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Environmental Engineering Microbiology is a fundamental core course for environmental engineering
undergraduates, which integrates rigorous theoretical knowledge, systematic disciplinary logic and
practical engineering applicability, and occupies an indispensable position in the professional training
system of environmental engineering majors. To solve the typical drawbacks of traditional teaching,
including fragmented and obscure curriculum content, insufficient demonstration of basic curriculum
advantages, and inadequate deep integration of diverse teaching elements, this paper carries out
online and offline blended teaching reform and practical exploration. Guided by the construction of
emerging engineering education, engineering education professional certification and the national
carbon peaking and carbon neutrality strategy, the research fully absorbs long—term student
learning feedback and practical teaching experience. The teaching reform reconstructs the original
curriculum knowledge framework, optimizes teaching content in response to industrial upgrading
and regional ecological governance demands, and develops standardized modular digital teaching
resources. Furthermore, it innovatively constructs a diversified "1+3+X" blended teaching system,
improves the whole—process multi-dimensional evaluation mechanism, and establishes a distinctive
curriculum ideological and political system focusing on low—carbon ecological concepts. Teaching
practice results demonstrate that the proposed reform effectively eliminates the inherent limitations
of traditional teaching and comprehensively optimizes the entire teaching process. The improved
blended teaching mode gives full play to the advantages of digital education, significantly enhances
students’ independent learning ability, microbial ecological analysis capacity, and problem-solving
competence for complex environmental engineering issues, and ultimately achieves the comprehensive
educational goals of knowledge acquisition, ability cultivation and value guidance. This study can
provide reliable and practical references for the digital and innovative teaching reform of basic courses
in environmental engineering disciplines.

environmental engineering microbiology; blended teaching; teaching reform; curriculum
ideological and political education; emerging engineering education

136 | Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



FERSF B AT T LI TR S S 1T 57 T, RO — S MU LA AR O E AR, s E R TR
BTN AT G RA R Ve (R IRRMAEN ) R TR A ME 3 T2 AR, SRR A
PSR DA RS K . AR FR . SR AR P A M A B A, SRR GE G . S RBEME RS e AR
W AREEIA . A AR IR R R . R SR E RS D A

ARVRI A E AL I SRR LR AR, A& R MEM I AR SH e, SRS RS #h
W ESMER . SRR AR TN AR, R SRS R LS . S ee I T
B S RE AR, T SE R A S AR ORI R S . BRI S S BRI LR, Re R DA Al
Sy, FARGUEYIN . B3R, BOEMEARSEE, TRRARETTREY, VI B IS R et s B RE S, JhEER

AR . TR A R,

—. RERLHEBRERELEM

SEE AR R, (RFBIE =R R G S R, 458
H W HeAsfreiby, S IR e A i s i = I O
A, IR G A L B S SEER A

(—) IRENEESR, PEMSRBRTENRRITRE

AR F N TR O LR, BEmiea e, Jikf
JURE. WA R R RSB A AT, ZRIRTH
MEAPE, RAEM IR TIRSUSRHITE e . TRESLE
WL ST R RFTAEN, MU & 4 T AR GHERR
TR R, REEIR B . SO &, #EZ DL
BENCAC N E, LSS EAHAR S TS . WESEREATRER,
Tk R B A e S TR AR U 2RI B R A, 224 T
TSI B BT TR W] S

(Z) EMFEREMOERRE, MRRKESHFCHME
SR

AP I TR L AR R, ARG Al
AR TSR, L ERR R EEER, Fs
WRELEER R . Rt S M RR . EEARE LR
o, REERECNME RN, FEANAHMTRZ RGeS
WA AR, MR RER AL FINEEARE
fesp—, DEHEHHAE, QIR F B, ot Atz
B, MELUEECH TR 5 N RIS IRRER, Jaiks
o3 RAFEER IR ARAECE o

(=) 2HFEZMESER, BEXBFEARBER

AR BT R LA TR 5k, HERME
L R, RS RA LRGN RN A, HE
P, BeE B, BUENA . B HAREA TN TRBUF R
RESCBIRIERN G, 2k A ESS] 52T R B RN [
REFLIEE A ad e . PSS A AR A H AL
PTG, RELFHAUEANEANS, SEEFEREE

#

SR, AERESEARIHTT AR,

—. REHFBERERERIRENM

(—) REHZEGER

MR TR LW AEFRE S TR A HR IR, 456
FEHAm RS T E Nk, MEEIR, 887, IR =k
R RS, AR ET AR, SSaTi i

PEEAFR L BEZRGTE I ARSI LA SRR, 44T
IR TRER ST E S, P8 EIEME; PSME
Wrsas T AL A B S50 1) L IR FOAR PSS 77 85,
REAS SRS T RIABE AL M 0 B RS SR AN S T, e
XSRS A AR R S HTRE T

PR AR 2: BB ARSI AT R BRI, GRS ARIRER
BRI A R SR, BRI IR SR T 6E
ISR ZE, X EI REAEUFL, S G AR R, B
A A AR BRI TS AN R T RE T

VAR HARS: RERSHUEIAEI TRERIEARTR, [ WA F AL BEER
TR BI M E BRI T, AR le:, 4
WM AL B AR A B R S U, AR R B AL BT R
H R BRBEROGAE M U, B 77 S LR A IR S ST A4 A e sl
PRIRSE IR RE

(=) REERER

AR R T HA OO e AL, B DU RHEIR T 4]
— R SRR, SR AR SR SRR, SR
A AL ORI RS, AR RO R, M se R
BECTHORIERIRIRS ;. =R, STERT S IE SR
SO IR R ERS , ST LMV RORAER; DU
QUFTIE, RICIR G, QIR EEE i, SO EE AR
0, JERAIHTELTAR AL HRTR,

Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License | 137



IBFEHEF | COURSE TEACHING

. BERBFIGIH5HATE

(—) BEKigIHEER

S E IR EA IS BEE R BAR, AR AU
PRI T RO BN, SERGHATR, BAHR &
A, BEHRASECATN RO ESR, Wl A
3 ETHEEDHT . RESE IR AR A — R E A B
AR T R E B AW E R, EE R A TR
Wofsr, FREHRTHIEEC AR S RAE AR

(Z) & EBZiGT

2 BHCA IR R IR IR AL & 5 (8 S EIS AR IS
£55, BEESHEMTEAS . SR, A, JEal iR
P EIE L LR S NATT RBAET . s A s
FRIERILEE TR, VRSN BEIES 58X, 518
SAESERRIRATI AR S B LE, SEELALA He A
IR ERAT AR, S T UREERXE AR . RSB LT
TR FE R BN, 8Pt IRt A B E ) M s
(v

(=) &FHFIGH

LN RE AR AR DENE A SO G AL R T
FRSCER N AT, EE ARG KA AN BT AT R 4%
BLAEL, P RSRR BRI A AN A . B L Gis T
WHHZ . ANERFT . TREREIFINT ., SRR, R
ZIHETFR, ISR A2 BB G AR AT TR
SERRIAE, ARFESER SRR TERLIE U] . VRACETRIAGN, HEEhEE
WWHE S TSR G, VISCERRE A I 5 T RAL
EHES .

(M) BFLBRASTHETRIZE

APERREGOR A “4e LB EW + T HIFHT + 5 ese
BREEE" W —ACSEiit=t, FRRGEIERIR S, ERST . %€
BIGHT . RN BT RGP RIbRE R R, &
AP RAB AR R, SIS FRes, 2776
Bpr AR 0 FIAMES RIS RE ), YISCHETT AR
FMLEE IS

M. RENEENSHERRRR

(—) RERNEENIML

el g ek R, KEAEFRHT RS aH el & A%
R, AU FUAH AR TR G T RREMPRIA. TTa
ST, U=, BRI TR R IR . TR
BT 200 SRR BOR, WG MU . A SR R s
Ko FIILSL AR, BOH B IR, Bk s
P, WP B ESS, HESSEEA SR AR EDE, R
TR RS, #RTHA Ty S B ae

(Z) EREFEREIGSMA

IS LHEA PRI ERGUL . BIRAEERIRIR R,

R AEP ARG . A S TR, SRR, RHEIHTIY
KGOS, BUESEREEEAA, BT, TRELIES) . S
PR SWGEE, mE R, b, S eBEFERy, £
HEEGHRRIEE W IGECMER, RERE S A RH . AL
S 5AEFREIETE, RENRGAFEEW A, wRETRE, 2
AL, RN RO R, FES S5 e ¥
T

h. BEHERESCHERMLE

(—) EFRFEARE

ARPRARRAL SPOCZL L& = e, b (5 B E BH L
o, SRR B SR SR E I N a2 20, MR A
IMAEE D ZSRALE . w2 BRI RE, LRGPk
ZUMEZP, s nERE, SIS R ARG
3], AR BT AN, PSR  AR HPREL
EEEHE BT

(Z) M3 “143+X” FHRBESHHFER

SEE IR N B9 A S 3 SR, AR R AR
LH3+X7 REAHA R RRUFEGE AL, MET
WHLREYERE . RSB Z BIEENEE T = KE AL, K
AR B S R RARIE I Z el . MR TR AR i
IS, Sk, RMRERLG, RIMREEEANE RIS LS
M, AT RIS AR I I RS, REH TR
P 72

(=) SEESMHESEHEF

VAR PR TR A TR U s e 0 15 9% H AR, 1A
BG5S A RS, RSBl HAE T F
. % REteE R, (RATSREEEES, 51FE
HERZOCHR, REEIeZE, TTRITCIE, ST EikilS
PR RGS, JE it R e A R R ) 5 TR A e
77, W TR ST BRI AR TR R TR

N NG BIRERREIHRER

SR TR A AT, F SR R A
WL TR PO BB, AR R
BB AR, B3 TR R B A 578, SBRAER W
W MO S 2EEE P EE B AR, SRR . RS
5. SO OEA NG, EHIREREER G R, R
R BUr R pIE, e, ASMRYT, TSR RIS
Hersd i,

PR R RO — R R — AT R =it s
MR B PR RASERECR . ASIREER], kAR
BN BRI BRE R . RBAT . BERENE D), ik
SALEPURARE RN R B SRAME ik A&, B
TH, IS rEBiTaa R B S, FEETE ARG

138 | Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License



PIATIR S BBEE, DRGIAMT, RS, SR 0ASEK
SRR, BIRAEAS S PR B IRIBOR
DT, BRBERMAG SN, AR ENR
IR, SRS TR RIS, SCIRIEE . fRR S
SRR .

€. &g

EEN (ORI TR 27 ) IRTRELAAFTE 1) N 2 e v £
T, AERERR N | BEFEERRG =IO A,

243t

ISE S eI e S D R DS e L R T K
CURIEHEE BAR . BEMBERILE A A R LB A TR
BIHT “1+3+X7 FUARR, SEF AT REITTHERIAG] . AT
FrOREH RS, AREE T IR AR, W T E5H
SRR L RA B AT RS A E S ST
JEFFER T RICS:, AL THERA TSI, FLT L
BUGHE, T T MM AES T, TR R Y S A5 01
ey, SEELTHUAL GBF1. RIRSAL R A B R ARE
NG LR S TREEIMIEEDR, WALl
REECTE . BT MR VA U L B

MVEARZ | R BRSNS LR A AR O 5 Y0 0] 2T ,2023,9(52) : 141-144.

[RI5KTF | BARHS SR, 55 RS TR 2R A A s T S S (). RIFECGLE 2025, (14): 90-94.

[BIFRHUS , JTFE  MIYOR , & . BT IR A ARG AIHT 590 (). AR EHTF SR ,2025,44(9): 165-172.

(RS S AR, S BUR” BRR N R R RS A R O R —— DU AU TRRABE A (0] B I4E 2025, 14(35):4-7.
.

BISKFH |, FleT , £40H %

IR I AP TR AE M R R B 7 A iR 7 —— 5T OBE BARIIERR [ WK FBer4f ,2025,47(5):121-128.

Copyright © This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License | 139



	线上线下混合式教学模式在《环境工程微生物学》

