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Reform and practice in Microbial Engineering Technology and
Equipment teaching based on outcome-based education theory
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Abstract: Microbial Engineering Technology and Equipment is a core course in bioengineering majors,
which highly emphasizes the development of practical knowledge and applied skills. The theory of
outcome-based education (OBE) was adopted necessarily in this college course teaching reform
emphasized in three key points: 1) to clarify the ability of the students in the course and then formulate the
expected learning outcomes; 2) to optimize the entirely teaching process, including the integration of
instructional contents, and finally a multiple complex teaching-learning platforms of “Class theory
teaching — Learning in the network — On site teaching — Computer simulation” would be constructed
successfully; 3) to diversify student-orientated pragmatic and real-time evaluation methodology to
promote continued improvement of instruction and educational alignment. Through these reforming
strategies, we could leverage the students self-paced learning skills, and thereby promote a higher level of
excellence in college biology curriculums.
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Table 1 Relationship between ability objectives and graduation requirements, and between ability objectives and course

intended learning outcomes

PSR ABAUEARA
Graduation  Ability objectives

requirements

VR HAR (UM~ iR

Course objectives (course intended learning outcomes)

1 TAEHR BEEY TREL W SUSAZ ORI, EREWHA (1) FRBEY AR TESREAEI, Tk, M, FEi7

Engineering i
knowledge  pogsessing core knowledge and technical skills of

bioengineering

A TR R IEEH . TARE, [ RRR

(1) Solid understanding of the basic principles, process, and characteristics
of micro fermentation process, as well as its equipment and system,
including equipment structure, working principle and operation

2. [AUIHT (1) REREARME TRER A 1S AR SRR A W 2 (2) 12 FHBRAE AEE AR 347 AR DR S A ) TR o A 7 R (R IF

Problem-
solving

YRR = A P AR R DG BEER TT S K

o (1) Ability to identify and assess the key steps and
ability parameters in a microbial engineering production
line by applying the basic science of engineering

AT RS BB IR | HORFIEE., Bagis Iz
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(2) Ability to address and solve the technical issues of a micro
engineering production process; ability to select, scale up and

(2) BABERAY TAEMHEIRE S, WEAHEY T calculate the designing parameters of reactor and other key

FEREE T . FRMo T, RIGL6E

(2) Strong engineering analyzing and reasoning ability
to identify, characterize, analyze, and draw conclusion

on a complex microbial engineering project
3. #f5E
Research  Jyyk, sMiriaZe TR, $RHMAHITE
ability Ability to propose solutions to the challenge of
specific complex bioengineering project through
literature review and research

fermentation equipment
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(3) Ability to apply the theories and principles of microbiology
engineering to analyze and solve production issues, and
optimize/upgrade the production process
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Table 2 Instructional content and strategy support to course objectives (example of bioreactor)
7/ Ok 1 N H R PR PR H AR
Bioreactor Instructional content Instructional Evaluation Course
strategy matrix objectives
S WA R A A2 T e n, AR AR, FuRfE,  PRATHHR RS (1)
WY R N Ry PEEE, BT A Class teaching Paper exam
e Basis of stoichiometry and biology, mass and heat transfer,
Chapter 1 mechanical shear force, etc., related to microbial reactor design
Fundamentals of
microbial reactor
design
o BUR T R P R I RE R, BRI, 4k, MR BRepbeR, Bi# s, &2 D) E)
BRERERES ROPHBIRAR, #EEE, &, SAUREE %, Mg GRAE
Chapter 2 Oz H IR RS B A OIS &M Class teaching, on site  Paper exam,
Vented Lk T e teaching, learning comprehensive
fermentation L . . . through network project
equipment C_haract_erlstlcs, basic con_d|t|0n§, st_ructure, g_eometrlc
dimension and volume, air ventilation and dissolved oxygen,
related to the design of mechanically agitated and vented
fermenter; structure and characteristics of airlift fermenter;
structure and characteristics of self-suction fermenter;
structure and characteristics of the Venturi fermenter
== NS R R 4540 S RO RIS Al ke DRasybR, By ZBaliist 1) @)
KBRS MRS, FRRL; WIRE . NPAEZSERIE; CIPIEIERSE B, M%gE Paper exam
Chapter 3 Structure and design of alcohol fermenter; structure and Class teaching,
Anaerobic characteristics of cylindroconical fermenter; continuous computer simulation,
fermentation fermentation; CIP system learning through
equipment network
£ A ERE S RO A (A R S s v . SOl B HESE, A1E%) BTH PPT HilfE (1) (2
SEAINE  BRIR IO . RN . AT YE IS AR YA Project study, P EKiE3
e s o BRI LS R PR SR IR 2% . P (A ) teAm Project Creating
Chapter 4 Animal cell culture bioreactor (mechanical agitation bioreactor, PowerPoint
Animal and plant airlift bioreactor, fluidized bed bioreactor, hollow-fiber slides, project
cell culture bioreactor); Plant cell culture bioreactor (suspension culture report through
bioreactor bioreactor; immobilized cell bioreactor) PowerPoint
presentation
FHE WA RO A LRI RSTHOR . 28 S ioR . ekies  RHEs EN ik (3
WAEYIR AT RIERIYEOR s ORI Case study Paper exam
14 FE 3B R Scale up of equipment size and capacity, air flow, agitation
Chapter 5 speed and power supply of microbial reactor; case study of
Scale up of equipment scale up
microbial reactor
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Table 3 Method and composition of the learning assessment

AR HAREAN SRy WIARZE I RISt
g Performance grade (r,=0.4) Final exam (r,=0.6) Total grade
Evaluation of the  Flk 1 Ml 2 IRERI B2 WIARZE I BIARFE K

course objectives  Assignment 1  Assignment 2  Class performance Mid-term exam  Final exam (A) Final exam (B)

H bR E 20 30 25 25 64 36 100
Available score

R P1 P2 Ps Ps Ky Ko Z=rP+r,K
Average score P=P+Py+Py+Ps K=Ke+K,

FHr k0.4, IR STTE BV S P A AGE
FEr, 0.6 HARM 7 s Gi sin 2 3
FFR

A FEE AR B SEBS AN E , S
PEME 1, ZEG 4R 2, PR RIAI P2 4 0,
FEIAE I R St A R B r 4351 0.2, 0.3,
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Table 4 Evaluation and methodology of course objectives achievement
[ZEAER FRZIAT HARHME ey BT T
Course objectives Evaluations Outcome score  Average score  Calculation of achievement degree
TR E AR 1 I st il 1 20 P1 AR 1
Course Performance  Assignment 1 Achievement of course objective 1
objective 1 grade e 25 P3 Lx(PR+P+P)+r,xK,
Class performance I, x (20 + 25+ 25) +r, x 64
Wk 25 Ps
Mid-term exam
WARFE(A) 64 Ky
Final exam (A)
PREE E AR 2 el 2 30 P PR FAR 2 IS
Course objective 2 Assignment 2 Achievement of course objective 2
WAREA(B) 36 Ko Rl
Final exam (B) I, x30+r1,x36
PRFEE R 3 1Rk 2 30 P2 REE H AR 3 B
Course objective 3 Assignment 2 Achievement of course objective 3
e
r, x30
RFEE HAR EPPST 100 Z=r1P+rK TR H AR U

Overall objectives Final grade

Achievement of overall objectives of

the course (i)
100

4 HiRTE

WA TR T Z SR G A TR
BoOiREE, 22 RIA R E R, R EN
P ROAZT TR T I T #e e . AU 4 T LA
ORI B E B RUE Y TR T 2 iR
FER BRI SE BRI R o FEISE PR A T 7 2] 7 1
#8382 o0 R Y e SR i
B, TR TSR . RIFUK
fifp S bR TAR IR A RE 1, I J 3 # WLA H
PR PR A R, e (R PR g et , f
URFEE H bR L RS v | DR St S B AT AT A
Mo TEA R A R, AL 2 ARSI IR
17 OBE #HME, B o8 R A 2 A R
X, BN —ERAEY TR aBEY T
e T2 5B IR Tk
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