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Abstract: Environmental Microbiology is a core course for undergraduates majoring in
environmental science, playing an important role in the cultivating new quality talents under the
background of emerging engineering education. In recent years, we have seriously reflected on
the problems existing in the theory, practice and ideological and political aspects of the course
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of Environmental Microbiology, and carried out teaching reform by constructing a case library
of curriculum ideological and political teaching, innovating the teaching contents, optimizing
the teaching method and practical teaching contents, and reconstructing the course assessment
system, so as to improve the ideological and moral quality and practical ability of students.
After 3 years of exploration and practice of teaching reform, students’ achievement of course
objectives is higher than expected, and the excellence rate in terminal evaluation is constantly
improved. Moreover, students, peers, and supervisors give significantly improved evaluation
results, which indicate that the teaching reform of this course has achieved satisfactory results.

Keywords: Environmental Microbiology; teaching reform; course objective; evaluation of

teaching effect
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Table 1 Ideological and political dimensions along with integration and teaching cases in Environmental
Microbiology

PREEE Y RO i 45, E e S| B
Chapter IP education content Teaching case IP dimension
CER A AR PR R Y) (DGR 1,2

Chapter 1 IR 75 Y WK, . KWL

Introduction Microorganisms in “three wastes” The two sides of microbes

treatment

Environmental pollution

Environmental protection involves water,

soil and gas related legislation in China

B2E BEHAY REE S AMmE G el N PRI 2R 0 2 W 0 R 3,4,5
Chapter 2 WA A 5 7K 5 G The innovative results of environmental
Prokaryotic Actinomycetes and oil pollution microbiology research in China
microorganisms Cyanobacteria and water pollution
monitoring
B3 E ARMAY WA YR B P ) 1,6
Chapter 3 22 AR LB G5 PRIk AN W e i 5 Y R K 1 O ik
Eukaryotic Mold degrades toxic substances The pros and cons of mold
microorganisms Fungus causes bulking sludge Methods to eliminate sludge bulking
55 4 N 5 7K A B R B 15K R BE A R EBR 6,7,8
Chapter 4 BB SRR S 7 S A B R PG B il 5
Virus Virus in sewage treatment Effective removal of viruses from sewage
COVID-19 and free vaccination Great achievements in COVID-19
epidemic
95 E MAEWAR  RUEMRSIYRER R A A A S 3,6
Chapter 5 ow i R IEAB WE K 5 G
Microbial physiology Powerful metabolic for microbes Microbial metabolic to control pollution
Luminous bacteria Luminous bacteria to monitor pollution
6 B MR SIE BUEM A KB BTG REIBTT SRS E EER, R 3,6
R+ Microbial growth and propagation AP B RS A
Chapter 6 Operation parameter setting and control of
Microorganisms and pollution control device, using microbial
environmental factors reproduction for the benefit of mankind
87 W WUEMRAR RN TR R Y R KA B E B 1,6,9
P WA AR R Genetically engineered bacteria control {4 #) 5 4 4P
Chapter 7 pollution Microbial remediation of heavy metal and
Growth, reproduction, oil pollution
inheritance and Microbial and ecological protection
variation of microbes
B8 E MAMAS KiEEERL ARG YL Ih PHAE R 6,9, 10
Chapter 8 WA - - Nz 18] K & AR AR IE IR
Microbial ecology Water eutrophication Global water pollution control problem
Microbial-environment-human Ecological thought guides pollution
relationship control
(548)
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Ex3))
PREEEY FEE A £ Her =) SR
Chapter IP education content Teaching case IP dimension
595 PRV SIREE  MERE AR B G PR A LR [l 9 A P Ak BEME R AR B Bl R 3,4, 5
LYK Mechanism of microbial degradation Latest research on microbial treatment of
Chapter 9 of refractory substances refractory substances published in China
Microorganism and
material cycling
810 % TmgeEh 5 ESEIR R AR MAEm BR I IR 16 4 CRIALYE) 5,6,10
PR B R RO g 6w R K TS Xy LA 87 o S TR UK
Chapter 10 Pollution Microbial technology in reuse of waste Bacterial metallurgy (Song
control and new resources Dynasty/Jiangxi Province)
technology of Heavy metal wastewater in landfill Global challenge: landfill heavy metal
Microbiology wastewater

P JLE ﬂﬁ%?ﬁfﬁ/i 2: PAAEH: 3. BIFTRH: 4. SUIEAME: 50 RIKAZEG 6 BHskm; 7. BUAIAE,;
8: FHE r\ A 10: ERILEF .

IP: Ideological and political; 1: Materialistic dialectics; 2: Consciousness of legal system; 3: Innovation spirit; 4: Cultural
confidence; 5: Sense of national pride; 6: Scientific spirit; 7: Political identification; 8: Emotion of family and country; 9:
Ecological civilization; 10: Global vision.
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Figure I Modular teaching contents of Environmental Microbiology.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WA S| MY IRIEBCE SR IR R 5 L 2889

i —IRLE M L Ry Sk, fEAY
PR, B W RAAEYRL T 2= 4 P
B EEZLH . (5) R IR . EdRK
RE BT, ERE IS E KK EE
s, PRy B . R E R A
T 5 LA R A, DL A K E1 i fa]
TTAK AT 4 FOHE 7K AEL 08 2 AT K AR B 2R % i
& RS HIFRGUEH - EHTIE B K
WE BRI TR, I EnE R 6e
IR FH T 27 PR B8 A= 0 N i 1 [m) R ) g
i SR, ACK AR B4k, E
T PRSI 2R SRl A o A B P A, Al
HAE S Bt B AR MR, B & IR N FH e
J1o(6) FEATZIEH T TTUR , 74 B B sk
B i5 K AL PRA R 2N w254 7 308 i 5 K Ak PRI AR PR
Yi#es, B tEs BN, PR TS K A BT R
KT 5 U6 FR A VR & o T PETS Ve AR
W] SCEE , — 8B ARSI h i s TS U
HRER I E , S —ER A FAE BRI, .
N T A PRk v it R SRR 5 2R 48 AU
FEHYERE RS ST, LR R IR E S 5 B
TARGZ MM EREKTESER . AALUE
REWRY R, REFES G RS
SR FTR A D S PR A B 0] 8117 g
223 IREFBNERR, FXAEME—E”
BT 2R P9 AR IS LA 2R A ST 15 R B
W PR A 32 2 G 1 2= B U a9 SE PR E O
EHA R EEORBUN T 5t : (1) M BHMEIE
HERBEVFHEMA-BWNE, W: 45>
7 KB R R AR CMUE W R ) R
4 ROV B, Ho A S I A W 2R O TR
SR, s WL, (2) HESECPITE
— B (FEE . AUETE . PRAR DAY R L
K, HFEORENE, KBl Sk Rt
JER G| AR, IR A MR . eV
WA B AR B B R AT,
A A B 3 S5 R AU S B T, A3 I s A T
15 G DX A B A 05 e A H T SCHER BRI AR

P, AN 22 A A T S e b | AR
S B R AR, T L A (2 A S BRZE 4] ep
2 B 2E GEANRT FI) SR 0 e DR B ) A8 g S
# o [T, A o R v i B s Ak Tl B
i AR HE H Qe bz i a4k, bk S 2R R
LA IOERET, AR S o AR B m R
BEHTE PR AR EE o (3) F2 40 A1 BA B bt ) fe BT ok
HEREAZ A R, W AR AR E
SJE . R R YRR R TR . AT b 1 1
BRI B AR S, bR R
IBEUE AT T S v FHSE ], 3k BT 1 2
SR TR, KRR 25 A A PR
[ REAE A H AR A AR 2= ), YR
BUFTEHERE T) o (4) LU= 3 1m), R PRAR
FERBEFNR S 2T R SR, AT A
FH 16S rRNA J& [K] 7 41 %5 5 4 1R () S B s, 4
WA R AR ek BRI RS F AR, LR AR
Pepfis Yeln) i, WS I 51 AR
A4t AT R . BE IR HIE . 408 A0 2
B . EkLifh . & . DNA RS )
R Rk, FRAS A% S5 TP A MEGA #
L R 58 B R I A T R Gk B ALY
RS, Y ghsirh o5 o2 B o R 1032 4
EAERE S, BAN, TR PIE 2 DL
IR EE PR E I H , AR A,
FRAHEAT, KRB R e Rk, 2R
SLAERE Sy T iz PR B SR P R R A e S B ] A8
MIRE ST, AR IEEE B AR Bk A .
23 SLRHEFNE

A SO0 2= 4 [ TS0 g bh . 2= B
Wit . MR K SERR 2 SR BRI, SEIS
AT I o FERTSEIR R IR G, Wb
A B B Bt S AT B kst s B BTk LA
S, BB IE . SRR R G
Iy, KSR m ) 27 - 1, % 2), IF
TE 10 AU e U SL e e 28 B EBUG &R
FEo AT L6 2 IR FE B ST AR A D RE
U S IR A0 LG LR 2,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2890 (YIS Gk Microbiol. China

*2 KRHFARTKLEAFIILE

Table 2 Comparison of practice teaching contents before and after reform

B/ E NI &
Before the teaching reform After the teaching reform
SN SN2 i £ AR
Practical content Practical content IP education content IP dimension
LY — Wt WM S BOREERIE S KA 15 Y KA b PR 1,2
K AR TE 25 g Experiment 1 Culture medium preparation %5 % 4 42 il &
Experiment 1 Optical microscope  and sterilization Contaminant sterilization
and the observation of bacterial Laboratory safety system
morphology
SEHy T G IRAEIE S KA SCEe T MR HEIL 3,6
Experiment 2 Culture medium Experiment 2 Isolation of Win-win cooperation
preparation and sterilization environmental microorganisms
SR = A SCHe = TR ERAEEOR LIRS MAEYR Ll R SR 4,6,8
Experiment 3 Isolation of alifl e B 57 Y T AR R In)
environmental microorganisms Experiment 3 Aseptic technology, Professionalism
purification and culture of environmental Bottleneck problem of
microorganisms bioengineering industry
SLEG I LR GE SCEG DU AN . R R RGO s LI 45 R S R 1,6
Experiment 4 Gram staining Experiment 4 Observation and staining Conditionality of experimental
of bacteria and mold results
SER AL 5K AR R E SEEG T AR B RN B R FLSHIC g 4 R 6
Experiment 5 Determination of Experiment 5 The size and quantity of Record results truthfully
total bacteria in sewage environmental microorganisms
SEHRTN AU 16S rRNA JEH P S28eN A R ERRERE  1ZHHH 3,6,5
U5 AR o3 H VAEE LN
Experiment 6 Taxonomic of Experiment 6 Taxonomic and phylogeny Excavating new species
bacteria using 16S rRNA gene of microorganisms Contributions of taxonomists
S T TS U Hh TE R A DU WYETS TR A A 3,6
Experiment 7 Determination of amylase =~ Microorganisms in activated
in activated sludge sludge
SEH /N SV I R A T RS Y BRI . BUEETE 6,7, 8
Experiment 8 Monitoring of bacterial Pathogens in aerosols
populations in aerosols COVID-19 epidemic
SEE U A LR E SR TH FXE . S P K 3,9,10

Experiment 9 Removal of heavy metals

by microbial adsorption

Global challenge: landfill

heavy metal wastewater

IP: ;%3\-@[; ,@Jﬁ(é&fﬁ(l—m)[ﬁ]%& 1.

IP: Ideological and political and IP dimension from 1 to10 are same as table 1.
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ST FE IR XTI, #eE I K R
A RIEIT IR 4 AR B AT
NS, B R 5 A% A S B S o
WEZ 50%, 5 ATEMEAL AT (15%) . B 25
(15%) J2 S M BFE(20%) =3By, A &5 1A% %
AR, & 4 DHIRE BRTE
L ULER 3.

T8, RS GG AR BE N A5 5 T i

*3 MENEVFREEREZRTINAR

B PN BN, MR ) 4 2 T R TR AT S 46
PR AR A, FERE AR DRAT . BUR A DIRES,
WS RS 4 AN UREE H AR e 21k iU Y A F P
o, e R B ARIS BUE PN e, 2 Hrik
T HARAR IS B B AT AL RN, A Bt
b S oy I ol N 8 e A S R 35 S
TRAGFAT, BRESIRS RS A AL, 1ELE 3 4F
FEHIAR T 1 B B TR« AR X < ER B el e
PR ALY (5 41), ik seor Rakxy
PREEAY RO Rt i, A AT omiicdE A 2 2
AR R ORI B R AL

3 FERENFREHAEK
Zail

3.1 RIEBMRIEREEERHA
HFUOR R, R BRI AR B A A B SR
JR R R PEAN A BRI, XE 2020, 2021 K&
2022 IREEHA DR B AR R (B 2) )
3 AMEGIL 152 i B AR RS B AR5 R
AT 3). ZEAEFR . 2020 9 4 M
T H AR K BB M 0.87. 0.90, 0.76 I 0.74;
2021 % 4 DURFE H bRk AR 0.89., 081,
0.81 & 0.88; 2022 g% 4 A H ARk BUE IR
7 0.88, 0.79. 0.89 & 0.90 (K 2, K 3). 2020,

Table 3  Curriculum objectives and assessment methods of Environmental Microbiology

IR H bR A FEPEE REEVEFEL DR

Course objective Procedural assessment Terminal evaluation Weighted
P AG: Wik S5 ) 3 HAARF value (%)
Homework test (%) Midterm exam (%) Experiment evaluation (%)  Final exam (%)

R HR 1 4 8 6 21 39

Course objective 1

AR E AR 2 4 7 7 19 37

Course objective 2

WA ER 3 7 / / 5 12

Course objective 3

R Eir 4 / / 7 5 12

Course objective 4

e AR 15 15 20 50 100

Assessment ratio (%)

/o PR H R AR B AT 5

/: Course objectives do not adopt this assessment method.
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Figure 2 Comparative analysis of achievement degree of four curriculum objectives for Environmental
Microbiology from grade 2020 to 2022.
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Figure 3 Distribution of achievement degree of individual students for four curriculum objectives in

Environmental Microbiology from grade 2020 to 2022. A: Course objective 1; B: Course objective 2; C:
Course objective 3; D: Course objective 4. Different lowercase letters stand for significant difference.
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2021 J% 2022 9% 4 NIRFE BRI E TRRER  BIGHE, ZUREZSACE S R P A RIS
YUE 0.70, BEHT 4 NRFE HAR IS UEBUF(E 2); 3.2 FHEREREEEFRSIES
PR | B TRE, V24X IR ST AR HT 2020, 2021 K 2022 Zh RS AR
WEEY 2= B N A R R, T RFLE SR YRR R AL B SR 4), KBRS I E
(B 3A); BRFEHR 2 BUEAFTRRIR, U R, LRI S AL T R BN KT
B 2 A 0T PR T YA il U E ) I PR AN TR PTG, W 2020-2022 FIAEEAE YRR
PERERHHAT B ROR, RS E Rk BRI KK 83.60 ., 82.13 It 84.76, Fflksy
FEHEPR 2 NI S IEE(E 3B). PR RIRK 61, 54 2 74; IRFHRBIILE T 531%
B HFR 3 IR AR 4 R EETE 2020, 2021 /% 3.51%, {RIKH 23.26% . 28.57% 1% 32.08%,
2022 rp ¥ RIEGK (K 3C. E 3D), ULBH (R EH R A G R BT A W R A ) AR A
LA E TR AR SE PRI R ) b, RS REAIRTIGR 4). FESLER
R RIRFEARA ., JEREI R A NGRS RS ERE MOk, 256 ANERAEL I 5L
1SR AT Bk, A RGR B HAREOR KA I L S, A T AR ST

TAh, ZBAFAEMNERIRBE ARG, HIPP B AP, 2 SRR 2 R
KHIRFEEAR 1| FIEREE BAT 4 AR RR R B p R IR 1 244 1 3 FRE L e aE 1
AR ETY, R AENZBRNER M. B4, I 3 FEEAES SEIRR A
FREE RN (K 3A . K 3D). BRFREE AR 2 AR R KA G DI I 2RI B A0 B 1 R e 2 42
FEEAR 3 (A AR IR R 43 WS 38 M A 1 B, ZEPIBNE S A A B R E T, e
H5YMEMENEUSIRZ, WHSRAEMEEST R 5A 6 TRAEIE Y 27 B 37 10 [ K 54 9% &
AR S B AFTE R R 2200, TEHF P HRE SWH; Ao, Slg SRS ) m
0 (K 3B K 3C), MRS, 2020, 2021 (2R B AR &, JETF 2k i A A A
J 2022 AR A A IREE BRI SRR D I 2RI H e LARREE S 0 M B 58 X 4 1Y
B THESY, JEHMRE R 2. AR EAR 3 S SCERTIINSG, A RNLEA B AR
SARFEES 4 TEAFBEHAEEY 2 R 2, R F, EEIRTL R ERIHE R ER K
FREL PRI A O RAT, A s SRR B E KGR0 EE .

T4 20202022 FIMEHEMF RGN EZRG LR

Table 4 Comparison of terminal evaluation results of Environmental Microbiology from grade 2020 to 2022

WiH 2% Grade

Item 2020 2021 2022

481 Students number 43 56 53

A MER Difficulty of test (P) 0.28 0.37 0.33

X 43 £ X 8] Differentiation range (D) 0.17-0.33 0.25-0.37 0.23-0.35

M GRIX 1] Score range 83.60 (61-96) 82.13 (54-98) 84.76 (74-98)
AN B K Failing rate (%) / 1.80 /

7% (%, >90 43) Excellence rate (%, >90 points) 23.26 28.57 32.08

P N EMERE, P>0.5: BXE; 0.3<P<0.5: MEEEH; P<03: Bh. D #REE, D>04: iF%; 0.3<D<0.39: B
If; 0.2<D<0.29: H1%F; D<0.2: 2%,

P stands for difficulty of test, P>0.5: Difficultly; 0.3<P<0.5: Moderate difficulty; P<0.3: Easy. D stands for differentiation,
D>0.4: Excellent; 0.3<D<0.39: Good; 0.2<D<0.29: Moderate; D<0.2: Poor.
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3.3 REHUHBITEN REF

ISRl 22 Bl IR IR U W IR R
WRACRRE 34FE, S T 3 NEEg, XTI
HOET IS B AR AL 2R ) 3 B A G s B, &
B S RGBT AT R TR s, DL
PRI TR 1 TR AR 0 T e R A 1) 5 4
W, RIBER 90%Lh b 2F A XHZ AR 1 PEAN
1670 43 L b SN TE 60—69 43 B HL A 5 4.65% .
7.14% )% 7.55%; [RIATIEM AT 84.13-87.65 41
ZIa), B SN T 82.65-86.67 43 Z 1] (K 5).
XFECAIHT 3 AF A LB ME S A% B 2 A RN B
RIN 2021 Gl B MERE M X 43 FE RS 2020 2 2022 2%
. R A B (R 4), MR2EAE . AT &
B SN B A AR 5), A SR TS
RHRTE, HARTE R4 2020 232 TH T 5.31%.
FHN, LEE 2020-2022 FALEM:F G P2
A WA B L B U SRR AR S, KR a2
Az XHZ IR AR 2 A B e Ty VR B A )R
e F R A B AHE , R T &
W, RO AITA R AT o
3.4 RREHFHEPANEIRR K

2SRRI RS T O E NS e RS )
B, B0 BN T R R — Sl 55K W ) 5
BAMH, B 53 5 e A BE BT~ B < i 2 I 1 25
BN L FE AT 40% 9 200 B 8 d5e 20 A AT 1R
B2 5, IFoR AR LRI B AE BT 2L

#x5 NEREMZHLBRIIEN
Table 5 Evaluation of the effect of Environmental
Microbiology teaching reform

Wil HA4 P Academic year

Item 2020-2021 2021-2022 2022-2023

TS 60-69  4.65% 7.14% 7.55%

Student 7079 9.30% 30.36% 15.09%

evaluation  g0-89  48.84% 35.71% 41.51%
90-100 37.21% 26.79% 35.85%

TR 86.3242.40 84.13+3.10 87.65+2.80

Peer evaluation

BN 83.2042.10 82.65+1.40 86.67+0.60

Supervisory

evaluation

IR AR 2 W 3 ALE RN B B
SR AR AR R S K H R AL R 52 BEA T
SRS, WSR2 RS .
S, BRI LARFE MNTF . ASREE A 9~
BRI, XK EER A L EYR
ARG 3 AR A DS R R AR R
BRI T 0 A . Bl R R 2 A Y TR e
G PR FANIEE WS S s & RO R
F A=A 5E J thn AS W D 2k A A B

4 B2

FUr TN ZE DL g TR 3O AL, Lo
JRAA IR A, SR 2R Bl i 57
FIbR, AR H o s v 2% SR Ao 2R 1~ B BE
2 L E RACARRIEA, BT KAl &
JE ARG DR B (R, L SR SL SR NI ARAAT 55,
TR B e <R T 1Y PR AR R BOUCR e
KA, ZHBAEEERI, BURse e, &
AT LR R SEEF 55, Mt H
e, 7oh, e AW T AT
FHRALE, R T IRBRSCER, T
FONEME AT B, Bigr SHa®REN el
B TARRARNA, A R IR P it 5
H52%,

YE& Tk = WA

WE . ScEAE . BHEST. S1E B
My %, BVE. HiBh BRI R R
SCHRAE T s e Tz BB R
SCRAAZERT o

1B A 25 o KT WA
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