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Abstract 
On the basis of analyzing the necessity and existing problems of practical teach-
ing of communication engineering specialty, a “four levels and two combina-
tions” practical teaching system of communication specialty based on the re-
quirements of engineering education certification is presented in this paper. 
The system systematizes all links of practice teaching, practice conditions and 
environment, and makes full use of the experimental conditions in the school 
and the industry resources outside the school. After nearly two years of prac-
tice, the engineering practice ability of students has been greatly improved, 
meeting the requirements of engineering education certification, which has a 
good reference for the construction of practical teaching system of related ma-
jors in other universities. 
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1. Introduction 
1.1. Necessity of System Construction 

1) Need for communication major 
Communication engineering is a major that requires students with great prac-

tical ability. In its major cultivating scheme, besides almost every course has a 
corresponding experimental teaching, some curriculum designs for professional 
core courses such as “communication principle” and “communication electronic 
circuit”, as well as the communication system software design, the communica-
tion system hardware design and the communication system equipment enter-
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prise training practice link are set up, which requires that schools should have 
the practical conditions to cultivate practical ability. The systematic use of expe-
rimental conditions in and out of school can train students’ practical ability 
more efficiently. 

2) Need for communications industry 
Communication industry is one of the pillar industries in today’s society, espe-

cially with the comprehensive commercialization of 5G technology, the demand 
for communication graduates is increasing, meanwhile higher requirements for 
the practical ability of graduates are put forward. In addition to a solid theoreti-
cal foundation, telecom operators, telecom equipment manufacturers and tele-
com engineering service providers require them having the ability to install, op-
erate and maintain commonly used communication equipment when recruiting 
new graduates. These practical abilities need to be developed during the period 
of school study. 

3) Need for professional certification in engineering education 
Engineering education certification has put forward higher requirements for 

the current talent training, especially for the training of students’ practical ability 
and the ability to solve complex engineering problems. For example, item 4 of 
engineering certification graduation requirements: research, the ability to con-
duct research on complex engineering problems in the field of communication 
based on scientific principles and using scientific methods, including designing 
and carrying out experiments, analyzing and interpreting data, and obtaining 
reasonable and effective conclusions through information synthesis; item 5: the 
use of modern tools, according to communication complex engineering problem, 
in the processes for the conception, design, implementation and operation of 
product, development, selection and use of appropriate technology, resource, 
and modern engineering tools and information technology tools, including the 
prediction and simulation of complex engineering problems, and understanding 
its limitations, as in Secretary office of China Engineering Education Certification 
Association (2020). 

1.2. Problems Existing in Current Practice Conditions of  
Communication Specialty 

In general, the professional laboratory set up through the purchase of test cham-
ber in colleges and universities with communication major are able to meet the 
requirements for in-class experiments of “signals and systems”, “communication 
principle” and other professional foundation course. But for pure professional 
courses such as “modern switching technology”, “the principle of mobile com-
munication”, although there are test chamber is available, it is difficult for stu-
dents to understand the real commercial operation of these communication equip-
ment due to its poor performance without providing the necessary environment 
for commercial operation and only used in the experiment. Some schools have 
also invested heavily to purchase large mobile base stations and other equipment 
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to simulate the actual operating environment, as in Peng et al. (2015), but the 
investment is too large (several millions CNY) and has poor cost performance, 
the reason is that with the rapid development of telecommunications technolo-
gy, this equipment is easy to be obsolete. When existing equipment becomes ob-
solete, schools generally do not invest a lot of money to buy new equipment to 
replace it. This problem is especially true for those non-key universities with in-
sufficient funds for experimental equipment. 

1.3. Analysis of Research Status at Home and Abroad 

There are few literatures about the construction of communication laboratory 
abroad, but many researches have been carried out in domestic colleges and uni-
versities. Zhang, Zhang & Ha (2010) mainly focuses on the practice and thinking 
of SRTP, electronic science and technology competition for college students, trans-
formation of scientific research achievements into high-quality teaching resources 
and cutting-edge forum of electronic information technology industry. In Wei et 
al. (2020), the practice teaching system is redefined under the background of 
emerging engineering education, intelligence and big data, taking the develop-
ment of core capability as a starting point, taking the practical teaching system 
aiming at making communication engineering students majoring in engineering 
foundation, application ability, competent work and sustainable development as 
the goal. But the above papers are only theoretical discussion, and did not fall 
into practice. 

In Chen & Li (2021), the comprehensive objectives of personnel training in 
communication specialty have been determined including aspects of knowledge, 
ability and quality. Accordingly, the stereoscopic teaching infrastructures are 
formed integrating teachers, places, resources. Afterwards, the course system is 
optimized and further implements the new engineering ideas into the construc-
tion of specialized courses. The practice shows that the course construction of 
communication major aiming at training new engineering talents has achieved 
initial results. In Xu et al. (2020), combined with the characteristics of Measure-
ment and Control specialty and the background of the current engineering edu-
cation specialty, the authors put forward how to build the “innovative” talent 
training system which is composed of four parts: the target concept system, the 
training implementation system, the training support system and the continuous 
improvement system. However, these papers study the whole curriculum system 
of communication major or the whole personnel training system, and practical 
teaching is only one part of them. 

The authors in Peng et al. (2021) put forwards a “multi-level progressive” 
comprehensive experimental system construction scheme for communication 
specialty in their paper published in 2021, constructing an open, upgradable and 
extensible multi-level innovative experimental system for communication special-
ty. However, their plan only involves the construction of an experimental plat-
form on campus, and does not consider the fact that new equipment cannot be 
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purchased due to the shortage of experimental funds. How to make effective use 
of the social resources of specialized laboratories and communication industry 
in school and systematize them, so as to provide places and conditions for the 
cultivation of college students’ practical ability, is a problem worthy of study. 

2. Basic Composition of Practice Teaching System 

In this paper,on the basis of fully considering the experimental conditions and 
practical environment inside and outside the school, we summarize the expe-
rience of practical teaching in recent years, investigate relevant enterprises in the 
communication industry, draw on the research results of literature, and finally 
propose the establishment of a four-level and two-level practical teaching system 
for communication major (as shown in Figure 1). The so-called “four levels” re-
fers to the level of students’ practical ability training, starting from the basic lev-
el, through the practice level, the application level, and finally reached the high-
est level, i.e., innovation level. The so-called “combination of two” refers to the 
combination of on-campus and off-campus training mode, as detailed below. 

2.1. Basic Level 

In basic level, students can only acquire a simple validation of professional theory 
knowledge and the most basic practice ability only be cultivated from these veri-
fication experiments carried in school laboratory. This level is implemented in 
various specialized laboratories, such as switching and digital signal processing 
laboratories, optical fiber and communication principles laboratories, high fre-
quency and signal systems laboratories, etc. 

2.2. Practice Level 

At the practical level, engineers from technology companies outside the school 
are invited to guide students to complete some mature projects. Students only 
need to reproduce existing projects according to the guidance of engineers, so as 
to cultivate students’ basic engineering project development ability. At present, 
we have established preliminary cooperation with “Huaqing Foresight Technol-
ogy Co., LTD. Jinan Branch” and “Shandong Core Kinetic Energy Integrated Cir-
cuit Technology Co., LTD.” and completed the practical teaching tasks for stu-
dents in recent years. Although the project was not innovative, in the process of 
completing the project, students mastered the basic process of project develop-
ment, got familiar with the software platform of project development, cultivated 
the spirit of teamwork and trained the ability of mutual communication. 

2.3. Application Level 

This level of practical training is mainly to send students to actual telecom op-
erators and enterprises to visit and participate in the operation and mainten-
ance of telecom equipment and product development and production of enter-
prises. The first two levels of practical ability, either to test learned theories in  
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Figure 1. “Four levels and two combinations” practical teaching system for communication major. 
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the laboratory or to reproduce existing projects, are at the lower level of practical 
ability. The application level is the operation of real commercial equipment in 
real environment, or the development and production of real products. In addition 
to technical expertise, the guarantee of operating conditions of telecom equipment 
(such as the operator’s backup power system), or factors such as product cost, 
customer demand and market are also needed to consider in this level, which 
cannot be learned in school. Through the practical training at the application 
level, it just makes up for the deficiency of teaching and practice conditions in 
the school. 

In addition to the existing training bases such as Datang Mobile, ZTE Coop-
eration and Nanjing Bestlink Co. LTD., we also reached cooperation with China 
Mobile Zibo Branch Company last year. Students can go to the core computer 
room of the mobile company, the computer room of each district and county, 
and the downstream cooperation company for practical training. 

2.4. Innovation Level 

Innovation level is the highest level of practical ability training. General Secre-
tary Xi said in his report to the 19th National Congress of the Communist Party 
of China: “Innovation is the primary driving force for development and a stra-
tegic underpinning for building a modernized economy. Innovation is the soul 
of a nation’s progress and an inexhaustible source of prosperity. The fifth Ple-
nary Session of the 18th CPC Central Committee put forward the concept of in-
novative, coordinated, green, open and shared development, putting innovation 
first and leading development through innovation, highlighting the extreme 
importance of innovation.” On account of the training of the first three levels, 
students have been equipped with good practical abilities such as project devel-
opment, laying a foundation for innovation. Based on the two professional open 
lab, “MSP430 mixed signal processing laboratory” and “smart equipment labor-
atory”, students can give full play to their enthusiasm, initiative and creativity, 
participate in the development of enterprise real project, participated in the var-
ious game industry, which lay a good foundation for future employment and 
graduate school for further study. 

“Two combinations” refers to the combination of campus and off-campus, in-
cluding inviting engineers from off-campus enterprises to the school to coope-
rate instruct students with in-campus teachers, and also including sending stu-
dents out to enterprises for practice training. The practice of inviting engineers 
to campus can not only make full use of the laboratory on campus, but also give 
play to the advantages of the rich project development experience of engineers 
from off-campus enterprises. At the same time, it can save internship funds and 
students’ living expenses, as well as prevent the occurrence of safety accidents. 
This approach is more practical especially when large numbers of students are 
not suitable to leave school during the COVID-19 pandemic. Sending students 
can complete practical exercise at the application level, broaden students’ hori-
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zons, and is also a powerful supplement to the shortage of experimental equip-
ment in the school. 

3. Construction Process 

The whole system construction needs two steps: 
1) The school laboratory construction includes two aspects, i.e. professional 

basic course laboratory construction and the construction of the innovative open 
laboratory. The construction of specialized basic laboratory is mainly aimed at 
in-class experiments and depends on the input of experimental equipment budg-
et. Innovation laboratories for communication majors need more consumables 
such as development boards, components and so on, which need long-term con-
tinuous investment, construction and maintenance. The innovation and open 
Laboratory need to raise funds from various sources according to the characte-
ristics of the school, such as applying for innovation and entrepreneurship projects 
at all levels. 

2) The construction of off-campus practice and training base also includes two 
aspects. One is to cooperate with electronic information technology companies 
and invite enterprise engineers to the school to complete the basic development 
ability training of the project. The other is to cooperate with local telecom oper-
ators to send students to complete equipment practical training in a real and com-
pletely commercial operating environment. 

4. Construction Effective 

The practice system proposed in this paper is mainly applicable to the situation 
that the school is not able to purchase expensive commercial (5G) communica-
tion equipment in a short period of time to build a large campus training base 
due to insufficient experimental funds. Through the practical test in the school 
in recent years, this practical teaching system can obtain the following construc-
tion results. 

1) Students’ engineering practice ability and innovation and entrepreneurship 
ability have been comprehensively improved. 

With the perfect training system, the practical teaching tasks in the training 
plan such as in-class professional experiment, concentrated practice, graduation 
project are systematically completed, and students’ practical ability has been im-
proved one by one. In particular, it successfully completed the practical teaching 
tasks of “Comprehensive Design of Communication Engineering Specialty”, “Com-
prehensive Design of Communication System” and “Practice of Communication 
System Equipment Enterprise” by using enterprise and social resources. In addi-
tion, rely on the professional practice teaching platform, students participated 
the “Datang Cup” national college students’ mobile communication 5G tech-
nology competition and other provincial and national games, won a national 
first prize, two national second prizes and five national third prizes, and won ten 
provincial level first prize ten items, second prize sixteen items and third prize 
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25 items, as well as a number of school-level awards in nearly 2 years. 
Through the questionnaire survey of graduates and employers, students’ sa-

tisfaction with engineering practice ability training has been significantly improved 
than before, and meets the requirements of engineering certification for practical 
ability. 

2) The postgraduate entrance examination and employment competitiveness 
of students have been improved, and the postgraduate entrance examination and 
employment rate have been greatly improved. 

Since the implementation of training system in 2020, students have taken a 
great advantage in the practical ability test of the postgraduate entrance reex-
amination. As a result, the postgraduate entrance examination rate has been in-
creasing year by year and maintained a high level (as shown in Table 1). Mean-
while, students in the graduate recruitment interview can also obtain the favor of 
human resources interviewers, which leading to the employment rate increased 
year by year. 

For example, in the interview of an employer last year, there was a question 
about emergency power supply for communication equipment. This year’s stu-
dents just went to Huantai mobile branch to visit a large emergency power supply 
diesel power generation support equipment, the engineer made a detailed expla-
nation. Therefore, the student did well in the interview, passed the interview and 
got the offer from the company. According to the feedback of postgraduate stu-
dents, in this year’s graduate second-round exam, there are also interviews ex-
perts put forward a lot of communication equipment installation and operation-
al problems, such as the relationship between antenna Angle and coverage range 
as well as 5G application in industrial production. Due to students have learned 
the practical knowledge in advance in the practice training, they can calmly deal 
with it in the graduate examination, and achieve ideal results. 

5. Conclusion 

In the practical teaching system presented in this paper, the lab on campus and 
social resources off campus are fully utilized to complete the practical teaching 
tasks in the training plan, thus solving the urgent problem of the shortage of expe-
rimental equipment on campus. However, in the long run, the lack of on-campus 
experimental conditions, especially the lack of the most advanced laboratories 
(such as 5G laboratories), is an unavoidable problem. Outside the school is run-
ning equipment, can let the students do very little, so that the cultivation of  

 
Table 1. Comparison of postgraduate enrollment rates in recent three years. 

year Number of graduates enrollment number postgraduate enrollment rate 

2019 128 24 18.75% 

2020 150 46 30.67% 

2021 153 47 30.72% 
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practical ability of students will be greatly compromised. In the future, we should 
actively strive for all kinds of resources and funds to establish advanced tech-
nology laboratories on campus, so as to provide enough practical operation op-
portunities for students. 

From the end of June to early July 2021, through cooperation with Zibo Mo-
bile Company, we completed the practical teaching task of “Communication Sys-
tem Equipment Enterprise Internship”. However, as it was the first time to coo-
perate, there were also many shortcomings in the implementation process, such 
as many links were skimmed the surface without in-depth learning. In future 
cooperation, we should carefully negotiate the content and links of practice and 
training, and form a mature cooperation agreement as soon as possible to ensure 
the effect of students’ practice and training. 
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