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ABSTRACT. In this study, we applied the flipped-classroom to the general chemistry experiment lecture of the domestic univer-
sity with strong teacher-led, and explored the effects and possibilities of the course. For this purpose, 30 students who were
enrolled in the Science Education Department of the College of Education in the metropolitan area were randomly assigned to two
groups, namely, the flipped-classroom group and the traditional class group. Then, we developed a general chemistry experiment
lessons based on the flipped-classroom along with visual materials and we applied the lessons for 15 weeks. After all the classes,
we conducted a survey to see the students' perception of the general chemistry experiment lecture by flipped classroom. As a result of
analysis, the students of the flipped-classroom group were more positive than the students of the traditional class group in terms of
the usefulness of the class activity, the importance of each activity element for the successful learning, the learning level, and the
intention for another lesson. As a result of analyzing students' perceptions in terms of general chemical experiment activities such
as conducting experiments or writing reports and understanding the contents of experiments, the average score of the flipped-
classroom group was higher than the traditional class group, and the main cause of this result was the video material provided by
prior learning activities. In addition, as a result of analyzing students' perceptions in terms of interactions and self-directed learn-
ing in class, the average score of the flipped-classroom group was generally higher than the traditional class group. In particular,
students' interactions and self-directed learning were statistically significant differences between the two groups. And the stu-
dents' perception of video material was very positive, and it was analyzed that the video that the instructor directly explained
experiment theory and method was the most favorite videos of students. We discussed educational implications of these findings.

Key words: Flipped-classroom, General chemistry experiments, Learner-centered class

-124-



do
B
I
o
il

>
toh

L
>
fr

L 55 of

lo |
oS

o g
Y

N

D)

2

e

e

of,

ofx

o>

N 1o

r
gl

Koo & B
N
>,
2
e
o
o rlr
POV U D
& 1o
R g
30 2

R
Lorle
)
>,
AN
=

e ofr

SO
9 o o

T o o

r:Li
i =
£
K
1

o

O
)
~

1o K
o
=)
S~
>
o
o
tlo
T
=)
oft
|o
fil
Iz
=
i)
0,
2
ox
o

oo o o 2

X M

I8
é
L
fo
ot

o oX

H
il

N
=
£
i
o
lo
b
iy
o>

2
oz,
24
:?L
e
>
s
fr
12
ot
o
o)
BN
i
ki
30,
o
o

e Ab8H W 27 17
ikl s WakE g 87
o A% wle AbEle] wate ek
O R P ES 1S
ool FHufel A% ) Alee] el

3 ol WA £ Weo B
HEFS el7] 913 e
Aot Aksl4, #A A et
et g 4F AYES an

Jo
]:o{t
b=

o 2

s
00 X 2 b -

oo 1N

o o fo e ¥ 1o

o x Bl M o df
o 2o Ko e
Ho

kTR

o

<l
I
oy
so
o &

%
tlo mfr L&
o o

i

p

g
S

= =

fu

Mo

i)
o A

lo

=
>~
- .

my
(o]
o KU 20 fr @ . Qb for

oy
uy
_?L
£l
%0
=1
ofy
o
o

2

ﬁlo
)
>,

4> o 4

f
g
o

X
Ir
2k
>
_\|L
o
jabad
or
i)
2
52
flo
02

tw o

i oz T

ol

oft

iy

|o
o i

2

-

ox

oh

Rl

il

)

ek

-
of N
o N
< e 4o
|o
fru
-z
a
S
2
v
§ 1ot
)
Y
N
ofx
o
so 1o Mo

R

“e o
z
1o
©
20
N
o
Hu

4 ot
oo o g oo RIS

Nz

2
i)
i)
fo
)

we |o
i

L
18 ofm it

By

o+

i)

|o

i

=)
rO

o Kl J
>,
o
o~ ©
1o
)

Y

ol
]
i
-
e
o
=
r)*'
i}
i)
Fo
)
30
rlr
i)

o o L&
H oo Ko

= o

>
>
o

S~
i
rr
o
oS
ot
18
ot
f|rt
rlo
N
e
A
>~
2
=

o & lo

o
i
jus)
)

b 2 ofe] 7% 2
ChE shUET] AH A HEAE
7he 344 ol A AE 5 917 U

A e AT e

S o 2 om0k
Md
2
o
O
it
o
T
il
Y
)
-0,
i)
2

X

ol ox
2
R
24
o

3o
v
[
)
k1
Lo
jil)d
B
ofx
jabad
1o
0k
- 1A%
riot
oM,
tlo
oy
r (
QL
N
My 4 do 1 ooy

>

Horlo 2 o 9 ki it

Skl @Al A8E= g ollA] B EAIEY
Sojdof wet Aol gt a4k A &H o w

o
e

+ o 3
Sk
ki 1o -
£

El

™

L

o

ok

i
A

=
BN
)

4z

ot

Rl ozf
>

>, :ﬁo
)
H
2
N m]ﬂ
1o
_\::I‘
fr oy

el
i)
e
o
Jo
u
r [*]
:(l)_LL
o
=
¢
o
=2
>

=LA
ey

-
24

2
re
i
0
o
4
go
AN

I
o

R omy e
%0, 1o rl;
2 <2
RO

RugE)S
I
o2
&
o
fo
m
rlo
r
it
flo
o
=1
B
Ho
o o

2018, Vol. 62, No. 2

O~
i)
1o
ml
A=)
e
N
3
ox.
i)
=
re
-
o
Wi

ke
ox
(el ook
o
r>~l
g
Y
=
20
o=
)
52
fr
ot
L
rlr o
N

e o
£ ju
N
rr
N
H
o
2
k)

Ry il
£
N
rh
1o
4
2
2 £

fr oo
o,
9
N
2
ol
g
o
=
fu
Mo
>
=

o mlo
N
2
N
i)
B
i
flo
flm
L
i)
o
2,
o

z,

=
T
£ |u
o
=2
2
_Vli
N
A
]
Y
N
pacs
2
=
fu
Mo
+

N
o
> >

I
o
rE

- 2
=
rot

of
N

ol
o)

o to
El
=
‘Lr‘
oz ¥
e 1
2

o R
r
m>~

0 50 12 2w % Io
>
rlr
[
o &

>
o o Mo 1R g

of o St b o)y > )y W
o Iz Hl 2 1o

M 1o o
X
1B
ila} >
i) b
o o
57
¥ o
lo o
o
(]
=%
o
Bl o
> =
ox 2
&
o 2

>
z

7] ol

aA o R E135}l7)
I ER of ¢t
A AR 2L

A AR
S

B>
1o
>

)

oy
_|>i

opN

>,

1o Jo 32

fr Lo
o

T i

o

>
2

M & >
%
EIEN

m
lo K

)
i)
iy
u

N
1

0

Of
R
¢
=
Qb i

rr

o

ox

il

e

N

é

»

o

Fu

R
—10 1'04' lx)ll

o

oo

Qﬂ

re

X

S ooz b

rr mf; >
ot
4 2
x0,
rir
o,
1o
i)
i
(]

2
°
ok
e e
kS
fo
X
g
f U
X K
i ﬂ.lZ’.
o flo
o o
yisd
SN
o o [
i)

o
o

o flo

=z A 0
é‘l‘}v]\
=

73t 2 1A (flipped classroom) £ 4 4=¢] o] 744 1}
g5 W8S AR FHY o5 FE2=A, 20079 v
o] }gt WAl Zupbetk ¥ IRt (Jonathan Bergmann)¥}
o2 Al 2 (Aaron Sams)©] &]3) A& 1 §oj el a5 HF4
of AbgH o] %, 2Fetuo| A thstiLo] o] 27| 7|
oheFet waket Ao Sof-HgEar Qlek! o] =4 W

Be 71E A e WA FelE B4 EE 97 &
=
ol

>

o

oz

L
£ o |0

EASNE, L2AE o 5 e Hotet ol S8t
9o 2= WakE Wt oo

Ao AL FE o} 71 o R

4g 5ol ojnlg Add 7Hgol

o Aeetn & 4 ek

SolA mek e A

Aa1e) elzt 74 st

O N oy
N
offt
2
ey B
T ﬂlﬁ 2 2 k
H o ™
oft

o

N p

o
iy
flo
1A
flo
Lo
oz

N
1
o

¢

2 K
>
il

©
>
o flo
ox
oX

/)

>
oy

2 E
i
>z M S
flo > s

2

o
=
H1

o ME M fo
B
(e
ol
ol
rir
o

xo
=

lat

o
41 9y

Hi oo [o
ot &
4 3L o ox

ol

4 X

o

o &l

b o2

et o

ik oyo T
>

%
o

o,
:?LL
ol
)
K
H
i)
et

~
el

o el
o
flo

-Y‘:L

[

)

a

fu

]
N

S ¥ o~

£
o
)
ox
H
£
o
i
oo

o fu
=
il
mt o

N
i
S
3o
K
o
o2
o
El
Ho
ox
ol (
2
Jo =
il A
ﬂ
i
o
ot
Sl
Mo N mr & 0 %0 N oald fu fob

14
lol

o 2

‘|>o}-m

uople x %0 2
>,

o 2
g &
£
) oY,
oo flo
B
2 D;%

o=

i 4>

ot M5

ik
©
L
flo
riot
oY,
2

off

1o

1o
ﬂllﬂl
)

)
4>
30
o
poV)
o
=]
il



N

n_AlO

70
i
4
)
of

126

o
E

i

ol dl ,i
Rl i
o =
= I
oT OM
o ﬂ
T =0
g O
—
IA
o ]
=
RN
T o B
ol
A
o=
— o
~
T i
s ™
‘mlL O_‘_
R
o
EARGNE N
= %3
il
0 o
= ~
E Xjo
Y
AR
~ XA
ik o
0| bl
ojn <
3y o
= A
= °
<
= X
i ~
B O#E
S
o o
T Y

ZA(H: 159, o: 15
Hisleto| A o= 7l'd 9 o]

=

=

]—}%—]

o

kel

Fod

9

find

[

1219} 7Hd o] of
1

off 7l =f o]

o

o131 A e E AR WS =<
3

v, o
oA This Bt

R

[}

A}

el

o

—_
o

el

ol
il
;Oﬁ

a1
ok

|

mjn

1l
¢
oy

—

-
T

_%

i

ANA &l AT 3}

¢

A

3t o
of

Eol Qe nz o

o
=

a4 B 5
Aol A gl

12 Sefolut 3
A1

O

ol 4 =

;Oﬁv

oA 2ol

=
)

93 5l

ake)

o] whaf

o
RS

el

e

o A7) FE A HER o] FojW Ha

=
=

3

SIA

S @A) stel A ANEE o= o] RojR 3 i U

ol
7} gt

L

.

< e
A o
H "

o
L_L

}_},

53 9lek.b oo}

o] 66.7%, g1l

s

o
ol

4l
FE0] 33.3%2 Wbt
i

=13
=

Aif Ao Al

ENL

e
=

[e]
ze

ﬂﬁ

[¢)

1%

S
s

aL5-3ko] AY

1+

el (Table 1), 214
Helonz, A

L

.

<

A

A

3

- oy

‘.g_
o
ol
<

=
T

JEol A7

SIA
5}

F 2ol A

I
<k
ool
A

o ek

]

1

1313§ o] Aol A

7} etk

;0—1
ol

Journal of the Korean Chemical Society



127

Frequency(%)
20(66.7)
10(33.3)

Entrance examination type

Division
Rolling admission

Regular admission
Special admission

Frequency(%o)
30(100.0)

A series of studies

Division
Humanities
Natural science
Occupation
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Table 1. Analytical results of university entrance qualification characteristics of university students taking general chemistry experiment lec-
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gl

X
_

To?
'
el

& i

o

N

i <
el )
(NS

o

Tor

A 5

o
bol, b2 1

3

A=

o

N
ap

sf

[&)

g o] 77}

T A ol Al

el
= Al

S HIFoR B9, EE, 4

5t

A AAT AlE

T

kel
<3

Pt A= 4= Aol

HEE Zolut AY AL 27} ool

A=

o|v] A3

4y

L=
-

ol
A~

Lo
W

ol
<

o

RE Ry

J)

Al

1

ool 541 ]

bt

9

[

ar

3}

=

= W&

¥

k.

J o
% FEo] o] R ATk upeby o] o

8

A~

o

ol

N
ESOU
ol

=<0
i
‘.Wl
%uT

5, A 22k Al ol mhE 2 WY 5
A

e 3
=
3

tedek. 22)

9

Ag = E= AR v A

=
e

3]
h=
=

]

A
=

o

5

A ch(Table 2). 18]

ks

o= 3

Z
e

N

o
=

2t

0

=
=

ol

AEA A

1

o

<

SYY K12 Y

4 k! oebd ARE BY 59

+

<
=

Foleta

QA BEORA, 1

e
ol
!

X2

a
<

£

~

in

=K

3L

Atk S GAS window movie maker

)

2018, Vol. 62, No. 2



128 A4 -

Table 2. Activities by group in general chemistry experiment lecture
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Step Flipped-classroom group

Traditional class group

- Watching video material
Pre-class activity
(only applicable group)

- Preparation for the experiment seminar

- Preparation for the experiment seminar
(only applicable group)

- Experiment seminar

- Experiment seminar

Class activity - Experiment activity

- Problem solving activity

- Experiment activity

Activity after class - Writing result report

- Writing result report
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Table 3. Video material types by experiment topic

Division Experimental topic Type
Topic 1 Measurement of liquids and solids Type 1
Topic2  Crystallization of solids: Separation and purification Type 1
Topic 3  Separation of mixture using boiling point Type 3
Topic4 Discoloration range of indicator Type 2
Topic 5 Chemical reaction rate Type 2
Topic 6 Burette test Type 4
Topic 7 Acid-base neutralization titration Type 1
Topic 8  Synthesis of aspirin Type 3
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Table 4. Contents and type of the developed questionnaire
Item Item contents Item type
Graduated high school type Optional
Background Take series Optional
Entrance examination type Optional
Usability of class activity Scale type
Overall perception of general chem- Importance of each activity element for successful learning Scale type
istry experiment lecture Learning level Scale type
Intention to take lecture in the future Scale type
. . Scale type
Easy to perform experiment (experimental method) Descriptive type
Usefulness of general chemistry
. . S . . Scale type
experiment activity and Understand- Easy to write experiment report D .
. . escriptive type
ing of experimental theory Seal
. . . cale type
Understanding of general chemistry experimental theory Descriptive type
Interaction between instructor and student D chle.type
escriptive type
Percep tion of interaction and Interaction between student and student Sce}le.typ ©
self-directed learning Descriptive type
. . Scale type
Easy to perform self-directed learning Descriptive type
Learning status ~ Whether to prepare for the course through video materials Scale type
Understanding theoretical content Scale type
. . Usefulness . .
Video material Understanding the experimental method Scale type
Preference Preference and reasons for the content of video material Priority selection type

Descriptive type
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t
.586
738
739
.865
623
1.73

3.64(.53)
3.65(35)
3.69(25)
3.53(.22)
3.49(.65)

3.97(.45)
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M(SD)
Flipped-classroom group Traditional class group

3.97(41)
3.88(.12)
3.95(.31)
3.87(.11)
3.83(.52)
4.03(.54)

Class activity

Preliminary experiment activity
(Experiment & Problem solving activity)

Survey area
Activity after class (Writing result report)

Table 5. Students' overall perception of general chemistry experiment lecture
- Intention to take lecture in the future

- Usability of class activity
#p<.05

- Importance of each
activity element for
successful learning

- Learning level
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Table 6. Student's perception analysis on understanding of general chemistry experimental activity and experimental theory
Survey area M (SD)
Y Flipped-classroom group ~ Traditional class group P

General chemical - Easy to perform experiment 3.72(.55) 3.25(.49) 749 .045

experiment activity - Easy to write experiment report 3.88(.26) 3.59(21) 544 166

Understanding of general chemistry experimental theory 3.93(.52) 3.70(.76) 439 .095
*p<.05
UERH T = & A HalA 2Hd o) e drtst e &Ad o uelshs FH 2 A o o3l
AR o] Z9 olgf H AR A Y HHo # = Ao AztE =, A g Wkl gt SR
W e ASA - Ao Hit A Hep w34A ol glo] viwmdhe uet k= = Bl AFH -
gk, 7 Aol SAA = o u|shA] ekt A A g EoA= EHSFAY oAHA =AHE A

MR Qo] M SAYE] QA AR Avh AR o= Aud
ST Yol O] FAYS BE AR g3 ARE o3 29 F AY BuA B4 2UYATER ®
WA 49 W] 3727, AEA £9 Awo] 3258 A 59 Yeh 3884, AEA £ Wk 35980, o
btk 2, AR 04 £ Aee SIS0 AEH  WSEHNE e ol (ARE WA 5 Wek 3,937,
59 ko) SIS Bo AN AW S HAS E AEA 9 Aek 370l N E AR Bl 59 Y
o A QAR Ao vebgre, ATE A S A o SMISe] AFA 44 wuel S uo FHH9
wol SYES Aol ATE TN T AW H A4S GeheS o & Ak webA ofof tfa o) %
A WS @A AE WS v AT S UANI B B RS B AvHs Tuble 73 2ok
oo AW Al FAel A Y el wd Bol B4 Ak g gA Ao ABE BG4 delt
Bl hA] @ AAEY o] s HEE kol /1FE . AF o2 olsfdti, AFS ;ALY W Egol
A5 99y gRoE AZEL AAZ, A Auut HASS & 5 AUk 3, 46.6%c] SFetE S
olFol Az Aol A AulibE Fulet StEI 19X Ade] Wad AukAQl o] £3 A% Wy 5 Ao
& S Abolof thekdt AEa Ho] 241 7hal, 8 A5 4 A7) wiEel, & sdoAlA Ay 8= o]
A Al 529 uls Zarste] Ay i sst=d Ewol H AL, olofl & o il Au]dA A4
e ALstA &lsts BE5S SAT 4= A vt 5ol Foad = AMdES HEHHTh B3 HES &
H, e e Ao sy EolA= & A e1del A P ARTE A AN Ao Ego] HisS A
= el A I ¥ gk &7 Aoz o wotHA, o] B Fol= dAEA FIYS Sl
FolRaL, ool A AT ol s S| AT A B WES A 5 Ad Aol Fdee HE
T A Algho]l REJS Aoz YAR nebA dF Aok = F 2S T T5S Azste =
A e ADY ES F2 AAIEAA Fold AF < AR BAS A& = WRlof disf dubAQl vt

Table 7. Results of students' perceptions about causes that helped to understand general chemistry experimental activity and experimental

theory
Area Response example Frequency(%)
- The overall content and process of the experiment can be prepared and reviewed through
video, which contributed to the overall understanding of the content.
- . ., - It was easier to understand the contents of the seminar, and I was able to experiment more eas-
Providing video material . : 7(46.6)
ily than other experiments.
- It was refreshing to prepare through the SNS, and I was able to review it again later, which was
helpful in conducting the experiment and writing the report.
Preference of online I prefer to study online, and it seems to be fresh because I am able to take classes, and it is also
learnin helpful to understand the contents. 3(20.0)
& - I was able to ask through online what I did not know and get feedback.
- It seems to have helped us to have time to think about something and to get to know the con-
Problem solving activity  tents through team activities. 2(13.3)

- In this class, we could have time to think and apply.

2018, Vol. 62, No. 2
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TG ARt FAEA A A= AT FIFET 73.3%¢°] Gtz 73.3%°) Pt TS =9 F
B AEVE & o AL S Feols s 5 A 2 5ol 9 e ATAES Y+ A
o W-&2 vtofstAY M2E 7ES Stk ol g o] H3leS dFstdth &, AR wd = A
o] AL 4= Utk A A AE wHs) & u,* 5 ol S ES 2 AR 253 vl & A3t s o R A
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HE3t o] AL £ ASS FUT 4 AT ES mF upA A 23 Feole Y & 2Eloly
ebA 22wy AeE Aok o)A o= 3 L z2Relg B3 Wl Ego] ojo] A A dojd Ao r 1t
s oY o7& 5ol FAUAE ThefstaL, o ERytth 12]al SRS A 2 S AT E5A 1ol
£ AT FE Y Afe A deks AR Z2avt Sl FEAES Bshed =wol HdeS UERlh o]t
= ¢ 7 AU ¢ E 5o, 9AEVF & 1§ Y3t g L Ads AFE wdolA | 7Rk A sfd ZEol &
AES Al 594 o9 ot A &F Ale W Al sde A%t MAA A S EY] AU A
of et ARy A7} o] Fof Ao & Aot} £S FE 5 qdtke A8 AT datel Yxget”
E3t - Ho AFEHUE 94 AR T A4S
NERET A RN S0 3 SHYSO| 014 fEsteE Bgol HUSS & & AT Z, 40.0%)
T ARel A, el m S SP 71O AEAS  SAES B9 ZAS B e 3t F R R
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Table 8. Students' perceptions of interaction and self-directed learning
Survey area - M(SD) — t p
Flipped-classroom group  Traditional class group
Interaction Interaction between instructor and student 3.73(.50) 3.51(.22) 719 591
- Interaction between student and student 3.87(.39) 3.27(.49) -3.281 .047
Easy to perform self-directed learning 3.91(.72) 3.38(.86) 2.46 .044
“p<.05
Table 9. Results of students' perceptions of the causes that helped interaction
Survey area Question contents Frequency(%)
Problem solving Activities in‘t}}e class provided by the instructor helped to interact with fri.ends.
activity - The task activity was a new qhallenge _based on video lecture. To solve this problem, 11(73.3)
we had to keep discussing with the children even after class.
Interaction - Video lectures have raised questions, and I was able to ask the instructor about it
through online, and I could also ask my friends.
Video material - It was also possible to find out what I did not know through other students' questions, 6(40.0)

so there was a lot of interaction, and it seemed to be an opportunity to talk about the
experimental method and contents in the end.

multi response

Journal of the Korean Chemical Society
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Table 10. Results of students' perceptions of causes that helped self-directed learning

Survey area

Question contents

Frequency(%o)

Video Material

Self-directed

- I was able to prepare for the preliminary work through the video, an
the book.

- When I made a report than other experiment classes, I thought that
write hard while watching the video materials.

d I also searched for

I would have to 9(60.0)

- | felt the pain of the instructor who uploaded the video on facebook, and I thought that [

should do it myself.

learning

Problem solving - I am familiar with the whole concept of experiment contents through videos. The prob-
lems that the instructor provided caused me with a sense of challenge to solve the prob-

activity

- The problem-solving activities provided during the class became a
the problem.

lem.
- It seems to have the power to think and study for oneself.

challenge to solve

7(46.7)

multi response

2018, Vol. 62, No. 2
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Table 11. Student's overall perception of video material

b

iy

ol
o
N

Survey area Question contents M(SD)
Whether to learn video material Befor_e I part1c1pated in the general chemistry experiment classes, I checked and prepared 3.93(.62)
the video materials.
- I think the video material has helped to carry out actual chemistry experiment activities. 4.27(.54)
Usability of video material - think the video material was structured so that it was easy to understand the contents 433(31)
related to general chemical experiment. U
Overall average 4.18(45)
Table 12. Analysis of students' preference by type of video material
Video material type Question contents M(SD)

- The instructor's explanation certainly helped to focus.

(Type 1) Instructor lecture

- I think that the lecturer explanation is the material that clearly tells the exact content  532.8(137.5)

and the theory for the experiment.

- The images taken by colleagues in preliminary experiments are also friendly and

(Type 2) Explanation of students

fun, but they are less intense than the teacher does.
- The explanation is not smooth and there are some wrong parts, so I think it is better

530.1(162.5)

for the instructor to explain it directly.

(Type 3) Utilization of existing

- I would like to have a description of the instructor in terms of the contents of the

educational content experiment. 430.9(130.5)
. . - It is less focused and less tense than video material.

(Type 4) Reading Materials - I had difficulty understanding the video composed only of ppt. 414.6(122.8)
*p<.05
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