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Thereform exploration of Microbiology Experiment
teaching oriented by active learning

LIU Xin-Yan LIYu LYUHeXin WANG Jian-Ling WANG Chun-Xia
(Schoal of Biological Engineering, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Microbiology Experiment, based on the Microbiology theory course, helps students
converting theoretical knowledge into practical ability. The traditional teaching method adopts the
indoctrination teaching mode, so students are in a passive learning state. In order to transform
students from passive learning to active learning, Microbiology Experimental teaching is reformed.
First, from the analysis of job requirement, students are clear about their learning objectives. Second,
to improve the students’ learning initiative, a variety of heuristic teaching methods are being
practiced. In addition, the opening of the Microbiology laboratory transforms students from the
experiments’ participants into the experiments' leaders. Microbiology Experimental teaching reform,
not only mobilized the enthusiasm of students to learn, but also stimulated the creativity of students,
and improved the students’ experimental skills.

Keywords: Microbiology Experiment, Teaching reform, Active learning, Heuristic teaching

TP RAR A Y B TIRRSER I PSRRI B N Tl AR AR BUE Y S
TR LS seiiA . Moh— ISR, kY RREREOR ST, WA SRR B e A

*Corresponding author: Tel: 86-22-60601958; E-mail: liyu@tust.edu.cn

Received: October 19, 2017; Accepted: January 26, 2018; Published online (www.cnki.net): March 23, 2018
*BIE1EE: Td: 86-22-60601958; E-mail : liyu@tust.edu.cn

s HER: 2017-10-19; #FHHER: 2018-01-26; M4k % HEA(www.cnki.net): 2018-03-23



XVCIFEE: DL 8l > R S 10 i U E 2 5200 B O R 2281

W, IR BRI AL SERRARE ST o ARSI B
A -1z A, ERUEHI ISR
BEAFRE HANEENG, ZJasA BRI IR T ok
WA o LA AR B R AL B B A R A ROCR 47
REAR P BRI EEA R, (R SR 2 A LA
RS AR, Ao WERZ . N TSR
EERBURE, SR A SERARENT I I RBCR, fi
PR T AL BT, WA
DRIEA TR
1 DARZFIXEREM, 2 ERiRE
SR oA PSS

AR AR AR Tl B o 2 AR b
ML ML 2 BB R R AR TR , H 2R A ek
WK TIrm, el e T I AbRRES . GH
PRIV RIRZ , AR REE Rk ARl By
PRI RE R R C 2 i, RORRER T
AN o BTLL, S Tk A28,
L5 G A R BT AR RE R A PR . 5
th R v 8 oo A E DN X VAT [ EVAT R L 3 AN 4
$RE, JFRH XL REn] LATEAS PRAR A MR L 5216

FE BARPRD . P —iR, i Ak
BRI RS 8 () 37 B kI 77 B o 7 2 MR L i
EOR, IR B R . RE, AR
THE YT AR 38 2 W 52 56 mT LA = ) 3 JX 4
BOLRE S, JFETERM b, ZIMH T e, Al
i F R SCRR R A TR, 1 AR B N e A0
b V7 I s S B 1 R AN IR AR SE IR I H Z [5G R
IR BN T I ASBRARAE A A A0l P BE A 5 4
J1, WHEARERS, s BA Sl H
b, BRI T A E IR, PR TR B
IR, XA EOR IR AT A28 wl
NFRIATT, WELD AR kgt
HI A AT R AR b AR S, O A AY
AP AR A A TR A RS, AR
AN L) RS NS K7 OB i S (MBS VAN S F VAR 5
SORSG A S TR, T — AP A s
BPRY . BRSNS AL i S R AR
PESCHI H Z A5 R ILIE 1o ik 1 P, 5256
PRE— o WIEA LR L ZR G HRE . UEYIRR SR
3 5 2 A8 FEAS 1 RE AL A5 0 B A S U E W B 3R 4

Comprehensive skills

®LExperiment: Aerobic

experiment of lactic
acid bacteria

Basic skills . .
® Experiment: Inoculation

and artificial culture of
bacterium
® Experiment: Inoculation

Asepic technique
and culture
techniques of

plate count in food Familiar with Micro control ifici
. ! . . - and artificial culture of
®Experiment: Coliform  "pacterial testing > position CHCLODIBEI S veast
counts in food ’
Basic skills ® Experiment: Preparation
and sterilization of
Preparation and bacterial culture media
sterilization of @ Experiment: Preparation
© vt 1 ) ) culture media and sterilization of fungi
Experiment: 1he Comprehensive skills culture media
fermentation
experiment of - s el
. Basic skills
a-amylase production Fgl;ll;lar . . @ Experiment: Bacterial
by Bacillus subtilis P R €  —— erme.nfatlon mop holo the
® [xperiment: Lactic Frizrt L Microorganism IPACIOEYS o
S . process construction and use of
acid fermentation morphology

the microscope
® Experiment: Molds
morphology

1 FEERNL. AT SLIRAESARIELIT A 2 HHXFH
Figurel Therelation among position applied, required experimental skills and the experiment in this course

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



2282 A 2 A

Microbiol. China

A BEFRIERECH S5 KRS, T R ER G R
AR RIS . R R E R FEA R
TR PRI R AR TR, R Bl A B B 5t L K
FEVIEARARY, AR AL T 2K A W A
JIT IS T LR 0 TR 14 LR A I S R
TEATER™ T B A I S0 S5 5 A P SO R
sz,

2 ZMBEER#ETEMHERS, URE%
A2 S Eghik

SR, B T AR S TR
WIRFE, PR BRI R, SRIBCR[FI Y )
RAHEE DR e e 2 2] F 3
21 REXBERHF

PRI RELE ATCAZIRZ, ansf i 2ga:
138 B 50 FJT I W2l R B A JEk
FEAR A A X 2RI D RS S5 1 iR R
AR SRR R I MBS 5, A A
W REBRR B, I ImEZ. Frh, #43
Tl W S0 P A B T8 PR S 56 0 e A M
R kA . WU R B 2R #0m
AR A
211 HIPIREEE

HBR: BN E N (NS HR) > F Ak —
LI R EG AL BRI P 22 R A TS R .
U AN e K B R G ki, B AR
FERBEE BN, ih2eE kit . BiE s
SRR B R N, 25 BRI C R R, 22k
AT SEI R . PR PR T RS R A B K
M, WIRKHME, BT BRIREE IR DG . R
PR E 2 H B R LR A A I R ()2 A
BB IR, AMAZIEM I, s Rt
W REFT B e 2
212 ZFHREE

M 2E Al I Bl — I T RS 1E A A
D SR s e oyl R vk L (9, RN S S
AR A TR, (2R BITR R, BRI/

i B, EURTELIE, LA 7 B R
PR . ALFLAIK B X LIk, Seik A
A CALFLE IR AR . A LT ik FiAE
T, HRAERA RS R R, A h s g
H AR R Td, ERRARERILIF. %51%
I 2 B BN, 2 AR 7 B A DT % 14 E A A L 12
PoXT [ OB LA L AR HLAE Ry v A
B, EREAHDFLEEHCICFZ,
22 S|1&E4EBEFRITN

2 5 S 0 22 S 2 P AR A U2 1 230 i
P 3R 10 S 6 A5 TR AT BR 0y S 2 A Ay S
By o Pl T A VA LR [ B 2 5 o S SR i e
U e B B 5 R S A5 R BT i Sy R 2 (]
IING R A A AL SR e R %,
ITSEHR LI SR 22 TSI IE . R Tk
JRBISZAR R O b, 2R (G Se g 4s
ML, T AR RIZ0 R A AR AT, B TR
PRSI B E TP IVE T, WA T 22k R 15 ]
HORE ST o SRS, BT SR BERE AN B X HE R A1,
R —FOR A, S22k BTSSR, 2
R R CIiUE K S SRR Ty A/ Y D |7
75 WL 455 S o S A0 T b ) 2R 96 40 S M 8 6 A5 )
AHE, FRE R CF LANE RS ETM) Y,
MR RT . Bk e 2 R 5 H0 B (L5
Iy FP R RE A S I B BRI — 2S5, 2 R AR T
PEROSCIGHO R IR | AT . MBS, WA
A — B2 G 2 R R B My s
FRAFSEHY, Ak B TR FIRIZ SE I A A
FEIVER . e (BB SEIn ey, %07 ik S A Bt
i T2 IRIE Al B RE T
23 BIAAEMHBZEARSHERBF LR
f e

1 BN SRy LRl 4 242 )5 =X, (Team-Based Learning.
TBL) LA BA M R B, 2% 7525 31 /N2 P i ek
AN BT 3 iR SRR R
A DL SRR, I LRSS R AL [ 5T 1

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



XVCIFEE: DL 8l > R S 10 i U E 2 5200 B O R 2283

RIS AL, R RSk AE ., (HEEEE
e AR, HRREATT, HEE A
ANGRZ  TCACARZE R, L 0 i R ) B B 22
fiFA TBL Zerh Bl LBL Z2#¥(Lecture-based
learning), BM&SGE X B7: . WiFh i diAe a
Bis, RSB, AL,

LRI EUAAEE X —WIWRHCRAH TBL 5
LBL BLa#srid. Bk, BINEAFA M ERER
BRI B A ORI i, Z G RINAFE A —
A, WRMEYLR P RERNGER., RE, F
AEIRACGRIHR T & TR, T AATIER, 2R
SPGERR, KRB SR, A T
i 30 2y S v B Al AR 22 TR, G R A AT TR
UTTIRESE , BARTE S0 h 2k PR AR BUR B TR bk
BN SRARAEA M GRS , A AT REAE 3 A
TGRS e A F) Sesha rh 2 E R
Sk . R R, SRS R K
i S B BT RE A I A BEAR TR A N BRI
25, WSR2 S e R S AN Y, #RRR S RS |
BIESEfE S R A A AT, AR
T AR R SCER I RR T, T ELE R FE T
W, AN DR R A L N RIRZ], {2 A
CALRE RN LAY L R R 0, R I P42
FAPIEARREY ) 2 {ORETRTRZ,

24 EHEREBOR, BAFEH#HITLEHEEYE

FEZIM 22 LR R 5, & PR N
M, Bl RO B, R =
MIfEST, iR fE B TR FEARA R

. AESCIR 7 HE R A B 2E AT T Y A
Bl RIS SCRRAR IR, 2R
TRz B, R Tk A BRSO,
T LR BCF N AT P IR i 2 AR R . T
n, 2T R SR 10 cm-15 cm (1)
TIEECE AR R B, AR
A GERE A B R ZF AT R 2 A A T X SR
E— D REIR], A0 SR AR 16 7L IR Py T TE WP e b 5 R

FEWR? U, “EAE AT BRI R
H Bl A 0 ) SR A M 32 L i Y A A PR
FANRIER PG . SN, SRR A R k3
BRI 7% AR L ER/NA—, 22— RAEE
i 3 A PR T ARSI 7 o it — 23
8], St 2B EAR LB (FOERRES D) A P ],
JET R A K AR R LA 2 R A M
S NG R AN TR B 2 AT B 2 1 ARG
R A
3 THMEYERE, ILFER AN LRKE
FH

T RS FARI A NRIERE ), TR
YA R A R RE . AAROR 2 A 50
E OB GMRIE, 27Ty S,
PP A B AL R R T —
B fEXH, AAERTRNESE, BITEE
ASRMIHORTE o — IR I — 0B, ik
A AATESCER . SRR BT, A
FESZ 50 B LEAf 5 T B R 25 T b B AN IE . e
A B FMERI , BN AE FUE R A S, T
SERAULA AT R, ikt A 2 Rl
A I R AR PR S FR B B (AL, S A A
KRS HEZNETE, TR T E0
RESIE. BEd R, AR 2R EE SR

AR e, OAZNHTHAL, SERr A
TREHIEAS N A 2 It 5
4 HiE

fegdgs R MR P 00 5 i 8 22
PR, SRR A RS R, N T AR
M B T AR F Bl Bl TR E Yy e
FEAEA T . ANRE AR 0 H BRI
g MRS . TP RS —TER, 1k
AATOFFERL 0 R 775K - RE IR S IR = 1W]
MR, ST, AR R B A R Se iR
AR Rl e, I~ HARIEMT, 52~ 5h

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



2284 A 2 A

Microbiol. China

Ttk fEZJERERRET, BOME R ERR SRR
HE R, RO R R R Qe ik e mee s
(27> EBtk. ERRESL, ALK A4S == Bl
By, TPRCE SRS, e NSRS S
FOEAE NS ) 3, R A% T ELRE
Eo)d IR UR o G sV SO ve S € s S 0 I e
TR | WOk TR T | 4R T AR
SCERECRE, A EIRN T AAE A A R AL T i —
AHI .

REFERENCES

[1] Yang RD. Modern Experimental Technique of Industria
Microbiology[M]. 2nd Edition. Beijing: Science Press, 2015:
172-180 (in Chinese)

LA, BT A2 SE R [M]. 55 2 B dest: B
2 R4, 2015: 172-180

[2] Ebert-May D, Brewer C, Allred S. Innovation in large lectures:
teaching for active learning[J]. Bioscience 1997, 47(9): 601-607

[3] Du LX, Lu FP. Experimental Technology of Microbiology[M].
Beijing: ChinaLight Industry Press, 2006: 25-39 (in Chinese)
FERE, BEARF. BRI HEOR M. Jeat: R Tk
H it 2006: 25-39

[4] Dong XZ, Cai MY. Handbook of Systematic Identification of
Common BacterialM]. Beijing: Science Press, 2001 (in
Chinese)

R, S0b3e. W LA R %€ FHHM]. Jbat: Bz
Jilkl, 2001

[5] Michaelsen LK, Watson WE, Cragin JP, et al. Team-learning: A
potential solution to the problems of large group classes[J.
Organ Behav Teach J, 1982, 7(1): 13-22

[6] Song YL, Li JH, Yan RR. Management and control of the risk
factors in microbiological labg[J]. Chinese Journal of
Nosocomiology, 2011, 21(13): 2778-2779 (in Chinese)

RER, FEE, PR WEYSREARERNERS
PEI[). hAe BB 24k, 2011, 21(13): 2778-2779

[71 Zheng P. Management and control of the risk factors in
microbiological labg[J]. Farm Products Processing, 2011(12):
64-66 (in Chinese)

P R LI = R KR A S R[], A s T
(BB ), 2011(12): 64-66

[8] Chen RR, Wei DS, Jin YX, et a. Strengthening laboratory
safety education to ensure laboratory safety[J]. Experimental
Technology and Management, 2016, 33(3): 232-234 (in
Chinese)

PRAEE, BUAR, BOHT, 5. MRS s & e H0E RIS
w4, LB S, 2016, 33(3): 232-234

[9] LiuHL, Yang SP, Wen CQ, et a. Analysis on critical control
point of point of microbiology laboratory safety in colleges and
universities[J]. Experimental Technology and Management,
2012, 29(11): 198-199,213 (in Chinese)

XEERS, Bttt WERR, & RRE Y S s Ak
SEPEHL AT SR EoR 5T BE, 2012, 29(11): 198-199,213

[10] Wang P, Wu YF, Lu JL, et al. Comparison of protease activity
of Bacillus subtilis in soils at different locations[J]. Hubei
Journal of Animal and Veterinary Sciences, 2014, 35(3): 12-13
(in Chinese)

T, Ty, SILE, . R E A5 i R A AT T
FEER PGS 1A E R[], WL B S, 2014, 35(3): 12-13

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


