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The academic accreditation for an engineering program in higher education institution is helpful to enhance
comprehensive qualities of graduates. Taking the Electrical Engineering and Automation (EEA) Program as an example,
a framework is constructed based on the concept of Outcome Based Education (OBE) for a high quality measurement,
which ensures the program to satisfy the requirement of engineering education accreditation. Particular steps are designed
by taking into account the evaluation methods for educational objectives and students’ outcomes. Then, a closed-loop
continuous improvement process is applied to develop the program based on the assessment result of students’
performances in collage and society. The achievement level of the program outcomes is evaluated by efficient methods
periodically, and the assessment results are presented in the paper. The situation of graduates’ competencies developed by
the program is indicated, and improvements of the program are implemented based on shortcomings. In this research,
work experiences for the engineering education accreditation are shown, which can be studied by institutions and

universities offering corresponding programs.
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1. Introduction

The accreditation is the formal recognition to
educational institutions or programs, which is exe-
cuted by non-governmental and non-profit third-
party organizations. It is a kind of qualification
assessment rather than superiority evaluation, and
is more comprehensive than examination method
[1, 2]. In other words, it is an inspection of whether
the education process meets the specified standards.
The aim of engineering education is to cultivate
personnel with engineering knowledge, skills and
experience, which is crucial for economic and social
development [3-5]. The accreditation for engineer-
ing education can ensure the worldwide recognition
of the degrees from programs and promote the
cooperation between institutions and enterprises
[6, 7]. Therefore, the social adaptability and inter-
national competitiveness of engineering personnel
are improved.

The Accreditation Board for Engineering and
Technology (ABET) accredits college and univer-
sity programs in the disciplines of applied and
natural science, computing, engineering and engi-
neering technology at the associate, bachelor’s and
master’s degree levels [8—12]. Note that ABET is not
only an authoritative nonprofit organization which
controls most of accreditations in the United States,
but also one of the six initiating engineering orga-
nizations of the “Washington Accord” [13]. By
ABET accreditation, a program that meets the
quality standards can produce graduates prepared
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to enter a global workforce [14, 15]. Many research
results are published to discuss the experiences in a
variation of disciplines, e.g., electrical engineering
program [16], information system program [17],
mechatronics program [18], civil engineering pro-
gram [19], control engineering program [20], indus-
trial engineering program [21], and computer
science program [22]. The ABET accreditation
process is carried out by four commissions. Each
commission sets well-defined standards for specific
program areas and degree levels. Programs leading
to the professional practice of engineering are
assigned to Engineering Accreditation Commission
(EAC) [23], which sets eight general criteria for
baccalaureate level programs [24]: (1) Students,
(2) Program Educational Objectives, (3) Student
Outcomes, (4) Continuous Improvement, (5) Cur-
riculum, (6) Faculty, (7) Facilities, and (8) Institu-
tional Support. These criteria measure the
effectiveness of engineering education programs
by an evaluation process focusing on the achieve-
ment of educational objectives and outcomes. Here,
the most important step is to design a continuous
improvement process by the assessment results of
objectives and outcomes, which is directly related to
criteria (2), (3) and (4). This model is known as
OBE, which generally focuses on students’ abilities
before graduation and working careers after gra-
duation [25-27]. The feedback information is
widely collected by multiple channels for the quality
assurance and accreditation purposes of engineer-
ing programs [28-32].

China Engineering Education Accreditation
Association (CEEAA) was established in April
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2015, which is a national social organization com-
posed of institutions and individuals in engineering
domains. The association is mainly responsible for
the organization and implementation of engineer-
ing education accreditation in China. It is in the
charge of the Ministry of Education (MOE) and is a
group member of China Association of Science and
Technology (CAST). In June 2016, China repre-
sented by CAST officially joined the “Washington
Accord”. Consequently, engineering programs
accredited by CEEAA are recognized by other
member organizations of the accord.

Electrical Engineering and Automation (EEA) is
an undergraduate major of colleges and universities
in China, which is often a combination of electrical
engineering [33-37] electronics engineering [38—40]
and automation engineering [1, 41]. According to
the industrial structure and development strategy,
there will be a huge demand for qualified graduates
of EEA, who are nurtured to be engineers with solid
natural science and professional knowledge, as well
as the abilities of life-long learning, international
cooperation and competition. Soochow University
(SU) is located in Suzhou, one of the top ten
industrial cities in China. The original university
was founded in 1900 by the American Methodist
Episcopal Church. After more than a century of
development, it becomes a key university of “Pro-
ject 2117, one of the first-batch universities of the
“2011 Plan”’, a member of ““the Double First-Class™
Initiative and a provincial key comprehensive uni-
versity of Jiangsu Province. The EEA is an under-
graduate program of the School of Mechanical and
Electric Engineering, and the program has been
certified by MOE as one of the National First-
class Undergraduate Majors in China. In order to
meet the international standard, the academic
accreditation is really required for the program.

In fact, an educational program should be
designed and implemented to achieve the depart-
ment’s mission and the program’s educational
objectives. The collage or department must present
evidence that graduates achieve acceptable levels of
competencies besides technical discipline-specific
knowledge. Therefore, measurements of educa-
tional objectives and student outcomes are critical
for continuous improvement. The attainments are
generally determined by a combination of direct
and indirect methods from various stakeholders
[42, 43]. Then, special faculty members selected by
collage are in-charge of analyzing the data and
interpreting the results for the program. This
paper reveals the experience of the EEA program
in the accreditation process. The quality assurance
system mainly consists of the outcomes evaluation
and the continuous improvement, which is carefully
applied to lead a high-level engineering program to

facilitate accreditation. In this framework, the use
of a detailed quantitative method is involved to
evaluate students’ direct performances in every
course, and the qualitative method is employed to
complete the self-appraisal by every senior before
graduation. Consequently, such mixed strategy can
allow for rigorous inferences. For social informa-
tion feedback, the tracking of alumni’s careers is
realized by questionnaire with the help of modern
information and communication technologies. The
weight factors for evaluations from alumni and
employers are derived from correlations between
positions, enterprises and the program. Moreover,
relevant assessment results are demonstrated and
then applied actions of the continuous improve-
ment process are discussed.

2. Preparation for Accreditation

2.1 Missions of the EEA Program

It is known that EEA is a highly comprehensive
discipline which involves many fields, such as power
electronic technology, computer technology, motor
technology, network control technology, and
mechatronics technology. The EEA program of
SU has been included in the “Excellent Engineer
Education and Training Plan” by China’s MOE.
According to the actual situation of local manufac-
turing industry and the trend of ‘“Intelligence,
Greening and Cross Integration”, the major is
developed to focus on “Made in China 2025”
scheme. The mission of the EEA program is to
provide the professional education which is aimed
at cultivating a new generation of senior engineers
and managers for industries of power system, elec-
tronic manufacturing and intelligent equipment.
Subject areas related to the discipline are demon-
strated in Fig. 1.

2.2 Objectives and Outcomes of the Program

Program Educational Objectives (PEOs) describe
what kind of students are expected to became
within five years after graduation. The PEOs of
EEA program are presented as follows:

(1) PEO-1: By using professional knowledge and
engineering skills, graduates can independently
find, study and solve complex engineering pro-
blems in power system, intelligent manufactur-
ing and other related fields.

(2) PEO-2: Graduates are able to engage in related
work of EEA, such as software and hardware
design, application development, system inte-
gration and equipment maintenance.

(3) PEO-3: Graduates have higher scientific
accomplishment and project management abil-
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Fig. 1. Subject areas related to the discipline.
ity to play an effective role as a leader or core Table 1. The intersection of GRs and PEOs
member in the team. GRs | PEO-1 | PEO-2 | PEO-3 | PEO-4 | PEO-5
(4) PEO-4: By keeping lifelong learning, graduates GR-1 | V
can update the knowledge structure and con- GR2 | WV
stantly improve their professional skill, so as to GR3 |/ v IV
meet the sustainable development of society GR-4 | YV
and environment. GR-5 | v/ N
(5) PEO-5: Graduates have professional ethics and GR-6 N N, N
sense of social responsibility, which help them GR-7 Wy,
to serve the trans",forr.nation and upgrading of GR-8 ; WV,
local manufacturing industry. GR-9 Y Y,
On the other hand, Students’ Outcomes (SOs) GR-10 v v
describe what kind of students are expected to GR-11 v a
foster. To meet the educational policy of the country, GR-12 v

SOs were also referred to as Graduation Require-
ments (GRs) by CEEAA. The descriptions of GRs
for EEA program are shown in Appendix 1. The 12
GRs fully cover the requirements of engineering
accreditation standards. By considering the actual
situation of the major, each requirement is further
decomposed into several Detailed Rules (DRs).

2.3 The Mapping of the GRs to PEOs

The relationship between GRs and PEOs are
demonstrated in Table 1. The rows represent
PEOs (1 through 5) and the columns represent
GRs (1 through 12). Note that each of GRs supports
at least one PEO, and the mapping shows how the
educational objectives are appropriately addressed.

2.4 The Mapping of Courses to GRs

The curriculum is designed according to the GRs
and all courses can be classified into four categories:

e Mathematics and natural sciences.
¢ Engineering and specialty related.
e Practice.

e Humanities and social sciences.

Students need to obtain 160 credits in four years,
in which the total credits of compulsory courses are

136.5. In Table 2, a subset of required courses in the
curriculum are listed with corresponding credits.
Table 3 indicates the mapping between GRs and the
courses from Table 2. The expected levels of rela-
tions are indicated as High (H), Medium (M) and
Low (L). Note that the support from the curriculum
to GRs is first reflected in the objectives program-
ming of every course. For instance, the Course
Objectives (COs) of ELEA3039 are developed as
follows:

(1) Students are expected to master the basic
knowledge of control theory and have the
ability to flexibly apply the fundamentals to
automatic systems. This objective is designed to
support DR-2 of GR-1.

Students are expected to master mathematical
modeling and computer simulation methods
for complex systems. This objective is designed
to support DR-2 of GR-3.

Students are expected to master analysis meth-
ods in the time and frequency domain, and
have the ability to independently design the
control algorithm. This objective is designed
to support DR-2 of GR-3.

2
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Table 2. Courses and credit hours
Course Code Course Name Cr. Hrs
00071012 Advanced Mathematics 5.00
00081002 General Physics 4.00
00271003 C Language Programming 4.00
00361006 Career Planning 0.50
00021013 Morality Cultivation & Basics of Law 3.00
ELEA3038 Fundamentals of Electronic Technology 5.00
ELEA3044 Engineering Economics & Management 2.00
ELEA3040 Electric Motor and Drive 4.50
ELEA2015 Power Electronic Technology 3.00
ELEA3039 Principles of Control Engineering 4.50
ELEA3041 Fundamentals of Power System 3.00
ELEA1012 Detection Technology & Meter 3.00
ELEA2026 Principles & Application of Single-chip Microcomputer 3.00
ELEA1013 Practice of Electrical Installation 1.50
ELEA1014 Project Design of Electronic Technology 2.00
ELEA1020 Production Practice 3.00
ELEA1038 Computer Aided Design of Electronic Circuits 2.00
ELEA3045 Assembling Practice of Automation 3.00
Table 3. The mapping process between courses and GRs
Course Code GR1 GR2 |GR3 |GR4 |GR5 |GR6 |[GR7 |GR8 |GRY9 |GR10 |GR11 |GR12
00071012 H L L
00081002 M L L
00271003 M L L
00361006 M L H
00021013 L M H
ELEA3038 L M L
ELEA3044 H
ELEA3040 H L
ELEA2015 L M L
ELEA3039 L M L
ELEA3041 L M
ELEA1012 L L M
ELEA2026 L H
ELEA1013 L L M
ELEA1014 M H L M
ELEA1020 H L M M
ELEA1038 L H
ELEA3045 M M H H

(4) Students are expected to master comprehensive
compensation methods for the automation
system, and have the ability to solve complex
engineering problems. This objective is
designed to support DR-3 of GR-11.

The method to evaluate the achievement of
course objectives will be discussed in next section.

3. Quality Assurance System

The members of the Education Steering Committee
(ESC) is composed of deputy dean, department

leader, discipline leaders, backbone faculty mem-
bers and enterprise experts. In the continuous
improvement process, ESC assumes a quality assur-
ance role, which is illustrated by the flowchart in
Fig. 2. The achievement of the program outcomes is
evaluated periodically, and the whole process nor-
mally consists of the criteria formulation, data
collection, results analysis, actions implementation
and validity judgement.

Firstly, the tracking and feedback mechanism for
new graduates is regarded as the inner loop, which
is referred to a “fast loop”. On the one hand, course
instructors evaluate the teaching and studying
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Fig. 2. The continuous improvement process.

qualities based on students’ grades of all courses.
On the other hand, the working group considers the
qualitative achievement degree of GRs based on
questionnaires collected at least once a year. After
comparative analysis, the professional ESC issues
the comprehensive assessment report about the
accomplishment, as the basis for continuous
improvement of GRs.

Secondly, the social evaluation mechanism is
constructed as the outer loop, referred as a ““slow
loop” taking a relatively long time. National eco-
nomic development needs and school professional
orientation are main bases for formulating PEOs.
Questionnaires answered by graduates and employ-
ers are collected by student affairs office five years
after graduation. Then, the social information is fed
back as the basis to evaluate and improve current
PEOs. The final revision is completed by ESC and
the process keeps continuous optimization though
the survey experience.

3.1 Assessment Approach for the Achievement of
PEOs

The evaluation of the achievement of PEOs is the
need to improve and perfect the talent training
process. It is known that the most common
method is to connect with employers and track the
career development of graduates. The achievement
degree of PEOs of the program can be evaluated on

Table 4. The rationality evaluation of PEOs by graduates

ascale of 1 to 5. If the result is greater than 4 out of 5,
the item is judged to be reasonable. The weighted
average of two survey objects by graduates and
industrial enterprises for each PEO is obtained as

N(; ) NE .
> GS! > ES!
; =1 =1
St = wg! + W , 1
NG N (1)

where i € {1, 2, 3, 4, 5} isthe number of PEO; GS
and ES are scores from graduates and enterprises;
Ng and Np are total amount of questionnaires fed
back by graduates and enterprises, respectively.
Here, Ws and Wy are weight factors for two
kinds of data. Since the feedback information of
employers are more reliable than data from gradu-
ates, W is always chosen as a constant which is
larger than W. Actually, positions of graduates
and main businesses of enterprises are also impor-
tant effects. Hence, a correlation index module is
purposefully designed and contained in every ques-
tionnaire, which should be checked by the respon-
dent for the final decision of factors.

The social assessment on the quality of graduates
in all aspects is the final test of whether PEOs are
achieved. Firstly, the survey to students who have
graduated for 5 years is implemented by head
teachers and counselors in the student affairs
office. The statistics of 53 online questionnaires

Percentage (%)
PEOs AS SD 5 4 3 2 1
PEO-1 4.21 0.79 38.99 43.39 16.98 0.64 0
PEO-2 4.33 0.67 47.17 38.36 14.47 0 0
PEO-3 4.09 0.91 32.70 44.03 23.27 0 0
PEO-4 443 0.57 52.20 38.37 9.43 0 0
PEO-5 4.32 0.68 45.28 41.51 13.21 0 0

AS = Average Score, SD = Standard Deviation.
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Table 5. The rationality evaluation of PEOs by enterprises
Percentage (%)

PEOs AS SD 5 4 3 2 1

PEO-1 4.19 0.81 0.32 0.55 0.13 0 0

PEO-2 4.29 0.71 0.39 0.52 0.09 0 0

PEO-3 4.20 0.80 0.36 0.48 0.16 0 0

PEO-4 4.44 0.56 0.45 0.53 0.02 0 0

PEO-5 4.44 0.56 0.48 0.48 0.04 0 0

AS = Average Score, SD = Standard Deviation.
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Fig. 3. The comprehensive evaluation of PEOs.

from graduates in same batch are listed in Table 4.
The results show that the minimum value of the
evaluation is 4.09 for PEO-3, which is larger than 4
and meets the rationality requirements of objec-
tives. It can be concluded that graduates of EEA
program think they are competent for works in
related fields, but need to gradually improve their
ability in the teamwork and project management
through continual learning.

Besides alumni, questionnaires are also distrib-
uted to enterprises through campus job fairs,
research seminars, E-mails and chat applications.
For instance, items for evaluating communication
and interpersonal skills of graduates are listed in
Appendix 2. The results of 25 questionnaires from
different employers are shown in Table 5. It can be
seen that industry enterprises have high evaluation
on graduates’ lifelong learning, knowledge renewal
and self-improvement ability. However, the lowest
score is 4.19 for PEO-1, which indicate that employ-
ers hope graduates can improve the abilities to solve
the complex engineering problem in manufactur-
ing. Moreover, graduates are also expected to give a
better performance in teamwork and enterprise
operation, since the evaluation score is 4.20 for
PEO-3.

Substituting two types of average scores into Eq. 1,
the comprehensive evaluation results based on the
feedback information of graduates and enterprises
are illustrated in Fig. 3. By thoroughly considering
the correlation situations of samples, weight factors
are chosen by Ws = 0.35 and Wg = 0.65 in Eq. 1
this time. It can be seen that the minimum value is

4.16 for PEO-3. Thus, comprehensive scores of all
PEOs are appropriate to standards. The result has
been proved that current PEOs of the EEA program
meet the needs of disciplinary orientation and indus-
trial development. By analyzing the achievement
degree, the PEOs are then revised by ESC in con-
tinuous improvement process.

3.2 Assessment Approach for the Achievement of
GRs

The degree of achievement of GRs adopts a combi-
nation of quantitative and qualitative evaluation
methods. The quantitative method is mainly based
on the analysis of course-level grade, and the
qualitative method is mainly based on the gradu-
ates’ questionnaire results. Both methods take OBE
as the core. The former reflects the quantitative
support of teaching activities for the achievement of
GRs, and the latter is a qualitative analysis of the
actual ability of fresh graduates. The results
obtained by the two methods can be used as a
reference for continuous improvement of GRs.
The foothold of whether the GRs can be achieved
is the curriculum syllabus. Therefore, the syllabus
and teaching framework should be designed to
support the measurable basis, which means that
teaching objectives of every course need to corre-
spond to DRs of related GRs. The direct perfor-
mance of students to each course can be measured
by quizzes, assignments, midterm exams, experi-
ments, reports and final exams. Here, course
ELEA3039 is still chosen as an example, and COs
which support GRs have already been introduced
in section 2. The comprehensive grades of students
are composed of necessary items by 10% (quizzes),
20% (experiments), 10% (midterm exam) and 60%
(final exam). The particular rules for the achieve-
ment evaluation are indicated in Table 6. Then, the
course instructor evaluates achievement level by

N
Z AS; x Pct;
Achievement = A;:l—, (2)
>~ Scores; * Pct;

i=1

where A4S; is average score of the corresponding
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Fig. 4. Achievement of GRs based on courses.

item, N is the number of items for corresponding
CO. Such specific rubrics are designed to contain
more precise assessments instruments than previous
approaches. The result is discussed and the achieve-
ment is concluded in the final course report by
instructor every semester. Finally, the achievement
of a detailed requirement rule is obtained by the
weighted summation of all supportive courses in the
last semester.

The results of quantitative analysis are shown in
Fig. 4. By considering the threshold of 0.7, achieve-
ment levels of DRs belong to GR-11 perform
weakest, which show that students lack the ability
to apply engineering economic and management
knowledge in a multidisciplinary environment. The

reason is that teaching and studying activities in
existing curriculum system have not achieved the
expected effect. The improvement methods include
adjusting the relevant curriculum and optimizing
the syllabus of courses.

The questionnaire analysis method is concerned
with the ability evaluation of fresh graduates. The
content of questionnaire consists of items corre-
sponding to GRs. As the survey basis, the score of
each item is made into 5 grades (very good, good,
general, poor, very poor). The average score and
score distribution are counted by results of ques-
tionnaires answered by fresh graduates.

In Fig. 5, achieving degree of GRs judged by the
survey of fresh graduates are illustrated. The low
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Fig. 5. Achievement of GRs based on questionnaires.

scores 4.05 and 4.06 appears in GR-3, which
indicate that graduates feel inadequate in system
design of complex systems. Meanwhile, score 4.05
in GR-6 demonstrate that graduates think they
have insufficient comprehension of relevant stan-
dards, rights, policies and regulations in electrical
and automation fields. The result is slightly differ-
ent from corresponding quantitative analysis,
which reflects that graduates pay more attention
to the cultivation of these abilities subjectively. In
addition, two kinds of achievement evaluations to
GR-11 give similar results in Fig. 4 and Fig. 5,
which indicate the necessity to strengthen the capa-
city-building of engineering management and eco-
nomic decision-making.

Based on qualitative and questionnaire results,

the general assessment report is summarized
annually by GR working group, which is composed
of department leader, teaching-affair secretary, dis-
cipline leaders and backbone course instructors.

4. Continuous Improvement Process

The core concept of professional accreditation is to
build a closed-loop continuous improvement fra-
mework with OBE, as shown in Fig. 2. The feed-
back loops mainly include:

(1) A closed-loop of education quality supervision.
(2) A closed-loop of the achievements of GRs.
(3) A closed-loop of the social assessment.

Firstly, through the supervisory control of teach-



A Successful Framework for the Accreditation of an Electrical Engineering and Automation Program 1175

Table 6. Evaluation rules for the achievement of COs

COs Items Content Scores Pct.
CO-1 Qs 1. Basic features and configurations of control system. 15 20%
ME 2. Schematic and functional block diagram 30 20%
FE 25 60%
CO-2 Qs 1. Mathematic model of system. 15 10%
2. Laplace transform.
ME p 50 10%
3. Block diagram reduction. °
FE 20 60%
Es 20 20%
CO-3 Qs 1. Performance criteria in time-domain. 40 10%
ME 2. Routh-Hurwitz criterion 20 10%
3. Root Locus -
FE 4. Bode plots. 40 60%
Es 5. Nyquist Diagram and stability. 60 20%
CO-4 Qs 1. PID control. 30 20%
FE 2. Lag compensator. 15 60%
3. Lead compensator. "
Es 4. Lag-Lead compensator. 20 20%

Qs = quizzes, ME = midterm exam, FE = final exam, Es = experiments, Pct. = percentage.

ing links and the quality evaluation of curriculum
achievements, the continuous improvements of
teaching activities, curriculum outline, teaching
faculty and supporting conditions are realized.
Fig. 6 can be regarded as the refinement and supple-
ment to Fig. 2. The evaluation for the achievement
of course objectives is based on the final report
which is finished by course instructor every semester
and reviewed by discipline leader. It is regarded as
the basis for continuous improvement of teaching
activities. Furthermore, every student should finish
an online questionnaire before querying the grade.
The statistic result covers ten aspects about the
effectiveness, which would help the instructor to
optimize the teaching procedure.

Secondly, through the evaluation of the achieve-
ment levels of senior students before graduation,
the continuous improvements of GRs (including
DRs of GRs) and curriculum outline are realized,
see Fig. 2 or Fig. 6. The main task of this framework
is the quantitative evaluation based on curriculum
achievement and the qualitative evaluation based
on graduates’ questionnaire survey. Here, the latter
work is implemented online and the analysis results
are generated automatically.

Finally, through regular evaluation of the ration-
ality and achievement, the continuous improve-
ments of PEOs are realized. The main task of this
framework is to conduct a questionnaire survey on
alumni and their employers five years after gradua-
tion, which is previously illustrated in Fig. 2. The
main purpose is to enhance the relevance of PEOs
and the needs of industrial and technology devel-
opment, as well as the school orientation and the
trend of professional development. Since contact
groups for graduates are established by chat appli-
cations, careers of alumni can be continuously
tracked. Similarly, the communication groups of

enterprises are also maintained by the responsible
faculty. By this way, the social feedbacks of alumni
are obtained. Meanwhile, the industry forum and
campus recruitment can be organized annually.

From the perspective of cybernetics, the above
three closed-loops constitute a cascade control
system. According to the control and optimization
theory, the improvement is implemented on the
loop of education quality supervision. Each seme-
ster, the instructor of every course finishes the
“Grade Analysis” and “Course Summary” based
on the performance of students, and evaluates
whether the course objectives have been achieved.
After being reviewed by the discipline leader, it can
be used as the basis for the continuous improve-
ment of teaching activities. Then, the “tracking and
feedback framework for fresh graduates” in the
second loop evaluates the achievement levels of
GRs. Based on the comparative analysis of quanti-
tative and qualitative results from GR Working
Group, the ESC issues the “Comprehensive Eva-
luation Report on Achievement Performance of
Graduation Requirements™, as the basis for con-
tinuous improvement of GRs every year. The
“social evaluation framework” is in the outermost
loop and economic needs and professional orienta-
tion are the main basis for improving PEOs. The
student affairs office of SU organized to collect the
“feedback questionnaires for graduates’ and ““feed-
back questionnaires for employers”.

The results in Fig. 4 and Fig. 5 can be considered
together for deep analysis by

CSocre; = 1/ (Sl’f)z—l-(S'DZ, (3)

where CSocre; is the comprehensive achievement
of GR-i (DR+j), S} and S} are corresponding
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scores in Fig. 4 and Fig. 5, respectively. By inspect-
ing the final results illustrated in Fig. 7, the ESC
concluded that GR-3, GR-6, GR-7 and GR-11
were seemed to be in need of improvement. Based
on the conclusion, major common changes for
courses of the curriculum system are the following.

¢y

)

In Jan. 2018, it was decided to introduce a new
course “‘Introduction of Automation” in
second semester. The course objectives sup-
ported GR-6, GR-7 and GR-11. The primary
teaching objective of the course is to develop
the ability to solve the complex industrial
problem under the consideration of various
external factors, and then, understand engi-
neering management principles.

In Feb. 2018, it was decided to revise the outline
of “Principle of control engineering”’. The

A3)

4)

knowledge about performance index in fre-
quency domain and feedforward correction
were deleted. More knowledge about the PID
method for system correction was added into
the teaching content, which was expected to
support GR-11. In addition, two new experi-
mental modules were added to simulate com-
plex systems, which were expected to support
GR-3 deeply.

In Feb. 2019, it was decided to revise the outline
of “Computer control system”. The knowledge
of modern control theory was replaced by the
introduction of intelligent control for perturba-
tion system, which was expected to support
GR-3.

In Feb. 2019, it was decided to introduce a new
course ‘“‘Research & Innovation Practice” in
third semester. The course objectives supported
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GR-6, GR-7, GR-8, GR-11 and GR-12. In this
course, students are expected to master the
software and hardware knowledge about loca-
lization, mapping, navigation and auto driving.
The module of a competitive tender simulation
is designed to develop the abilities about team-
work, commercial competition and intellectual
property protection.

(5) InFeb. 2020, it was decided to revise the outline
of “English for Academic Purposes”. Increase
the proportion of the peacetime grade in the
final result. Every student’s performance of
English presentation was mainly considered.
It was developed to support GR-10 about the
training of international communication abil-
ities.

(6) In Feb. 2020, it was decided to introduce a new
course “Philosophy and Ethics of Engineering”
in seventh semester. The course objectives sup-
ported GR-6, GR-7, GR-8 and GR-9. The
primary objective is to develop the abilities to
evaluate the rationality of industrial project and
its effects to human, society and environment.

(7) InSep. 2021, it was decided to revise the outline
of “Fundamentals of Electric Technology”.
New experiments about the medium scale inte-
grated counter and the construction of fre-
quency divider were introduced to improve
the achievement of GR-1.

(8) In Sep. 2021, it was decided to introduce a new
course “Professional labor education practice”
in second semester. The course objectives sup-
ported GR-3, GR-6 and GR-9. In this course,
students need to complete a vegetable planting
experiment in the smart farm with multi-sensor
monitor and control system. The primary
objective is to develop the abilities to design
the process and solve relevant problems by the
consideration of various effects.

Above improvements to the curriculum make the
GRs more fully supported, and new courses focus
on cultivating students’ practical abilities. Further-
more, the continuous optimization of GRs was
discussed at a symposium organized by GR Work-
ing Group. By considering opinions of experts from
enterprises and other universities, improvements for
detail rules of GRs were implemented as follows:

(1) The DR-3 of GR-6 was revised as:
Consider the comprehensive solution for a
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ppendix 1

Graduation Requirements

GRs Description
GR-1 Apply the knowledge of mathematics, natural science and engineering fundamentals to solve complex engineering
problems of electrical systems and industrial automation systems.
DR-1 Acquire the mathematical knowledge which can be used for studying, modeling, analyzing and solving the
engineering problem.
DR-2 Apply the knowledge of automation, computer, detection and instrument technology to solve the control
problem.
DR-3 Master the basic knowledge of circuit principle and electronic technology, and have the ability to analyze and
design the electrical system.
DR-4 Be familiar with a programming language and use it to realize the algorithm to solve the complex engineering
problem.
GR-2 Identify and analyze problems of complex electrical systems and industrial automation systems, and draw valid
conclusions.
DR-1 Use mathematical and engineering knowledge to identify and analyze complex engineering problems in
professional fields.
DR-2 Through literature retrieval, acquire various solutions of a complex engineering problem.
DR-3 Analyze the influencing factors and key links of a complex engineering problem, and verify the rationality of
the solution.
GR-3 Design particular processes of complex electrical systems and industrial automation systems to meet specified needs with
appropriate consideration of society, health, security, law, culture and environment.
DR-1 Complete software and hardware requirements analysis of complex electrical and automation systems.
DR-2 Design algorithms and programs according to requirements, and validate the correctness.
DR-3 Optimize the design scheme of software and hardware by innovation concept.
DR-4 For engineering problems, identify factors referred to society, health, security, legal, culture and environment
issues, and analyze the effectiveness of setting.
GR-4 Based on scientific principles and methods, study problems of complex electrical systems and industrial automation
systems to provide valid conclusions by designing experiments, analyzing data and integrating information.
DR-1 Propose research plans and design experimental schemes based on the expertise of electrical and automation
domains.
DR-2 Construct experimental devices or simulation systems, and use scientific methods to carry out experiments
safely.
DR-3 Collect and analyze experimental data, and draw valid conclusions.
GR-5 Develop, select and apply appropriate modern tools for complex engineering problems to realize predictions and
simulations.
DR-1 Properly use computer software to complete the simulation of electrical and automation engineering projects.
DR-2 Use electronic instruments and other devices to determine key parameters of electrical and automation
systems.
DR-3 Use modern tools to verify, analyze and predict the performance of electrical and automation systems.
GR-6 Evaluate the rationality of the solution to a complex engineering problem and understand the impact on health, culture,
legal, society and security issues.
DR-1 Understand relevant technical standards, intellectual property rights, industrial policies, laws and regulations
in the field of electrical engineering and automation.
DR-2 Understand the impact of electrical engineering on industrial automation, intelligent manufacturing and social
progress.

DR-3 Have experiences in engineering practice and understand the corresponding social responsibility.
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GR-7 Understand the impact of professional engineering practice to environmental and social sustainable development.
DR-1 Understand the specific connotation and significance of environmental protection and social sustainability,
and be familiar with corresponding guidelines, policies, laws and regulations.
DR-2 Evaluate the efficiency of an automation project, and formulate safety precautions to prevent possible harm to
human beings.
GR-8 Have scientific literacy and social responsibility, and understand professional ethics and norms in engineering practice.
DR-1 Have humanistic knowledge, critical thought, and scientific spirit.
DR-2 Have correct outlook on life and the world.
DR-3 Understand responsibilities of an electrical engineer, and abide by professional ethics and norms in engineering
practice.
GR-9 Function effectively in a teamwork as the core member or leader in order to accomplish the common goal.
DR-1 Play a personal role and assume responsibilities in the team.
DR-2 Have the ability of organization, and complete tasks by cooperating with team members.
GR-10 Have a global outlook in order to effectively communicate and exchange ideas with industry peers and the public.
DR-1 Be able to express key technologies and difficulties of engineering problems orally or in writing, and effectively
communicate with the public and peers.
DR-2 Have a good command of foreign language, and skillfully read and write materials related to engineering
technology.
DR-3 Have an international vision to achieve cross-cultural communication, technical exchange and project
cooperation.
GR-11 Understand engineering management principles and master economic decision-making methodologies, which can be
applied in a multidisciplinary environment.
DR-1 Master the management knowledge of industrial enterprise and electrical engineering project.
DR-2 Understand the economic and managerial factors involved in engineering activities, and analyze the specific
problems.
DR-3 Apply the knowledge, principles and methods of economics and mathematics in the planning, design and
research of automation system.
GR-12 Have the awareness of independent and lifelong learning for the adaption to society development.
DR-1 Understand the necessity of continuous exploration, and have the awareness of autonomous and lifelong
learning.
DR-2 According to personal or professional development needs, adopt appropriate methods to continuously
improve and expand learning ability.
Appendix 2
Items for Evaluating Communication and Interpersonal Skills
e Friendly cooperate with team members to solve complex engineering problems. Oos O4 O3 g2 gl
e Have abilities of oral presentation and written description for a team work. o5 O4 O3 O2 Ol
e Accept good advices with an open mind and be brave to face mistakes. o5 O4 O3 O2 Ol
e Be thoughtful and give the help to colleagues at appropriate time. a5 O4 O3 g2 0Ot
e Be patient and responsible when having conflicts with colleagues. o5 g4 O3 @O2 g1
e Smoothly communicate with technicians of foreign companies for projects. aos O4 O3 O2 Qg1
e Proficient in reading and writing for technical documents by a foreign language. Oos5s g4 O3 Qg2 gl
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