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Project-oriented teaching reform of Environmental
Microbiology based on engineering education professional
certification and industrial demands

LIN Biaosheng"?, JIANG Yulan', XU Gengquan', HE Yugqin™'

1 College of Life Sciences, Longyan University, Longyan 364012, Fujian, China
2 Key Laboratory of Fujian Universities Preventive Veterinary Medicine and Biotechnology, Longyan University,
Longyan 364012, Fujian, China

Abstract: According to the local industrial demands and the standards of national engineering
education professional certification, our team implemented a project-oriented teaching reform of
the course Environmental Microbiology and constructed an innovative teaching model that
integrated teaching, learning, education, and application. We designed 3 teaching projects,
17 learning tasks, and 4 course objectives, improved the evaluation methods for achievements,
and established a diversified assessment system. The reform was characterized by diverse
teaching methods and forms and emphasized the unique teaching and ideological and political
education. After theteaching reform, thestudents demonstrated improved initiative and
enthusiasm in learning and achieved thegoals beyond expectation. The final student pass rate,
comprehensive scores, supervision evaluation, peer evaluation, and student evaluation were all
obvious improved. The project-oriented teaching reform of Environmental Microbiology
achieved valuable results.

Keywords: engineering education professional certification; industrial demand; Environmental

Microbiology; project-oriented teaching
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Table 1 Index points of course graduation requirements and their mastery
L2 B EiE AN RUNAE S AR
Graduation Specific content of indicator points Mastery
requirements
FERTRIIR FARPRIE AR Yo B SRR R A PRI R MU A S M B A B RE . TR RERARSCHEA Bk
Basic PV R 43 BT A e S B R H B 1) Master
knowledge Master the basic knowledge of environmental microbiology and the basic skills of

environmental microbiology testing and monitoring, and be able to apply relevant basic

theories to analyze and solve practical problems (course objective 1)
AR ) RS 4 PREE A W) 2 SR R R B Ry T T4 . e A S SRS W
Engineering TR A TR A R TR TR Ry R LB 5454, B b4  Application
issues Mri el 17 fE DT R GRFE B A5 2)

Be able to use the basic knowledge of environmental microbiology and mathematical

modeling methods to deduce and analyze complex engineering problems in microbial

ecology and environmental ecological engineering; It is also used for comparing and

synthesizing solutions to complex engineering problems, and selecting feasible solutions

through comparison and analysis (course objective 2)
R TR TRABEAED S . A A S SR A S TR R RBUIR X 3h 3, e siAL R
Hotspot M AR e R B, ] AT BT A2 2 (REE B R 3) Understand
issues Understand the development status and trends of environmental microbiology, microbial

ecology, and environmental ecological engineering, and be able to analyze and learn hot

issues related to this major (course objective 3)
RIREI R A A 2 I SO, RS R G IS Rkl 2 ) R e A S iRE h R A b
Quality and SIFIERR BB B R AR PRI AR A S I AR, A RN RIA BRI iUARUE 2 Analysis
ability JramEE R, SCBECE E AR HARGREE H AT 4)

Cultivating students’ patriotism and being able to adopt appropriate methods to develop their
own abilities through learning can demonstrate the effectiveness of self-studyand exploration;
Cultivate students’ perceptual understanding of environmental microbial ecology, promote
the formation of cognitive systems and the cultivation of thinking styles, and achieve the goal
of teaching and educating people (course objective 4)
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Table 2 Teaching design, class hours and course objectives of the course
5 e H HFENE S IREEH AR 20
Serial Teaching Teaching content Learning tasks Course Class
No. project objectives hours
1 WY BRI (R4 1 A . AR R AN MATE S R H AR 4
ZEAl G/ S 52 M w B IR P U W W 5 43 H 1.3
Principles of Common types of Task 1: Observation of individual morphology of  Course
Environmental microorganisms in  bacteria, actinomycetes, and cyanobacteria, and objective 1
Microbiology the environment observation and analysis of microorganisms in and 3
eutrophic water bodies
55 2. BERE . & SRR MAIEE ML
R 1 e b A A B R 5 43 A
Task 2: Individual morphological observation of
yeast, mold, and algae, and observation and
analysis of biological phases in activated sludge
2 AP AR 1255 3. IR RIS AP A K 5 W B bR 5
FREEPE Task 3: Impact of environmental factors on 1.3
Basic microbial growth Course
physiological 55 4. WUEYIR SRR G W S5 ik AR objective 1
characteristics of Task 4: Decomposition and utilization of carbon  and 3
microorganisms containing compounds by microorganisms
1£55 5. BRI S B AL S Y a3 A
Task 5: Decomposition and utilization of
nitrogen containing compounds by
microorganisms
3 WY REEPRUEYIR 155 6. KEFRBLRGTEC T A K 2SR D 3
RO G I AR EEIE (EA) Task 6: Preparation and sterilization of culture 1.2, 4
Detection Determination of medium Course
technology of microbial content 15255 7. LIPS itk S5 BTEE objective 1,
microorganisms  in soil (key points) & 2 and 4
in the Task 7: Isolation, purification, and total bacterial
environment count determination of microorganisms in soil
4 KPR L5 8: KPS E 3
EHHEMIZEES)  Task 8: Determination of total bacterial count in
Determination of water
microbial flora 1555 9: KA B K TR R 06
content in water Task 9: Inspection of total coliform bacteria in
(key points) water
5 SEBHMAEYE 15 10 SRPRZEY S EAE 2
ORI E Task 10: Determination of microbial content in
(FER) the air
Determination of
the content of
microbial flora in
the air (key points)
GED)
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(Zi# 2)
e HrNE FES DREE HAR 2T
Teaching Teaching content Learning tasks Course Class
project objectives hours
BRI ARR AT 11 MRS R 4difk 4
Y, \*5%‘1{ Task 11: Isolation and purification of
Isolation and bacteriophages
purification of 55 120 WS AR RN E
bacteriophages in Task 12: Phage titer determination
the environment
AKHPEERAIE AR5 13 W E SRR R A 2
Determination of Task 13: Determination of algae content in
algae content in eutrophic lakes
water
WM KRCEEE AR AR5 14 iSRRI 5K BTN R H bR 2
Iaji| [ A= e ) 5 7K Task 14: Biological detection and water quality 2.3.4
(R AL WK BB evaluation in sewage Course
Hih Biological objective 2,
Application of  detection in water 3 and 4
environmental (domestic sewage)
microorganisms  and review of
(course water quality
comprehensive  BUEMIMISNEE (T4 15 BUEYIREER L BIE K 2
practical YIeg It & 5 Task 15: Microbial flocculant treatment of
training) Development and wastewater
application of
microbial
extracellular
polymers
WA AERRIE AR5 16 fATHE R R & A UAEY) 5
Microorganisms EE
generate energy Task 16: Simple fermentation device using
microorganisms to produce biogas
155 17: MK BICREDR . UZE PR R
Mk A
Task 17: Recovering energy from wastewater:
microbial fuel cell fermentation for hydrogen
production
/N 48

Subtotal

30%, fUFE B R ERE R SFI AR SE

ST 30%, ELAESCUINIEY . SEYIME 55 58 A
Ol SRS G TS O IR FE ST A 40%.
REASERANE . I RS His
BN AR R UNER 3 R,

IBATRFR ) £l 35 5% B AR
1.3 RIEMEZ
IR YRR S T 2 u b i % 1%
TR R, LS Ik B P Hh T B 4
SEYN AL Gt B K iR 2 R, RS R S
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Table 4 Teaching methods corresponding to different learning tasks of the course

2S5 HIRERETR R HEE ik

Learning tasks =~ Knowledge and skill requirements Teaching method

55 1-5 SRR W B I HOR i B AR S BT S PR A R B

Task 1-5 Master the basic knowledge and theory of environmental Teaching method, heuristic method, and case
microbiology and detection technology teaching method

f£% 6-10 AR KR SRR S R R E ik TR | AL IR SE R G B#E

Task 6—10 Grasp the determination method of microbial content in Discussion method, task driven method, and
soil, water, and air case teaching method

{145 11-13 TR A AL G ) (R A B A [ AL L AR5 IR A LR ] vk

Task 11-13 W 5E Jr i Problem introduction method, task driven
Understand the separation and determination methods of method, and exercise method
other types of microorganisms (bacteriophages, algae) in
the environment

£% 14-15 BRI K AR . S A A BT [T AL BURTE . RS IKENE . R

Task 14—-15 Master the detection, evaluation, and microbial treatment IR RN ey
methods of sewage Problem introduction method, demonstration

method, task driven method, case teaching
method and discussion method
f£45 16-17 AR T IR KB EHA BORE . SR IFIE S5 IR Bk
Task 16—17 Familiar with microbial biogas production and hydrogen Demonstrative method, exercise method, and

production technology

task driven method
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Figure 1 Analysis of achievement degree of four
curriculum objectives.
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Table 5 Comparison of teaching effects before and after the reform of project-based teaching

25 I e t K505

Type Before reform After reform t-test

SNt MEZE BT Number of classes implemented (per) 5 5

HIRIEG A EL Number of students in each class (people) 38, 36, 39, 36,38 36, 39, 38, 37, 36

A KeHE NEL Number of failed students (people) 2,3,2,2,2 1,0,0,0,0

WK £-4 % Final comprehensive score (score) 73.3£1.6 79.2+0.8%* t=-7.801, P=0.000<0.05
B S3FE4/r 43 Supervision evaluation score (score) 78.3+0.8 81.240.6 t=—1.506, P=0.172>0.05
[RI47FFH 43 Peer evaluation score (score) 84.35+2.6 89.7+0.6* t=—6.152, P=0.000<0.05
FHEPEM ) Student evaluation score (score) 91.2+2.1 96.2+0.8* t=—5.254, P=0.001<0.05

* RN R I E(P<0.05)
* indicated significant (P<0.05).

IR AT S s ok, EahkwE . 25
PHE . EAES R, ARESCBLM ST . TE M
Lot HE ML SE BB E AT ST, 1K LR AR I %E /Y
R BCREFIR IR R Hbs, Wi B

X P 7 K D 5 1)
RN, 3T TRHE L AE, L
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