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Abstract: This paper aims to explore a student-oriented curriculum model on Renewable Energy
Sources (RES), since RES is an important solution to the energy problem, and training talents with
relevant skills and qualities has become a key part of our overall energy strategy. Based on Taylor
Principle and PDCA Cycle Theory (Plan, Do, Check, Act), this paper proposed a “Student-centered
Inquiry” RES course model together with three reference templates for the design, teaching, and
evaluation processes of the course. This dissertation conducted a case study on 27 students from
China University of Petroleum (East China), and the primary purpose of the study was to find out
how changes in the curriculum could affect the learning effects of both high achievement students
and low achievement students. By adopting the paired T-test and independent T-test, the results
indicated that: (a) There was a relationship between the new curriculum model and the students’
academic performance, (b) the improvement in low-achievement students was more significant than
in high-achievement students, and (c) the new curriculum model has positive effects on students in
terms of knowledge transfer, methodology, reductionism, and consciousness formation. In view of
the limitations of current RES related education in universities, these results can be used as templates
to improve the quality of RES education.

Keywords: renewable energy; curriculum model; inquiry-based learning; case study; effect test

1. Introduction
1.1. Background Information

Since the 21st century, the energy crisis and environmental problems have become
increasingly prominent, affecting the economic and social development as well as the
improvement in quality of life in all countries [1]. To solve energy shortage and reduce
environmental pollution fundamentally, many countries in the world have given priority to
the development and promotion of technologies for access to clean and renewable energy
sources (RES) [2–4]. The development and promotion of renewable energy technologies
are inseparable from public support and talent training [5]. At present, one major obstacle
to the promotion of RES technology is the lack of talent with RES innovation awareness
and ability [6,7]. Education is an effective way to cultivate the public’s awareness and
achieve professionalization [8,9]. Research shows that most people have a basic awareness
of the energy crisis and environmental pollution [8,10], but the sensitivity of this awareness
needs to be strengthened through education [11]. Therefore, improving people’s awareness
through education is an effective way to overcome the obstacles to the promotion and
innovative using of RES [12–14].

Higher education is the cradle of cultivating students, through which the social needs
can be positively met [15,16]. Since the 1970s, many countries have been actively imple-
menting RES education programs at the stage of higher education [16]. However, there
are still some problems in the current RES curriculum, which can be classified into three
categories: the design, teaching, and evaluation of the course. At the design stage, it is dif-
ficult for course designers to demonstrate the integrity and effectiveness of the curriculum,
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as they cannot find relevant guidance from past cases. In the process of teaching, many
teachers emphasize theory over practice, which is contrary to the teaching goal [17]. As for
the evaluation process, a written test is more used to evaluate the effect of learning, while
it cannot measure the improvement of students’ ability comprehensively [18]. All these
problems challenge us to rethink the curriculum model of RES.

This work chose China as the research object. As the world’s largest energy consumer,
China has recognized the importance of RES education. The Renewable Energy Law of
the People’s Republic of China stipulates that in order to develop renewable energy, the
Education Administration Department of the State Council should incorporate renewable
energy knowledge and technology into the general education and vocational education
courses, which highlights the importance of the development of RES courses.

1.2. Structure of the Dissertation

The literature review section starts off with a discussion on the current status of RES
courses in the world, it then reviews the status and issues with current RES courses in the
Chinese context. To address these issues in detail, the following section analyses the model
content in detail, then it introduces the theoretical basis of the model, and finally worked
out a “Student-centered Inquiry” course model on RES as well as three reference templates
from the design, teaching and evaluation perspectives. Section 4 introduces a curriculum
case and conducts a quantitative analysis of the learning effect. Finally, the last section
further discusses the results of the study and summarizes the conclusions. The limitations
of this research are demonstrated and recommendations for future research are also made
in the end.

1.3. Objectives

The aim of the research will be to design a new RES curriculum model that meets the
needs of RES talents; explore the learning effects of students on RES courses and compare
the different effects between high-achievement and low-achievement students; develop
the students’ awareness of RES and provide suggestions for the current curriculum model.

2. Literature Review
2.1. Status of Renewable Energy Courses

Many countries in the world have previously focused on implementing RES and
environmental education programs. They work hard to develop courses in the field of new
energy [19]. It is undeniable that RES courses for college students are now universal [16].
However, they are mostly embodied in the form of independent graduate academic pro-
grams [20–23] and have not yet been generally accepted for undergraduates. Kandpal
and Broman pointed out that although the undergraduate RES courses are not as mature
as the graduate level, they have already been offered in the United States, the United
Kingdom, Germany, Italy, and other countries [24]. In addition, an obvious problem exists
in RES courses in universities all over the world, that is, the curriculum limitation and
update lag [25,26]. There is still much room for improvement in the university RES courses,
which is seriously inconsistent with the urgent needs of talents in the field of RES in the
international community.

The sustainable and rapid development of China is inseparable from its huge energy
resource reserves. In order to fundamentally eliminate the key obstacles such as the
shortage of RES technology and lay a foundation for the sound development of RES in
China in the future, it is necessary to find new solutions from the educational level [27].
However, the current RES education in China is far from meeting the expectations and the
speed of its development cannot provide strong support for the growth of the country’s
actual energy production and consumption. Due to the limited number of teachers in the
field of renewable energy, the RES curriculum has not received enough attention and its
development form is still the same as the traditional indoctrination teaching model [17].
Traditional teaching, which emphasizes theory over practice and teaching over inquiry, runs
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counter to the goal of skill training and attitude change in RES education. Simultaneously,
most colleges have refined the RES curriculum into wind energy, solar energy, and biomass
energy related courses. They have higher orientation characteristics and are inferior to
British and American countries in terms of subject integration [28–30]. In addition, the
subjectivity in curriculum content selection, the derailment of teaching and social needs,
and the emphasis on written examination rather than the learning process are factors that
cannot be ignored, as they directly affect the quality of RES education and the realization of
RES education goals [18]. The RES courses in China’s universities need further optimization
and standardization to ensure that the development of the energy industry continues to
transport cutting-edge talents with the help of high-quality course teaching.

2.2. The Problems of Current RES Courses

RES education involves multi-disciplinary knowledge and requires students to have a
strong innovative ability to explore and solve practical problems, which, therefore, poses
a great challenge to the development of school-related courses [31]. The existing course
content can be divided into three categories: the definitions and properties of RES, the
principle and performance of RES devices, related manufacturing issues, and the innovative
use of RES [32–34]. It is known that the curriculum is strictly limited to theory and skills,
but simple knowledge transfer cannot systematically cultivate college students’ awareness
of RES use. Based on the existing literature, this work reviews the problems in the design,
teaching, and evaluation processes of the RES curriculum.

Firstly, subjective bias is a typical problem in the design process of RES courses.
Its impact contains two aspects. On the one hand, the design of course content and
construction of the current RES curriculum usually depend on the professional knowledge
of teachers rather than the needs or interests of students. In this process, the teachers’
professional knowledge is often overemphasized [24]. The subjective bias of curriculum
design leads to the failure to implement a student-centered curriculum, which ignores the
subjective initiative of learners as well as the inconsistencies between the skills required
for employment and the knowledge acquired in classes [35]. Harrovon and others, when
analyzing the curriculum reform process of the Chemical Engineering major at Cape Town
University, pointed out that most of the teachers are inclined to theoretical teaching and fail
to cultivate students’ ability to independently explore solutions [36]. On the other hand,
the interdisciplinary and exploratory features of sustainable RES education are ignored [37].
In the limited course time, students are not allowed to explore the problem independently.
Kandpal and Broman concluded that the current university RES curriculum generally has
the problem of “broadness without depth” [24]. Compared with RES courses in primary
and secondary schools, undergraduate education shows no significant breakthrough in
inspiring students to explore independently and deeply. The subjective bias and trade-off
between breadth and depth are prominent problems in the current RES curriculum design.

Secondly, in the course teaching stage, there is a lot of space for improvement in
the teacher’s role and teaching mode. The goals of RES education include developing
learners’ awareness of RES use, forming values, and cultivating students to develop and
implement alternative strategies to meet the challenges [24]. However, when RES education
courses enter universities, teachers often automatically include RES courses in the scope of
traditional courses. This teaching method fails to achieve the goal of developing problem-
solving ability and RES awareness. Instead, what is needed is a teaching method in which
teachers act as auxiliary guides and students participate as active explorers. Sinnema
et al. [37] and Dobber et al. [38] both emphasized the importance of student active inquiry
teaching.

Lastly, the evaluation mechanism is an extremely important part of education. As
early as 1979, JL Miller [39] summarized that the teacher’s evaluation of students in energy
courses mainly includes three aspects: the students’ understanding of the importance of
energy, the realization of technical goals, and the interest level of students. This clearly
reflected the diversified requirements of energy related curriculum evaluation from the
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content. Youakim Al Kalaani [40] asked students to complete a detailed written report and
make oral presentations. At the same time, the teacher needed to prepare a summary of the
whole learning experience including student evaluation, which reflected the diversity in
form and subject. However, contrary to the ideal situation, the assessment of existing RES
education courses in China is mostly focused on written tests, lacking process evaluation
and application evaluation. The evaluation mechanism only guides students to accumulate
knowledge and ignores the flexible use of related knowledge and skills. Therefore, it
lacks core competitiveness. This also explains the employment difficulties for graduates of
existing disciplines in the energy field, that is, the skills acquired by students do not meet
the requirements of the RES industry [41,42].

To sum up, although current RES courses are more and more valued by the school, and
the content and form of the curriculum are also showing diverse characteristics. It should
be more concerned that there are still many problems in the development of RES courses.
The traditional curriculum model is to be optimized to meet the needs of RES personnel
training. The three main processes of curriculum design, teaching, and evaluation need
to be systematically improved. Therefore, this article firstly clarifies the curriculum goals,
taking the cultivation of RES awareness as the core, then refers to the capacity requirements
in the sustainable development goals, and finally proposes a systematic RES curriculum
development plan.

3. Construction of RES Course Model

The whole process of RES courses should focus on cultivating students’ attitudes
and technologies for the innovative use of RES. Through the integration of innovative,
practical, technological, and exploratory courses, students are allowed to exercise their
skills in autonomous inquiry and change their attitude in problem-solving [43]. According
to the current problems mentioned in the literature review, this work first divided the RES
curriculum model into three sections: design, teaching, and evaluation, it then worked out
corresponding reference templates for each section to solve the current problems. Finally,
all three sections were systematically integrated into a “student-centered inquiry” model
for renewable energy curriculum.

3.1. Theoretical Basis of RES Course Model Construction

In order to match the core curriculum goals—innovative use of energy technology and
attitude change towards energy, this paper took the teaching theory of John Dewey as its
theoretical basis, since its two principles, “Practical Principles” and “Personalization Prin-
ciples”, highly matched the curriculum development needs of renewable energy [43–45].

In addition, the current guidelines for RES courses are fragmented in terms of design,
teaching, and evaluation, which is clearly detrimental to the overall development of RES
education [6,20,46]. Therefore, it is particularly important to develop a set of standardized
RES courses with reference value. According to the well-known “Taylor Principle”, the
curriculum can be divided into four major links: identifying educational goals, choosing
learning experiences, organizing educational experiences, and evaluating educational
experiences [47]. Its clear link division can make the content standardized and operable.
Aiming at the characteristics of RES education—high practical requirements and emphasis
on the cultivation of consciousness, this work adjusted on the standardized process of the
“Taylor Principle” division. The whole process of RES curriculum development is divided
into three major links: design, teaching, and evaluation. At the same time, by introducing
the PDCA Cycle Theory of management these three links were systematically integrated.

3.2. ”Student-Centered Inquiry” Course Model on Renewable Energy

The integration of PDCA theory makes the original RES curriculum links coherent
and finally form a systematic curriculum model system—The “Student-centered Inquiry”
Course Model on Renewable Energy. As shown in Figure 1, “P” refers to the curriculum
design that is based on sustainable development goals and focused on students’ positive
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attitudes towards RES and professional technology. “D” means project-oriented teaching
based on the target needs of the RES curriculum. “C” refers to the multidimensional
evaluation plan of students on RES theory, skills, and cognition. “A” is the action of
summarizing and optimizing the course model by connecting the evaluation and design
processes and through analysis of multi-variable feedback such as student response and
RES research orientation.

Figure 1. “Student-centered Inquiry” Course Model on Renewable Energy:(1) Design(P), (2) Teach(D), (3) Evaluate(C),
(4) Act and Optimize (A).

3.3. Specific Templates for Three Processes
3.3.1. The Template for Course Design Process

When designing a course, developers need to follow appropriate guidelines to fully
guarantee the accuracy of its content and scope [24]. One of the outstanding problems in
the current RES course design is that it still focuses on the transfer of single-disciplinary
theoretical knowledge, with no in-depth consideration of its interdisciplinary and applica-
bility characteristics. This makes the implementation of the core goals of the RES course
(attitude change and technology training) still unsatisfactory. In addition, as described
in the literature review, there are still problems in the design of RES courses such as
“experience-oriented”, “derailed from actual needs”, and “ignoring the academic back-
ground of multidisciplinary integration”. With the specific goal of guiding students to
build a framework of RES capabilities based on their existing experience, a corresponding
optimization mechanism for the design process is formulated. The mechanism consists of
a “progressive design of course content” that clarifies the course content and a “six-step
curriculum design process template” that optimizes the curriculum design.

1. Progressive design of course content

The broad goal of RES education is to provide practical knowledge for college students
to understand the facts, concepts, principles, and techniques of using RES. According to
the progressive learning habits and acceptance ability of students, scholars split them into
the following four levels of goals to standardize the content system and ensure the quality
of the curriculum, which is also shown in Figure 2.

• (First goal) To cultivate students’ understanding of the nature and causes of energy
problems, such as fossil fuel shortage and climate change issues.

• (Second goal) To make students aware of the resource potential of various types of
non-renewable and renewable energy sources, and understand the economics and
econometrics related to renewable energy technologies and the social, cultural, envi-
ronmental, and institutional issues related to the development and use of renewable
energy technologies.
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• (Third goal) To motivate and train students to implement alternative strategies to
meet energy challenges, including using environmentally friendly and sustainable
RES sources to meet the growing global energy needs.

• (Fourth goal) To develop students’ values and attitudes towards the innovative use
of RES.

Figure 2. Progressive Design of Course Content.

2 Six-step Curriculum Design Process Template

Figure 3 shows the “six-step curriculum design process template”, which was based on
the existing RES curriculum development processes in universities. As the name indicates
it consists of six steps, namely, subject identification, subject analysis, program planning,
implementation preparation, course evaluation, and achievement formation.

Figure 3. Six-step Curriculum Design Process Template.

When determining topics related to RES, the first thing to do is identify the real prob-
lems and needs to make the course more practical. At the same time, it is equally important
to take in the views of everyone and set up sub-topics under the main theme according
to students’ interests. Therefore, practical basis and interest tolerance are important to
experience in establishing a topic. Project analysis is to combine the conditions required for
RES project research with actual resources such as school personnel, policies, and facilities.
After matching topics with resources, teachers can proceed with specific development plans
for RES courses. In addition, the effect evaluation should be conducted in time to verify
the scientific nature and effectiveness of the RES curriculum. Finally, teachers participating
in RES teaching must propose targeted modifications based on students’ feedback and the
guidelines of social RES research, so as to optimize the current stage.
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There are two points to note when completing the above steps in RES course devel-
opment. First, the role of each participant is not fixed or single and should be adjusted in
real-time according to the actual situation of the project. Second, after the completion of
a process and before entering the next six-step cycle, the existing RES curriculum model
should be adjusted and optimized in a timely manner according to the evaluation feedback
and observation in the implementation process.

3.3.2. The Template for Course Teaching Process

The university’s renewable energy curriculum encourages students to explore in-
dependently, propose new questions about the current state of RES, come up with new
ideas for solving problems, and finally work out solutions from existing experience to turn
ideas into actions. In the process of dynamic social change, the role of teachers should
also be re-positioned. For university RES courses, teachers should not only be the trans-
lators of knowledge but also guiders to promote the development of the world’s RES
research [48–52]. Due to the limited teaching experience and professional cognition of
teachers in RES courses, in practice, there are obvious problems such as incorrect role
positioning, backward teaching methods, and insufficient attention. To address the above
teaching problems, this work designed the PASO teaching method based on PBL Theory
(Project-Based Learning), whose core lies in clarifying the specific content of the curricu-
lum and improving teachers’ understanding of the nature of RES education for college
students on the premise of adhering to the student-centered education concept. The PASO
teaching method promotes the students to develop the habit of independent learning and
cooperative inquiry by giving full play to their subjective initiative in the teaching process.
As shown in Figure 4, the PASO teaching method divides the teaching process into the
following four steps:

Figure 4. PASO Teaching Method: (a) Problem-driven (P), (b) Inquiry and Application (A), (c) Share and displaying (S),
(d) Summarize and Optimize (O).

1. Problem-driven (P)

Teachers can consider linking RES with humanistic sentiments, social hot spots, and
the trend of the times when setting the theme of RES courses. It is recommended to start
with the energy issues in and around the social energy hotspots to make the theme of
the course more realistic and materialized. It also enables students to discover and solve
problems in their lives, and to explore the factors for sustainable development. Furthermore,
the process of theme formation is also a process of looking for RES utilization issues with
research value and within the scope of students’ capabilities. The RES theory contained in
the problem itself should be multi-disciplinary and profound.

2 Inquiry and Application (A)

The Inquiry and Application module is the core module that includes three stages:
setting up the situation, autonomous learning, and teamwork. The context creation can
stimulate students’ interest and make them better understand the meaning of solving
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RES problems. When creating a situation, it is necessary to focus on the actual situation
and add specific conditions for the problem. Teachers can refer to irrelevant factors that
often appear in actual situations and have a significant impact on solving problems. The
goal of autonomous learning is to change from passive learning to active learning driven
by problems. Cultivating the habit of autonomous learning is also more conducive to
the cultivation of RES awareness. Autonomous learning includes not only the activation
and application of old RES knowledge but also the exploration and learning of new
knowledge. The knowledge learned is in line with the multidisciplinary characteristics
of RES integration. Teamwork is an inevitable result of project-based learning. The
communication and interaction between team members can more intuitively promote the
change of students’ attitude and cognition towards RES, and at the same time create a
relaxed and pleasant learning environment.

3 Share and displaying (S)

Sharing and displaying focuses on not only the presentation of results but also the
sharing of experiences learned in the process of solving RES problems. Sharing is a
shortcut to learning renewable energy-related skills and innovative thinking, and teachers
should make full use of it. At the same time, the subjects, forms, and perspectives of
the presentation are encouraged to be diversified. Under the premise of meeting the
requirements of the RES theme, teachers should give students more freedom to play. For
example, in the form of self-evaluation, mutual evaluation, and teacher evaluation, students
are encouraged to use diversified forms such as videos and reports to reproduce scenes of
innovative use of RES. Teachers should also consciously guide students to use technical
media such as PPT and mind maps.

4 Summarize and Optimize (O)

The “Summarize and Optimize” stage assists teachers to optimize and adjust the
original curriculum based on student feedback, overall grasp of the student, RES develop-
ment trends, and industry needs after the completion of the current RES curriculum. The
adjustment of teaching content such as the case design, terminology use, teaching time and
key communication does a good job in knowledge network construction.

3.3.3. The Template of Course Evaluating Process

Compared to traditional subject education, RES education is a new type of education
and its learning goals, teaching methods, and teaching content are constantly changing and
improving with the development of RES technologies. RES curriculum evaluation is the
assessment of students’ energy cognition and skill mastery and is the basis for improving
the teaching quality and selecting the teaching content. Therefore, the evaluation should be
well-rounded ranging from processes to results and from theory to practice. However, most
of the existing RES curriculum evaluation mechanisms follow the traditional result-based
written tests, failing to consider the students’ cognitive, emotional, and skill areas. In order
to address this, a Multidimensional Evaluation Mechanism was established.

As shown in Figure 5, the mechanism is a comprehensive evaluation of students’
knowledge, skills, and attitudes towards RES, which is reflected in the diversity of the
content, process, method, subject, and management of the evaluation. From the perspective
of evaluation type, it focuses on formative evaluation and carries out corresponding
evaluations based on continuous observation, recording, and testing of the entire process
of the RES course. From the perspective of evaluation subject, in addition to teacher
evaluation, student self-evaluation should be strengthened. On the one hand, students are
guided to build a clear understanding of renewable energy knowledge; on the other hand,
students’ mutual assessment is promoted to enhance teamwork and communication skills.
From the perspective of evaluation results, students can innovate through brainstorming,
creative design, painting, invention, and simple experiments.
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Figure 5. Multidimensional Evaluation Mechanism.

Establishing a diversified evaluation system is a necessary requirement for the realiza-
tion of RES curriculum goals. It is not only necessary for realizing individualized teaching
and developing students’ personalities but also the need for multi-type, multi-standard
and multi-level development of higher education. It is also of great significance to build a
scientific evaluation system on the curriculum and student performance to improve the
quality of renewable energy courses.

4. Case Study—A Solar Sheet Handling Robot

Solar energy has been widely used as a common renewable energy source, which
drives the demand for solar panels. Through interviews with factory workers, it was found
that the weight and operation difficulty of solar panels had a great impact on their work
efficiency. According to the workers, the handling robots can not only improve product
quality and productivity but also ensure the safety of themselves. Therefore, starting
from the actual problems, we designed a solar panel handling robot course. According
to the curriculum model proposed in Section 3, the course consists of three parts: design,
teaching, and evaluation. Readers can use this case to expand ideas to have a more intuitive
understanding of the application path of the RES curriculum model for college students.
At the same time, we also conducted a series of quantitative experiments to verify the
effectiveness of the course model.

4.1. Focus on Design

Table 1 shows the sections that need to be included in the curriculum design: cur-
riculum value, teaching objectives, students’ basic cognition, and curriculum resources.
Establishing the curriculum based on students’ existing knowledge helps to cultivate their
innovative awareness while at the same time consolidate their knowledge base. In addition,
the experimental settings and tools needed throughout the course are sorted out to create a
high-quality environment for students to explore and innovate.
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Table 1. Case-Course Design.

Curriculum Name: “Solar Sheet Handling Robot”

I. Background of Research Study

Background: With the increasing application of solar power generation systems, the demand for solar panels is also increasing. According to the
staff from the solar panel production line, the use of handling robots not only improves the quality and productivity but also has great significance
in ensuring the safety of life, improving the working environment and production efficiency, and increasing economic benefits.
Significance and value of the project: Through this research, students can expand and consolidate relevant theoretical knowledge. Through the
survey to understand the current innovative use of solar energy, especially the application of solar handling robots; through personal creation and
development to improve the application of professional skills while training students’ awareness of innovation and teamwork.

II. Teaching Objectives of Research-based Learning

Knowledge and skills:
vTo understand the classification of robots and the layout and
composition of workstations. vTo master the composition of the handling robot system.

vTo master common instructions for handling robots. vTo learn how to use the teaching pendant to complete the I/O
configuration of solar panels for industrial robots.

vTo master the working steps and programming steps of the
handling robot.

vTo learn how to use Robot Studio to complete the program writing
and debugging of industrial robot handling solar panel.

Process and methods:

vTo experience the research process of identifying, analyzing, and solving problems, and initially learn the research methodology and
study methods.
vTo experience group learning, develop creative thinking and teamwork, and improve interpersonal skills.
vTo learn the applications of relevant programming software as well as the workshop handling robots.

Emotional attitudes and values:

vTo cultivate good habits of research and analysis, diligence, and innovation.
vTo enhance students’ ability to communicate and cooperate with each other.

III. Learner Characteristics

1. Students are sophomores.
2. Students have basic knowledge in programming, physics, and energy.
3. Students have some understanding of a series of experimental processes such as robot-making and data creation.
4. Students have strong interest in the innovative use of renewable energy and the development of intelligent robots.

IV. Research steps

1. To learn and consolidate the theoretical knowledge related to physics, energy, and programming involved in the project.
2. To understand the working principle and application of the existing solar energy handling robots.
3. To select specific production workshops in units of groups, and then develop the handling robot.
4. Workstation and data creation.
5. Application and sharing of achievements.
6. Assessment of course learning process.

V. Resource design

The resources provided by the subject teacher are:
1. Robot Simulation Software Robot Studio, the package of Solar Handling Workstation Situational Teaching Carry. Rspag.
2. Assembly hardware of five types of handling robots.
3. Websites and books related to solar energy applications.
4. Relevant experimental equipment in the school laboratory.

4.2. Focus on Teaching

In the teaching part, the teacher first introduced the current application of handling
robots in daily life and identified the main problems related to the development of handling
robots (Table 2). Then the teacher guided students to make suggestions for improvement
according to their own interests by referring to relevant materials and conducting field
visits. Before the actual operation, considering the multidisciplinary and applicability
of the course, teachers should organize students to carry out necessary supplementary
learning on existing theories to lay theoretical conditions for development. In the formal
implementation, students were divided into groups and performed a reasonable division
of labor within the group. The whole process was dominated by students. Teachers kept an
eye on the progress and only provided inspiration and guidance in key links or difficulties.
When the work was completed, students need to verify the effects, summarize the process
and optimize the parts with poor performance.
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Table 2. Case-course teaching.

Course Stage Student Activities Teacher Activities Class
Schedule

The first stage. Mobilization and training
phase (preliminary understanding of
research-based learning and research
methodology)

1. Establishing contact and
discussing issues.

1. Introducing the novel use of solar energy
to stimulate students’ interest.

2 h
2. Understanding the purpose of
this activity. 2. Encouraging students to talk about

feelings and ask questions.3. Learning and understanding the steps,
methods, and requirements of this
comprehensive practical activity.

The second stage.
Course

preparation.

Knowledge
supplement and

consolidation

1. Learning and consolidating relevant
theoretical knowledge to lay the
foundation for subsequent practical
innovation.

Paving the theoretical knowledge that may
be involved for students according to their
specific situation.

4 h

2. Being good at thinking and asking
questions.

Propose a topic

1. Discussing the application form of
solar energy and the development status
of solar handling robots.

Introducing topics from the development
of solar energy and technological
development to allow students to
recognize the importance of solar sheet
handling robots and stimulate their ideas
for improvement and optimization.

2. Through the discussions between
teachers and students, recognizing the
value of solar handling robots and
discovering the real problems.

Set up a research
group

1. Students determining their sub-select
based on their expertise and interests,
and forming groups accordingly.

1. On the premise that students are
voluntarily grouped, rationally allocating
members of each group so that students
with weak abilities can also be assigned
to work.

2. After the establishment of each group,
selecting the group leader and studying
and discussing the group’s Cooperative
Learning Assessment Scale;

2. Formulating cooperative learning rules
(or cooperative learning assessment
metrics) for students.

3. According to the sub-select, carrying
out small group work and starting the
initial data collection and experiment
preparation.

3. Guiding group discussions and task
assignment among group members.

Form a group
implementation

plan

Each group formulates a research plan
according to the work division, allocates
research time, refines research content,
and determines expected results.

1. Designing a “research plan” template to
provide guidance for students to formulate
a research plan.
2. Designing result presentation template.

The third stage.
Course

implementation.

Progress report

When each phase is completed, make a
timely record and summary, and report
the progress regularly (creating
workstations, configuring system I / O,
creating program data, modifying the
handling program, and running
simulation of solar sheet handling).

1. Distributing the “Experimental Record
Form” to the group leader for use as
information collation after each group’s
experiment.
2. Tracking and understanding the
experimental development process of each
group in time, and playing a guiding and
enlightening role when students encounter
bottlenecks.

8 h

Effect detection

After the solar thin-plate robot works are
completed as a whole, the effect test is
performed in a simulated environment,
and a standardized project report is
generated to summarize and optimize.

3. Observing the participation of each
student and promptly motivating and
supervising those with low participation.

The fourth stage.
Evaluation,

summary, and
reflection.

1. Each group reports its research results in the last semester, in
the form of PowerPoint, photos, handwritten reports, survey
reports, short videos, etc. Based on the activities of each group in one

semester, the teacher uses the evaluation
form 3 to give his/her evaluation
comments and guidance through the entire
activity process.

3 h

2. Each team member completes the self-evaluation report, and
the team leader is responsible for collecting and organizing these
reports.
3. When the results of all groups are reported, each group
comments and evaluates the results of the activities of other
groups.
4. Finally, each member synthesizes the evaluation from the
group, the teachers, and themselves.
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4.3. Focus on Evaluation

In order to thoroughly evaluate the effectiveness of the course, the evaluation method
was a comprehensive assessment of the final exam (30%) + practical operation (30%) + result
display and application (30%) + assignment (5%) + attendance rate (5%). The evaluation
form also includes self-evaluation, mutual evaluation of members, and teacher evaluation.
Table 3 shows the teacher’s evaluation form on the student’s performance. It can be clearly
found that the evaluation stage ran across the entire process of the course. Compared with
the traditional test, it focused on examining the practical application of relevant skills and
the overall quality of students, which is more in line with the teaching objectives of RES
courses. After the course, teachers also guided students to expand and apply knowledge.
For example, in industrial production, loading robots are used on different occasions,
and learning how to modify them to suit more working scenarios will stimulate students’
research interest. At the same time, the teacher could obtain real-time feedback on the
teaching effect of the course through questionnaires or direct communication with students
and make real-time adjustments for better results. (a), (b) and (c) in Figure 6 show the
students’ works.

Figure 6. Student-Designed Solar-powered Robots.

Table 3. Teacher Evaluation Form.

Serial
Number

Main
Content Assessment Requirements Standards for Evaluation Partition Deduction Score

1
Preview
before

training

Carefully reviews the
relevant knowledge of the
solar sheet handling robot
and completes the relevant
content in the training
instruction book.

(1) 10 points will be deducted
if the training content is not
previewed before the training.

10
(2) 7 points will be deducted if
not completing the training
instruction book.

2 Workstation
creation

Can correctly decompress,
backup, and warm-up the
program package of the
solar handling station.

If unable to properly
decompress, backup or hot
start the package, 5 points will
be deducted for each item.

15

3 I/O Configu-
ration

(1) Can configure the I/O
unit correctly. If unable to configure the

MCU correctly, 5–10 points
will be deducted for each
item.

15
(2) Can correctly configure
the I/O signals.
(3) Can configure the system
input and output correctly.

4

Program data
process of the

handling
robot system

(1) Can create tool
data correctly. 5–10 points will be deducted

for program data handling
system configuration errors.

15(2) Can correctly create
workpiece coordinate data.
(3) Can correctly create
load data.
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Table 3. Cont.

Serial
Number

Main
Content Assessment Requirements Standards for Evaluation Partition Deduction Score

5
Teaching

target points

(1) Can correctly configure
the pick point pPick of the
solar sheet.

Failure to configure the
teaching target points will
bring a 5–10 point deduction
for each item.

15

(2) Can configure the
pPlaceBase of the solar sheet
placement reference
point correctly.
(3) Can correctly configure
the pHome—The starting
point of the solar sheet
program.

6 Program
creation

(1) Can create the program
correctly.

5 points are to be deducted for
each error when the program
cannot be correctly created,
modified, or debugged.

10(2) Ability to modify and
debug the recommended
errors in the program.

7 Safe
operation

Can meet the requirements
for onboarding training
and operation.

Violation of safety and
civilized operating procedures
will cause a 5–10
point deduction.

10

Notes

Total

Teacher’s
signature

Signature

Date

4.4. Analysis of Course Effect
4.4.1. Quantitative Analysis of Course Effect

In order to verify the teaching effect of the curriculum model, we adopted a quanti-
tative method to reflect the changes in students’ academic performance before and after
learning. Since the research object needs to have a preliminary understanding of the RES
course, we chose 27 sophomore students at the New Energy College of China University of
Petroleum (East China) as the research object. The full score of the test is 50 points and the
experiment produced a total of 27 * 2 test copies (pre-test 27, post-test 27), all of which are
considered valid.

To start with, a paired t-test was conducted to determine whether the student’s
academic performance has been significantly improved. The results are shown in Table 4.
The p-value (two-tailed) of the mean value is close to zero (t = 10.642, p-value = 0.000).
When the significance level is 0.05, we should reject the null hypothesis, which indicated
that the students’ performance after the new RES curriculum model was significantly
improved. It also shows that after excluding other unobserved variables, the new RES
curriculum model had a statistically positive impact on the learning effect of students, with
the average score of students increased by 15.63 points.

Table 4. Paired t-test for pre-test and post-test score variables.

Paired Differences

t df Sig (2-Tailed)
Mean Std.

Deviation
Std. Error

Mean

95%Confidence Interval
of the Difference

Lower Upper

Post-test–pre-test
score 15.630 7.632 1.469 12.611 18.649 10.642 26 0.000
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Next, students’ basic knowledge could also affect the final score. We ranked the
pre-test results from high to low and took the top 30% students as high-achieving students
and the last 30% students as low-achieving students. After calculating the gain average
of the two groups as shown in Table 5, we used the independent t-test to analyze the
difference between the two groups’ gain average and the impact of the differences in the
students’ own foundation on the course effect, as shown in Table 6.

Table 5. Average scores for low-achieving and high-achieving groups.

Group Pre-Test Average Post-Test Average Gain Average

High-achieving 30.625 42.125 11.5
Low-achieving 17.375 38.5 21.125

Moreover, the Levene’s test for the equality of variances shows that F = 19.220,
p = 0.001 < 0.05, which suggested that we rejected the null hypothesis. In the lower row,
t = −3.446 and p = 0.006 < 0.05, indicating that there was a significant difference in the
0.05 level between the two groups and the gain average of students with poor grades is
9.625 points higher than those with high grades.

Table 6. Independent t-test.

Levene’s Test for
Equality

of Variances
t-Test for Equality of Means

F Sig t df
Sig

(2-Tailed)
Mean

Difference
Std.error

Difference

95% Confidence Interval
of the Difference

Lower Upper

Equal variances
assumed 19.220 0.001

−3.446 14 0.004 −9.625 2.793 −15.616 −3.634

Equal variances
not assumed −3.446 9.942 0.006 −9.625 2.793 −15.853 −3.397

4.4.2. Significant Improvement of Students’ Creativity

Through the multi-angle evaluation of course effects, it is found that students’ abilities
have been improved in various aspects. At the same time, we interviewed five representa-
tive students to further investigate their recognition of their own ability changes. They all
expressed their support: the application of renewable energy is a frontier and abstract issue
that cannot be imagined in teachers’ description alone. The new course would help them
better understand and determine the future direction of renewable energy applications.
This makes the course more attractive and makes a deep impression on them. The most
impressive thing is that three students further created a new work based on solar panels,
called “E-Go Robot”, as shown in Figure 7. It is a solar panel moving with the sun. It can be
found concluded that students are gradually mastering the ability to solve actual problems,
which is an important reflection of their creativity improvement. We also kept the working
videos of the students’ work as supporting materials.
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Figure 7. Student Designed Solar-powered Robot.

5. Discussions and Conclusions
5.1. Preliminary Findings and Discussions

The education of renewable energy in colleges could promote the implementation
of the concept of sustainable development [53]. From the literature, it is obvious that
sustainability is a key factor in higher education and many scholars have made joint efforts.
Considering all kinds of barriers, it has become the key issue that how to integrate the
concept of sustainable development education into the transformation of higher education.
For teachers, in the process of remodeling teaching methods, we need a better entry
point to insert the concept of sustainable development. For students, it could also realize
the construction of knowledge through cooperative learning [54]. However, they are
facing many obstacles, such as the lack of sustainable funding and financial incentives
for educators [55–57]. Thus, it is necessary to take the renewable energy course as a
specific case.

At the same time, we found from the existing cases that: First, the multiple com-
bination evaluation method coincides with the interdisciplinary dimension analysis of
cooperative learning [58]. The new RES curriculum model had significant supplemental
learning effects. Meanwhile, through the course case “solar panel handling robot”, it
is found that students are gradually mastering the ability to solve actual problems and
coming up with more in-depth and innovative ideas simultaneously, which shows their
increased creativity. Second, the learning gains for low achievement students were higher
than for high achieving students, which indicated that the new RES curriculum model is
more effective for low achievement students and we further analyzed the possible reasons
for this disparity: (a) High-achievement students had a high initial score and there was
not much room for improvement. (b) The test questions are relatively basic, which were
grasped well by high-achievement students at the beginning. (c) When the main goal of the
course is to help students develop problem-solving skills and inquiry-based exploration
skills rather than merely knowledge transfer, a simple paper-and-pencil test may not fully
prove its effectiveness. This is also the reason why we adopted a multi-evaluation method
in the evaluation process.

In future experiments, it might be much easier to get students’ feedback on the course
from direct inquiry. Finally, the new RES curriculum model focused on practical operations,
which is expected to bring long-term memory effects to students through query-based
observations and operations. However, the post-test was conducted immediately after the
learning activity, so it is impossible to measure the long-term learning effectiveness.
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5.2. Conclusions

Based on the research results, this study sorts out the common problems that exist in
the RES courses for Chinese college students and proposes an appropriate course model
on renewable energy with a self-optimization mechanism. Lastly, the effectiveness of
the model is verified through case teaching and quantitative analysis. The research data
shows that the RES courses lack standardized integration as a whole. More importantly,
there are key issues such as the content design is too subjective and broad, the teaching
method is too old and unbalanced, and the evaluation focus is too theoretical and single.
In order to solve the above problems and standardize the course process, this study aims at
cultivating students’ innovative use skills and awareness of renewable energy as the core
goal, and based on the optimized and integrated traditional teaching theory, creates the
“Student-centered Inquiry” course model on renewable energy. The model emphasizes the
gradual nature of design, the autonomy of teaching, and the diversity of evaluation. Based
on the three major links, the perform demonstration and standard guidelines for teachers
are constructed respectively.

By case teaching and the analysis of performance between the early and late stages,
we found that the new RES curriculum model is conducive to improving students’ test
scores and has a more significant impact on students with poor grades. Also, through
interviews with students, it was found that after rebuilding the RES curriculum model, the
teaching effect could be improved from the following four aspects:

(1) Knowledge transfer: the academic background requirements of multidisciplinary
integration are met. Take the course on solar thermal utilization, for example, students
need to have basic knowledge of heat transfer, thermodynamics, optics, and calculus.
Another thing to note is the vertical depth of the course content. Universities can open
elective courses for different branches of RES to arouse students’ interest, provide
space for development and stimulate their internal motivation.

(2) Methodology: RES courses are expected to be achieved through project-oriented re-
search that is student-led, teacher-led, team-based, and problem-oriented. In addition
to the regular RES courses, hiring professional RES engineers, scientists, technicians,
and mechanics to give lectures in this area is an effective way to make up for subjective
bias in the current curriculum.

(3) Reductionism: To exercise students’ ability RES knowledge transfer and application
by restoring the high-level theoretical knowledge to the low-level life problems, uni-
versities can establish links with local energy companies and research institutions to
guide students to participate in scientific research, technology development, and pro-
motion of other practical activities. Through these efforts to identify the current needs,
and finally resolve the problem of course content deviating from actual demand.

(4) Consciousness formation: This is in line with the top goal of the RES curriculum,
as attitudes and values for innovative development and utilization of resources are
naturally formed in the process of discovering and solving problems arising from the
actual renewable energy situation.

Finally, it should be noted that this study has two obvious limitations. On the one
hand, the sum of the existing curriculum models’ problems is based on the survey data.
As we collected only some representative universities as survey samples but not covered
the data from every university, some colleges’ courses problems might be ignored. Second,
participants in the course effectiveness verification experiment in this study were sampled
from representative energy universities in China. Therefore, whether the model constructed
in this study could be applied to universities in other regions could not be determined,
especially some comprehensive universities.

In view of the current limitations of this study, the future research direction is to con-
sider more driving factors, such as regional differences. A more standardized curriculum
model can be adapted to renewable energy education at most universities. At the same
time, future research will further test the effectiveness of the model in different contexts
and make the targeted optimization.
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