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Abstract: Curriculum teaching is the basic unit to realize the cultivation and achievement of students’ ability
in undergraduate colleges, and it is very important to investigate the influence mechanism of the curriculum
system on the achievement states of students” ability. This paper first puts forward the theoretical system and
framework of curriculum chains, and constructs a “double-energy and double-space” (DEDS) which consist of
the curriculum energy efficiency space and student ability space respectively. Investigating the space-time
transformation relationship of curriculum chains in the DEDS, the forward transformation model, inverse
transformation model and the rheological model of the achievement states in the curriculum energy efficiency
space and student ability space are established. Studying the dynamic evolution mechanism of curriculum
chains within the DEDS, the dynamic evolution model, which presents the relationship between achievement
states of curriculum energy efficiency/students’ ability and curriculum/students’” dynamic potential, are
established; the control methods of courses/students’ dynamic potential based on the proposed dynamic
evolution model are developed to ensure the achievements of the graduates’ social ability; the evaluation and
detection methods of achievement states of curriculum chains in DEDS are proposed to obtain the actual
achievement states of curriculum energy efficiency and students’ ability, and this will provide effective input
for the control of curriculums/students’” dynamic potential; the planning and design methods of curriculum
chains facing social needs are presented, which can provide theoretical basis for the formulation of the talent
training scheme and curriculum system in colleges and universities.

Keywords: social needs; curriculum chains; curriculum energy efficiency space; student ability
space; dynamic evolution; control

1. Introduction

Advanced undergraduate teaching plays the role for cultivating applied talents in universities
under the background of new engineering, and it is also an important highland for cultivating talents.
Undergraduate teaching is mainly composed of course teaching, experimental teaching and practical
teaching. Among them, the course teaching is the basic unit to realize the training and achievement
of students’ abilities, and there is a certain sequence and continuity among the courses. Generally
speaking, from the point of view of teaching time, general education courses are firstly taught, and
then professional education courses are taught. Many courses with time sequence and continuity
constitute the curriculum system [1-3], and students can achieve the expected abilities to meet social
needs through studying the curriculum system, so it is very important to investigate the influence
mechanism of the curriculum system on the achievements of students’ abilities. Facing the social
needs, the national higher education vigorously implements the OBE education concept [4-9] to
realize the graduates’ abilities meeting the social needs. The social demands for graduates” abilities
is multidimensional (12-dimensional ability for professional certification of engineering education),
and each course of the curriculum system, in fact, contributes to certain dimensions of students’
abilities, such as integrating ideological and political elements into the course teaching process
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[10,11]. The course teaching process can adopt diversified ways and means, such as the integration
of competition and teaching [12], the combination of virtuality and reality [13], and the online and
offline mixed teaching [14-17]. However, there are some key issues in the teaching process of higher
education, such as how to determine the required graduates’ abilities of higher education and
formulate a complete curriculum system, how the curriculum system affects the graduates’ abilities,
how the curriculum/student’s dynamic potential affects the curriculum/student’s achievement states,
how to control the dynamic potential of curriculum/student to obtain the achievement states meeting
the requirements, how to evaluate and measure the achievement states. However, there, as far as the
authors concerned, is no report on the quantitative model between the achievements of curriculum
energy efficiency and students’ abilities.

Generally speaking, colleges and universities have formulated training objectives and training
programs for their respective majors according to the presented talent training objectives of colleges
and universities, and formulated a systematic and complete curriculum system to promote the
achievement of graduates’ abilities. There is a coupling relationship between each course in the
training scheme and curriculum system, and the curriculum system, in fact, can be simplified as a
typical series system. The curriculum system determines the achievement states of students’ abilities
when they graduate, and plays a vital role in cultivating students” comprehensive literacy and
application abilities. At present, in the teaching process of higher undergraduate courses, the
problems have not been well solved, such as how the teaching effect of the preceding courses affect
the teaching practice of the succeeding courses, whether the teaching practices of the succeeding
courses can strengthen the achievements of the preceding courses, and whether the temporal and
sequential distribution of courses is reasonable. Therefore, this paper innovatively puts forward the
theoretical system and structure of curriculum chains, and proposes the DEDA consisting of
curriculum energy efficiency space and student ability space. And moreover, this work reveals the
space-time transformation relationship of curriculum chains, and establishes the space-time
transformation and rheological model of curriculum chains. With regard to curriculum energy
efficiency space, the curriculum teaching is the basic unit of curriculum energy efficiency space, and
the achievement states of curriculum energy efficiency (achievement trajectory, achievement speed
and achievement acceleration) directly depends on the curriculum dynamic potential (teaching
content and methods, students’ learning input and initiative, etc.); while with respect to student
ability space, the achievement states of students’ abilities (achievement trajectory, achievement speed
and achievement acceleration) directly depends on students’” dynamic potential (students can
contribute to the society or the social needs for graduates). And the curriculum dynamic potential
has a decisive influence on the students” dynamic potential. Therefore, investigating the relationship
between the curriculum teaching and the achievements of students’ abilities, this paper innovatively
puts forward the concepts of curriculum energy efficiency/students” ability achievement states and
curriculum/students’” dynamic potential, reveals the dynamic evolution mechanism of curriculum
chains within DEDS and establishes the dynamic evolution model of curriculum chains.

Undergraduate colleges and their majors have formulated a relatively complete talent training
scheme and curriculum system according to the social expectation and demand (achievement states
students’ abilities), and rely on certain curriculum/student dynamic potential to ensure that students
can achieve the abilities to engage in social work when they graduate. However, with the rapid
development of society, the social demands for graduates’ abilities will change to some extent.
Therefore, it is very important that how to control the curriculums/students” dynamic potential to
narrow the deviation between the actual achievement states of students’ abilities and the social
demands so as to achieve the expected social demands (the achievement states of students’ abilities).
To the best of the author’s knowledge, no previous work on curriculum chains has discussed the
control of the curriculums/students’ dynamic potential. Therefore, this paper proposes a control
method of the curriculums/students’ dynamic potential based on the dynamic evolution model in the
DEDS. Through the adjustment of course dynamic potential, the deviation between the actual
achievement states and the expected achievement states of course energy efficiency/students’ ability
can be reduced, and finally the graduates’ abilities meeting social demand can be ensured.
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In order to control the dynamic potential of the curriculum/student, it is necessary to evaluate
and detect the actual achievement states of curriculum energy efficiency/students’ abilities.
Nevertheless, the study on the evaluation and testing method of actual achievement states for
curriculum energy efficiency/students’ ability, to the finest of the authors’ knowledge, isn't
considered in past investigates. Therefore, this paper puts forward the evaluation and detection
method of the achievement states for curriculum chain in the DEDS to obtain the actual achievement
states of curriculum energy efficiency/students’ abilities and provide effective input for the
curriculums/students’ dynamic potential.

The training of talents in colleges and universities is oriented to the social demands and the
output of achievements, meanwhile the social demands put forward strict requirements for the
graduates’ abilities. But for every student, social needs are a series of specificjobs. It is very important
for cultivating high-level talents meeting social needs to establish a quantitative relationship between
social needs and students’ abilities in colleges and universities, and to plan and design a reasonable
talent training scheme and a strict curriculum chain. To our knowledge, there is no work has been
proposed for investigating the relationship between social needs and students’ abilities. Therefore,
this paper presents the planning and design method of curriculum chains facing social needs, which
can provide theoretical guidance for the formulation of talent training scheme and curriculum system
in colleges and universities.

To sum up, inspired by the theory, technology and application of industrial robots [18-21], this
paper first puts forward the theoretical concept and basic configuration of curriculum chains (Figure
1), deeply studies the influence mechanism of curriculum chains on the achievement states of
students’ abilities, and constructs the DEDA including the curriculum energy efficiency space and
student ability space. This paper discusses the relationship and model of space-time transformation
of the proposed spaces, the dynamic evolution mechanism and model of curriculum chains in the
DEDA, the dynamic control method of curriculums/students’” dynamic potential based on the
proposed dynamic evolution model, the evaluation and detection method of the achievement states
in the DEDA, and the planning and design method of curriculum chains facing social needs. The key
scientific problems, such as the dynamic coupling mechanism of between adjacent courses of
curriculum chains, the influence mechanism of social time-varying demands on talent training
scheme and curriculum chain configuration, are presented; and the key technical problems, such as
the dynamic modeling technology of curriculum chains and the evaluation and detection technology
of the achievement states within DEDA employing the multi-means and multi-information fusion,
are put forward in this paper. The research in this paper can provide theoretical basis and practical
guidance for the planning and design of the curriculum system, controlling the achievement states of
students’ abilities and course efficiency, and the evaluation method of achievement states of course
efficiency and students’ abilities, which is helpful to comprehensively improve students’
comprehensive literacy and abilities to adapt to society and lay a solid theoretical foundation for
cultivating high-level academic talents.
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Figure 1. Concept and basic configuration of curriculum chains.
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2. Theoretical system and overall framework of curriculum chains

The time-varying society needs put forward higher requirements for the graduates’ abilities, and
the achievement states of graduates’ abilities mainly depends on the achievement of curriculum
objectives. Curriculum teaching is the basic unit to realize the cultivation and achievement of
students’ abilities, and it is very important to report the influence mechanism of curriculum chains
on the achievement of students’ abilities. The theoretical system and overall framework of curriculum
chains are shown in Figure 2.
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Figure 2. Theoretical system and overall framework of curriculum chains.

3. The main research content and technical scheme

There are some factual issues in undergraduate teaching that the relationship between the
achievements of graduates’ abilities complying with social expectation and the configuration of
curriculum chains is unclear, leading to the lack of graduates’ abilities. In this paper, a new concept,
curriculum chains, is established. And moreover, the influence mechanism of curriculum chains on
the achievement of students’ abilities is deeply investigated, and the DEDS including the curriculum
energy efficiency space and students’ ability space is constructed, further forming the core theory,
method and key technology of curriculum chains. The main research content and technical scheme
of curriculum chains are shown in Figure 3.
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Main research content and technical scheme of curriculum chains
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Figure 3. Main research content and technical scheme of curriculum chains.

3.1. Time-space transformation relationship and model of curriculum chains in the DEDS

As mentioned above, there is a coupling relationship between the courses in the teaching and
training program and the curriculum system for colleges and universities, which can be simplified as
a series system, and the courses determine the achievement states of students’ abilities. In this paper,
the curriculum system with the relationship between predecessor and successor is defined as
curriculum chains, and the space formed by each course is called the curriculum energy efficiency
space denoted by A. For example, the curriculum chains of the training program for the major of
mechanical and electronic engineering in the school of mechanical engineering of Xi ‘an University
of Science and Technology includes the basic principles of Marxism, an introduction to Mao Zedong
Thought, advanced mathematics, physics and other courses. The social expectations and
requirements for students’ abilities are multidimensional, and the multidimensional ability space that
students can achieve when they graduate is called student ability space denoted by B in this paper.
For example, the requirements for the achievements of students’ abilities proposed by engineering
education professional certification include 12 dimensions [22-24], such as engineering knowledge,
problem analysis, design/development solutions, research, use of modern tools, engineering and
society, environment and sustainable development, professional norms, individuals and teams,
communication, project management and lifelong learning.

For the curriculum energy efficiency space A, there is an interaction between the two adjacent
courses of curriculum chains. This paper proposes to describe the relationship by using the
curriculum correlation transformation matrix, and it can be expressed as follows:

X, =T"X,i=12-.,m 1)
in which, the vectors X, and X, 6 represent the energy efficiency achievement trajectories the ith

course and the (i+1)th course respectively; Tl.i+1 represents the correlation transformation matrix

from the ith course to the (i+1)th course of course chains; m is the number of independent courses of
curriculum chains in energy efficiency space.

The achievement states of students’ abilities depend on the achievement states of energy
efficiency of each course, and the achievement states of each course of course chains jointly determine


https://doi.org/10.20944/preprints202310.1812.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 October 2023 doi:10.20944/preprints202310.1812.v1

the abilities that students can achieve when they graduate. This paper puts forward a positive
transformation model from the achievement trajectory of course energy efficiency space to the
achievement trajectory of student ability space, which can be expressed as follows:

b= f(a) @)

where the vector @ € R™" represents the achievement trajectory of course energy efficiency,

while the vector b € R™’ represents the achievement trajectory of students’ abilities; m is the
number of independent courses in curriculum chain in energy efficiency space, and n is the
dimension of student ability space; f represents the mapping function from the curriculum energy
efficiency space to the student ability space.

In order to meet the needs of society, students must have certain personal qualities and abilities
when they graduate, and the cultivation and formation of the abilities must rely on curriculum chains.
Therefore, in order to achieve students’ expected abilities, the achievement status of each course of
course chains must meet certain requirements. This paper puts forward an inverse transformation
model from the achievement trajectory of student ability space to the achievement trajectory of course
energy efficiency space, which can be expressed as follows:

a=["(b) 3)

At the same time, the energy efficiency achievement speed of each course in the curriculum
energy efficiency space will have an important impact on the achievement speed of students’ abilities
in the student ability space. Taking the derivative of time on both sides of Eq. (2), the quantitative
relationship between them can be expressed as follows:

dr j -
dt

= J(b)b (4)
where @ € R™" represents the achievement speed of the curriculum energy efficiency;
b € R™ denotes the achievement speed of students’ abilities; J (b) denotes the Jacobian matrix

of achievement speed, which represents the achievement speed ratio from the curriculum energy
efficiency space to the student ability space.

3.2. Dynamic evolution mechanism and model of curriculum chains

With regard to the curriculum energy efficiency space A, the achievement states of curriculum
energy efficiency directly depend on the curriculum dynamic potential, and the quantitative
relationship between them is defined as the dynamic evolution model within the proposed
curriculum energy efficiency space, and it can be expressed as:

v, = ¢(a,d,d) ®)

where a represents the achievement trajectory of the course energy efficiency; @ indicates the
achievement speed; @ indicates the achievement acceleration; 7, indicates the dynamic potential
of curriculums; ¢ denotes the mapping function from the achievement states of curriculum energy

efficiency space to dynamic potential of curriculums.

While with regard to student ability space B, the achievement states of students’ abilities
depends directly on students” dynamic potential, and the quantitative relationship between them is
defined as the dynamic evolution model in the student ability space, which can be expressed as:

7, = ¢ (b,b,b) (6)

where b represents the trajectory of the students’ abilities; b indicates the achievement speed of the
students’ abilities; b indicates the achievement acceleration of students’ abilities; 7, indicates
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students’ dynamic potential; (¢ represents the mapping function from the achievement state of the

student ability space to students’” dynamic potential.

Meanwhile the dynamic potential of curriculums has a decisive influence on the students’
dynamic potential, and in more detail, the dynamic potential of curriculums determines the students’
dynamic potential. The relationship between them can be expressed as follows:

v, =J" (b) T, (7)

where jT (b) is the transposed matrix of the proposed Jacobian matrix j (b)

3.3. Proposed control method of course/student dynamic potential

According to the training scheme, each major has formulated curriculum chains to promote the
achievement of graduates’ abilities. For curriculum energy efficiency space A, the mathematical
relationship between the dynamic potential of curriculums and the achievement states in the
curriculum energy efficiency space is established using Eq. (5). While for student ability space B, the
mathematical relationship between students” dynamic potential and the achievement states in the
student ability space is established with Eq. (6).

However, for different students, there is a certain deviation of initial abilities when they enter
the school. How to ensure the students’ expected abilities when they graduate through the
adjustment of curriculums/students’ dynamic potential is very important. In view of this, this paper
puts forward a control method of the dynamic potential of curriculums to narrow the difference
between the actual achievement states and the expected achievement states for curriculum energy
efficiency; and while this paper puts forward a control method of students” dynamic potential, so as
to narrow the difference between the actual achievement states of students’ abilities and expected
achievement states.

The achievement trajectory error of course energy efficiency is defined as follows:

e, =a-a, ®)

where a denotes the achievement trajectory of course energy efficiency; @, indicates the expected
achievement trajectory of the course energy efficiency.
While the achievement speed error of course energy efficiency is define as follows:
e =a-a )
In the curriculum energy efficiency space, the goal of control method for the curriculum dynamic
potential is to design curriculum dynamic controllaw 7, so that the trajectory error e and speed

error éa reach zero.

In the same way, the achievement trajectory error of students’ abilities is defined as follows:
e, =b-b, (10)

where b denotes the achievement trajectory of the course energy efficiency; while p, denotes the

expected achievement trajectory.
And moreover, the achievement speed error of students’ abilities can be defined as follows:
é, =b-b, 11)
In the student ability space, the goal of the control method for students” dynamic potential is to
design the control law of students” dynamic potential 7,, so that the trajectory error e, and the

achievement speed of students’ abilities €, tend to zero.

The control scheme of course/student’s dynamic potential is shown in Figure 4. Through the
analysis of social needs, all majors in colleges and universities determine the various abilities and
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their achievement status that students need to have when they face social employment b, , and
obtain the expected trajectory of curriculum space a, through the proposed inverse transformation

model; using the evaluation and detection method in the curriculum energy efficiency space, the
actual achievement trajectory in the curriculum energy efficiency space @ is obtained, and there is
bound tobe a deviation e, between the expected achievement trajectory and the actual achievement
trajectory. The linear combination of the deviation generates the control law in the curriculum energy
efficiency space 7 , which is input into the student-classroom dynamic system, and the deviation e

tends to zero through the presented control law meeting the stability condition.

Students' ability Inverse Controller of . Stud "
achievement transformation cUrriculum’s ‘tju ent—} assroom
trajectory by model dynamic potential ynamic system

Evaluation and detection
methods in curriculum
energy efficiency space

€ Controller of .
Student-classroom
» N .
> Student' d}fnamlc - —»
potential

b Evaluation and
detection methods of
student ability space

Students'
ability

. facing
social
needs

Figure 4. Control scheme of curriculum/student’s dynamic potential in the DEDS.

3.4. Evaluation and detection method of achievement states for curriculum chains in DEDS

In order to realize the control of the curriculums/students” dynamic potential based on the
proposed dynamic evolution model, it is necessary to evaluate and detect the actual states of
curriculum energy efficiency/students’ abilities, and provide effective input for the control of the
dynamic potential. The evaluation methods and means of achievement states within the curriculum
energy efficiency space include daily course assessment, classroom questioning, big homework, mid-
term assessment and course examination, and so on. Through the examination of students in each
stage of each course, each major dynamically adjusts the dynamic potential of the curriculum to
ensure the minimum deviation between the factual achievement trajectory and the expected value
for curriculum energy efficiency. While the evaluation methods and means of achievement states in
student ability space include students’ mutual evaluation, teachers’ evaluation, graduates’
questionnaire, employers’ questionnaire, social recognition and so on. Through the assessment of
students’ abilities in each stage, each major dynamically adjusts students’” dynamic potential to
ensure that the minimum deviation between the factual achievement trajectory and the expected
value for students’ ability.

3.5. Planning and design method of curriculum chains facing social needs

The cultivation of high-level talents is the fundamental mission of colleges and universities, and
the achievement and promotion of high-level talents’ abilities mainly depends on the course teaching
and its achievement. However the time-varying needs of society put forward higher requirements
for the graduates’ abilities, and in more detail, the time-varying needs of society determine the
abilities of talents trained by colleges and universities. The relationship between them can be
expressed as follows:

b=g(q(t) (12)

where the vector g represents the time-varying needs of society; the vector b represents the
achievement trajectory of students’ abilities; the function g represents the transformation relationship
between the time-varying needs of society and the achievement trajectory of students’ abilities.
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4. Key scientific problems and key technical problems

4.1. Key scientific problems of curriculum chains

The curriculum teaching is the basic unit to realize the cultivation and achievement of students’
abilities in undergraduate colleges, and it is very important to investigate the influence mechanism
of the curriculum system on the achievement of students’ abilities. To the best of our knowledge, this
is the first time that the theoretical system and framework of curriculum chains are developed. In
addition, this is the first time that the DEDS consisting of the curriculum energy efficiency space and
student ability space is established. There are, however, many problems concerning the proposed
curriculum chains need be solved. For this reason, the key scientific problems of curriculum chains
are presented as follows:

(i) The coupling mechanism between adjacent courses of curriculum chains.

Colleges and universities make a complete curriculum chain according to the talent training
scheme to promote students’ abilities while they graduate through curriculum teaching. The
curriculum chain is composed of many courses in series, and there is a coupling relationship between
the adjacent courses, which is mainly reflected in the interaction between the dynamic potential and
the achievement states. Clarifying the coupling mechanism between adjacent courses can provide an
accurate model for the control method of dynamic potential for course/student. Therefore, the
coupling mechanism between adjacent courses of curriculum chains is the first key scientific problem
to be solved urgently.

(ii) The influence mechanism of time-varying social demands on talent training scheme and
curriculum chain configuration.

The goal of talent training in colleges and universities is to educate people for the country and
the party. Therefore, it is the fundamental mission of colleges and universities to cultivate high-level
talents who can serve social development and progress. The achievement and promotion of high-
level talents’ abilities mainly depends on curriculum teaching and its achievements. However, with
the in-depth development of science and technology, the social needs are diversified and changing
rapidly, which poses an unprecedented challenge to the talent training scheme and curriculum chain
configuration of colleges and universities. As a result, the influence mechanism of time-varying social
demands on the talent training scheme and curriculum chain configuration is another key scientific
problem to be solved urgently.

4.2. Key technical problems

And as mentioned above, while the key technical problems of curriculum chains are presented
as follows:

(i) Modeling technology of dynamic evolution for curriculum chains in the DEDS.

For a specific major, many courses with the coupling relationship between predecessor and
successor form a curriculum chain, and the abilities of graduates can be achieved through the
achievements of the expected objectives of the curriculum chains. The dynamic potential of
curriculums and students are the power sources of students’ ability achievement, which determine
the achievement states of curriculum energy efficiency space and students’ ability space. In order to
realize the control of dynamic potential of the curriculums/students, it is very important to establish
the evolutionary relationship between the dynamic potential and achievement states within DEDS
for curriculum chains. However, at present, there is a lack of relevant modeling methods and
technologies. Therefore, the modeling technology of dynamic evolution for curriculum chains in the
DEDS is the first key technical problem in constructing the theoretical system of curriculum chains.

(ii) The evaluation and detection technology of achievement states with multi-means and multi-
information fusion.

It is necessary to obtain the achievement status in the curriculum energy efficiency space and
student ability space with the help of certain technologies and means, and provide an effective
feedback for the control of the dynamic potential for the curriculums/students based on the presented
dynamic evolution model. However, at present, there is no effective way to integrate the above
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information to obtain the actual achievement states in the DEDS. Therefore, evaluation and detection
technology of achievement states with multi-means and multi-information fusion is another key
technical problem so as to construct the theoretical system of curriculum chains.

5. Theory Features and Innovations

Facing the new engineering background and engineering education professional certification,
deeply investigating the configuration of curriculums and its time-space transformation relationship,
the present paper models the teaching process of higher education curriculum as a typical series
system-curriculum chain, constructs the DEDS including the curriculum energy efficiency space and
student ability space, and explores the influence mechanism of curriculum chains on students ability
achievement. In summary, the main contributions of this work include the following aspects:

(i) Proposing the theoretical system and basic framework of curriculum chains, and constructing
a DEDS consisting of curriculum energy efficiency space and student ability space, which can be
employed to investigate the influence mechanism of curriculum chains on the achievement of
students’ ability.

(ii) Revealing the space-time transformation relationship of curriculum chains within the
proposed DEDS, and establishing the space-time transformation model and rheological model; while
revealing the dynamic evolution mechanism of curriculum chains within the proposed DEDS, and
establishing the dynamic evolution model in the curriculum energy efficiency/student ability space
respectively.

(iii) Developing a control method of dynamic potential within the proposed DEDS, so as to
reduce the deviation between the actual achievement states and the expected achievement states of
curriculum energy efficiency/students’ ability and to ensure the achievements of graduates’ social
demand abilities.

6. Conclusions

With the in-depth development of science and technology, the time-varying needs of society put
forward higher requirements for the graduates’ abilities from colleges and universities. Meanwhile
curriculum teaching is the basic unit to realize the cultivation and achievement of students” ability,
and it is very important to study the influence mechanism of curriculum system on the achievements
of students’ ability. Facing the background of new engineering and the professional certification of
engineering education, this paper firstly models the course teaching process of higher education as a
typical series system-course chain by deeply analyzing the course configuration and its time-space
relationship. And moreover the paper proposes the theoretical system and framework of course
chains and constructs the DEDS including the course energy efficiency space and student ability
space. Furthermore, the five main aspects of the theoretical research of course chains are presented,
and the key scientific problems and key technical problems of the theoretical research for course
chains are reported in this paper. The research of this paper provides theoretical basis and practical
guidance for the planning and design of curriculum chains facing the time-varying needs of society,
the controlling of the achievements of students’ ability and curriculum efficiency, and the evaluation
method of the achievement states for curriculum energy efficiency and students’ abilities.

In addition, with regard to the proposed curriculum chains, the theory and technology are
presented in this paper. However, the practical application of the proposed theory and technology of
curriculum chains not obtained. As a result, there are several topics for future work that can be
executed in the investigation of the curriculum chains. One possibility is to employ the theory and
technology of curriculum chains to a particular major. Another potential area of future work is to
plan and generate a curriculum chains meeting social needs for a particular major, such as the major
of mechanical and electronic engineering.
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