether
their professional knowledge can support the subsequent
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research work. And among all the original majors, a higher
percentage of students whole did not enroll in an engineering
major were easily affected by this factor. The possible reason
for this is that non-engineering students know less about
transportation and are unsure of their suitability to participate
in a transportation program.

B. methods to solve existing problems

1) Showing professional related videos can help students
become more intuitive and quickly to develop knowledge of
their new major, thus the measure can be integrated into
students’ study life.

2) Professional-related lectures are conducted to get close
to professors and scholars in the field, and the content usually
involves new knowledge and the latest development trends in
the discipline and related disciplines.

3) Recording lessons for repeated viewing makes it easier
for students to review and study on their own after class to
keep track of their learning progress and catch up on their
knowledge more quickly.

4) Conduct group discussions to increase communication
between transfer students and students in transportation majors,
thus could better integrate the class, and enhance friendship
between students through intra-group communication.
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The 1* International Competition on Intelligent
Simulation of Transport Infrastructure 2022

FIRST PRIZE AWARD

1s presented to
Weidong GUO, Ruijie ZHAO, Tianyu CAO, Tao ZHANG,
Xiangxiang ZHU
(Supervisor: Prof. Shaoshuai SHI, Prof. Shucai LI)
for the project entitled
Drilling Jumbo Intelligent Geological Detection Method

March 26" — 27" 2022, Harbin, China
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