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Abstract: Innovating the labor education through specialized courses to improve the labor and
thinking literacy of students is a new requirement for strengthening the labor education of
college students in the new era. With consideration to the characteristics of the course
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Microbiology and the needs of student development, this paper expounded the importance of
carrying out labor education in specialized courses and redefined the contents and objectives
of labor education in the teaching of this course. Our team deeply explored the labor education
resources contained in Microbiology based on the two major paths of cultivating Marxist labor
value and improving labor literacy and creative ability, and adopted various teaching modes
and methods to explore the labor education in the teaching of Microbiology. The practice
showed that the reform had significantly enhanced students’ interest in learning, curiosity, and
sense of professional identity, responsibility, and mission, and encouraged students to
continuously strengthen their professional knowledge and skills. Moreover, students’ labor
literacy, creative labor ability, and learning performance have also been significantly
improved. The results suggest that the reform has achieved good labor education in the course
teaching.

Keywords: Microbiology; labor education in course teaching; teaching reform
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Table 1 Exploration of model motivation labor education resources in Microbiology and the corresponding
labor education goals

2SN/ R B0} PR S5 SHH B bR

Models and deeds Curriculum contents Labor education goals

EERMB ST A YA FUR IR 40 UEYr e RS

HR B 7R 28 H TTRR (BEIEITIH)

The outstanding contributions made by Pasteur Introduction: development
and Koch in the establishment and development history of Microbiology

of Microbiology

(foundation period)

BFR B R TR RIS, 2R
FIRRWIE, AR l% BT
R, BT BTRE . TRk REAHT
H 55 Bl o

Cultivating scientific and rigorous academic
research attitude, learning the methodology of
scientific exploration, and cultivating the labor
quality of diligent thinking, good at finding
problems, daring to question and challenge,

exploration and innovation

(1548)
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Models and deeds Curriculum contents Labor education goals

TESAL A RIR I AR AL VP IR Z A0 R TS | WAy 51 A ) G b B A % K % ol
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TANG Feifan, the “father of trachoma” who
still seeks the well-being of humanity in

times of war

Pt FRGERIG BRI 2 K526 [
SR PR IR RE XA A R R L
LTS BE R 3 R Af 3 T 2 e
PRI BEIE B (KA AT LA S B AT

Social issue: after the outbreak of the novel
coronavirus pneumonia epidemic, the whole
country worked together to fight against the
virus, offered international assistance to other
countries, and researchers persistently studied
the nature of novel coronavirus and developed
vaccines

FOIE Y E R BEROR . BRI T B
AR FR I RN 4EAE 2 C IR R W55
The excellent fermentation technology of
China: yellow rice wine and liquor Maotai,

and the first vitamin C fermentation method

of mixed bacteria in China
ARSI SO R AR B AL P TR 3 4
JLSZHG) s Luria SFHESSRED AR (1 A & MEFIAE
X s AL DUKFRERR Y 3 A UL
. BRI

Griffith et al. confirmed that nucleic acid is the
basis

of genetic material (three classic

experiments); Luria et al. confirmed the
spontaneity and non-correspondence of gene
mutations; the discovery of transformation,
conjugation, and transduction, which are three

ways of gene horizontal transfer in bacteria

Morphology, structure, and
function of prokaryotic

microorganisms: chlamydia

AR SRR W

Viruses and subviruses: viruses

APt fbRE IR ED
7 RE T SR )

Microbial metabolism:

the fueling process of
chemoheterotrophic
microorganisms (fermentation)
eEY R S AE 8%
AR 5 ) T R AL (3 AN 4 B ST
5%); AR LR S A
FEDR AR FNGE 7 5 M (B R 8
(UES TSR oG 7 i g et |
AN AL Pk A 2 (i
KR 3 Fli=0)

DT S O E R A, B
I R I P 52 T 10 R AR 26 Y
ZEHRRT

Guiding students to learn and appreciate the
labor spirit of Chinese microbiologists, who
are patriotic, hardworking, willing to
contribute, brave in creation, and brave in
climbing the peaks; stimulating students’
patriotic enthusiasm, cultivating their sense of
responsibility for their country, and dedication
to the benefit of mankind

sRAL AR A SR 55 R ks, 51
AR, TN TR MER BERUR 32 3h 4
o, MBI AR . A B ZE R
Strengthening students’ sense of public service
and spirit of responsibility, guiding them to
temper their minds, taking the initiative in the
face of difficulties, and making use of what

they have learned to make contributions

Wi R W RE A SR, WU A R
SR BT RIE . DRl

Enhancing students’ sense of national pride,
inspiring them to strive for excellence, dare to

innovate, and bravely climb scientific peaks

Fgeep e B AR IR RE T . TR R AR
BYIFER T IR e SR E AR,
FE AR E . BUEEI, QIR
55 Sl

Cultivating students’ logical reasoning ability,
developing good scientific research thinking,
and mastering the methodology and research

Genetic variation and breeding of technology of professional courses, cultivating

microorganisms: material basis of students’ labor spirit of pursuing truth, striving

genetic variation (three classic
experiments); genetic variation

and breeding of microorganisms:

for progress, and innovation and breakthrough

(k)
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55 1)

BEFE A 53
Models and deeds

RENAE

Curriculum contents

JishH A

Labor education goals

PUFEALBOR g Bl 3 [ TR A IR /Y
WA, SN ARTEAE Y . B UK
RN 1297 B Y SN AR

The application of biotechnology e.g. genetic
engineering based on transformation, and the
enormous application of gene editing
technology in fields of biology, medicine,

agriculture, and health

J. Keasling #4552 FHBE AR 22 38 K AR
WWZIH R, VA A EARLER
A RN IR € R 7 T AR ]

Professor J. Keasling successfully used yeast
cells to express the natural plant drug
artemisinin, and the application of synthetic
biotechnology in microbial breeding and the

green and efficient resources’ production

AR 22 PRI A W 2 U B 2 AT T B0 v
K A A HILTS G i) A W A 5 L S IR 1)
SRR s A Py D RE S IR A9 i e 1
IR REATREMRACR s Gl A W A e
7 AT B AR A 1 (075 G A5 B PR Y
I

Numerous scientists in the field of
environmental microbiology are committed to
the biodegradation research of recalcitrant
organic pollutants and have achieved
outstanding results; screening and expression of
microbial functional genes to improve straw
degradation efficiency; the application of new
technologies such as producing biodegradable
plastics through microbial fermentation to

reduce white pollution

gene mutation and mutagenic
breeding (characteristics of gene
mutation); genetic variation and
breeding of microorganisms:
gene recombination of prokaryotic
microorganisms (three ways of
gene horizontal transfer)
AL AL S A R 25
THE

Genetic variation and breeding
of microorganisms: genetic

engineering

TR AL A S I Tl

RN TRE M ERAEEAR
)

Genetic variation and breeding
of

engineering breeding (synthetic

microorganisms:  genetic

biotechnology breeding)

CEM RS  ETEA S R
e AR (AR 9 5 3 8
(S0

Microbial ecology: the role of
microorganisms in ecosystems
(microorganisms and

environmental protection)

G2 A R R BOR B R X A2
BELRE RN, B e E B TIRE . T
QUBTEIRL AR, Jfgahe b ke b,
SRS

Guiding students to understand the significant
role of the development of science and
technology in the progress of human society,
cultivating the scientific spirit of daring to
explore and innovate. Striving upwards and
using what they have learned to benefit society
S Ry ¥ NG S Ry 3 i T S o
KA NAES BT, B A BT PR
BIHT, M ER A 20 B
Understanding the importance of scientific
development for the development of human
society, stimulating the internal learning
motivation, daring to strive for innovation, and
using what they have learned to create social
value

R AETERIE R B S (0,
FeTr A BRI AR, kA A
1, BEFERREE . RREH . et

S TF SRR A5

Experiencing the important role of
microorganisms in environmental protection,
enhancing students’ professional identity,

stimulating students’ creative enthusiasm, and
cultivating students’ labor spirit and quality of
striving, exploring, innovating, and benefiting

the society
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Table 2 Exploration of labor education resources focused on the negative lessons in Microbiology and the
corresponding labor education goals

S5 TR )11 2 f51) = 300 RN I3 S H HbR

Resources of negative lessons Curriculum contents Labor education goals

Moo B RUERR R N A, RN Z A RS T N ﬁ?ﬁéuwﬁ TE OB, 1A E R R
A A U AL 4 3 5 B 57 5 (T A G BeE IR S BE A Viiruses and subviruses: S IE A A BRI FE

gt g RS IR viruses Cultivating the quality of “honest” to treat
Social hotspot: during the COVID-19 epidemic, labor, and guiding the students to establish
nucleic acid testing institutions in many places correct professional ethics

were notified or put on file for investigation (e.g.

falsification of COVID-19 test results)

SRR AN T B P A R TR A A SRR R A W A A AR A7 SR A AP A SR A AL 2 DTS
BG5S PU 25 W 25 W I RE R G RUEY 0T HRUE RS db a7 S ST 928 A B0l m%m)\?é

BRPUE RITR) #) Cultivating students’ sense of social
Public health problems caused by superbugs or Growth and control of responsibility for maintaining public
overuse of antibiotics (combined with the microorganisms: control of health, and guiding them to realize their
development of drugs against resistant bacteria harmful microorganisms own value and benefit mankind with
and the development of new antibiotics based on  (chemotherapy agents) practical actions

synthetic biology technology)
“RAE 2 3 BORHEE LI AR R T, SRR AR A R 51 AR DGRl 0 8 i Y RN, H A

W A5 3% 25 I B B 4% A1 FER BB F RGO MBNEE, S STHEER, 155

The use of thalidomide drugs significantly HTSLE A= R BLIE B A BR L 5T

increases the birth rate of deformed infants, and Genetic variation and breeding Guiding students to understand the

children whose arms have been stripped by of microorganisms: gene professional mission and the professional

thalidomide mutation and mutagenesis  ethics they should possess, strengthening
breeding (Ames test) the sense of social responsibility, guiding

them to develop correct work ethics

Fos o SO RE D G L | SRR N g R RIS SR R 5 o AR ST IE A 0 B G E LR A AR

L BUE ] HEETH AR, E B T IR
Social hot spots: cases such as AIDS gene-edited  Genetic variation and Guiding students to establish correct
babies, Han Chunyu gene-edited events and so on  breeding of microorganisms: professional ethics and academic integrity,
genetic engineering and applying what they have learned on the
right road

4 AR EE TR USRS LRE S, G6% R

KT HELRIE SRS, RIERHAAN

[Fi) 14 25 2 A RN U0 A 52 R L A ) B fe
FHHERFENRIENEA SN, 8 RN AET SRS RS s, gl
CTIRIE . G E B PR, A SRS R RS Sh L E AL S
RIS . AR O7 S BB IRAE 2 LA IS A 3 R BT 38 OB 2R SR AR S B S )
AAFMMAEEN, TR RBRNERET  ESREE NS AL, G A R
A PSRRI RE . BT DEIE R A BB AR 2 TR A T
Gt . gk, ZUorn, ZOMpiEEdtds B EL, SR R sh X ) s AR T R

36
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Table 3

corresponding labor education goals

Exploration of the cooperative win-win labor education resources in Microbiology and the

XY ESES

Resources of cooperative win-win

REENE

Curriculum contents

FEHE HbR

Labor education goals

SRS SR A2 R )

Denitrification (denitrifying bacteria)

AR AR (B AL A7)

Nitrification (nitrifying bacteria)

Tl 5 J] Bl A P P05 22 ) 4 L A R A (i
PINATE . AN IE TR TR HUR RS SR
YA | A s S B AR LR SRR
Metabiosis and symbiosis between microorganisms
and the surrounding biological environment (such
as endophytic bacteria in plants, normal gut
microbiota in humans, symbiosis between rhizobia
and leguminous plants, symbiosis between

AP fRE S IR Y
Tl A Wy 4 7 B A (G 400

W P B i R £ PP )
Microbial metabolism:
chemoheterotrophic fueling
process (nitrate respiration in
anaerobic respiration)

AP AL fRRE A IR R
2R 4 7™ BE A (1Y 4R

1£)

Microbial metabolism:
chemoautotrophic fueling
process (ammonia oxidation)

Microbial ecology: the
interrelationships between
microorganisms and the
biological environment
(metabiosis and symbiosis)

ruminants and rumen microorganisms, etc.)

BIRASS SRR TARSE, Bigeat Uk
AME L AR A R IR R
Cultivating the work attitude of unity and
cooperation, and cultivating students’
awareness and scientific spirit of learning
from each other and win-win cooperation

BEFRASS GVER TARS R, Higrs s
HAN, AR AR AR
Cultivating the work attitude of unity and
cooperation, and cultivating students’ awareness
and scientific spirit of complementary
advantages and win-win cooperation

BUEB S BUER 2L SIS R SIPAE S0 BaE,
WYSREIF A TR (A FR kOB F Co R, SRS KR,

Guiding students to experience and
appreciate the benefits brought by
cooperation, cultivating their scientific
cooperation spirit, seeking for common
development and “win-win”

x4 WEMFEL N SLEIED.

Table 4 The professional practice activities of Microbiology

Lol 52 Bl HAE 5B Hw

Professional practice Organizational form Labor education goals

activities

BHWREY : o wnss BONG =8, HE ATTAN(-4 A/, R IEA TR ), R SR R AR R
FRILZARIE RS ERU BT PGB, DFBCOhE . QIBEA . AE . RREASE R,

Interesting microbes:
artistic creation of
microbial

Petri dish

i, DARUZE YR P77 2EAT AR . s 25 4
B MBS w0 B R LA R R A
VERUEHE , JF14Y PPT HEATJR R RNk, JFhJL
PN B AT BRI L PR L ISR

The teacher provides a theme, and students form their
own teams (14 students/group). In their spare time, each
group designs a drawing based on the theme and design
concepts, and starts painting using agar plates as the canvas
and microbial strains as the pigments. Finally, each group
will make their own design concepts, drawings, creative
process and achievements into posters, and organize a
PPT for presentation and narration. Other group members

will ask questions, evaluate and rate the results

BigRep tE o7 sl oy TS ARG, B R e
AR BT S R P RIRE g, ol 2 A IR B R
HY A NG —

Encouraging students to learn through
practice and strengthen their understanding
through practice. Creating an independent,
cooperative, and exploratory learning
environment, cultivating students’ spirit of
division of labor and cooperation, and spirit
and ability of innovation and practice.
Enabling them to achieve the organic unity

of knowledge and practice

(154%)
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Lol 52 e B HAE 5B Hbr

Professional practice Organizational form Labor education goals

activities

SEMARAEY) : WOZ 36 WO R AL T T3, BUEWREA . MALL SE e B R IR, AR

BAIE R — M A TR IR ES R e 0 )5 AR S H A 7 SEBR B4 v IR [ 5 i 8 % B9 S 1R

Beautiful microbes:
photography creation of
beautiful microbes

TR E R BRYS
AT 1 2 T P TR /2
RERY VA
A bite of microbes: yogurt
making/wine making/cake
making, etc

A AL
FHHE

“Great” and “Ordinary”:
theme education of “big
shots”

AEARE M, ATHGERIC B2 R B 2
AARZE; BORES R ARR, 24 A 4
(1-4 A/4l), AF7E 2 B sk gk id &
TSRO Sk T IRUZEIER, FEXHE M 4 7R
FEAT 2220 (8 0 B 1 B o LA 5 B

There are also thousands of wonders in the microscopic
world. The microbial communities, individuals, and the
morphology of the general and special structures of
microorganisms after dyeing also have artistic aesthetic
value. Thus, we can use camera lens to record scientific
discoveries and present the beauty of nature. There is no
limit to the subject matter of micro-photography.
Students are free to form teams (14 students/group) to
record and photograph the microbial morphology under
the microscopic lens through various microscopes or
cameras, and elucidate the name of the work and the
creative concept with aesthetic value

A AT, PRI RO SER, A SOk
B, BRI R BEFTHIE , e Al VR i
P LA R AR 45T i PPT 445 HEAT IR, &R i
AT AH .

Students group by themselves, select the delicious
food they want to make, consult the literatures,
make it in their spare time, and finally form a PPT
report to lay out the whole production process and
perceptions. The delicious products can be tasted
by each other

NERBUEY 7 R R IR A AR A — 3
AR ZAT, AR 2R B R 22 AT
TN RA G HE ST . PRSP <~ JLA,
I M Z T AR s R A= 7020 A A
BORHE RN i B2 22 i il A7 i 4 247 1% ik
Whether it is the outstanding representatives and the
older generation of microbiologists in the development
of microbiology, or the contemporary scientists
dedicated to science and the “ordinary people” who
stand up and protect the interests of the people, they
are well-deserved “big shots”. Students were asked to
consult the information independently in groups and
make wall posters depicting the successful experiences
of “big shots” and share them

P A AERIAT, R R IR A 57 8
UGV, Bigrs A i QUE RE

By creating a practical environment for
independent innovation, it not only allows
students to consolidate and deepen their
understanding, internalization and reuse of
theoretical knowledge in practical creation,
but also cultivates their spirit of labor
division and cooperation. In addition, it also
cultivates students’ innovation ability

Bgree A2 S5 s oy THG VR, BRI
THEE BT SEBREE ) M S
B AR, bR R e LB
BIPRIR ,  HE SR 7 Sl A M (E AAGA
Cultivating students’ spirit of labor division
and cooperation, exercising and improving
their practical ability of innovation; allowing
students to experience the joy of applying
what they have learned by linking microbial
theory with food production, and enhancing
their appreciation of the value of labor

Wenr o5 ik g, SRS T TR Bl . A
wyh . ZER L BB S BORS AT, 5L 55 5
Jeok . BRI R R [R $ T AR
X Ml T A7 R e A 2 4

By listening to the stories of model workers,
feeling and understanding the spirit of
diligence, dedication, struggle, dedication,
and innovation, and promoting the theme of
“labor is glorious and creation is great”. At
the
understanding and mastery of professional

same time, enhancing students’

knowledge
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Professional practice Organizational form Labor education goals

activities

B ARRAE  ATWALT #0382 SR LT AU 902 AR S MOl S5 3l 26 77 1AL A 3 52 28 R R Y B 2

95 8 T PAEEYEN, dEk A SRR BT s gy, BEABEARR A, kA DORTRI I f AR 25

Professional ~ academic 4355 S R (ANAE B IR T E SR A M 57300 e, B A se 25 S22 BH L ak, 1

feast: theme lecture on W SIIEIGYRER . A REYS S84 RAIETESS SN AEIRS) T

outstanding workers in

the professions

HSEFARTESE
Related academic

competitions

WA RRE B AL GerE
9o 1 T 77 /00 e A 2 S
LKA A A, 2%
KT R4 R 1

Public science popularization:
prevention of infectious
of

civilization

diseases/creation
ecological
communities/protection of
ecological balance, lucid
waters and lush mountains
are invaluable assets

TR Y
Inviting outstanding microbiologists or relevant
practitioners in the professional field to serve as
keynote speakers, sharing their research or teaching
experiences, and sharing their achievements (such
as the development and utilization of new microbial
resources, microorganisms and environmental
pollution remediation, synthetic biology and green
biological manufacturing, etc.)

o EN AP R 2 E TSR, InPkAR
Moo RUBHTENE RFE . BRI+, A dr Rl RTESE
B A LB R 1 T ) 2 R A S IR 44
2 3%

Introducing national competitions related to life
to students,

sciences such as challenge cup,

innovation and entrepreneurship
life

encouraging students to sign up for competitions on

competition,

internet+, and sciences competition, and

microbiology-related research topics they are

interested in

SE I Bl th A R BRSO, (B SRR A ARl
HRGEA T IRIN LB E B . 2 AT &R E
TRk, G e Rl 2T AR YT S B, BEAT X
55 gk A0

Practical activities are expanded from the campus to

off-campus, and students are encouraged to carry

out extracurricular  practical  activities  in
combination  with  professional knowledges.
Students independently search and organize

promotional materials, arrange various entertaining
and educational performances, and make voluntary
explanations and performances

Sharing the creative process and specific
application of disciplinary knowledge from
the perspective of labor production, allowing
students to experience the value of labor
from different perspectives, consolidating
the foundation of the discipline foundation
more consciously, and enhancing the internal

driving force of creative labor

PAFEfE S, 5l RIFgih s R4 5w Rl
TFIERMIT L BB A 7 57 8l KR,
FULVEUH LB R, B E A
wPESTSRE Ty, (Al AERHIF I 7 Hh B A 5
B4R B ™ H R ALl BRI RG P

Promoting learning through competitions,
guiding and encouraging students to carry
out scientific researches or production labors
in combination with their disciplines and
majors. Internalizing knowledge, and
applying what they have learned to solve
scientific problems. Cultivating students’
creative labor ability, and understanding the
of

professional

rigorous standards experimental

operations  and scientific
research spirit in the process of scientific
research

s A A F T RE D), Bl Aiiis H
B SE R AR 1 A iR R SE PR R, A S S I 55
t, B R R, SR TEXT 57 3 i
(L3N

Strengthening students’ self-learning ability,
applying professional knowledge to solve
life.

scientific knowledge in the practical service,

practical problems in real Using

enhancing the value recognition of labor
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Table 5 Evaluation carriers and presentation forms of different evaluation dimensions

WA I EA S R IEX

Evaluation Evaluation carriers and presentation forms

dimensions

T BN NN EI 5Z 5L SIE SR . PR AR E, & BN RS ES): A RS 5 1HE IR,

Labor attitude 8 2 JRXERS FEARFXER B, NMAS T SUMERER, SREERHEE, LRSI

The willingness, enthusiasm and initiative to learn theories and participate in professional practice activities in and

off class, the interaction in online and offline classes: the frequency of answering questions and participating in

discussions, the will to overcome difficulties when encountering difficulties, the awareness of division of labor and

cooperation in groups, and the awareness of mutual help and common progress with classmates, etc.

WL, B, 57 RS IERSE AR, S ESY SIS M I8, S SRS
NP, AR AR . RHIP ASAARRIE, ASS UM LUSOATRRI I 55 FET A B T RS

Loving the profession, actively striving for progress, feeling the sense of gain and happiness brought by labor,

respecting and admiring labor, being honest, trustworthy, and law-abiding in participating in tests, consciously
maintaining academic order and academic norms in conducting scientific research, uniting and cooperating, and

SR B S [ R HERR P e TR EE , ANEEMERIHZINE | A STROTACR, T
PRI ), SCHRIF 2N S5 Re T, B B el 17
PERBEEE, 55 ShERAE RS TERSCR I RS A I . BUE4F), L5 MoE i S i, AR 4E R

The quality of active interaction with teachers: accuracy in answering questions and depth of discussion,

organization, orderliness, contribution, and efficiency of group collaboration, observation and thinking in the face of

problems, and the ability to apply professional knowledge and skills to solve problems, ability to summarize

literature, feasibility and innovation in scientific research plan design, standardization of labor operations, and

display and exposition of results (standardization, creativity, etc.), the completion and quality of tasks, the

757 s
Labor
concept

recognizing the importance of serving and helping others, etc.
F3BE
Labor Xof [ A WL 5 S8 LA B ds I RIHURI B
capacity

U GRANINES e

expression of innovative thinking and creativity, etc.
FEAR RAARR SRR . IR ISR, SFAEIRROERETE, SR BRI B A
Labor

achievements creativity/innovation of practical works, etc.

Understanding, mastery, and application of professional knowledge and skills, improvement of labor literacy,
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