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Abstract The purpose of the study is to analyze the impact of blended learning’s external classroom formats
and internal teaching strategies, which has been implemented in university classes due to COVID-19, on
students' academic achievement and learners' perceptions, as well as to provide insights into the desirable
direction of online education. The study was conducted during the 1st semester of 2022 at G University,
targeting students taking Calculus I. The experimental group consisted of 117 students, while the control group
consisted of 707 students. Blended learning, involving a combination of face-to-face classes, online classes,
and mixed teaching methods, was implemented, and academic achievement and learner perceptions were
assessed. The research findings indicate that compared to solely online classes, adopting a blended learning
approach with online classes before the midterm and face-to-face classes afterwards resulted in a decline in
academic achievement. The unprepared and simplistic external format of blended learning was found to be
ineffective, however, a blended learning model consisting solely of online classes, incorporating a mix of
asynchronous and synchronous instruction, demonstrated positive learner perceptions. Additionally, utilizing
technology in the teaching strategies yielded positive outcome.
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Table 1. Research procedure
Experimental group Control group
(N=117) (N=707)
Instructional Online class Online class
methods (webex) (webex)
. Summary note, Summary note,
In;t;?crt;o‘zal Video lecture Video lecture
First half ena (roll check) (roll check)
SNS
Interaction Cyber campus N/A
Q&A
Technology | Geogebra through N/A
application PC & mobile app.
Instructional Face-to-face class | Face-to—face class
methods
Instructional Summary note,
) ) N/A
materials Video lecture
Second
half SNS
Interaction Cyber campus N/A
Q&A
Technology | Geogebra through N/A
application PC & mobile app.
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Fig. 1. Example of communication through SNS
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Table 2. Comparison of the scores of mid—term and
final exams in the experimental group

Exams M SD p-value
mid-term 63.20 24.97 (0.0001
(n=113) (1.276-07)
final (n=110) 46.09 2231 :
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Table 3. Comparison of scores of mid—term and
final examinations between the
experimental group and the comparison

group
M SD p-value
experimental group 63.20 24 97
midterm n=113 ) ) 0373
exam comparison group 6239 2494
n=741
experimental group 146,29 2231
final n=110 ) ) 0.053
exam comparison group 50.06 2341
n=707 )
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Table 4. Comparison of final examinations between
the years of 2021 and 2022

Final exam M SD p-value

2?::2;(573)0 4955 2331 0.0001

2021(year) (2.09E-26)
(n-866) 62.73 25.85
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Table 5. Attitude test on the online class A& olsfist= Hlofl o] HUh = w3l thote] &
R Que;stliofn Iitfems — M SD T+ 4.57, “SGAF =3} AA7F o)A K QA HEke]
. Video lectures are helpful for understanding the ,
lessons due to their repeatability. 463 064 ‘Qé]"g‘t‘ A ]‘%‘ °H7j P— 1:1]01] E‘O] E] E]’ E}b A5
2. Study?ng Wfth video lectures in advance is helpful. | 4.42 | 0.72 o= B3t 45124 HTEZ X 9] &Lo] A|ZZ 9l 7y
3. Studying with video lectures in advance seems = °
elevating the degree of understanding for the 439 | 0.79 oJgfie} Tl Eo] EASEE AL E&o] HAt= AL &
class. 2 o]r,].
4. The classes using GeoGebra in video classes and A
real-time classes helped to visually understand | 4.59 | 0.63 “2Z0lS oA HiAI7E AT E s AGEAQ} E2ol=
mathematical concepts. Sl o "ale Zm 5t ol i
5. The use of GeoGebra in video and real-time 457 | 065 U} el el HAH e | et el
classes helped to understand the problem. ) ) T+ 4.612 £=Q9 gist sHPE9] o]5] =S EQlsh|
6. The use of GeoGebra in the video and real-time _ — o 9o] ul =0
classes helped to solve the problem 4511072 Al v AEet EAECI7E E3HQ oA B
7. Th‘g exsrc‘:ise;s and‘ squAtions provided every class 261 | 066 9] 8} £Yof T2 FSE u|sit) “FAA|7E
online helped my learning.
=5 =7
8. Blended lesson of online synchronous class and %Oﬂ 7]'7]'—(2-—' = 5% T’—‘Xﬂgol Xﬂgﬂ' -“-"Jé"] S22
asynchronous video lecture is helpful for studying | 4.57 | 0.65 b=y 11N KR L]— z]./qg] _\j_r__‘uﬂoﬂ E%O] Qo%r,]. ”Oﬂ/ﬂ
mathematics.
9. Online classes are more efficient than 377 | 115 Bt 4.142 Uehd A3} Zo] AGEA AlE o 2=}
face-to-face classes. . Y-S Zolo A AAR QBE 27 o357} 7[R Lo
10. Face-to-face classes can enhance the learning 35 | 098
effect more. ) ) HEO SNSe}F Ato|H] ZHT A9 Q&AE Foto] AEs}o]
11. Combining online and face-to—face classes can ¥ o g yewe vl slEo] S FFPLL
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feedback method were helpful for my own ' ' N - .
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Fig. 2. Example of various expression in the class
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I £A T “Ade7lEol wHAISo] vl el i

3 Sict. o

W52 Hefag Fetolet o] thof 3y

Ce 710 gutd oz 7oAzl A 4]0 Af Hlof
U ZRAIREY] B4 T o2 B35, 97159 vRE
L ' =rcosh, =0]= h=2rsinfolg} Hol5to], ¥

7159 2ig 4YRET

o] AL
S Foke

4% ¥ go] 9l
AR

74 Fo| Wrioz Aoy
12 1519t} RIS Q] o]} TA|=o] FELO
1 3ol YAk g —‘?*1’4-4 F
A7 EAE S AL Ao

o]—J\H D

ol §5r4l fx) =2 —62° + 922 AA Bl TS

T35l gloE] Bo|g g o g 1 oulE sjAshs 49

7b gk 28y A9 AgRoA s A eABE
285}0] A|ZHA 0 2 o8} £ Q& & )R] o] RTA

Aoz HIoPArHFig. 3 F=2).

Student E Student F

Fig. 3. Relational understanding on the concept of a
derived function

A WA A W2 oMY B9 FeAE AR
A QA B Ei EFH flof HPST ZAL A2
AE Vg HxE ot fitpoly B 75 &85t

0] g vt 33 s s Syt 121
T2 o dis kS 13 EA stof shYEuttt
AME o2 oot D8 S I8 R Egk JE el
TAE AAF ofsfd 4= QA St 3 E= H 719
e Ak 2HnE g(2) 2 Fostged, ¢ (z)
£ IfZg YetglaL, 7 719 2 7] HAE =

gk 24k WA 5O S04 Goloh Mo W



SIS 20| OfF SUBER U LA AQTI20| SIRMFTO} SR QA DIX|= FB EA O
A dehfd. Lutdo g 49A1710] Auo] Jgng  Adseye YE Aol B Ao et
IR i A 3o A7 AEE TEdchd COVID-19 B sHgEstE Qg ARtan e o4 B
ThoFdt B4k L AlEslrlol Ralrh Yk ak4] O el slantdo| T £7E1A} o) dol A
7k 2 oA BEkE Ggatol v 9] WL AREA o] =HUH LI5Sl Bl Az PEt &
HA Jme] Wsle oo IR AZtHos 8 gE 7] Bt = $YATe avzo|qir),
QA5 St Skt W] 914 WakE thgslA] 0 F234} o) % Sl o8 4ol HgH o) %
2 ZIsH T ©est diga] Zolgk Ak AAE o] SYEC] S F R ANt} v aNt BT Feg

2 o]8f|(procedural understanding)S go] thdst &
ZHl #AIZ oldfi(relational understandings FA4E
= ATH31].

F A A L o f(2) =2 —62° + 925 A
Alsto] A QA BEtE Fof EotE 1 EA Sto] th4
Aoz w1 Tt 3k, ST 45 gt
T e} ofw gt AA o] U=AE AEoES St
4 Fe tﬂj\ﬂol F0]9] AAJE ofe} < f(a) <}
59 g Fo] LEo| A 1

1S 28sto] & 1= 2t BAE

a1 Z]0
ﬁ%ea

1s>+ H4 Bol2 Wil BHslel F4E
st itk A€ BolFolch

@ 7394%7}

r
ol

=

o

pal

WA B W ool Bl o
(€72/5). 989 ALA/LEANRS LAY
sl ETHoIeHA 77/5), T U HE-L
7 %89 1 6] £2o] HYTHATT/5),

22A0] ol that o)A FeA 0 A 4
of thel Rt e A WAt sl ¥

P2 PN Y, ol “SAtel Fte
£02 2ABo| B2 Bkt Bgo] S0l & 45T
% S WEol & A ek, shEe] ofsfel] HEs
e} 3D TR AN A FAY B9k 5O &
wlo] 4 813t 4= 9l
5. A2 U ALY

£ @7l 288 S YA 24 5 71
A2 R 4 9ok b F70 o] Letels
97} F7134} o] 5] huidglole o8 BalrE 4
PYHE 5 4 U1, ThE Shbs 2eRlse volA 4
] WAL SR 493t ALK B ol b 2

AA st =, A7) A9 vlE EH A 2
Hsdolgl= QE A 4 QQlo] Mutdg oz sh&a}
£9) Si0l4g Wolwg T # 4 ik shiEe)
M BN “marEe] SARAL EAT, A
R e AFe AHY 2Rt oy
HE FUAL, S £ T AT 23
AAR AT UGS L 5 ek ojgh 2
(3319 AN FARM, 119 A
PiSo] Latel AEsqlow ols) Latel]
Helgol vl A=A SHSH glo]
COVID-19 ﬁHEﬂEﬂO] g 1P7]§}Qr,]-td A9 AHA &
5 AE Fote= bl
ELS 7L

st 22Rledo] 3 5h7]e]
2 gol9l}. el

= O
27

SEAE

0
hul

o}
=2

9

X o

Ol

&5}

m\,L
X
N
(K

rloh i

o

)

r

g At

Ago] ettt
A 23
Aok o}

e U=

_\?L olo

<

e X
mlo
X >)i
ox

o fo

LA} ool 713t wiell

of slal, FAPE R w5

2) ¥4 615k Ief R 2100] e O] ot stel
E9} SPuEEE Folulet Hol7t gt 5 S mE U
Sl o ol B B0z Uestthe we g 9l329)

Ao} Al Ztet 3 4 gl



10 ARUISHT X217 KisE

S 700l Tk o]s) AEE SHelst] i8] AHEAS
FolA] AZINCS St BANE FHSY HAFH ¥

=g ool ¥ S It a4ty o 4 Qlok 18U F
A

2 29 L0l B9, B 710 ol B
2 Soloful sh= Aol ARHIRA S £

Weoln AHow opsbelgickn & 4 9l
olefet At sje] AgATokE APET

B

Aol
A By Fo] 847} ShQA =t g JEAE
Vet 51l o E5] o2 7FoA <& Sl o]
2y SFAIAE FEAIZE olgd FHlx &4 717
AEATE 5ol TARFH =L ATHAE UEbiT L A
ottt 49le] o] & o] Foif etk ¥l 3t
78%le] diAskz, & S g5 5718 TS5 U &
U 5= Qs SATAY Alget Fddt TEd 84Tt
8ot & 4= A
W& EdbE Aol & 4 Qs 2215y
o] okt AT Hl 2B A B0l tigh PSS 914
FAIAE ZHAR1 A HolFlot, vz 59
g 7)ot AT S =S HAs EdY =Y FH
7 9HE 8h50] A4S FistelHAl FAlo] HHSAS
HASE 5= Qe AU A ARS8 Aokt
W4AFEC] COVID-19 Wd o] dof AJ3d i
oAl T2 A E= ZAR glo] WAL vy
9] BAIEo| 4 9SSt et Al ut
2hE SIS EAE QAT 187 13 SEENA=
Hr g SR & ek 8go] AR ok, 2

®
)
B
)
)
>
rr
o

A AL o] 7oNH Hle] B

VY 79| E715t B2 wE 5O 2714 AnE BT
o) F S @o] sol et Hol A it 9l
ot
AT

B4 e SUAIT Ao]H] ATk B3k B
e 399 Aut] AzsdTt fRASAS A 25
A A 1 HET Ao] S B5jal7] 98] Letelg]
A 83 SIS0 £99) TS BT of
25 ks 7] 98H519) ATolA ekt A, £
vEeido] SIAHENME folulet 2ol Holx]

© A, FRAUNS LA = TS E2 FAE BT

HZ=2A]9F SNSS| &8 HollMke M35 I42

FAH |9k A2 olalE gIst X oA Hetel 2L ¥

=

oy

£0) $54 2YPolE AU, FEAQ Holz A
& 4 QS AU EANLOIE TS 5
Q412 BBt COVID-19 ¥4 o] % Alshe] 22}
Q%] &kt 1A Bold Floleti oAt AeSol
BISHATH £ Aol F1W E A St A
2 4Pl wito] 20 FhAsihn &

FEHOR B AT/} HolF AAHE T g
o & - o o1 BT e o] S oy 2
3 314t 2.910] B 4 Sk Aol o]go] ZAkA
2 9879 WMot 9 T shante] EES 29
31 REE SfESdolHE 2ekelolA] AWHY 49
HeFe Bo3tol 7148 29 4T WAzt Uk 3,
dheidgie] A9l Leflsgint SUsH B4 7]
2 vje) £ O%F slo] ZANS RA5, dusd
Azl 89 OlE S, WoIgHolt EES F3
BANESNS, A 4 9% BYHYY WAL Ay

=2 =2
thd o5 2]l skadde 7Ide 5 e 2ol

4
30
T

o
.

F4A7RE Bdsey 849 tusdold 4
= A7 398 BYHYL Sgele] BE B
S AYsEe U FPHAES B4 o
T2 ARk, 123 & oA Letelele] B
St gasA] B8] Bato] saAte 914
o8 1 aubge BT FHATRE SX3HE
SlQIg2E HAlo] ZabE A7 AW A2 Akt

REFERENCES

[11 C.J. Bonk & C. R. Graham. (2012). The Handbook
of Blended Learning: Global Perspectives, Local
Designs. New York : John Wiley & Sons.

2] Y. Y. Hong & Y. W. Im. (2019). A study on the
educational methodology for improving pre-
service teachers' competence of designing
STEAM classes. Journal of Digital Convergence,
178), 71-80.

3] J.J. Woo, B. N. Kim & O. H. Lee. (2009). A Study

3) Ll dat e ekl Ao 23 FEl

B =e ol o
Holt ol B4 Sl Aol eIzt 35],



SCIE21-0] o S 2 L

ES

==

250

Jon

IAEF

o

FESKE QIAI] O|X|= Hak EM 11

= [ |

on the blended learning as an alternative of
face-to-face learning in university. 7he_Journal
of Korean Institute of Information Technology,

A2), 219-225.

[4] J. Y. Kim. (2018). Learning effect analysis of
blended learning in SW coding education. 7he
Society of Convergence Knowledge Transactions,

a1, 1-7.

[5] Y. W. Kee & H. J. Roh. (2005). A comparison
study on the effects of blended learning course
and on-line course in a university class. 7he
Journal of Lifelong Education and HRD, I1(1),
63-79.

[6] K. H. Kim. (2020). Study on the effects and
limitations of blended learning-based college
lectures in online courses. Korean Journal of

General Education, 145), 239-249.

[71° M. Y. Kim, K. S. Ahn & W. S. Choi. (2005). The
comparison of the learning achievement and
learning satisfaction between in the blended
class and online class and offline class. Journal
of the Korean Institute of industrial educators,

301), 106-119.

[8] J. K. Lee. (2015). Blended learning pre-
university program performance report. Ansan:
Center for Teaching & Learning, Hanyang
University.

[91 H. D. Kang. (2021). University students
perceptions of the effects of online lecture
types and its media types. English Teaching,
7&1), 59-86.

[10] W. K. Kang & 1. S. Kim. (2020). A comparison of
blended learning and traditional face-to-face
learning for some dental technology students in
practice teaching. Journal of Technologic
Dentistry, 4X3), 248-253.

[11] W. S. Kim. (2015). Analysis of student satisfaction
survey on Computer Practice subject by
applying blended learning. Jjournal of The
Korean Association of Information Education,

193), 373-384.

[12] H. K. Park. (2023). Educational effect and
operation of blended learning for engineering
education. Journal of practical engineering

education), 15(1), 39-44.
[13] H.J. Park & H. J. Shin. (2022). Effects of blended

learning on learner's satisfaction, self-directed
learning ability and self-efficacy. Jjournal of
speech & hearing disorders, 31(3), 83-90.

M. K. Lee. (2015). The effects of TOEIC classes
using blended learning for university students.
English Language & Literature Teaching, 21(4),
257-281.

L. Y. Shin. (2021). Performance and perceptions
of Korean university students on blended
e-learning and asynchronous learning. 7he
Journal of Humanities and Social science, 126),
3067-3080.

M. O. Suh. (2021). The study of graduate
students perceptions in the graduate school of
education that related the case of online class
in the corona 19 pandemic. The Jjournal of

Learner-Centered Curriculum and Instruction,
21(2), 561-582.

Y. Cha & H. Kim. (2011). Implementation of
instructional methods and learners’ views in
online/offline Business English classes. Journal
of Multimedia-Assisted Language Learning. 14
(3), 11-35.

S. H. Cheong. (2020). Learner-centered blended
learning types in a finance major-affiliated
English class. Journal of Learner-Centered
Curriculum and Instruction, 2021), 1337-1363.

P. Sharma & B. Barrett. (2007). Blended
Learning. Using technology in and beyond the
language classroom. Oxford, UK: Macmillan
Education.

National Council of Teachers of Mathematics
(NCTM). (2008). The role of technology in the
teaching and learning of mathematics.
Retrieved 10/4/2012, from http://www.nctm.
org/about/content.aspx?id=14233.

K. W. Kim. (2023). Suggestions for convergence
and complex teaching and learning methods
and curriculum reorganization through historical
development of the limit concept of Calculus in
field education. Journal of Field-based Lesson

Studies, A1), 173-196.

Y. Y. Hong. (2017). A study visual understanding
by using smartphones in university Calculus
classes, Journal of the society of e-learning,
Vol(2).



12

MASEIAT M212 M8

(23]

[24]

(25

[20]

[27]

[28]

[29]

(301

(31]

(32]

H. Freudenthal. (1981). Major problems of
mathematics education. Educational Studies in
Mathematics, 122), 133-150.

A. J. Wayne & P. Youngs. (2003). Teacher
characteristics and student achievement gains:
A review. Review of Fducational Research,

731), 89-122.

K. S. Lee. (2022). Development and effectiveness
analysis of differential and integral teaching-
learning programs in high school Mathematics
II subjects using GeoGebra. Master's dissertation.
Kyungbuk University.

B. H. Kim, M. A. Jeong & E. J. Kim. (2021).
Satisfaction and effectiveness of online classes
of college students in COVID-19. Jjournal of
Learner-Centered Curriculum and Instruction,

21(5), 767-780.

L. Trouche & P. Drijvers(2010) “Handheld
technology for mathematics education: flashback
into the future”, ZDM, The International Journal
on Mathematics Education, 427), 667-681.

K. M. Kim. (2013). Application of technology in
mathematics education. The Journal of Curri-
culum and Instruction Studies, &2), 25-54.

1. Y. Choi, H. K. Kim, M. H. Song & I. W. Chung.
(2021). Time and subject of technology usage in
mathematics classes: focusing on PISA 2018.

Journal of Learner-Centered Curriculum and
Instruction, 21(7), 483-497.

Y. Y. Hong & Y. W. Im(2021). A study on the
efficiency of online classes-focused on various
teaching methods in college-. Journal of Digital
Convergence, 1410), 63-73.

R. R. Skemp, (1976). Relational understanding
and instrumental understanding, Mathematics
Teaching, 77, 20-26.

Y. J. Park, K. H. Lee & H. S. Lee. (2022). A
comparative study on academic achievement
and class satisfaction of College General
Mathematics according to face-to-face classes
and remote classes. The Journal of the Korea
Contents Association, 2X1), 324-336.

331 H. D. Kang. (2021). University students
perceptions of the effects of online lecture
types and its media types. English Teaching,

7&1), 59-86.

[34] Chee Kyong Seong. (2011). Effect of the
students’ e-learning participation and access
frequency and access learning
achievement in blended-learning environment.

times on

Journal of Communication Design, 35, 90-98.

[35] S. A. Song. (2017). Strategic flipped learning
in-class design. Journal of Multimedia Services
Convergent with Art, Humanities, and Sociology,

73), 851-859.

£ 0fl (Ye-Yoon, Hong) (A3

- + 19879 2¢ : o]gfof A}t SHAL

+ 1990 24 : o]ztod A eEt AAL

+ 19994 99 : Auckland University
et} whAL

+ 20169 3€~@A] : olstefATEt

EXI TR

* WAk oS, SIS, oY

* E-Mail : hongyy@ewha.ac.kr

& A 2(Yeon-Wook, Im) 3|

+ 19874 2¥ : A2Et golY
st SRAL

* 19899 8¢ : A&t oY
Sk At

* 1996\ 69 : Harvard University
W5-58 AL

—_—

“=°

1

A

r

20014 44€ : University of Pittsburgh 2-8-33} gtA}
* 20029 1€~AA : SJAto L WS-8t} g
« TAECk: o]y, A, YATS

* E-Mail : ywim@hycu.ac.kr

>



