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Abstract: Research-based learning suits the concept of new engineering education. 

Taking Substation Engineering Design as an example, the paper analyzes the basic 

situation of the course, finds out the main problems existing in the original teaching 

mode, and puts forward the teaching reform and design ideas based on the concept of 

research-based learning combining with the actual teaching experience. Practical 

teaching has brought us important enlightenment of teaching reform: insisting on the 

combination of teaching and practice in talent training; promoting common 

development through teacher-student interaction; making full use of in and after 

classes to improve the effectiveness of teaching; establishing effective evaluation 

indicators to promote the development of research-based learning. 
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1. Introduction 

In 2017, to achieve the coordinated development of engineering education and 

economic society, the Ministry of education of China held a seminar on the 

development strategy of higher engineering education, which clarified courses of 

action for the construction of new engineering subjects, aiming at “new concept, new 

structure, new mode, new quality and new system”. Under the background of new 

engineering construction, it is urgent for the engineering majors of local agricultural 

colleges and universities to accurately locate and integrate the "teaching" of teachers 

and "learning" of students into “doing”. 

Compared with the traditional receptive learning, research-based learning is suitable 

for the new engineering education concept. Research-based learning refers to that 
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students find problems and choose topics in a certain situation, acquire knowledge, 

draw conclusions and form products through subjective practical activities (such as 

observation, investigation, interviews, experiments, design, production and evaluation 

etc.), in order to experience and understand the scientific research process, cultivate 

the consciousness and habits of independent inquiry and innovation, form and improve 

creative ability, increase knowledge, accumulate and enrich direct experience. 

The basic characteristics of "research learning" include: 

(1) Autonomy 

In research-based learning, students are the proposers, designers and implementers of 

research. Under the instruction of teachers, students can study purposefully, actively 

plan, arrange and self-regulate their own learning,  

(2) Questionability 

Research-based learning is to organize courses with projects, topics, themes or 

problems, including finding problems, putting forward problems, solving problems, and 

teachers provide relevant information and guidance around problems. 

(3) Inquiry 

In research-based learning, students do not passively memorize and understand the 

knowledge imparted by teachers, but keenly discover problems, proactively ask 

questions, and actively seek ways to solve problems. 

(4) Process 

Research-based learning, which is still a kind of learning activity in essence,puts more 

emphasis on the implementation process than the results. It focuses not on scientific 

research, but on learning research methods, experiencing research process, 

developing research ability and innovation spirit. 

(5) Practicality 

Students can understand the process of knowledge generation and development by 

raising and solving problems in research-based learning. Students can organize 

surveys in society, visit scientific research institutions for consultation, consult 

materials in school libraries, and discuss problems with teachers online. This learning 

method is conducive to the close integration of theory and practice, and to the 

cultivation of students' practical ability, cooperation spirit and innovation spirit. 

In this paper, taking Substation Engineering Design as an example, we explore the 

teaching reform under the concept of research-based learning in the perspective of 

new engineering. 
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2. Basic situation and main problems of Substation Engineering Design 

course 

2.1 Basic situation 

Substation Engineering Design is the main specialized course of electrical engineering, 

automation and agricultural electrification in Hebei Agricultural University. The 

teaching time is the sixth semester, with 48 class hours of theoretical teaching and one 

week of curriculum design. The theory focuses on the structure, design and operation 

theory and calculation method of substation primary system. It includes: conductor 

heating, electric power and arc extinguishing principle of switch gear; structure and 

working principle of electrical equipment;design of main electrical wiring;selection of 

electrical equipment; composition of power distribution device; composition and 

design of grounding device, etc. The course design simulates the actual project to 

complete the design of substation primary system. The course is wide in range, rich in 

contents, strong practicality, and new contents are constantly increasing. 

Through more than 20 years of teaching practice, according to the adjustment of the 

school's professional training program and the feedback of graduates, the curriculum 

group has continuously reformed the teaching methods and means, syllabus and 

teaching materials, etc., forming a curriculum teaching system suitable for the training 

of this major and having completed the following specific tasks. 

2.1.1 Theory teaching 

(1) The teaching syllabus of Substation Engineering Design for applied undergraduate 

electrical engineering has been improved. 

(2) Textbook of Substation Electrical Part, which is suitable for agricultural colleges and 

universities, has been edited and published by China Water Conservancy and 

Hydropower Press. 

(3) Teaching courseware and auxiliary courseware of teaching extension content has 

been completed. 

(4) Teaching CD-ROM on substation field operation has been recorded, turning static 

into dynamic and abstract into intuitive, in view of the difficulty of knowledge. 

2.1.2 Teaching methods 

(1) As most of the courses are mature knowledge points, strong engineering 

experience, and poor logic, theoretical teaching has proposed and practiced a number 

of distinctive research-based teaching methods, such as analogy and error correction. 

(2) Make full use of multimedia teaching and the substation simulation operation 

laboratory to solve the problem of students' lack of perceptual knowledge of the 

substation, and improve the theoretical teaching effect. 

(3) Use the time fragments in class to introduce the professional cutting-edge 

technologies, such as: Energy Internet, “August 14”, US and Canada power outages, 
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distributed power generation, FACTS, etc., and the content is constantly updated to 

make students feel the major events happening around them, which has strengthened 

professional education and increased students' professional interest. 

(4) Curriculum design has achieved the interaction of teaching and learning, and 

fulfilled mutual promotion of teaching and learning, improving the students' 

enthusiasm and practical ability. 

(5) Integrate the contents of the course into the graduation project, so that students 

have a leap in theoretical knowledge. 

2.1.3 Teaching assessments 

(1) The preliminary establishment of the test paper library has been completed, with 

the form including “ filling in the blank, question and answer, design, calculation and 

other forms”, the contents covering “heating of conductor, electric power and arc 

extinguishing principle of switching apparatus, main wiring design, equipment 

selection and verification, indoor and outdoor distribution devices and and calculation 

of grounding device, etc”. 

Due to close coordination with textbooks and teaching, the effect is satisfied. 

(2) Curriculum design is based on the comprehensive evaluation of the design process, 

design specification and the defense, encouraging innovation and avoiding plagiarism 

between students. 

(3) The "completion degree" method is used to assess students' homework, so that 

students can understand the weak points of their knowledge. Meanwhile, teachers 

correct all the homework, aiming to understand the learning situation of each student, 

and then provide targeted guidance to students. 

2.1.4 Practice teaching 

(1) The practical practice guide-book has been compiled. 

(2) Make full use of the practice base inside and outside the school to visit the 

installation, maintenance and debugging work in the production, so that students can 

apply all kinds of rules and regulations, principles and other theoretical knowledge 

learned in the classroom to practice. 

(3) Through practice and internships, students can be more clearly recognize the 

disconnection between their own curriculum design schemes and the actual and realize 

the interaction between teaching and practice. 

2.2 The main problems existing in the current teaching mode 

(1) The knowledge of professional education is still relatively narrow, and the teaching 

content lags behind the rapid development of related science and technology. 

(2) Students lack the training in hands-on practice and scientific research methods, and 

comprehensive training of case design, observation ability, analysis ability and 

expression ability. 
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(3) The traditional teaching mode of “books, teachers, classrooms” is implemented in 

the class. There is less communication and cooperation between students and teachers, 

and students' learning is in a passive state. 

(4) There is a lack of effective teaching methods in the cultivation of students' 

independent learning ability, innovative spirit and innovative ability. 

 

3. Design ideas of reform 

Change the concept of education and teaching, absorb the essence of research-based 

learning ideas, implement teaching reform, establish a “student-centered, teacher-led” 

teaching mode on exploration and research, and based on the whole teaching system 

of Substation Engineering Design course. 

Focusing on “strengthening the cultivation of compound talents to meet the needs of 

practical projects”, guided by the social needs and the laws of higher education, the 

teaching mode is reformed from the aspects of teaching contents and methods, 

examination contents and forms, teaching management, the use of network resources 

and teaching and academic research, etc. Curriculum construction is integrated 

teaching practice so as to promote students' ability to analyze and solve problems, and 

cultivate students' ability of learning and innovation spirit and innovation ability. 

(1) Situation introduction and active exploration 

Any thinking and research starts from the problem. The problem situation can make 

students clear the goal of inquiry and give direction to thinking; at the same time, it can 

also generate strong desire to research and solve problems and give impetus to 

thinking. The solution of problem situation can help determine research topics and 

innovate thinking. For example, starting from the accident caused by the switch 

misoperation in the actual power system, students can realize the importance of 

switching operation; and then the teacher explains the general principles of switching 

operation, and finally puts forward questions to students. The teacher gives the actual 

wiring diagram and puts forward the request of power supply and shutdown, and 

students complete data collection, summary and induction after class,and give their 

own answers in the next class. 

(2) Interactive cooperation and enlightening thinking 

The core of the concept of research-based learning is to cultivate students' research 

ability and innovation ability, which is characterized by openness, strong autonomy and 

high comprehensive level. Therefore, teachers should adopt more flexible, open and 

effective classroom organization forms, and organically combine individual 

independent inquiry, group cooperation and communication, collective research 

demonstration and other teaching methods in a larger scope of time and space, so as 

to draw correct conclusions. In the past teaching, students have gradually started to 
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establish study groups, taking group discussions after class and displaying in class.In 

the future teaching, we will increase efforts and continue to promote, and establish 

communication platforms such as QQ or WeChat to facilitate students and teachers to 

communicate. 

(3) Forming a conclusion and Effective migration 

After guiding students to actively participate in the thinking and research of the 

teaching content through various flexible ways and methods, teachers further help 

students use the methods of analysis, induction, synthesis, analogy, association, 

demonstration, etc. to expand and extend the research problems, deepen the 

conclusions and effectively realize the transfer of knowledge. In the above process, 

students can learn how to learn, research and create. For example, some electric 

switches have strong arc extinguishing ability, some are weak and some have no this 

function; different functions determine their status in the actual power system. 

Teachers guide students to compare the characteristics of all switches to deepen their 

understanding more effectively. 

(4) Reasonable evaluation to promote development 

The purpose of research-based learning is not to select and screen, but to play an 

incentive and guiding role, and to promote the all-round development of students 

through evaluation. We should not only pay attention to the results of learning, but also 

pay more attention to the process of learning; moreover, we should pay attention to 

the development of non-intelligence factors as well as the evaluation of intelligence 

factors. Formulate an evaluation score table and conduct multiple evaluation from 

learning attitude, emotional quality, cooperation spirit, etc., with a total score of 100 

points. In the evaluation of the scores, we combine the anonymous scores of other 

members of the group with the scores of teachers, classify and make statistics, give an 

objective and reasonable evaluation, point out the shortcomings of different students, 

and guide them to correct in the future study.  

 

4. Specific implementation plan 

The main changes of the teaching reform are as follows: the original independent 

Substation Curriculum Design is integrated into the classroom teaching, which runs 

through the whole teaching, gets rid of the gap between practice and teaching existing 

in the original teaching, and makes the practical links and teaching courses blend and 

promote each other. 

4.1 Implementation plan 

According to the actual situation of the course, Substation Engineering Design is 

divided into eight parts, including data collection, calculation load determination, main 

wiring design, short circuit current calculation, equipment selection, power distribution 
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device, grounding, drawing, etc. When each part of the class is completed, the 

students immediately carry out the corresponding part of the design after the class, 

and after the completion of the specified time, they report and discuss in groups in the 

class. 

The project aims at the students grade 2015 majoring in electrical engineering and 

automation of Hebei Agricultural University, The students of the practice class are 

divided into groups in the form of research groups. The principles of grouping are as 

follows: 

(1) There are 30 students in this class, divided into 6 teams, 5 students in each team. 

(2) Each part of the design requires one rotating team leader, and each student must 

serve as the team leader at least once in this semester. 

(3) When talking about the relevant contents of the course, the teacher assigns tasks, 

and the team leader organizes the students in the group to look up materials after class 

and design by themselves. After the design is completed, the leader will speak on 

behalf of the team and answer questions, and other students will add. Figure 1 shows 

that one leader is presenting the research materials for the students.  

 

Figure 1 Presentation of research materials in class 

 
4.2 Evaluation mechanism 

(1) The score is a percentage system and the mutual evaluation mechanism is 

implemented, that is, the team leader scores the team members, and the team 

members score the team leader. At the end of the semester, the student’s mutual 

evaluation score is that the total scores are divided by the number of evaluations, 

accounting for 50% of the score of part A. 

(2) Based on students’ explanations and answering in class, the teacher gives a 

comprehensive score, which is the score of each student in the group, also accounting 

for 50% of the score of part A. 

(3) If the student is absent for any reason (no more than 1 time per semester and 

having a counselor's note), the average score will be taken for this time. If the student 
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is absent for unknown reason, the score will be 0. 

(4) In the final score, the score of part A accounts for about 40-50%, and paper score 

(partB) accounts for about 50-60%. 

 

5. Conclusion 

Through teaching practice, students' subjective abilities have been fully exerted and 

lots of important enlightenment has been obtained. 

(1) Combination of teaching and practice is the main characteristic in talent training. 

(2) Promoting common development through teacher-student interaction. 

(3) Making full use of in and after classes to improve the effectiveness of teaching. 

(4)Establishing effective evaluation indicators to promote the development of 

research-based learning. 
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