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Development of Rapid-cycling Brassica rapa Plant Program based on
Cognitive Apprenticeship Model and its Application Effects

Jae Kwon Kim - Sung-Ha Kim!*
Incheon Science High School - 'Korea National University of Education

Abstract : This study was intended to develop the plant molecular biology experimental program using
Rapid-cycling Brassica rapa (RcBr) based on the teaching steps and teaching methods of the cognitive
apprenticeship model and to determine its application effects. In order to improve a subject’s cognitive
function and expertise on molecular biology experiments, two themes composed of a total 8 class
sessions were selected: ‘Identification of DFR gene in purple RcBr and non-purple RcBr’ and
‘Identification of RcBr's genetic polymorphism site using the DNA profiling method’. Research subjects
were 18 pre-service teaching majors in biology education of H University in Chungbuk, Korea. The
effectiveness of the developed program was verified by analyzing the enhancement of ‘cognitive function'
related to the wuse of molecular biology knowledge and technology, and the enhancement of
‘domain-general metacognitive abilities.” The effect of the developed program was also determined by
analyzing the task flow diagram provided. The developed program was effective in improving the
cognitive functions of the pre-service teachers on the use of knowledge and technology of molecular
biology experiments. It was especially effective to improve the higher cognitive function of pre-service
teachers who did not have the previous experience. The developed program also showed a significant
improvement in the task of metacognitive knowledge and in the planning, checking, and evaluation of
metacognitive regulation, which are sub-elements of domain-general metacognitive abilities. It was found
that the developed program's self-test activity could help the pre-service teachers to improve their
metacognitive regulation. Therefore, this developed program turned out to be helpful for pre-service
teachers to develop core competencies needed for molecular biology experimental classes. If the teaching
and learning materials of the developed program could be reconstructed and applied to in-service
teachers or high school students, it would be expected to improve their metacognitive abilities.

keywords : cognitive apprenticeship model, plant molecular biology experimental program, Rapid-cycling
Brassica rapa, cognitive function, domain-general metacognitive abilities
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Table 2. Questions of behavioral domain of the cognitive function test on molecular biology
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Table 3. Learning contents and main experimental techniques of each class period according to
the experimental theme of the developed program

_ LA - -
HE = (100%) sts W& =82 MY/
i, RcBr £% O|sl|, RcBr b gH -
RcBr& O{EA 7|&77 1ZFA] ‘='_;|(|-3H‘='8|~ A A7 IL|-3|'H RcBr IhE 2 z{Hy
e o =2 - =1
SAMYSS AT Y 77| B, A
A St HdE Aol 22HA| 801, 4 Al ¢ 22! Olsf, ofoj3=2mo &
UOFOF & A2 FAYI? opo|3zmm HMEE 7|, Euhty| AT ALE
A 2s]7|
RcBr & 2202 HE 227t 225
. - RcBr genomic DNA &1} &35 DNA o 2 =
genomic DNAES OfEH| 34| g P AEE;C)ITE A2 DNA 2& AY
T%%}-”r? o = = =
4ZFA| DFR 42 45 DNA 52 PCR A3
RcBr £7|2F ¢ AHZO| of7tEA A 2 W
L Of7IEA A ZZF A H7|¥dE LU QA2 == N =
42 olfe= Bdnt? 52FA| [ | 1I—;.(,rOI s:]-_o'Ioo L FHAL M 27| E Al
s (A} 2to| &l
62HA| Zepo|n B2 2k 2Y U DPBrapas], PCR Al3
=5t BHHS 713 D9BrapaS4, Park9 QXA DNA £Z =d
RcBr 7H&|= {2 TR Park9 GAA} Haell A3t X Hetas e A
TR & US -, optEa W HE wy, A WIFS MY 4 1798 Ay
Z ’ [== 3 _D
82fA| DNA Z2m 2y o A Ty (FHA odd &)

oo Mg WAL WAH =g FA Wiet WA WY
S19.00], 42HA] L2 I3 U182 Table 49 2k,
& SRHAlL o7tz A AAtm DNA WES 2l
FAsteict. 2 9 AW 9oz TS 6AAIE 59
2HEL 7H ReBr WAL o@A PuT 2 9

oo
kl
T
T
N
1
S
>,
ofo
o
4> ot >

o o m9£

AAE F 2 A YelS molstu, A ReBr DNA  7l7ekt £z R4 ool s, DNA mes)
S F3Y 2 Y=E Y PHstRen, DNA F 2o Jid % 7Yt ReBr /IAIE #EE 4 e
g BAY] AFS wWye Se 4ecgo® £2E% Ao VNTR ¥ PCR-RFLP DHW AR et
DNA® 352 o] 552 o&sP] stof Ay & 2 9t o85Yut 34| T 5E3 ReBr genomic
292 AAHCR ofslZ & =S sl 53] A8 DNAS Abgstel Rebr 7iA|9) w oYy 2Ys
Aot PAYMAE DNA 2% Wy vlng 551 & FEste 4Y 29 St lon, 25E 29
Al 2 Age AUstL mewmg £ les st o2 10087 TR Lelo] ofRojX RS 1Y
| o] ApAle] PCR Al@e i Ato] ARE)7] ThEo]
4xpA] 2O ‘ReBr E7|9h o Aol oh2 of  AEH 44 Alzbe mexoR AMgshy] ¢si PCR
e FAWRRRE FAIR ALY AMSH ReBr A} 7)7] AHEARE B G UAS Zo| 2T 5 A%
Aol fAARs 2@ P FE FEAolde] 5 pHSIYH 1R A8 WAE apd £ 5
W olRE Esta, hEAlobd Aol Folste Al GAlel @) MaE o0, 6AH] mRI g
DFR §AAte] 57, DNA?| 7x % =4 «ejek  Table 59 Zt}.
DNA elgutilel 53, PCR @12 % W9 25@  4~5aoe N2 & £@FE 7K Rebr 7iA

+ e olEaeddt SKWOM Z%&35t ReBr genomic 2 A}g38tol DFR SARLS] Rfo]S &Qlsts A U
DNAS AH&sto DFR A7 €% DNAS S&st= 822 F/dElLL, 6~8A = SUeh #dgS Ho
e adE 2gstL lon, REE 2922 1002 = ReBr ZHA|l9] RAA ool 2715t 2R =
b stso] offOXAl st o] ApA[e] PCR A2 Moo= EF £ Qe AY W= =0 9
Cha W2 Aol AQ57] oo Aetd &4 AE ot ofd 6XMAdl= /A ofg’d. SNP, RFLP,
= 28892 ARgst] Hslil PCR 7171 AsAlE & STR. VNTRY 7igS mefsted ZHA|obet f-of
oF HE FAE 2ol AT 4 =S FstA. DNA mZ=midg JHAe ofE mfd 4 les
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Table 4. Contents of the 4th period program according to the cognitive apprenticeship model

me HAMZ) B4 Y ps stg Y8
- SNSZ HiRE HE2 AR(ONA T2 U =2 #2|ef DNA 0|FLHde| £, PCR #42))
2HEY A
- L2 AA U Y BEAQ U BE O|2A DA It
» ReBr A9 E&F T Y ReBr JHHO| £, AEAOPI Mo S4 U J|5,
DFR {2479] 4 48
Y EH(30%) « ReBr EHF {0 §QU(DFR SUAF X[0|0f LHE QHEAOFY A4 34 2fo|) Ifot
23 e
* DFR RUZ A0S soler & 9t AE Zatojot Ty S
* DNA9| 22 9 S| 2], DNA O|3LtMo| S mop &
- PCR A% Al W8 2T PCR el Tof 9
RS - SAEI WS B FRSIHD AT B 287 7|5 o U WY
« PCR AR A3 Al YU PCR 7|7| AL Y EBY A
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- A BEA VIS WE WY

o A W ZHIAR A4
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33 + 7ag PCR smart mix 19| 4 4 24 mot o
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Table 6. Paired #test of pre-test and post-test scores for each domain of cognitive function in
molecular biology
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Table 7. Paired #test of pre-test and post-test scores for each domain of cognitive function in

molecular biology between two groups

dE I s N M SD ¢ o
QU HbA ArA 9 12.9 3.82 .
g : 7.079 000
2|7 |& ALS 9 23.0 4.18
15 X
LA aic ’ /8 22 11857 000"
A2|7|& AtS 9 17.0 2.69 ' ’
QUub A 9 12.9 4.1 .
3 e -7.878 000
2|7 & Ng=2 9 229 4.31
Y
Dt A 9 46 3.47 *
= _ -13.118 .000
°1Z|7|5 AtS 9 19.2 2.05
“p < .001
AAF 23, d¥bA QIX|7|sat UAPE QIX7]E = t-testsS AAISH Aif= Table 73} 2T},
T Soujst A auE Bon], wsh watoA 9l AAF A, & 0§ Z5 98 AX7]5NM /9
A& TAshgo] Al QIR 7|5t UAPA QIX]7] & ojst &4 535 Holn, ARA AL EAMEESE Q1A
o] o] 4§ =& Foh+= Kim (2013)9] A4 Zut 75 H+t A4 Ao|7f HlRstil, RAMEESE AH
oF AX|stt, 53] AXA wAsrEs AE AUl 7|yt 4 A5 AR s FE AolE fEsHRl= ¥
NMagdHst £ 20| AFUSAI28Y =X oty mesr & Qi Jeon & Yu (2011)7F st
o wergA] sEe EAMEES A4, E§sE A= FAE FHIE HFHo] N=R srEgs Wolisttt
2 A2 sH 2 HERIA] 5] IAA QIX]7]50] = A7 2o} g2 A2 ou|wAte] 2R EEA
st b =g F4+= Charney et al (2007)9] B AP Aol ©esl UM TS Tt shAY
A Zutet Ux|stc}. o] SGAPE w4ARe] A SHdA 1 Qlo] o]FolX Qlong HYPE HEZ A
Ao Het Al Z2YH S WAStL, AAz A Astchn & 2 9loni, Jarvis (2001)2F Merriam et
22 st A AA ¥ AQ, FGrtote= I olA al. (2007)9] A+ ZutoA Ho] A= At Af
A ES XA 9 A T)eE UHeEE 2 A, 2 g 489 2AR|sE FFolA ARloA A=
5% XA 7lss AHgsto] IAE SiZsH yot st A4S MESHA T oujwAte] HAd BHO AJHE=
= WAoA IAA QIX7]so] FFE AL TWHS) SR =S Z2 o] gub A3o] o ARES
¢ tHKim, 2018b). =Qloty W & Qe Aoty
SFEATY] AP EAPEESE AY dd o Fo] met
S Al LotH7] (2) 2RMEEE QX715 AN 2o FA4A 24
1

41 o mo 49 of

¥ &g IAA
ke gt
4 R BA

Table 8. Subject characteristics based on the change of cognitive function test scores on

molecular biology

S SHSAE A st&at B sH&Af C st&2t D
A of o of of
HAMBEHAIS A olH A3 A3 A3 A A8 9le
oIZ|7|5 A Abi5} 25—48 2134 9—42 18—3
(+23) (+13) (+33) (+21)
14—28 15—20 6—24 10—18
o||:||-7g|| ?_|;( 7= ;§|A%=
=- 7l d+as (+14) (+5) (+18) (+8)
11—20 6—14 3—18 8—21
DR QIZ| 7|5 HAHS
DR QIR 7|5 M4t ) ) 1) o)




BB AP 4Y ofRo we PAYES AAlS 02 P 252 BYOU, S5 AgW WAF
AR ALE Aol wakdgol sy 2 SraA 19w W ol 128, BAINEYI2T BAg 2RIA 1050]
sfapol Mg Are saAb 192 22 AgstAch A AMERG 0je B FYSte Ans =2ach oee
YA gAY SHaAk S Table 83 ZoHKim, Al 7% B 23] AL Abpol 11 9 F 8
2018b). Moz Yoz £e F4E woth old xgw
53], RAPBES 4E Aol gk A3A C 3 BANEYE BF 5 4 V) I oErA Js
9 QxS Fawe} Eo JbY Moo, YuHoz WA 2 F U] BYL MMt SY YL ®
AR QRIS LWL b A FgEAch. Mstuch saA Co AMEALE S I8 Table
SRl Col BAMYES QXY AMRALE A4 107 2ok
Wahe Table 99 2t} 2% gL BN Aw A ST UGl 0lF
SAL CO A9, ARAAOIA 982 Wol je W s AR SYR Uigol YU, AFol: S
o WAE ol BANRY AAVlE A4 WaE Ul IAseln FRsEgon, Bgdd st
of 1302 1899 A3A F UMY & A4 F SU TAS /1L UL L & AUk FEA C
e Btk ARZA A7t e gt SEsAl b RAMIES ol 492 SUAY, 4F FEol °
e 2o U SFASHCL Yoo, WA $¥ U, $W UES AMuYS u BAYEE A3e
Rciete 129 UGS YUstel B A4S Wl 5] o] 2AWL APSPIHCE UL Zolstof
Rolch. SRS QAXYI5 sl s v 49 MU SaA BAPRY AXYS

Table 9. Learner C's pre-test and post-test scores of cognitive function on molecular biology

T A= 714 O|3H g =AsH 27| & O EFQIZ|
ARz 9 3 3 0 0 3
N 42 5 7 12 10 8
b5ty +33 +2 +4 +12 +10 +5

Table 10. Learner C's responses to questions of the cognitive function test on molecular biology

23 A4 212|7| 5 shazr col 84
AP PCRO| oHS BHRLEG, ZF apgol ofst MY =azoe.
PCR 717l 4% o 94CO|ME Ao olsf DNAS| O|57(o| 22|51, 61°COIN =2t
32 2zl o ure 538 bz OlOiFE 2 PSR BASHL 72°COIN Tag BYALTL swzrm
% DNA #40| O[20{ZC} 8 Afo|Z g S2T 2/E SE5S DNA £
2t 4= 28Ho|ct,
AR R7I9S ARl el A 9| 25 2aay
2 HeE OtEA M £ ()22 5t EOfOF St 2o W 0| 2Y
5-1) CRIR-CRE & s = DNAJF A7|ZS mat (+) 202 MY £ 97 [[H=-0|q 2
AtE ' 5} s=o DNAQ As|of wa 7l &5t DA DNAVH EelE
Ok ojmf 2 Exts L2 YD e £abs whEH HpEC
AR S AFELE E WY 2208
Hitaa Jls  2XHZ - - -
7-2) O Bre ur 714 A ATCGATE QIAl HTkste (la/1 02 Z7§H|E 1251, 0|5 GGCCE
T QY HUSHs HaellE AMSH X9 YIHAE 3L
Azt BY ZHsHol ALk SMAA 28 B CO M 3 MO| Zh: HiE
S 3tUHer BIH ZHE WHE 3 HE = S £ 4 UG
g DNA Z2me 2547
At T B  AY M54l Ak QEAE 1, 200 0f0j9] DNA HHEE g
AR g U A% B RE COF 22 DNA HIES 21 glojy 8 o
27gith QAR 2t 3014 BEl EA7t ofdE & 4 AUrh
app ME 9 MEHO| ZAS| HRo| MEHS HHSH A 27t
521 429 EofoF & A 2T
9-3) DNA 2= HEI] A MEY M2 A7 WAy, O, @ HAE (1, ¥
Tl 2ol AP ZRARED XU AE 085t AZ AMEHE AAHE £ Us O

7b 271E(0fof Bi}.




ol £g 5 o2 WoHo, AgY Z2ode Al o PYEut $UL Wl R shdu, 39
gAY AAs P £ee Fom BUT 2 sigoets 12Es] SUR Yol Wtk ols)d
ot G 2Y A9, AT gl AM uls] A =
. AAIs F4wE Bol Jpg AL Al B Moz AYEQIAT DNA FFasel mefoluiel
of PAYEE QAAYIS AMAIE F49 WE: g% P RIS uW B4 PP 2AS 9%
Table 117} 2t Sh&At B 49, BAPgRe oAl majoluje] f¥e AR /|29 00, DNA WIEE
15 A4 Wl 13802 RABES NY 4 A =24 ¥U BFML AF ol AW guw
of Qe a5 MY e Asol YL AT Eo| a0} otk ok AW ¥ Aaet nhxivt
S5AL B A9, S5A A%k 27 J1of ofs] £ A2 Jeon & Yu (2011)9] A7 Ane} ol T
Pol eiMs P DAL Bolal Tskgon, of o RAYES 4R 3 Aol H2e A2
2ol AnHoz MA Mol walFol AU Ao sfetm Urk: AL AL 4 Ugion], ol Az
2 B toasa Bt 559 3En A2e % 239
Jlojo] Wt 2 F ) B ofsol W BF U] YA AN a3 e ML 2
3 ) 2Ye MAstel Rolo] BAIGEA SY U BEG WolSol Rl WS A=y fRoz
82 BASlUC A5 BY APEALE T U AT
Table 129t 2t} 7]ojo] & 2L ARAIE 2

Table 11. Learner B's pre-test and post-test scores of cognitive function on molecular biology

T A 71 o] 3 g Al A7 & H|EFQIA]
A 21 3 7 5 4 2
ALS 34 3 6 11 6 8
Wtk +13 +0 -1 +6 +2 +6

Table 12. Learner B's responses to questions of the cognitive function test on molecular biology

S 2|4 Q12|7| 5 steat BO| 8
PCR A2 2} 4| AP -
3-1 Lot AR & 7)o _ _
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Table 13. Paired t¢-test result of pre-test and post-test scores for each domain of domain-general

metacognitive abilities

e = N M SD t P

At 18 35 .34

A Uk OELRIR| - -4.039 001+
AtS 18 38 48
AP 18 3.7 .34

HEFCIZ| A Z|Al - -2.493 023
=1 18 3.9 43
A 18 33 .37

mEFIR[H =24 . -4.797 .000*
AtZ 18 37 .55

*xp< 01; **xp< .05

Table 14. Paired t#test result of pre-test and post-test scores for each sub-factor of two domains

in domain-general metacognitive abilities

T (oY 2 4) T M SD t 0

At 37 35

At - -1.678 112
ALS 3.8 58
At 3.8 37

HIEFCIZ| A Z|Al 2HA| — -3.683 002+
AtE 4.0 A4
At 3.6 50

u - -1.457 163
At 3.8 46
) At 3.6 41

A - -3.080 007+
ALS 3.9 49
At 33 47

HEFQIR A 24 a4 - -3.921 001
ALE 38 61
At 3.1 47

37t . -2.855 .009*
AtS 34 .70

* p< .01
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Table 15. Class flowchart of the assignments performed by Learner C
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Table 16. Learner C's responses to the in-depth interview questions
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Table 17. Learner C's characteristics of tasks and in-depth interview
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