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<ABSTRACT>

In this study, after developing and applying a molecular biology inquiry program using the ABO blood type
gene, the effect of the inquiry program on the concept achievement related to molecular biology and genetics and
scientific attitudes of students was investigated. Twenty 2nd grade students attending a general high school in
Gyeonggi-do participated in the research. Each of them was divided into an experimental group and a control
group, and the developed inquiry program was put into the experimental group, and an explanatory class composed
of the same contents was put into the control group. Before and after class input, a concept achievement test and
a scientific attitude test were conducted, the results of the tests were compared between two groups, and an
interview was conducted with the students in the experimental group on the effectiveness of the class. As a result
of the research, a 6-hour molecular biology inquiry program was developed that can be easily applied in school.
As a result of applying the inquiry program to the students, both concept achievement and scientific attitude
showed higher improvement in the mean score of the post-test compared to the pre-test in the experimental group
than in the control group, and the score difference was statistically significant. In addition, the positive effect was
confirmed in the interview on the effectiveness of the class. On the other hand, among the sub-areas of concept
achievement and scientific attitude, the areas that did not show any significant effects were analyzed in depth.

Finally, the educational implications of this and the necessity of follow-up studies were discussed.
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I. Introduction

1. Necessity and Purpose of Research
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<Table 1> Summary of research object
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<Table 3> Wilcoxon signed ranks test results of

pre-test results between groups of scientific attitudes

Domain Groups N W p
Scientific Exp. Group 10

56.5 0.649
Attitude Cont. Group 10

2. The Strategy for Developing a Molecular
Biology Inquiry Program using ABO Blood
Type Gene

1) The Focus of Content Composition
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2) The Strategy for Inquiry Activity
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<Table 4> The system related to contents of ‘Heredity’ in the 2015 revised science curriculum

. . Key
Subject Domain Contents
Concept
L The Significance of Mendelian Genetic Experiments / Mendelian Genetic
. Continuity of . o
Science Lif Heredity  Principle
e Human Genetic Traits / Pedigree Analysis Method
Interacting
Integrated ) ) )
) with the  Life System Genes (DNA) and Proteins
Science
System
Chromosome Structure / DNA and Genes / Genome / Chromosome
Life Science Continuity of . Combinations
) Heredity - - - -
I Life Autosome Inheritance / Sex Chromosome Inheritance / Pedigree Analysis
/ Types and Characteristics of Genetic Diseases
) ) o Genome Composition and Gene Structure / Semi-Conservative DNA
Life Science Continuity of ) o o ) )
Heredity = Replication / Transcription and Translation / Gene Expression and

II Life

Regulation / Transcription Regulation of Prokaryotic and Eukaryotic Cells
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3) The Strategy for Experimental Activity
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<Table 5> Evaluation area and evaluation questions of the validity evaluation sheet

Evaluation . .
M Al;ea Evaluation Questions
Does this inquiry program faithfully include the content elements related to genetics and
molecular biology proposed in the 2015 revised national science curriculum for an integrated
understanding of the concepts of genetics and molecular biology?
The Does the learning contents that constitute this inquiry program reflect the sequence and
Reachability to integration of the educational contents?
the Inquiry . . . . .
Goals Are the molecular biology experiments applied to this inquiry program suitable for students to
perform?
Is this inquiry program composed of various inquiry activities besides experiment?
Does this inquiry program include elements that can develop the affective domain?
Are the subsequent composition and time allocation of this inquiry program appropriate for
application in the school field?
Applicabilit . . L . .
PP Y Are the molecular biology experiments covered by this inquiry program suitable for conducting
to the School .
Field in the school field?
ie

Is this inquiry program structured so that life science teachers can easily input it in their

classes?

- 552 -



Posttest
* Concept
Test
« Scientific
Attitude Test

Achievement

—

Digital, & Learning, 10(4)

Group

Experimental
Application of

Developed

Brain,
Inquiry Program

Control Grou

—>

Pretest
* Concept
Test
« Scientific

Achievement

N

H

Evaluation for the Developed

1, MBS AR 123 A4}

I3

olr7] 4]

=

4) The Validity
o)

Inquiry Program

Al

— > Hfiﬁ @@j%%%%ﬂﬂow@ﬂmﬁ%ﬂ%%im
z 8 -5 ) Nf T o w W o A OB RN R - o o
22| % " o o O B G V-8 AR
m.m 2 8 o = R = mh BT B ™ mW o - > o o o m R
£ 835 2 M M T B gy Mo B o K o <)
© 4 S U T~ L M mErmrw  ITH R

- 2 Mu 2OH 7o TXOLK P s Lodo W = o TR oo

o Y o S FF g0 = O s
g = < Toar o) T o= M- <
& - B T = e N E om0y o F
an 0y o . o =0 N o PR = o
- = :.Lo ‘UIL ‘HU \.WU < . HE E — X \w EO O_H Q.Q ] a
w 3 g| 3 =D —~ = %o o= H T % o - NORY o o)
> 52| 8 g N 2 S~ o840 TwayX SR B g
EF2E 2 & T 2 BN e PRI oo o
2 &2 8| w £ o B o = ™o k- A 3 0 B 5% o . ol
.mmﬁmlwwb oD o Er Nror_ﬂqon;oﬂu%ﬂﬂl@,lm mﬂnxno_qmumﬂll
EEFAEE L F 8 LT Lo PamimsplrilIiagl
-2 2 g| g wm T g Wopg of A oy B
S T m o 2 g X P e ﬂm,ﬂow@ﬁ%%%@
5 R R - ) g OF % oy
2. %d.ﬂe_ﬁ S wrzuj.na_.@.ﬁﬁéﬂ%ﬂw«m”ﬁ,m.Awﬂuﬂ
g s ) T8 Bo mo < o X ~
- = BR < o omr X B o o X ol Zz
3 — L A S R SFFTWT Y
= - - S > B X I g wmw e b g
< m X m - S oF my B _R/u N K] o oMo woxw ER BO xm | o B
2 5o 4 s ®_xwEY a4 L e T X T W
Z =) W o Q0 oE R X W T I . S
TR 3 T R M N T oo T W TR O
#%W%ﬁfr%mﬁﬂﬁﬂﬂm Wr@_ulrmv%mm@lﬂaﬁ%dr@%
P ; S y KO T M oms B L. oD 5 -
ol @ﬁz&%%mﬂ%%T 2 O%&LWT%WWM;@HTMWQHQ
Tl BT TD WY = N T  R GRN .
sE R N W gm w KW N o g ®w o @M MEw TR AT
o Nogo ™ W M W o N HE g < o T = A& "o 9o K -
o o Y Po me T Py o of W or OSSP A £
bR B B A T s T TR g M CR N W
T I I TR T et S m_ P o pm o VR g g S
T ® = ~ T APV S scwM_T LT R
ur}%ﬂﬁuﬂm?i%x%ﬂaﬁo = 2 w ur_autuﬂgoﬂvulumﬂ%ﬁo
ﬂ.ﬂ = - % \,OI — )
waﬁﬂrsﬂyﬁéalﬂﬁ@ = ?%:%E%%E?%m<ﬂﬁﬂﬂ
= S I e AN O = Moo g WO
No ™ 20 g oA W ° S (e I =1 HoA Xorr o
o o G X _~— < — ™ P e Ol
~ B - N I N _ S e o B0 o o oo
Mﬂﬂoﬂuﬂoi H X W dn W OB =) _,oeﬁTdMﬂﬁN_.ﬂﬁauﬂmﬂw]%ﬂHﬂourm
~X o ho O# ‘Ho E._O o ,mH._ — = UT.E = ‘HU ‘_H_ol o o V < N

2 o R = E N BT S R i i
= N =W T SR R T A o G0 8K
3 3 % o & N o AR X o0 K o Bogy W g < H 7%
1@]7%mr Lt?ﬂl% LN m = 1y|mﬂﬂu1 S o5 o) W odo [,
_,%oﬁoc.ﬁqﬂo;oﬂanﬁo7iﬁﬁeﬁomr ) LL,nx.vun__/u%ﬁuzT]iEif%ﬂoﬂri
o 2 S YR N E Py _wERgTaxymF .
Ao M T B g T e 3 LA s oy e
A S ) E TNT OM®P  FRAETETRE
TEDTHQTTTDT B NPT T B e oo KWW AR ok R Alm AR X

- 553 -



Jo, Roh, Seo & Kim

<Table 6> Structure of inquiry program contents

Periods

Contents

Inquiry Goals

‘The phenotype through a blood type determination experiment can be determined and it
can be explained that the ABO blood type is a genetic trait.

‘The relationship between genes (DNA) and proteins can be explained.

-‘The basic principles of heredity through family tree analysis can be understood.

Applied
Experiments

‘Blood Type Determination Experiment

Content Elements

‘Genes and Proteins, Human Genetic Traits, Mendelian Inheritance Principles, Pedigree

Analysis, Gene Expression

Inquiry Goals

-The structure and location of chromosomes and DNA can be explained.
‘The DNA from the oral epithelial cells can be extracted and observed.
‘The DNA extraction process and the function of experimental reagents can be described.

Applied
Experiments

‘DNA Extraction Experiment

Content Elements

-Chromosome Structure, Genome Composition and Gene Structure

Inquiry Goals

‘A way to isolate only the desired genes from the genome can be devised.
‘The PCR processes can be compared to DNA replication.

-‘The specific DNA sequence by PCR can be amplified.

-‘The primers required for PCR can be designed.

3~ . . . .. . ..
s ‘The principles of gene analysis using restriction enzymes can be explained and restriction
enzyme reaction experiments can be performed.
Applied ‘PCR Experiment
Experiments ‘Restriction Enzyme Reaction Experiment
Content Elements -Genome, DNA and Genes, Semi-Conservative DNA Replication, Biotechnology
. ‘The genotype by observing and analyzing the results of DNA electrophoresis can be
Inquiry Goals g ype by & yzmg P
determined.
6 Applied . .
pp ‘DNA Electrophoresis Experiment
Experiments
Content Elements -‘DNA and Genes, Gene Expression, Biotechnology
7];"}\}‘ 5—‘8()]’9/] %‘6&]% }\1%‘% —Q_E O]—g}:ﬂ_ 5‘?-50]_ % P-4 TEE AUy | o) &0l & Yolcl. -9 UES 22 S50 daye,
Hde 5802 A3 58 4, 5, 3 38A=Z 4
ol Zh7b 54, 44, 3dS Foldte F 604 w4
o= ARtk A HAE AAAE APHe
WAL 510 Al Bl EE HEwa, AR 3919 x
A AR B g AHE BHS B F, F4R
g3tel AFHoE Ayttt ALH A A=
AN wakel BYE AA v 604 wHd 527 Fme
oo, HrA 7+ AHE A ABE Fleiss' i 6 om |
Kappa 7152 0842 %4 5|{ch 24 23l g
H7} 71+ %= <Table 8>3 2t}
4% 249 MY HAE AAAR £ AF 5
9 Fol Ag Auw A el 27 A4A @A
of AFE AHAALE Agstdon AA A7 30E o
2 3Tt o] 72 Aol AbA HASE AR AAL [Figure 2] Examples for the questions of
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<Table 7> Structure of classes for control group

Periods Contents
. ‘It can be explained that the ABO blood type is a genetic trait.
Learning . . . .
‘The relationship between genes and proteins can be explained.
Goals , . . . .
‘A person's genetic phenomena can be explained by pedigree analysis.
1 Learning -ABO Blood Type Pedigree Inquiry Questions
Materials ‘Reading Materials on the Expression of Genetic Traits and the Central Dogma
Content ‘Genes(DNA) and Proteins, Human Genetic Traits, Mendelian Inheritance Principles, Pedigree
Elements Analysis, Gene Expression
Learnin ‘The structure and location of DNA and chromosomes can be explained.
Goalsg ‘The principle of DNA extraction experiments using oral epithelial cells can be explained.
‘The types and functions of reagents required for DNA extraction can be described.
2 Learn}ng ‘Reading Materials Describing DNA Extraction Experiments
Materials
Content -Chromosome Structure, Genome Composition and Gene Structure
Elements
Learnin ‘The DNA replication process can be explained.
Goalsg ‘The principle of PCR can be compared to DNA replication.
‘Primers required for PCR can be designed.
3~ Learnin ‘Reading and Video Materials on DNA Replication
4 Materialgs ‘Reading and Video Materials on PCR
‘A Worksheet for Comparing PCR and DNA Replication Processes and Designing Primers
Content ‘Genome, DNA and Genes, Semi-Conservative DNA Replication
Elements
Learning ‘The principle of gene analysis using restriction enzymes can be explained.
Goals ‘The results of restriction enzyme reaction experiments can be analyzed.
Learning ‘Materials that Summarizes the Description of Restriction Enzymes and Methods of
5 . : o
Materials Analyzing Restriction Fragments
Content .
‘Genome, DNA and Genes, Biotechnology
Elements
Learning -‘The principle of DNA electrophoresis can be explained.
Goals ‘-DNA clectrophoresis results can be analyzed to determine genotype.
6 Learning ‘A Worksheet Containing Inquiry Questions for DNA Electrophoresis Experiments and
Materials Results Analysis
Content . .
orten ‘DNA and Genes, Gene Expression, Biotechnology
Elements

<Table 8> Evaluation criteria table of concept achievement test paper

Evaluation Area

Evaluation Factor

Integrative
Understanding of
Genetic Concepts

Do you understand the relationship between genes, DNA, chromosomes, and cell nuclei?

Can you explain where DNA exists and how it exists?

Can you explain the function of a gene in relation to central dogma?

Can you explain differences in traits as differences in gene function?

Can you explain Mendelian inheritance principles used in pedigree analysis?

Have you devised a way to determine the genotype of a person whose genotype is
unknown on the pedigree?

Understanding the
Principles of
Molecular Biology
Experiments

Did you explain the function of reagents used in the DNA extraction experiment in relation
to the structure and chemical properties of DNA?

Can you compare the PCR process and the DNA replication process?

Do you know the functions of reagents contained in the PCR reaction solution?

Can you explain the function and principle of restriction enzymes?

Can you explain why restriction enzymes are used in gene analysis?

Can you explain the reason why DNA fragments are separated during agarose gel
electrophoresis in relation to the chemistry of DNA?
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Science-Related attitude)E %+ Z2Z13e] W&
of A WS ARSI TOSRAE Klopfer
(19719 #34 "HE H7F 84 2/ AAE uE
o w ‘Fste] AR H oju]’ ‘FEkxpe] B4
ol die B ‘HEH "] 87 ‘9
o =A%, ‘Hol Wi S et #A,

o

o o
Q2 o

J

¥ oz

2del gist A T e HUF dgoem b

om Hrt HAER 5uAe YAE HEE AL
AT (Fraser, 1978). & <Aool AAF == 77}
Aol W7t 84 T 3eFH F 2w For FAG
of Wkl &gt HuHde 1053, 712 HEol

Fetes HAHAS 2180l Arh #EA HE AARA
= AW st WAl 599 A gEeE dEuta, A
g AFE A4S 3 & FA-mAdst] HEH
o7 kst =, e #eHA e HAF 3
o] g% AAL A7 358 wbHel 32.8% el low
AP %= #A A= Cronbach’'s a AFzE A oY
B 07602 FAHAT. H3HH "B FHAbA 9
Bz 4 3o ax 9w 3 A g A
2 AR TR HrE g WALdHRA AIEE
Uelli= Cronbach’s a A 4= <Table 9> # ¢

= AR 49 He
A AulA AR AAS AF GAE A2 A
AekRer], FAk ALe 108ew Atk o F 7
]

sk AL AAbel Wi Aol W

A
e Flskdla, A9 Haa A A Apold
Wit Aol wsk Aol fofvdk Aeol7h deA
dotry] S d=e HE £ HAHES FYsA
oh E=E ek B wEtE gE AR 24
at7] 918l TOSRAS 770 H7F 99S wWz §
stol Hvt HaE AbEeta, o #A Adst

3) Interview about the Effectiveness of the Class
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<Table 9> Evaluation areas and evaluation elements of the scientific attitude test paper

Evaluation Area

Evaluation Factor

Cronbach’s a

Pretest Posttest

H.1: Manifestation of Favourable Attitudes towards Science

The Social Meaning of Science o
and Scientists

0.87 0.83

H.1: Manifestation of Favourable Attitudes towards Science

Character of the Scientist o
and Scientists

0.79 0.42

Attitude toward Scientific

H.2: Acceptance of Scientific Inquiry as a Way of Thought 0.81 0.61

Inquiry
Acceptance of Scientific . L .
) H.3: Adoption of ‘Scientific Attitudes’ 0.81 0.72
Attitudes
The Pleasure of Science Class H.4: Enjoyment of Science Learning Experiences 0.79 0.76
Interest and Attention in H.5: Development of Interest in Science and Science - 0.7
Science Related Activities ' .
Interest in Science-related H.6: Development of Interest in Pursuing a Career in 0.88 0.81

Professions Science
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<Table 10> Primer used for PCR

Reverse Primer
5'-CCACGTGAGCT
CAGTAAGAT-3’

Gene Forward Primer
ABO 5'-GCTTTCTCTGA
Gene CTTGCGTCT-3’

S~4xtAlel = FAA 4 Al a3 ABOA d
A FRAe] AR AVIMLE A7) 9% PCR 2

Fo] MPHAr}t, FZ£T H= ABO gene (alpha
1-3-N-acetylgalactosaminyltransferase and alpha
1-3-galactosyltransferase)®] 6% &= R} 1
ko] RIEE AE dFE xF3ste 686bp 4dol9
g7l doeltt. PCR 8 DL F £7F° DNA
Zglo]HE <Table 10>3 o] 20bpe]l Zo]Z ¢
Zkletlom, qiufo] @ HlALo A FE- A AFske] A}
&3t sAE=E PCRE 43 Al 2004 PCR
tubeell WHg-olS A7 S = 654 Al
7zt 1~2u0 §F O R AowF AUbskE Aol X
B2 ujg 31 AZte] dasith webA AIZE doks
¢13l BIONEERAFS] AccuPower® PCR PreMix &
Master Mixete A#S ARESHAT i AlFol =
dNTPs, 10x PCR buffer, Tag DNA polymerase”}
3 09171 uﬂ#oﬂ =S Taﬂ DNA, ¥ %7
o Zgolm, Ht FHFT T T Ul TFHY AR
7} et™ :au} PCR& 4C°ﬂ/‘1 57 A st
7] DNA ¥AL %‘gﬂ , 94Cel A 30%, 58C
A 30%, 72CelA 3 308 FHFAN -, v
A4k DNA %Qoﬂi 72C=2 73 AP sk
PCR wr$oo] =% Z712 <Table 11>9]
e skt

7, 199040l Hz= ABOA dd f AR

2

10, mot
it

T

2 l-N' 2 :1

PN'
_IE
ofj

-

GAA W A} GGl APt A, o
Y4 A, B, O Atolel wal g7]e A8, A4
5o Aol osl e g @s tay

(Single Nucleotide Polymorphism, SNP) #$]¢] tH
HF a2 Aol o] 79 H Ath(Yamamoto et al.,
1990a). cDNA 7|22 dyfFd2 A9 dHFA
2 B 714 E Abolel= 77He] SNP 917} &4
sto] A2 & FFe dolairt vt o

A4AA 0= TR A9 d7|Adoe] gpr

<Table 11> Composition of PCR reaction solution and reaction conditions

Reaction Conditions

Composition of Reaction Solution

Step Temp. Treatment
dNTPs (2.5 mM) 1ul 1. Early DNA Denaturation 94°C, 5 min
10x Buffer 1 211% 2. DNA Denaturation 94°C, 30 sec
Taq Polymerase (2 Unit/u 1p . . o
Fociwar dy Primer ((10 ng/ul)) il 3. Primer Annealing 58°C, 30 sec
Reverse Primer (10 ng/pl) 1l 4. DNA Polymerization 72°C, 30 sec
Template DNA 1ul 5. Final DNA o .
Distilled Water 13111 Polymerlzatlon 72 C 7 min
""""""" Total Volume  20ul [ "Steps 2-4 Repeat 30-Times
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o] Fold(Guanine, G)2] ZAol 23 EolF
A7 Eo] dIdAAH T2 ZE(stop codon)?]
JEER HolaAavl WHEoA A %

(Yamamoto et al., 1990b; Cho et al., 2005). =, &
Aol et B4 Tzae] PCR A8 43
A3 dojdl diygFHdx 0° DNA wdd+=
[Figure 3]3 #Zo] 7] Go| A4 H-917F 2350

o)
AN
GZ|61
A allele TCCTCGTGGTGACCCCT
B allele TCCTCGTGGTGACCCCT
0 allele TCCTCGTGGT{{EACCCCT
Deletion of G (AG261)

[Figure 3] Single nucleotide polymorphism (SNP) in
exon 6 of ABO blood type gene
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<Table 12> Composition for restriction enzyme reaction

Composition of Reaction Solution

PCR Products (ABO Gene DNA Fragment) 20ul

2ul
Kpn 1 .
] (2_Unit)
Total Volume 22ul

62k 0= ATFETAE AP DNA AEE DNA
A71g 5oz FRlste APe SIS AFan
A A719E kW diHAFEA
7t Z3E Az A$ Zol7l 686bpel 17K
°] DNA W=7} yepue, tigdfd2 07 234
Aol 7% 404bpet 282bpel 271l DNA W=7}
2 %, [Figure 419} #°] ABOZ @3 <]
dargol AA, BB, ABS A5 686bpsl 170
DNA W=7t f323 o] A0S BOR! -9 686bp,
404bp, 282bp¢l 371¢] DNA ®=7} HHdAEo]
008! 7% 404bp, 282bp2l 2702 W=7} #ZHT)
SAES DNA 7195 Aot Ny AAd o
& & g AAE 2Pt A ABOY
3 EA% 4 9lth. ABOA d ¥
FAAE @ 3 we Adet Kpnl A A #F
%= DNA @3 9] F7{ = <Table 13> 42ttt
DNA #719%s Al o722~ AL 1%=E wEo] A
£33, DNA 94 A 5% BIOFACTAMS] Ecodye
M DNA Staining Solutiong AMg3titt. Eo = &
T ZEIfe] AH&¥ 57ie Aol das Aok
A& 7] <Table 14> A&

a

686bp—

404bp—
282bp—

[Figure 4] The example of DNA fragmentation
results by agarose gel electrophoresis for each

genotype of ABO blood type
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<Table 13> Agglutination reaction results and DNA fragmentation results based on each genotype

Agglutination Reaction

DNA Fragments

Phenotype Genotype

anti-A anti-B after Kpn 1 Treatment
R AA 5 686bp
AO o x 686bp, 404bp, 282bp
N BB » ° 686bp
BO X o 686bp, 404bp, 282bp
AB AB o o 686bp
0 00 x x 404bp, 282bp

<Table 14> Reagents and Instruments necessary for experiments applied to the inquiry program

Experiments Reagents

Instruments

Blood Agglutination
Reaction

Anti-A Serum, Anti-B Serum

Blood Sampler

Genomic DNA Extraction

DNAzol® Reagent, Ethanol (70%, 100%)

Centrifuge, Micropipette

PCR Primer, Distilled Water, PCR premix

PCR Machine, Centrifuge, Micropipette

Restriction Enzyme

Reaction Kpn 1 Centrifuge, Water Bath, Micropipette
Agarose Gel DNA marker, Agarose, 1X TAE Buffer, Electrophoretic Device, Water Bath,
Electrophoresis EcodyeTM DNA Staining Solution Micropipette, UV Transilluminator

3) Results of The Validity Evaluation for the

Developed Inquiry Program
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2. Analysis of the Effectiveness of the

Molecular Biology Inquiry Program

1) Concept Achievement Test Results

s B Zzogde] Aol &4 2 EaAy
P AR mAE 9IS Fotnr] 96
MA@ A AR ARF A Aabiz <Table

15>9F 2tk 604 whdo] Abd HAllA F4H o
T Aeye 247 A9 "Ad 4458, T4 A 45%
oo, AT HALME AY Hubo] 537", §
Al Fdeto]l 49474801k AP AHAF tib] AFE AL
oA A3 Had Hy HAE5UF 92" FEHAL
A JEE 4470] FgE ASRE YELY, T

<Table 15> Concept achievement test results of

experimental group and control group

Mean
Groups  Test N M SD .
Difference
Exp. Pretest 10 445 4.45 97
Group Posttest 10 53.7 5.01 ’
Cont.  Pretest 10 450 4.27 a4

Group Posttest 10 494  3.95

- 560 -



Shapiro-Wilk Test) #HS AF&3F
A A3 <Table 16>3 %
o] Abd " AR HAL

Ul

ol oX

N,

A A HAF A3HE Wl gt mFOIA p gkel 0.05
Hoh 2 oz dEy, Aers w2e s
A& F YAk

<Table 16> Sharpiro-Wilk test results of concept

achievement test score

Groups Test N W p
Exp. Pretest 10 0.935 0.494
Posttest 10 0936 0514
Group ™ pre_post) 10 0900 0217
Cont. Pretest 10 0931 0.462
Posttest 10 0.846  0.052
Group ™ pre post) 10 0924 0393
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<Table 17> Results of the paired sample t-test

between Pretest and Posttest within each group of

concept achievement.

Groups Test N M SD p
Pretest 10 44.5 4.45
Exp. 0.000%
Group  Posttest 10 53.7 5.01
Cont. Pretest 10 45 4.27
on 0.001%
Group  Posttest 10 49 4 3.95
*p<.05
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<Table 18> Results of the independent sample t-test
between two groups of the increase in the mean

score of concept achievement tests

Groups N M SD t df p

BP0 02 3084

Group ' ' 17.64  0.002

3.718

Cont. 7 *
10 44 2675

Group

*p<.05

<Table 19> Results of linear regression analysis for
posttest according to pretest in experimental group and

control group

Groups Estimate SE T p
Exp. Intercept 13.937 10.814 1.289 0.234
Group  Pretest  0.893 0.241  3.694 0.006*
Cont. Intercept 16473  9.046 1.821 0.106
Group  Pretest  0.731 0.200  3.655 0.006*
*p<.05
F4 0 BANES B AL F53E g
@ SEY StedAt IO wHAS B
ohug, Awd w7 zZeoade fuxe wud
T ME Rt 2 Fg HES ARtHem
elahd @m BRHoR ANY HolKim &
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<Table 20> Concept achievement test results by each

domain of experimental group

Mean

D i T .
oma est N Difference

Integrative Pretest 10 19.8
Understanding of 0.7

Genetic Concepts Posttest 10 20.5

Understanding the
Principles of

Pretest 10 24.7

8.5
Molecular Biology
. Posttest 10 33.2
Experiments
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2) Scientific Attitude Test Results and Analysis
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<Table 21> Scientific attitude test results of
experimental group and control group
Mean
Groups Test N M SD .
Difference
Exp. Pretest 10 81.7 7.17 28
Group Posttest 10 89.5 6.84 ’
Cont. Pretest 10 80.8 8.09 ’ 1

Group Posttest 10 82.9 9.49
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<Table 22> Results of the Wilcoxon signed ranks
test between two groups of the increase in the mean

score of scientific attitude tests

Groups N W p
Exp. Group 10 «
Cont. Group 10 87.5 0.005
*p<.05
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<Table 23> Results of the Wilcoxon signed ranks test
between two groups of the increase in the mean score

by each domain of scientific attitude tests

Domain w P
Hl The Social Meaning of 57000 0.588
Science
H.1 Character of the Scientist 45.000 0.721
H.2 . Attitude  toward  Scientific 73500 0.060
Inquiry
H.3  Acceptance of  Scientific

. 76.000 0.047*
Attitudes

H.4 The Pleasure of Science Class

H.5 Interest
Science

46.500 0.806

and Attention in 95.000 0.000%*

Science-related

H.6 Interest in 71000 0.102

Professions
*p<.05

=20y Wee 74

3) Survey and Interview Results on the

Effectiveness of Classes
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<Table 24> Survey results on the effectiveness of classes

The Number of Respondents

Questions about the Effectiveness of Classes (Persons)

A B C D E
Have you been well aware of the learning goal during the class? 5 5 0 0 0
Do you think the order of learning throughout the course of the class was 7 ) 0 1 0
structured?
Have you been able to learn the inquiry processes and methods from the
class to acquiring knowledge rather than outcome-oriented knowledge 7 3 0 0 0
acquisition?
Do you think the class was able to learn how scientists were able to 7 ) | 0 0
solve problems?
Have you been able to categorize the several ideas, alternatives, or
possibilities you have created and to develop your thinking skills such as 5 4 1 0 0
analysis, synthesis, and evaluation of the data?
Was it a class that interests you? 7 3 0 0 0
Was it a class to help you understand the concept of genetics? 6 2 1 1 0

A: Completely Likely / B: Very Likely / C: Moderately Likely / D: Not Likely / E: Absolutley Not Likely
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S 9olth vhit AF gl U Baste] £ee
Welholh etk AR A9t oE B
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