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Building and practice of the “2+2+N” innovative teaching system for
Water Treatment Microbiology under the background of emerging
engineering education

JIA Meiyu*!, XIN Mingxiu?, SONG Zhenhui’, LU Binyu!, XU Lingling!, LIU Yajie!, YU Xiaoxia!,
GUO Yadan!, YAN Xifeng!

1 School of Water Resources and Environmental Engineering, East China University of Technology,
Nanchang 330013, Jiangxi, China

2 College of Life Sciences, Beijing Normal University, Beijing 100875, China

3 School of Metallurgy and Environment, Central South University, Changsha 410083, Hunan, China

Abstract: Water Treatment Microbiology, a basic course for the undergraduates majoring in
water supply and drainage science and engineering, plays an important role in the cultivation of
innovative talents in emerging engineering. In response to the problems in the theoretical
teaching, practical teaching, and ideological and political teaching of this course, our group
carried out teaching research and built a “2+2+N” teaching system for reform and innovation. The
system includes visual teaching to consolidate theoretical foundations, innovation of the “pre
class-in class-after class” teaching process to guide active learning, and integration of in-class and
after-class competitions into the course to strengthen students’ practice and innovative capacity.
In addition, the N-dimensional affinity is added to the course to guide the fostering of value. After
teaching practice and continuous improvement, this course has been approved as a school-level
ideological and political demonstration course, with one provincial educational reform project
finished and five educational reform papers published in the past three years. It has received good
feedback in terms of enriching the professional knowledge, improving the practice skills, and
enhancing the research innovation capacity of students. This innovative system not only enables
students to integrate into the classroom but also encourages them to step out of it, the students
taught with this system have won third prize or above in seven national level discipline
competitions. Moreover, this system helps to form a harmonious teacher-student relationship
during the process of mutual communication, achieving entertaining and mutual teaching and
learning between teachers and students. This teaching reform and innovation system can provide
reference for the current teaching reform of engineering courses in local colleges and universities.
Keywords: emerging engineering education; local colleges and universities; Water Treatment
Microbiology; teaching reform; building of an innovation system; teaching practice
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students from grade 18 to 21.
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Figure 2 Reasons of learning difficulties in Water Treatment Microbiology.
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Figure 3 Achievement of course learning for students in grade 18 to 21.
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Figure 4 A survey of difficulties in chapter learning among students in grade 18 to 21.
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Figure 5 Evaluation of teaching methods for this course by students in grade 18 to 21.
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Table 1 Experiments arrangement of Water Treatment Microbiology

Frs SERIUH 2 SLEG A I3 YR

No.  Experiment item Class hour Experiment type Grouping requirement

1 A RIEZS | FRIRGSHE B LSS 2 e SL g (IR WN
Observation of the morphology and special structure of Verification One person per group
microorganisms experiment

2 A= B G O BOR R P75 e W4 2 ek SL 5 B 1A
Staining techniques for microorganisms and activated Verification One person per group
sludge observation experiment

3 B FREER 25 . e RE TR 2 LR TEsi 4l 4-6 A

Preparation of culture medium, yeast counting Comprehensive 4—6 persons per group
experiment
4 iR R R D e IR G R 2 gt A 4-6 A
Isolation of bacteria and counting of live bacteria in Comprehensive 4—6 persons per group
activated sludge experiment
5 AT R K Hh A RO 2 gt B 4-6 N
Determination of total bacterial count in drinking water Comprehensive 4—6 persons per group
experiment
6 KA AR, AR ORK PRI E 6 S attEsis Bdl4-6 A
Physiological and biochemical tests for coliform bacteria, Comprehensive/ 4—6 persons per group

determination of coliform bacteria in drinking water

Design experiment
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Figure 6 Innovative teaching concepts and ideas.
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Figure 7 Specific measures for visual teaching.
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Table 2 Examples of visualization knowledge

Ea R ATRRAE AT

Chapter Knowledge Visual operation

B R AHRE R =LER A R PPT Sl A 1 A RE 2H il e Sk

Chapter 2 Prokaryotic ~ Cell wall Using three-dimensional color images and PPT animations to gradually

microorganisms present the composition and correlation of cell walls

WA HEBUEY) EREER I ZEARRATE S RTRSIE A R 2R AR . R Sl i B A S U AR R £l

Chapter 3 Eukaryotic ~ The budding reproduction Using a series of images to demonstrate the budding process, and using

microorganisms and life history of yeast animations to explain the changes in haploid and diploid types

VIR T TR ST IREE Y SR P gl s ORGSR FIRERS PR B4

Chapter 4 Virus The shell structure of viruses Using animation to concretize abstract stereo symmetry and spiral
symmetry

BhE BUEMIRETR BUEYIRE SRR H4 R 53 B SRS B TR AR L) OGS L B AR 40 9 25 3 ST %A%

Chapter 5 Microbial Nutrient types of Establish a table for dividing nutritional indicators and corresponding

nutrition microorganisms microbial content

NE BUEMRA RIRIER T TE R IRIE IR A B AR A SRR Shm BRI R PR, A Z

Chapter 6 Metabolism  Tricarboxylic acid cycle A AR RN AN 22 ol (B A T i 2 2l R T A

of microorganisms By inserting explanations on the tricarboxylic acid cycle diagram and

animating each step of the cycle, the complex process of multiple

biochemical reactions and intermediate metabolites will be clarified
LT MUEMIRAERK BUEWSIREIRR T BRIRIE . WREREAR . R IR B S TR, ARSI R AT
Chapter 7 Microbial Separation methods for pure 2B EAEAEIE G210

growth cultivation of Presenting methods such as Streaking, Pour Plate method, and selected
microorganisms culture media separation in a series of diagrams to visualize specific
operations

®3 ORPARLEELEAS]

Table 3 Examples of visualization measures in class

AL 2451

Visualization measure Example

2B 4 BEXF A B 2 A MR B o F IR G , Ui A= v DAFES= )il A B Es R, AT
In-class Test T EE IR R IREOR

In-class tests are conducted for the self-study part and the new learning part, and teachers and
students can see the test results on Xuexitong, which is helpful to understand students’ learning
situation and teaching effect

IR 3 ot FERTTE T8 e N HRAE TR E TR, Iz G AR AT B A B, s &
Knowledge graph TS
guidance Designate a student in advance under the “selection” operation of Xuexitong, and the student will lead

the other students to review the chapters they have learned, and the teacher will guide and supplement
JBCHATE 5 HOM S R PHRB IR ZARNE , IS S F BRI TCR, hoA R AR A T 20
Body language norms FIE AR EOMAA Ty, R, WA ESF IR G HE , TR FIURE AR & L BOR &0 1% B
Teachers improve their teaching skills and artistry, such as concise speeches and accurate
demonstration operations, so that students can clearly understand the teacher’s words and understand
the teacher’s behavior, and at the same time, teachers and students abide by classroom rules, then it
will practice what you preach in classroom knowledge and ideological and political courses
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Innovation in the teaching process of “pre-class—in-class—post-class”
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Figure 10 Technology roadmap for integrating competition into course.
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Table 4 Correlation table between microbiology related projects in competitions and knowledge of Water
Treatment Microbiology
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Project name The correlation between project content and knowledge of

Water Treatment Microbiology
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Development of a portable quantitative detection device for (1) Isothermal amplification technology - Genetic variation of

water source pathogens based on loop mediated isothermal microorganisms

amplification technology (2) Pathogen detection - Water Hygiene Biology
— ol BT R R K AR SR (1) HE¥E- R RUED)

A new type of fountain device for eliminating blue-green (2) KK BEARAE-IK A A P i AR B
algae bloom (1) Blue-green algae - Prokaryotic microorganism

(2) Eliminating blue-green algae blooms - The growth and

reproduction of microorganisms
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Exploring the decomposition ability of cellulose (2) I iRee S - E R S AR

decomposing bacteria in natural environment (1) Cellulose decomposing bacteria - Prokaryotic
microorganism

(2) Decomposition ability - Microbial nutrition and metabolism

RO T < B €0 4 BR TR 0 0 TR ) 4R (1) &8 BRI - A9
Preliminary study on antibacterial effects of three essential  (2) & -AMIILEH . BAEY A K
oils on Staphylococcus aureus (1) Staphylococcus aureus - Prokaryotic microorganism
(2) Antibacterial activity - Cell structure, microbial growth
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Isolation and application of bacteria for degradation of high (2) P& I F 4 B -1 A= W B9 A= K (43 =5 4li4k)
ammonia nitrogen wastewater from rare earth mines (1) Application of degradation bacteria in high ammonia nitrogen

wastewater - Wastewater biological treatment system
(2) Isolation of degrading bacteria - Growth of microorganisms
(separation and purification)
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Green water source - A biological water purification scheme microorganism
for aquaculture based on Rhodosporidium (ZDFY1801)
DA 85 v B S R A A T IR AR ) ek At SRR L I P T A - 7 T 5 A

Screening microorganisms for degrading plastic waste from Microorganisms that degrade plastic waste - Microbial nutrition

soil and metabolism
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Microalgae carbon fixation - A new approach to assist 2) Tk T 1 Bk -1 A 0 A A Gt

carbon peaking and carbon neutrality (1) Microalgae - Prokaryotic and eukaryotic microorganisms

(2) Microalgae carbon fixation - Microbial metabolism
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W5 The influence of plastic film on soil microorganisms - The
Preliminary study on the effect of lignin based fully nutrition and metabolism of microorganisms

biodegradable plastic film on soil microorganisms
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Figure 13  Students’ score in Water Treatment

Microbiology from water supply and drainage
science and engineering grade 18 to 21.

IKAL B A P2 PR R AR R S5
TR R
Do you think Water Treatment Microbiology
can help improve your quality?

80
[ 65.45
P R O B R
2018%%  2019%% 20202 20214
Grade 2018 Grade 2019 Grade 2020 Grade 2021
AELR
Grade

B 14 1821 REE M A RIZRI FFAIFMN
Figure 14 Evaluation of the quality improvement
of this course by students in grade 18 to 21.

DR M PR R TS, 8 oA dRk
CREIEPIIE ISR = Y N - N2
ERopFREINAY R B UDATRINER S a kR Y IR
DRAEAS 5 ST AL P2 T 5 s A X R AR 2 T /Y
BB . st S mr, Xl B BLg A
AR SR MR %, B 17— T
IWHIAZE G HTEETT . SLse it 5 St aE /1 A

e 8 PR TETERNA
= Types of award-winning competitions
14001 o raen
B 0 A
%::z 2 12001 Number of awards ]
@ £ 10.00}
=2 8.00F
= £ 6.00f
E%\ "E 4.00 - % %
- e 200f . ¥l
= ool
= 20204F  20214F  20224F 20234
E n2020 In2021 In2022 In2023

BEl15 E4FRHAKMESTIENERU LTS
REIFR
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Figure 16  Analysis of differences in second
classroom scores among students in water supply
and drainage science and engineering.
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