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Abstract—Hydraulic design is automatically inherent in hydraulic 
engineering courses, conventional teaching of the Waterway Engineering Design 
course tends to have limitations such as low participation, poor interactivity, 
disconnection between theoretical and experimental training, and restriction of 
experimental design by time and space. To address these needs, a virtual sim-
ulation cloud system of Waterway Engineering Design is developed based on 
outcome-based education. Taking real engineering projects as prototypes, this 
system adopts virtual reality technology and cloud platform to simulate the scene 
structure and instrument function with high precision. The multi-model, inte-
grational teaching expands the experimental content, enhances the interactivity 
of the design process, and provides a high-quality, immersive online learn-
ing experience for students. Since its application, the Waterway Engineering 
Design Virtual Simulation Cloud System has received good feedback from 
both teachers and students. During the Covid-19 epidemic, it provided signifi-
cant support for experiments and teaching of the Waterway Engineering Design 
course and became a pivotal supplement to the existing teaching system. The 
Waterway Engineering Design Virtual Simulation Cloud System adheres to the 
“student-centered” teaching principle, builds up students’ ability for independent 
learning and engineering practice, and facilitates their personal development and 
training for excellent engineers.

Keywords—waterway engineering, outcome-based education,  
virtual simulation, cloud platform

1 Introduction

A new round of science and technology and industrial revolution worldwide is driv-
ing the formation and development of new economy [1]. Accordingly, engineering 
education reform in universities has received unprecedented attention [2]. The recent 
economic growth and the latest round of scientific and industrial revolutions have posed 
new challenges to the transformation and development of engineering education [3, 4].  
Since the end of the 20th century, international engineering education reform has 
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been in full swing, with slogans such as “return to engineering”, “paradigm shift of 
engineering education” and “reengineering engineering education”, all reflecting the 
international development trend of engineering education [5, 6]. Both the NEET plan 
proposed by MIT and the “New Engineering” policy proposed by the Chinese gov-
ernment advocate that engineering education should be transformed from engineering 
science paradigm to engineering practice paradigm, with the goal of cultivating engi-
neering talents with solid engineering practice ability, so that engineering education can 
return to the essence of engineering practice [7].

Since 2019, with the global pandemic of Covid-19, educational institutions around 
the world have been closed to varying degrees. Under these circumstances, students and 
teachers are transitioning to distance learning [8, 9]. As shown in Figure 1, according 
to UNESCO’s global statistics on February 28, 2022 [10], educational institutions in 
more than 200 countries worldwide have been affected by the epidemic. The daily lives 
of teachers and students have changed dramatically during the shutdown. Meanwhile, 
with the rapid development of Internet of Things (IoT) technology, cloud platform tech-
nology and mobile Internet technology, the Internet technology is profoundly changing 
the face of education, pushing education toward digitalization, networking and intel-
ligence, which to a certain extent solving the difficulties of online teaching [11–13]. 
Therefore, considering that the epidemic will not change dramatically in the short term, 
it is essential to apply the educational concepts of New Engineering and NEET to the 
practical teaching of Waterway Engineering Design with the help of rapid development 
of Internet technology [14].

Fig. 1. The total length of school closures in countries around the world

The Waterway Engineering Design is a highly practical professional course. The 
main tasks of the course include the introduction of the characteristics of rivers and 
waterways, the content, classification and design principles of waterway improvement 
projects, waterway dredging projects and waterway channelization projects, and the 
design of water transportation projects and navigable buildings. China’s water resources 
are unevenly distributed in time and space, and the construction of new waterway 
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engineering requires many high-level professionals with engineering practice ability, so 
the teaching of the course “Waterway Engineering Design” has faced challenges [15].

The Waterway Engineering Design mainly adopts the teaching method of theo-
retical learning through videos, pictures, oral statements, etc., combined with offline 
course design and professional practice to strengthen the understanding of theoretical 
courses. This method focuses more on knowledge transfer and less on ability cultiva-
tion, and often puts the transfer of knowledge at the center of teaching. There are three 
levels of confusion among teachers and students in this teaching environment. First, 
there is a severe lack of situational education. The actual engineering often exists in 
three-dimensional form in real space, and it is difficult to restore the application of real 
engineering scenarios simply by video, pictures, oral narration, etc. In this case, students 
have insufficient imagination, feeling that the course is heavy and boring, cannot keep 
up with the teaching progress, and the practical sessions are ineffective [16]. Second, 
theoretical teaching is often separated from engineering practice [17]. The teaching 
arrangement of the Waterway Engineering Design course at Tongji University is shown 
in Figure 2. In the limited time of the classroom, most credit hours are used for theoret-
ical knowledge lectures, and only a tiny part of the credit hours are used for discussion, 
design and practice. Under this situation, it is difficult for students to establish engi-
neering design ideas and get substantial engineering design training. Constrained by the 
traditional teaching mode, teachers have difficulties in broadening their thinking. With 
the existing media, it is difficult to explain the layout characteristics, structural char-
acteristics, mechanical performance calculation and construction technology of navi-
gation channel projects such as ship lock and breakwater. Third, the communication 
between teachers and students has more significant limitations. In the actual teaching 
process, teachers and students mainly communicate with each other through classroom 
interaction or off-class answers to difficult points in the course, and the communication 
time and place are limited to the classroom, which further leads to the poor learning and 
understanding effect of students.

Fig. 2. Distribution of credit hours of Waterway Engineering Design course  
at Tongji University
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As an education based on students’ specific learning strengths, outcome-based 
education drives the operation of the education system with students’ output, which can 
well mobilize students’ enthusiasm and improve students’ level. Thus, in order to cope 
with the above unfavorable factors affecting the teaching quality and to cultivate future 
engineers who are capable of solving practical engineering problems, this study devel-
ops a Waterway Engineering Design Virtual Simulation Cloud System (WEVS cloud 
system) based on outcome-based education to cultivate students’ engineering practice 
ability and innovation consciousness by improving their knowledge application and 
hands-on ability. Taking the complex and difficult-to-understand breakwater layout 
design and ship lock structural design in the Waterway Engineering Design course as 
an example, combining virtual simulation technology and big data cloud platform tech-
nology, and using OBE (outcome-based education) as the guiding ideology, we put 
forward the idea of education and teaching reform of engineering course design based 
on student-centered and problem-solving-oriented virtual simulation technology, and 
establish a new teaching system of “exploratory” learning for students and “pointing” 
guidance for teachers, so as to promote the online and offline integration construction 
of the Waterway Engineering Design course [18, 19].

2 Methodology

In the development process of the WEVS cloud system, it is no longer limited to the 
inherent thinking in teaching, but adopts the outcome-based education (OBE) concept, 
which focuses on cultivating students’ ability to transform academic knowledge into 
practical engineering problem-solving. Besides, the system is oriented to the needs of 
society and uses engineering education accreditation standards as a guiding plan, striv-
ing to make students the center of instruction.

2.1 OBE concept

The OBE concept first appeared in the United States and Australia in the early 1990s 
[20]. OBE is a reverse design based on goal-oriented training, which can propose a 
specific talent development program according to different student qualities, learning 
environments, and learning goals, and the program includes a curriculum system and 
an evaluation system [21, 22]. In an OBE system, everything is organized and built 
around clear learning objectives to ensure that it is genuinely student-centered, so that 
students can have the knowledge, ability and quality they need to succeed at the end of 
their education. Based on the OBE mode, the WEVS cloud system reversely designs 
the teaching objectives according to students’ graduation requirements, introduces the 
virtual simulation experiment into the experimental and practical teaching process of 
the Waterway Engineering Design course. It combines the theoretical knowledge of the 
course with the actual engineering projects, takes the experimental simulation projects 
as the carrier, reconstructs the teaching contents, and leads students to independent 
learning and collaborative learning.
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2.2 Design of WEVS cloud system

Technically, unlike traditional experimental platforms, the WEVS cloud system has 
more possibilities and convenience under the aegis of cloud platform technology. Cloud 
platform, also known as cloud computing platform, is a service based on hardware and 
software resources to provide computing, networking and storage capabilities [23, 24]. 
As illustrated in Figure 3, the cloud platform can unify the management of virtualized 
computing resources, storage resources, and network resources, and provide services 
to users to form cloud services. Users can upload data content to the cloud platform 
server, which performs system management, intelligent interaction, implementation 
transmission and resource performance monitoring, as well as cloud computing, com-
plete domain immersion and congestion control, etc. The interactive content experi-
ence is delivered to various forms of client terminals through 4G/5G and gigabit LAN, 
etc. Students can participate in the virtual experiment process anytime and anywhere 
through portable and popular devices such as cell phones and pads, truly realizing the 
open sharing of the system.

Fig. 3. Cloud platform service process

In terms of content, the virtual simulation experiment cloud system contains the tra-
ditional experimental safety guidance, process demonstration and explanation, results 
processing report, etc. In addition, the system uses the solid immersive interactive 
experience of the computer software, the highly personalized, time-space-independent 
operation method, and the realistic simulated operation environment to give students a 
more immersive experience. When the teacher puts forward the design requirements, 
students can explore with their imagination and creative abilities using the virtual sim-
ulation system with questions. In this process, they can gradually grasp the essence of 
the principles, achieve better understanding and design more suitable and excellent 
works. The introduction of virtual simulation experiments helps carry out practical 
teaching based on OBE mode. And the organic combination of the two can better solve 
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the common and individual problems in the practical teaching link of the Waterway 
Engineering Design course, and comprehensively cultivate students’ independent 
learning ability, innovation consciousness and engineering practice ability.

Function modules. As demonstrated in Figure 4, the WEVS cloud system contains 
two main modules. The first module is the experiment and layout design of breakwa-
ter, and the second module is the experiment and structural design of ship lock. Each 
module contains three major systems: theory teaching, design operation, and home-
work grading. For students, the theory teaching system includes experimental teach-
ing awareness, rules and regulations explanation platform, the design operation system 
comprises step-by-step design explanation, design display platform, and the homework 
grading system involves an assignment submission platform. For teachers, the theory 
teaching system incorporates a content update processing platform, the design operat-
ing system includes a design process feedback, a message interaction platform, and the 
assignment grading system contains an assignment access platform.

Fig. 4. The architecture diagram of the WEVS cloud system

The WEVS cloud system fully integrates the concept of OBE teaching. After logging 
into the breakwater or ship lock module, students enter the theoretical knowledge stage 
with questions and the target requirements of the design. According to the teaching 
concept of OBE, virtual simulation, experimental teaching animation, test videos, etc., 
are integrated into the teaching process, which makes students feel fresh and inter-
ested in experimental teaching. Also, the instructor-led course format can be changed 
to a student-centered laboratory course, so that students are fully aware of the infor-
mation requirements and regulations related to the experiment and thus have some 
basic understanding of the problem to be solved and the objectives to be accomplished. 
After that, the students enter the experimental design and operation stage to seek rules, 
explore results, and develop abilities. With the website’s assistance, students can inde-
pendently consult relevant literature, set the parameters of the components, specify 
the corresponding experimental rules, and then explore the virtual simulation exper-
iments for different reference conditions. Thus, the best quality data results can be 
found through multiple experiments and applied to the model design to fully develop 
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students’ independent operation and innovation ability. Finally, the self-designed model 
is presented and the text is written and submitted in the homework evaluation system, 
truly teaching people to fish rather than receiving fish, thus completing the whole teach-
ing process by integrating the OBE concept. In the process of solving the set problem, 
students master a lot of practical skills, and at the same time, they gradually learn and 
consolidate their theoretical knowledge, and cultivate students’ practical engineering 
ability and self-exploration ability, and fully stimulate their enthusiasm and motivation. 
Moreover, teachers can update theoretical experimental teaching contents, design oper-
ation instructions and handle student information directly after logging into the system. 
By accessing different boards, teachers can give feedback on students’ assignments, 
form effective communication between teachers and students and improve students’ 
learning efficiency.

Model construction. The system adopts 3D modeling simulation technology, apply-
ing Unity3D and 3D Studio Max and other technologies to simulate the experimental 
components, environment, and functions. Moreover, the system uses the smooth par-
ticle hydrodynamics method (SPH) to simulate the water motion with high precision, 
providing students with a good immersion and exploration experience [16]. Figure 5a 
shows the port model in the breakwater module, the whole port contains three parts: 
wharf, land area, and port water, the port water is divided into the anchorage, harbor 
pond, channel, and gyratory water, in addition, the breakwater and the port gate are set 
in the lower part of Figure 5a. The overall diagram of the ship lock model is shown in 
Figure 5b. The ship lock contains many structures: the upstream approach channel, the 
upper lock head, the lock chamber, the lower lock head, and the downstream approach 
channel. Through the video explanation roaming and the bird’s eye view and partial 
enlargement, the details of each part of the model structure can be fully displayed, 
bringing a better immersive interactive experience and thoroughly stimulating students’ 
interest and independent learning ability.

Fig. 5. (a) Model of breakwater, (b) Model of ship lock
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Operation steps and results display.
The experiment and layout design of breakwater. After logging in the website, there 

is the interface of the experiment and layout design of breakwater. which comprises 
of three modules: port introduction, design guide, and breakwater layout design. As 
shown in Figure 6, in the introduction part of the port, the bird’s-eye view and roaming 
display are used to display the supporting facilities of the port. Meanwhile, the pho-
netic explanation provides students with a better grasp of theoretical knowledge and an 
immersive experience.

Fig. 6. Introduction to the roaming display of the port and breakwater

At the hub page, the design tasks, design information, design specifications, relevant 
calculation formulas, and construction requirements for the breakwater are shown in 
detail. The design book is formatted according to the policies and regulations required 
for the actual project, allowing students to get a preliminary understanding for the 
entire design process of the existing scheme in advance.

In the section of breakwater layout design, it is divided into several modules, such as 
experimental parameter setting, measurement point arrangement, data collection, result 
analysis, and breakwater layout design. After having a particular understanding of the 
port design, students can freely fill in the reasonable direction and width of the port gate 
concerning the data given, such as the design water depth, wave height, period, strong 
wave direction and breakwater form. As depicted in Figure 7, when the filled data meet 
the specification requirements, the ship can berth into the port and the system interface 
enters the collection points arrangement, while when the data set is not reasonable, the 
page will feedback to remind to reset the appropriate parameters. Next, following the 
prompts, detectors can be set up at multiple measurement points. Each detector can 
display the wave height of this point at the beginning of the wave, and can form the 
comparison of the effective wave height of various measurement points. By analyzing 
the data, students can judge the validity of the data. If they think the data is defective, 
they will return to the experiment again. If they believe the data works well, they will 
save the data and apply the appropriate data to the design module of the breakwater 
entrance and structure.

Finally, students can generate an experimental design report under the multidi-
mensional evaluation system of knowledge exploration, experimental practice, and 
engineering design by integrating all the contents. Thus, comprehensive feedback on 
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students’ understanding and ability can be formed, which ensures that students can truly 
master the theoretical knowledge they have learned.

Fig. 7. The process of breakwater experiment and design

The experiment and structural design of ship lock. Once students enter the experi-
ment design interface of the ship lock, they will see a menu bar containing sections such 
as lesson plan view, design and design guide, assignment submission, and message 
view. As presented in Figure 8, students can independently view each part of the ship 
lock’s detailed structure in the lesson plan view section. The site displays intellectual-
ized and visualized lock scenarios containing information on the upstream approach 
channel, upper lock head, lock chamber, lower lock head and downstream approach 
channel. Students can set roaming observation perspectives, experience the scene with 
high authenticity and better understand the ship lock structure.

Fig. 8. Introduction to the roaming display of the ship lock and detailed structure
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After the real-like experience of the cognitive teaching platform, students understand 
the structural details of the upstream approach channel, the upper lock head, the lock 
chamber, the lower lock head and the downstream approach channel; then, they will 
enter the design operation phase. In the design operation stage, the content of the ship 
lock design is fragmented and decomposed, and the design forms, design points and 
relevant design specifications are refined to form a knowledge evaluation module, which 
students can use for self-testing and self-restraint. Figure 9 presents the schematic dia-
gram of the ship lock design. Based on the design information, students can follow the 
plant design process to select the structural type of the lock components, design the water 
transmission system, and calculate the structural stability. Any difficulties encountered 
in the design process can be fed back to the teacher through the interactive message win-
dow in the platform to get timely answers from the teacher. The data results obtained by 
the students through calculation and design and through BIM modeling software such as 
Revit to build the 3D model of the designed ship locks will eventually form a complete 
calculation report, which will be uploaded to the system through the assignment submis-
sion platform. After this, the teacher can give feedback on the validity and feasibility of 
the students’ design by checking their design works and providing appropriate scores.

Fig. 9. The process of ship lock experiment and design

3 Results and discussions

As shown in Table 1, based on five evaluation criteria: strongly disagree, disagree, 
agree, quite agree, and strongly agree, the level of students’ understanding of the 
WEVS cloud system based on OBE incorporated in the Waterway Engineering course 
is discussed and compared.
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Table 1. Statements related to the application of WEVS cloud system with OBE concept

Statement Descriptions

1 Students’ scores comparison

2 Promoting users’ experience

3 Improving users’ understanding ability

4 Cultivating users’ independent design ability

5 Transforming students into active learners

Figure 10a illustrates the comparison of students’ performance using the traditional 
teaching method and the teaching method using the WEVS cloud system with the OBE 
concept. The graph is plotted and analyzed with the scores as horizontal coordinates 
and the number of students in each score range as vertical coordinates. Using a score 
band of 5, we can see that the number of students using the WEVS cloud system has a 
tremendous advantage in the score band above 85, and their scores are mainly distrib-
uted in the score band of 80–95, while students using traditional teaching methods have 
their scores primarily concentrated in the score band of 75–90. Figure 10b presents 
the normal distribution curve based on the distribution of the number of students in 
different score bands. The average score of students using the WEVS cloud system is 
85.7, which is 3.1 points higher than the average score of 82.6 in the traditional method. 
The p-value for the data before and after using the WEVS system was 7.9%, with a 
trend towards significance to some extent. Although the mean score difference was 
not very large, students who used the WEVS system had a better learning experience. 
Furthermore, the peak of the vertical coordinate of the fitted curve for students using 
the WEVS cloud system is also higher than that of the conventional method, indicating 
that students’ performance is better overall than that of the traditional method.

Fig. 10. Comparison of students’ scores under traditional teaching methods  
and WEVS cloud system based on OBE
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Figure 11a shows the Likert chart about the recognition of the WEVS cloud system 
on enhancing students’ experience, from which it can be seen that 78.73% of students 
agree that the WEVS cloud system brings better user experience and can bring more 
comfortable interaction feeling. Figure 11b shows the recognition rating of the WEVS 
cloud system to improve students’ understanding. More than 80% of students agree 
that the WEVS cloud system can bring a better understanding of knowledge. Through 
the WEVS cloud system, abstract learning can be transformed into concrete rich and 
detailed video and picture presentation, and students can deeply experience and under-
stand the connotation of the Waterway Engineering Design course, grasp more details 
of the structure, and gain more knowledge of content.

Fig. 11. Percentage frequency on the level of agreement on WEVS cloud system based on OBE 
in (a) promoting users’ experience; (b) improving students’ understanding ability

Figures 12a and b show the graphs of the recognition evaluation of the WEVS cloud 
system for developing students’ ability to design independently and developing stu-
dents’ ability to become lifelong active learners. Figure 12a shows that 85.1% of stu-
dents believe that the WEVS cloud system has developed their independent design 
skills, while Figure 12b shows that 80.85% of students believe that the WEVS cloud 
system has increased their learning initiative and can help them become active learn-
ers in the future. In the WEVS cloud system, students are encouraged to explore and 
exchange questions on their own in solving design problems to complete given tasks 
and projects. Through this process, students can develop their design skills and initia-
tive, and ultimately become active learners. It can inspire students when they encoun-
ter new design problems in the future, giving full play to their ability to solve them 
independently, stimulating their motivation and improving their overall capabilities.
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Fig. 12. Percentage frequency on the level of agreement on WEVS cloud system based  
on OBE in (a) cultivating students’ independent design abilities; (b) transforming students  

into active learners

4 Conclusion

Laboratory teaching is crucial for students to master their professional skills and help 
them apply their theoretical knowledge to actual practice. The proposed WEVS cloud 
system integrates advanced cloud platform technology and virtual simulation technology 
with OBE-based teaching methods to provide students with a new model of content-rich, 
highly accurate and interactive experimental teaching. After the teaching promotion 
and application of the WEVS cloud system, the teaching effect is excellent. It not only 
enhances the ability of students to participate interactively in the whole process of the 
experiment, but also strengthens the observation and learning ability of experimental 
phenomena, which significantly makes up for the shortage of offline experimental teach-
ing. The WEVS cloud system fully exercises the students’ capabilities of independent 
exploration, independent thinking and independent problem solving, in addition to the 
ability to enhance the students’ subjective initiative, its convenient and fast interaction, 
during the epidemic reflects the enormous advantages of online education, which shows 
that the construction of virtual simulation experiments is the inevitable path of exper-
imental teaching reform in the new era. Although the WEVS cloud system has been 
continuously improved and iterated, there are still many shortcomings. In the future, the 
system will develop more experimental modules in Waterway Engineering Design and 
introduce actual engineering project experiments. At the same time, more virtual simula-
tion experiment practice courses will be gradually established in the course of Waterway 
Engineering Design to help students develop personalized and train excellent engineers.
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