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Improvement of undergraduate learning effectiveness and research potential by
“course-based undergraduate research experience”: using the “Phage Hunting
Program” as an example
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ORGSR %i’m@*ﬁ$¢f@%a#a? T
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7 * 1 (Kinkead,2012) > = § 4 #7 7 (5% > 7~ % undergraduate research experience &
R URE: $1%0% 83 kiid § 3756k © § {0 A5 + URE 30 58 s
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B g ’ﬁ’{é’ﬁ URE kp» <54 5|3 &%p@p i 8 2 0d EFFERE

1 35? D RRROERT o AT AR RS T e h S - e
W T RS 8 Y #F' ERPERAFP DR EEN TR Ft 7 LB e
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# I 77 SEA-PHAGES program #_F % %% < & fuid % h— 12 “national model”
B # 4 e CUREs 3+ 3% (Heller et al., 2024) » — B 4§ 2 The Phage Hunters
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lt*_rs P T S g 4 R R AR A i p T L BT IR A F
R A RE G AT R T SR e R
“‘%gﬁﬁw’ﬁﬁ$’wpﬁiéww’wﬁﬁ#ﬁaﬁﬁmeﬂﬁ’ﬂw
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42. LAHRBEROKELR
(1) & FHATER

FEAOPAE PAod w R o B 0 BRAL AT R R 2R AF RS FI e
o4 WAL AT o EFA AR AR EERER DD
troubleshooting = 3% % #% ;% 23 & o

e BRI ERRL I G HATE

#F=x ¥ = 3 4% syllabus
emE AR R BHAR  FREL 2RANE
week 1 |® Pre-course test

* Pre-course survey

* Intro to Streptomyces
week 2 |* Soil collection and characterization (I)

* Practice: Plaque assay

* Soil collection and characterization (II)

WEsss |8 Phage Hunting: Phage Isolation and process soil sample for enrichment

* Soil collection and characterization (III)
Week 4

* Phage Hunting: Phage Isolation and process soil sample for enrichment
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Week 5 |*Phage Hunting: Phage Isolation

Week 6 |®Phage Hunting: Phage isolation and Purification

Week 7 |*Phage Hunting: Phage Purification (II)

* Phage Hunting: Phage Purification (III)

Week 8
* How to make a poster for conference

Week 9 |*Phage Hunting: Phage Purification (IV)

Week 10 |* Phage Hunting: Phage amplification (I)

Week 11 |*Phage Hunting: Phage amplification (II)

Week 12 |* Phage Hunting: Phage amplification (III)

¢ Other characterization

Week 13 |, Lab practical (Post-course test)

Week 14 |*Phage DNA Isolation and Characterization (I)

Week 15 |* Phage DNA Isolation and Characterization (II)

Week 16 | Oral presentation/Post-course survey/PITS survey*
*PITS survey cP¥tpeies € & § FRBMAF I FPFFRIBEIALOFTFLER

Q) *FZE
AGRFE 2T HBRFN N TN REFIF AR LS FRENE h s F
FERWEEFT » (s s Rk % 4 P E_ A - 4 b % (lecture-type) ¥ F (7 o

4-3. B2 A I Py E Y Ay EE 1 B
TEEFFTEFE IR R TEARF I AP (HT) a L E @R
HAALTF UL AL DGR LA RS o BRI NS E T RGRF R R
SREA o w GG E IR 0 15 AR E - B AT AL A R 0 RIS R
befE T NP E R BAHRFLEL ALY 0 KB R E=HETIELS 60% +E HiEA T
35 20% +IF 30 T35 20% o
21 ~F33FTHEN

item percentage description
HRE AR 10% MR PR E
PRE W] PSR 25% & % b3 o0 Pre-lab quizzes
R B 20% B A Rtk A
F SR TR T 15% % B4k (7P| (post-course test)

T+ 5 30% LU SE I
5. TR EHF 22 (Research Methodology)
5-1. m 1 ##
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3, (#8,4% Pre/Post course survey #Fv PITS survey)

£

i # K 4 PITS survey Z Control Group & Fg

3 #

. ‘ Pre-course test ” Pre-course survey ‘ Instructor survey
"

N | i | |

U | metmeey |

R

E | BBmATAE |

ES | I—»‘ Post-course test

72 | mies |

2 Post-course survey
Ve ! > PITS survey

P BEEE | o
# GEm) | i
5

ol [ mmssa | [ snmsen |
i i

e | swsets | smAsopkR |
23 i

| BHARRY |
N e e T

52. P WP %

AR ERIR LT REF A B PAPM R R o T D

4_HHMI (32> ®# CURE #HAz '—Phage Hunting Program | % — %4 —3R:E
i3 A AR 5 R At A AR AR AT g 1 F

53. mi # % s de
FIHRAR ST BY BB SRR RGN L > 00 S P EF K
%i’ixéﬂww%}%*i§i(v%ﬁ%@ﬁﬁﬁ4%§%)§@°éﬁﬁq
o it {7 PITSsurvey PP g MEBRRBMAFE (BEF M ke ERfp) kAE
BREMIFERHROFFEIHRE S AE g UL FIFF D SN DAET
FEraEeité el £8 %ﬁwﬁﬁxﬂﬁ<mﬁ*%§ﬁ%%i@ﬁ’ﬁﬁ
Fadkihd Bag A p e E RS RO EY B TP 7R BERGR L FL D
FRAFEREE B R AFETH O B LA - BRZEF
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54. m3 321 L
FE Bk Rls B A4 (FIT) SRR AR CHEFEL NI REARE
Ficsw® i (34824 Likert scale) 3% 2 5% > k24 CUREs ¥ » 342
2% 5 4B PR VT o T A AT AR Y Ty R R s R g
FR1IETEXTFY P FEEFARP
(1) %7 1% (Pre-lab quizzes) :
Pre-labquiz P end B R EEFY g ;k;‘ﬂ—g} ARG ANEE DT E\g‘}g
BREE S PEGR MBS % P FARY FHEDE 0 B L
W 41 Pre-lab quiz ¢4 F o Pre-lab quiz — = & ¥ ¥ 2 375 & 2 30 F ew § gjﬁ;fﬁr
BEFFEHKDTERE S V-3V EE A A EY ORAE o Bfsy BEREL
TV OLEEAPM L FTEE 4 Pre-labquiz Z A B RS kT 2E A B Y LR
% P Pre-lab quizzes F & AR XA TH2 1w § > rﬂlb TRAEFSBEFAS
Q‘[;J%ﬁ’lé‘é 4
(ii) E A S i e

MBI LR T L fF > 56 [ Phage Hunting Program | i CUREs ZAzp % »
?Fi R EREPETTE FRF AFE c REFI A LR D RS L BT
B (TR Foi % T Pre-coursetest 2 Post-course test o iE {7 R (R P 0 €
1328 % (lubrics) %1 2 kffer (d - ) R aed v oy ERy
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B Lopato and Tibias (2010) =f* &3 & Afeenz PR E > Z 0 Een
AEPFAN TR
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BY ABRRFIEARFHRL A PEEL AR A F Y S ER L
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55. F1 RS RR
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PITS R 2R A % € LB F % - FpF  WREKI P EHeY kRiingkg

A B A pEE T PITS survey °

[# » CUREs #A2F iTrFi])

% = i € i {7 Pre-coursetest f= Pre-course survey o #& % > % - = 3 i€ {7 post-course

test > B fs — BT U EEIRE (KEF PP HIrR E X B4 ) I =2 = post course %

PITS surveys ° ¢ — &~ ¢ ¥R 2= =+ PITS survey -

[Fk st e]

i BcIh L L excel &7 Hchh i B T ¥ iR F R (T Bl A AR 1 A %

ML F P fle - B Fw AP A A word AR o

%8 F# 37 = % (Teaching and Research Outcomes)

(1) ®FEmE>%
AEHZE AL I A pHE 1 A2 8 A= uE 2 AhAwHA
FOEEAEEL 2 L EA W] PR TIABY B UK
AP ER IR BHEDP LY E 2 2 A3 A NE 6 1 AT e 12
TE AT K

(i) 3 S ks B i 430

doa SRR kg o Bgp A trac 4 (F 0 RIER) TG Flie B ARy T

CFOGAR (T 0 A BT E g Y Tl R TR R SN LA

Aoty AR o vt b g B F AR (P<0.005) -

FFEARP w3 =5 P i NIRRT H NS 3

ERRIES

By~ 17358 76.4+18.0  63.7+17.7 0.064 4 (36.4%)
F TR

£ FHE T 40.9429.5 88.2+13.3  0.000%** 11 (100%)
Pipette # ¥ 69.5429.8  86.4+9.2 0.070 7 (63.6%)
T AILfE 4294263 93.1+4.2  0.000%** 11 (%)
FiTEIpt S 68.2426.0  65.9+22.4 0.434 6 (54.5%)

21 =11 o * p<0.05; ** p<0.01; ***p<0.005
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B2 2y~ g ? 3.55£1.23
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o 3.82+1.27

ot 4 RN AT A 3.64£0.77

B e e 1 i 4.18+0.72

WP R AKEPE S G 3.64+0.88
il AEARR 2 AFRR 3 BE 4 FR S ETRFR

(V) B2 7 e84 DL
ESe SER AR e
B (p>0.05) > fe } zpt kAR S

» 82 7% 12 unpaired Student t-test A 47 A i 8 ¥ £
CEN S RN LN SR Ve T

# P £ s P &

E ik Sl B g} SRE:

A p LA E AP M R 3.36+0.64

AR WA PEF T R 3.18+0.57

KAk T AP EAR 3.91+0.67
Eaale iR~k i

PARG B E Y B4 4.91+0.29

PIAT G BAE Y T T B AT 4.82+0.39

PR A AR @R 1 G 4.45+0.78

A Rt g RRAEY G hE R 4.64+0.48

LR EEARE BT Y L_;F? g 4.4040.92  0.098
Tl EAARDL 2 AR 3 BE 4 BALS 2FRA o *p<0.05; *

p<0.01; ***p<0.005 o
(vi) PITS A %

fI* PITS R ¥:=f% CUREs ez r» £ F ¢ 2 {7 &
BARBY > B%F BULREOREHND N AR TP LTELER
23 g ikﬁgu TRy & TES ) ke i et R

LY
f

- BaE 4 HBe P @
B S E SR AR 2 2.64+1.15 3.4240.95  0.052
RNOFRFFER LR 245+1.30 3.2541.01  0.066
RAF L EDERY FEIPRE FF 44541050 4.00+0.82  0.071
PR T
Aftp e ARSI RLFE 436+0.64 4.25+0.72  0.354
AT THOFIRGHN - LR A DS gE 4451066 4.17+0.80  0.190
AFIRBAF R EFRAN T E 4.45+0.50 3.42+41.11 0.007**
AR TR EHAD L KRR E R 4.00£0.74  3.3340.94  0.044*
REFTEPF A AHF R Lo 4.1840.94  4.33+0.75  0.342
ANHET ] (G AR 4.1840.83  3.50+0.76  0.032*
Bl PRS- 3.73+0.86  3.33+0.47  0.102
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HILEEARRL 2 AFRR 3 BE 4 FRS AT R - *p<0.05; **
p<0.01; *¥%p<0.005

Fohdizeen- B8 > 5 L SR E oM % ~ XA & F % FAR o

%8 B EAE SR E A
1 2 3 4 5 F¥ iR E
AP LFHRARREFORAINE 2 . 0 1 3.82 0.83
FEFRM AR AREFTORENE 0o 1 2 2 3.00 0.95
HEFERRFECRE &) ARE T HHALNE 1 1 2 /3 3.27 0.96
HEFEREERGAREFORAARNE 2 2 2 1 3.45 0.66
FE PR S R R AR PO RS 2 0 0 3.64 0.48

AL EAEAARL 2 ARG BRE A FRS AETRER
(vil) £ ¥ *rcre & i gﬂﬁﬁn}ﬁg%

e -8 Y &g PITS ¢ anw I]}#ﬂﬂxarm‘}ﬁré}—)ﬁ"*i)ﬁm » B A H
TP AAFRSF A AR A

Coefficients Standard Error t Stat P-value
Intercept 394.116 33.424 11.791 0.000
() REBER (WE) -4.277 1.165 -3.669 0.010%*
(=) R EHEE (RR) 1.388 1.783 0.779 0.465
(=) B #EEH 5.447 1.381 3.944 0.008%*
(1) A B4 1.464 0.957 1.530 0.177

* p<0.05; ** p<0.01; ***p<0.005 -

dr L BE WAL LB HT R RTF] o APREY Lagd hi B
Bablgfte Bigfheim A ir s % R fApH 2 2d 3% post-test 3 & RS
BErE D cHPIT R EFE AT R RHRY A ERFPES > RAFEY A I’)I‘“
PR o Ao Beid T fESARN F 0 4 F]Y “T%ﬁ?» LELFL LSRG L 0 F @
Vi g R FEHE -

Coefficients Standard Error t Stat P-value
Intercept 79.022 88.511 0.893 0.406
(—) R EAFE (WE) -8.724 3.087 -2.826 0.030*
(=) AR EHMFR (B 5.500 4.722 1.165 0.288
(2) a#&ith 3.809 3.657 1.041 0.338
(1) Al 2.503 2.534 0.988 0.361

(2) REFREF L
SLEipE E T B R R w AR TR T R o Rt AR B AL Bk
o aEEd  MKREFFL TR K o i&5i5: pre-course fr post-
course tests » FEL 1 B gkl F R B Ty 4 0kt G TR 0 A B B E Ak
AL E G AT chi 4 o KA 4 T E MY At Bt R E
PEELAFAEA DA RBILG EP TR OLA AR F T
BAPL A2 ERaoEg kR oA B R KA
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