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A study on the expansion of educational environment and students
competence through smart learning in the tertiary mathematics
education
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Abstract The purpose of the study is to promote the expansion of educational environment and students' competence
through the application of smart learning. In G University in 2017, 118 freshmen in the department of Chemical-bio
engineering who were taking Calculus I class were divided into 2 groups of experimental and control group. The
study analyzed the effect of the various learning experience using educational technology and the interaction in the
class through SNS on students' visual understanding and academic achievement. The result shows that the students'
academic achievement and satisfaction in the experimental group were higher than those in the control group. This
verifies the potential of smart learning in the field of mathematics in the tertiary level and suggests strategies for
high quality smart learning.
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Fig. 2. Understaning Stage of Quadrangular Pyramid
3D Graphing Calculator

AR Threlelelel AeE Feste] ol
bg Sht o Aol wEe) HolE Aoln

HR
flo &
al
&V

N
-
m
L

1=

=

1 ol7k RThe F o] wRie) Holt g4 ke
22 & % qlov] o o} B3] g gk AN
WA ek ol @ WA BHE s
oA WofL} 2He] BAHS AfAAZ 2ol uan of
2] ofe] Wl o]l A F vl Wolo} Huli
4 ek AES ARHOE AAST GE 2w
A4 Qs 3 4 ek

oI5} o] kB A A& BTG BAME
SEel Aaahg e 4, BgFoRA SrhEd o

A s ANFEA Sge] e, Sl
Aozt Bede S8 5 g 7129 Sl A o
A7t JAEY Bee AR o A

o} 27)% Fol AR Ay
qe zu)
ok Flo R WAk 3D 199 AWIE PC
We] REEdolm thgel SHECIA AYH o
HolF T, SEE e TIPS 2] AnteEel
Pl BAH Oz APs) BomA wAtshel A1AH o

Q‘L
2
e
2
N
L
o
1
Lo
S,
r_{
o,
32
L
)
o
2
r

71%8] ol A w7 28 A 4] g}
BAE 5€ Aol mE BFS Fuekad S S
AEGE Al 2T Byl Ak, sHys

o ehezH oli= 47 o2

3.2 2rpERo] oo

Y SN 20k J17] Bgolehts Wl
YR Gt 2aE G A TR EA
Yoz @ s BTG L ARUAI S F
¥ AL 5 gleh 2hE 7] Fotel S bl
FEAFoIt WAt S o] HEA o] (1A%
WAE s e] Sgigel ofalzt B g e a
vhebt the AbgtelAl AWk 2198 27 BoEA

A5 A48 7 71 & 1 ek o) Solofale

=

o




~H
= B2 xn o o T o
R 7 T g B X J oo
ﬂl,lz Eo_nmoEeBLAO]_,_A!mumﬂr, .
ﬁomﬂ%arJa?x%?Jok G
P oo g M X W op B T o B do BH N o
Gmomrmomm7%aﬁma% B g w oo L
B oo &0 ﬂifiﬂ@%a we oAz zgwM1iEﬂ@
Uy el ﬁAT “A|O# JI,.DrE 5 O}Mmﬁo 2 BB <) T+ T do T
@n‘b il Moﬁo&oz#ﬁ LC,q‘.m.M,m.‘u‘AL. — g 5 17F0TL H o= o oAl Lcﬂiﬂlz#ﬁ
é@%%@ %,@r@%?aﬁuh S I T o™ ) ol
D s WOE e X w5 0 X% R T & R op weo%mﬂ%ﬂ G
@dranomﬂl?mo1 oA Bl o o X = W IS o;@JEé o
ﬂmmMﬂL_]wﬁztoEMuTMuWﬂ%mw? inme_mwa %@HMQ@%AT@ u__/uuoosmmﬂm wﬂm
=) %o A o o o W . o o Jop — B o 25 29 J X
%%Wﬁhwwﬁmﬂﬂ%oh@ﬂ mﬂJ._%oEM md@rgwm%uﬂmfm Mbﬂzourm%@ X g
ﬂLLgs o o5 o X i muwu%ﬂkz d%ﬂpmw oy 3 M}Mﬂdri o) e
o o BE AT o d Mo M X £ | o AR b Wl T = = oy T bl nm o N 0 X B 99
%ﬂ?bmﬂwz%ﬂyﬂ@ A %%ﬂ@@ﬂ b X X0 i m%%%bg e
o J ao Q]f]aXu]eJ#iﬁ a._'E_ e Qéﬂﬂhma S o = ~ oo W H o
H}EHL%LZOUI7A]1%0|L ,A1n__|.£7] o N WWHQ ﬂs_]rdrﬂ Mﬂgz#ﬁ&oo‘m,zTA
Lg%ﬁ%? = oy oo I mE o S AME Doy Do o FTIN e R 2
W ° ﬂ%ia«L* AT - ﬂge li_ciowap g 9%ﬂl
@ﬁ%zgwiq;m&r:mﬂﬂrw m_figmhwm ﬁm%mwaﬂﬂ;ﬂqmﬁ_f#mzﬂmﬁ%g
~ Gl s KL = n) Jlnno7 < ] ! 7 n_]_ﬁ] =
Mﬂw#wﬂ%%wwm@]@%g ﬁwmﬂ%w% Emfﬂg%mﬂg%z%&ﬂwgnﬂmﬂmﬁ?ﬁa
ﬁ51nf_1;mﬁm o T ® y X s O s R R - T
ot X X oo — dlo ZEE w A = N —_— ;ou:wJ.o ) _.XEonEz =
iﬁﬂﬂkA@ﬂur,@r%}ﬁ ?@@r?h% dJEMP:@@%?@%&]i]u@mﬂx
N - o ™ OB Jo B owr o 5 7 o’ w2 G4 X O = D o) = ol BN i
#gmiMM_L“loﬂ ,IEMU_.OI#_OI,.WIyLH_‘UFﬂHn%me_@Maﬂohdaﬂoc*ﬂﬂﬁAﬂﬁ wAl,UAI
oo N o < He W M.A7%O#MOMW@nﬂbMHaﬂﬁdl]QMlﬂoﬂoﬂ]oﬂﬂmn:_m 3
FILEREETE @gﬁ&h@@@ﬁ%%a@%%%@&mwm@ﬁa
1o ﬂﬂ&@iﬂm i T R ﬂ%@ﬂ%ﬂﬂéﬂﬂ% 3 > a o~ O
< Jisﬂa oo Mo g WO R B TR R TN oA L T N
= oa%ﬂgeﬁ. ﬁ%oi%%ﬂrﬂﬂ%@i%é AR AR Emzaﬂ%ﬂ%?
ik M @r@%ﬂSJE7¢ﬂﬂomﬂﬂgﬂ7ﬁﬂe,1%} zsﬂilﬁzl
< zomwgewﬁarﬂmmﬂmwoc*@@me aEmHﬂﬁ._oMJmlWE%@ . BoENF
= i Wmoﬂdnzmﬂiuﬁiﬂmﬁ%%ﬁﬂeo#iplzﬂmlwu]%cﬂwi% N T T o
. ﬂWhﬁﬂﬂi]ﬂmm;ﬂﬂw%@ﬂﬂﬂw7magba% <M R
o TEFgX mowdlm«xﬂ%gezoﬁuﬂATﬂjplwAix%lzrV%wﬁljl mbﬂo#aﬂ o)
5 ﬂpomo}ﬂ%@éaf o B X 4 LQEﬂH%H]ﬁﬁ&Lc oo B
) ﬂeuﬁw%ﬂ%nﬁmﬂﬁE%ﬁ&ﬂﬂﬂﬁﬂﬂﬂﬂ%%%%%% ﬂ%%mﬂ Ho Ho
e I A nw}4%ﬂ4Q%ﬁmwﬂa%q AT wET T T ™
= - X mH o ZlV U T o X ‘mulz_l B d juaial . 1Ho o — X
N = U8 3l N o= A X eI 9 o g 3 A o M ~ T © )
m EAMBMWKMMAHaﬂmﬁﬂ%%mﬂ_%ﬁﬂ%ﬂmxgz6::, & e o &L T
) —_ ~ .~ —
< WMW%%%%%@#Q%HM&M7%iﬂﬂyﬂ%ﬂ%%%@ &HATOM Gl
ol %@ﬂ@?ﬁ%%%i%ﬂwﬂ%W%ﬁfﬁ%wﬂ%aﬂﬂgmx&r %ﬂwﬂ? it MJT
) dlx ~ ]ﬂoﬂo B xO],EAT,] ~ utoowa s Tor o
g#E;:E!%%Ti14&iiwii;ﬂ 1382 2 sl
of B LD wrﬂlwﬂﬂfﬂ%éoﬁpﬂﬂ%?é@r%éséﬂJs B b Iy =7
— 7o el i T o o + T i No oy X T oo .n_ﬁ_uu%omnn]rWIAleN _ = K B B o~ 2B
~N i g & B AF S de}]oﬂgo Tor o m o~ I B XV w5 o 3 Tor o
o = o= T iﬂﬂlaﬁquL %ﬂﬂﬁéiq = — 4?]% .Junuat
1_/FMﬂ_H_AIJ.e€i1 voa,.@ﬂ,_i%v@amaﬂ‘_o?%Leﬂdlﬂ%ﬂul“qlﬂiowt Wa]./rzqt,m.u <f PG
TR T Mdﬂal,mﬂxﬁi%ﬂ%ge%}_cxﬁeﬂougeé.Hm_ﬁ 4 w T
o oo _lurﬂrii. 5 o’ oF 61Aﬂlﬂﬂ§.7ﬁ€ly{dl7 . &
o) Wk ok 5 ) o o o — bmogg o T T 0 L= o
B os) B on p e o A,.ma 5 o =° o»oL|1OﬂuAl],_ 0SS T
iﬂﬂ:h%Tiwwwﬂ%mw%?%s%ﬂx = %
L N A = i s P
Mo N Wy R wr ) e No
1= ™ = 8
z. o#mwxE eI
o) l,btﬂl
A _ﬁo




o
it
=
e
=
2

u
=
o2
i
32

I
N

i

il £ 17| 93], ~ntE
Ax ek} Al he] F1kalel 7]
o

122
tlo
ik
= oo
ro
> g

AU S
>

o B A vwsgor], ~EES FE
Qo B US Fushl Q38 Astel wlay
0% the gFWY BEaE vusy
w57 Fo AT PSS RIS AR

3} Fp BE PAse] 2PEE 9 B AvhEw
29 B84 AVE + YEF AT AARET

5.1 7A=Y

HAE Tl vEpd sEe] Foldl glojA] AvtE
E &85 Tote] eoleh AP Fig 39 4 A9l
A oA Folt offe} AREE 1S Fako]
T EoPE seA] aEE ayFoRs Ale] Eo
1 Wk ol ol F5 y =2’ S
X258 TALR AN A RIS ek A
A iRl Folirt oheh el ANE A
S AUER el SRAe] v S vekshA Al
o Rdshs TE/MNE HoFirh

38
o

@) A2 W] y=2*, 4z o, 4=1

A3 .
—
A = o
s =S
el [e=98)-(e-7 ]dy
Q n )l [amays 4+ y3 -] dy
xf Goand 443 14

wlsy-agb - 247,
tf33) = @)

o BT

student A student B

Fig. 3. Visual expression presented at students'
work

5.2 2n}EES] Fgo] SAES] A7 ofs

>
32
rlr
Hd
)
it
o
N
2
Hd
E)
O
=
o
M
Ry
(&l

i
M
iC)

Ir

HEL Fig 4014 eIt AAT,
2 BEF xS FAPE 43
(55%), % = o ge] SpapEe] B el ol

g aze] el lojAf gt

WEE 2

ow Yz A ThFE WHoRE FHSAH
HhHel v g A= 589 Foll A 1678(27.59%) <

st ETto] AHE AA AT Fig. 59149 o] nja

HdolM= S EXE tisd Folg A sl &

oo A ZYZE AhE ¥ Y HPEo] 174

(29.31%0) 1101, St FA | 197 (32.76%) 2] SHAEel

9He) Folw Az AN Ragu, eg

SelnA AEEA BA) 23 Ao Eegr Aol
obel && % vl W 7o HeHE AE ST 6
B03%)I90T, ol 5o wEg AN T
AL FEE olsahgel Aol Al vs
Folsh 7] 179 AAFA FAL AL WY
oMz o] St 27 WojuA gho} o
) Fololwk PFee FAel A%H 0w Fuat

Q9. (15 points) Draw a graph using the maximum,
minimum, asymptote and inflection point of the

r—1
)

function, f(z)=




A GG e 5] 4] Al16d A7S

id_

220

ql

A

o] ¥t 44633} W] Erpd

A

S

3551

S 27 2o Abare] 7 &

9 Abar

13
<1

2 71l

I P

o

jgase]

O

ZIEaALe] 4% 3A

o
23|

s}
=

sl
7+

student D

student C

=
3]
B o
—_— E
=
_— )
J———— 2
———
[— ] k7] o
- 2 o
= 1| =
C— o <
c ..I.LNM.V
—_— T
— [ We
S .d‘_L
—_— 2
f—1 - <
—l— =E=!
© o
=]
)
=
.nana
g g
——— ]
_ o -
_— <
———— w em
——— L Mw
——
—— m_mu.ve_
—— 5| =32
—_— 5| T E
—
— :
—— ©
————
o
6
=l
o)
) 9
o0
R=
=
]
<
(=N
a7
o
gt
N
S
er
m AN
LLLL I I
R Y
< o 3
2= A
=} “—HK—
] N
L a
Z £
—
g £
< 3
¢
o
6

student F

student E

371

5.4 7%

Fig. 5. Answer sheet of the group without smartphone

]
=4

SHate] 5

o A 547(85.71%)°]

Al
A

at mid—term test

5

171 A9tk @02 =ed Ay}

S

vl
A=

b o] HUATE" (4749 “ag

Aok

e ol

g
oH

5.3 A

4

o]

AR

Fo] flo] 63.360.% H]

A2

36978 9] Byt 57413} H]1l3

s

A 34

=
o

4% A

J5o] “1el

SFA
o}

13(58.3%) <]

3]

o] ofile} 2|

il 12l

3]

who] ®nt Aol 7} giAl vrEbtAI Y, Fig

4ol BolE AAY 1)

=5 A4

o8

x2S

=]
o

2

ITE
—=

L
T

ogfwrol firzke 1=

o=

o
Hj

I

FYol HAL”, AR

51 2= o
9% 5 9l

=

H o EH

-

S i s A A e

pe viss

=
o

A8 ZRIRS

[¢]
-

] o]

L7 B Asteo] oy el

= Al

$ue] 45 4682 58w Aol

= WM BEE 7t

A=

Al

Kfo

s

= 3k
L]

el A

FUL 5 2t

i Fok

18]




[6] G. Polya. (1945). How to solve it?, Princeton, NJ:

o) F T TR AR W ﬂaﬂ%%?ﬁﬂmﬂ%mﬂ 5 T+ mm w.mf@ SF 5 8
— o ~ WO oy o N W owo =T T Y E g g3 S8 8 ¥
~ o o B2 o o 7 e S o & 32 o 2 S
S FEeamaanN gzl indRg waew 5 & mmm F3c 5
= o T W T ) e B R A R - O ) = g = £ = 3
el REWE e Sl T mLeed RN §8 8 g3 v EF <
, — . = = ° Z
Tl wEl®sircd gEEI M ERE woE o 28 &55 A
gl Zir3eRts 3 EETHRTIOSELS L U PR
o ; i) =R~ 5 = [N a B
) %ﬁ%%%#ﬁﬂ WM%M%M%QMQ%%MAMW Ross Lt f mmﬂmmm
~ = M OF g O o W ol Wy T o O §E3 ©£°BBSL™ o=
X I = A H N ,WHoﬂL AUH,@I.EoﬂﬂaT § € =8 o .3 & e
— 2 < Ul o 7o A - S = < g
fl Tas %30 zrgizlenroiwrs g Sf S5Cf3iVreial
— K ® o = iy T = or w2 L o S o I < o e
| Tl Eal ,ﬂwowﬁwﬂ,Wﬂ%%%%jﬂ = Wrn.mm.mwmmwmwmm
e - - o = ~ = 3
el B g liweds o Blxdwm_ 0T P, e O o S S22t Eg.cgucs
e o T o = v o Aﬁ}_u__c}_,_%geabd o~ S E 88X 32 % L 24 =
& E]%ﬂm_uMﬁuo%muwﬁﬂ_ﬂ.mu_sgﬁoﬂﬂmﬂowamj @wm&mmwwaawmm
™ ot = A o LEE LM M RN T R oz 4 2 Z w538 E . S E &
o X o p — = T B o o N 7w P A@ nA%c.U@ltswUm.
2l 225 ip~lintEifess ity ZfeSs oS Rhisgig
o — o ~ = = oR _ or A iy 5 =M o e . S..Se.m...ltd% W
X o~ o < A o_shdro‘_xﬁ%uoibzvan X % kuYwmmIPm S
oy = o oy A A Fofp oo Bofn W Do o, AT E T EL < iR 58548
o o R =T A B o N dp oo @ U IALE Y [ N = = S — AT TR
Il ARgxfd R g Bag oy HgT s - - - -
i N RHE WA RRN MBEITHT TS T = = = =
_
[=§
<]
. aﬁMMdr %E% ﬂ%%%%%ma %%W%@mﬂ%aﬂ%k@Mﬂﬂﬁooﬁ ﬂ#ﬂ
ol IOt B e g o BT g Moo WM g BF R Al R KR g
o fo AT 700 =z r5 O T OF = o) jod E_ oF o - yAT Mo o ~r o ‘LIA_H‘_I&I < 51 Tl E} W
| #izz o PiEfwis crdTrznrieliisiz ez
ol el T X Bl ! q‘wﬁ 17r‘q_0| A Am 70 DS ol ~ of A o T oo E] E| ek oo B o -
" Zo ¥~ o oo~ ﬂh&o%ﬂlﬂﬂﬂtlﬁo Wbtmﬂﬁn M Ne_ﬂﬂﬂiaﬂe 2l _Hwhﬂﬂﬂﬂe o
S I R R P Mg P Tmrxzagw ol o BT o
™ Nfo < T i il =T X5 ° = oL =3 T HORT e Ao o
mmmz. B o T 5 n_lawmkm_sioh %AT_sLMwMo%MLaﬁulﬂ,_EJE mwwx
o = < — T i — g
o V%Wﬂo@% D e ﬂweurmo]}@&mﬂwm@%aﬂ%ﬁm&e_ o
W D B g Y RAEEAEE Ry ST T LW NEET R g R e
ROl e as oK — B o X R Y XX %R R A S
Toaow xR T TR L LT TR T e XM E e TR e
mﬂimﬂﬁ_@._o%mmmu% . oﬁw_lm?%ﬂ%%M%umn__r_ﬂqﬂﬂﬂﬂmwmﬁ%ﬂﬁ%aa@ﬂﬂhwmwﬂ%ﬂl
By O e w0l AF (Y SR T S IR o R S R oD oo T
do L oo T o] E B R A A R R G B ROl e
o " T Gl TR = 0 o 1 g = N N N = o B
LR N < R N oo 2 n R B e o= X A
w0 W W G g WRB =" a&:%ﬂuﬂﬁmﬂﬂaﬂ&z‘_ozﬂ%#%#
D Qe XL W o Tgrm P i Tel s re 0 T Tao AN e
B R Booof B T Ty p T FeT rgassrdgdrrea ey
Sy Rl A o By Tw e HXITBTXBTRERTF Do R
~X © 1 o O X ‘.LL —_ ‘U_I _L uy - o o 1 é <r o= [~ R ﬂHyO#
T ool H T Em g P T RE gy PR e g @Ry AXE R
B wo o T T 2o o WA xR E o xgim i d P 0 g g Ay
e I R N BT NS R B EREKI S RS Wl N E O

Princeton University Press.
[6] H. Poincare. (1956). Mathematical Creation. The world of

Ao ]lgol

e
=

)

ke
pa

wlofof 3

E




222

A7 AL AA S EA A163 A7TE

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

mathematics (JR. Newman, ed.), Vol(4), 7th edition.
New York, NY: Simon and Schuster, 2041-2052.

S. Papert. (1980). Mindstorms-children. computers, and
powerful ideas. New York, NY: Basic Books Inc.

L. S. Vygotsky. (1994). The problem of the environment
In R. Van der Veer & J. Valsiner (Eds.), The Vygotsky
reader. (pp. 338-354). Cambridge, MA: Blackwell.

J. S. Park. (2010). On the effects of mathematical leaning
on academic achievement level and mathematical
attitude based on the realistic mathematics education.
Master’s dissertation. Gwangju National University of
Education.

Ministry of Education. (2011). The way to the Nation of
Human resources. Reports to the President.

I Kang, B Lim & J. Park (2012). Exploring the
theoretical framework and teaching & learning
strategies of Smart Learning: Using cases of university
classrooms. The Korean Journal of Educational
Methodology Studies, 24(2), 283-303.

J. H. Lim. (2011). Exploring the concept of mobile-based
smart learning and the implication for the higher
education. Proceedings of Korean Association for
Education, Information and Media.

J. L Kim. (2018). A study of class design for liberal arts
computer convergence class using cognitive apprentice
theory. Journal o convergence for Information
Technology, 8(1), 153-160.

DOI : 10.22156/CS4SMB.2018.8.1.153

H C. Yoon & S. L. Kim. (2014). The effects of smart
learning on mathematics disposition and attitude. Journal
of Elementary Education), 30(1), 23-44. 101975904

S. M. Lee. (2018). The usages of a smartphone app on
math education’ A case study on the impacts for
underachievers. Master's dissertation. Kookmin University,
Seoul.

S. T. Kim. (2017). Effects of smart learning mathematics
class on academic achievement, mathematical interest
and attitude. Master's dissertation. Yonsei University,
Seoul.

Y. K Chang. (2016). The effect of competency-based
instruction-learning environment using smart devices
in a math class of a middle school. Master’s dissertation.
Yonsei University.

B. R. Hwang. (2011). The effects of self directed
mathematical learning using e-learning. Master's
dissertation. Ulsan University.

Y. S. Lee. (2017). The effect of mathematics class using
smartphone application on students dffective domain.

Master's dissertation. Korea University.

[20] R. Garrison & T. Anderson. E-Learning in the 2Ist
Century: A Framework for Research and Practice.
London and New York: Routledge Falmer, 2003.

[21] L. S. Vygotsky. (1978). Mind in Society. Cambridge,
MA: Harvard University Press, 1978.

[22] M. S. Choi. (2017). Convergence study about awareness
toward communication, communication ability and

self-efficacy : centered on the’S"’ university college
students. Journal o Convergence for Information
Technology, 7(6), 719-81.

DOI : 10.22156/CS4SMB.2017.7.6.079

[23] D. H Kim. (2015). Design of mixed reality based
convergence edutainment system using cloud service.
Journal of Digital Convergence, 6(3), 103-109.

DOI : 10.15207/JKCS.2015.6.3.103

& o] &(Hong, Ye Yoon) [43]9]
o gtol ey kit St
015}011}Eﬂﬁﬂ KAt
: Auckland University
HEA}
~ AA - ol
L0164 39 ~ @A) ¢ olstel Aot 2w

. = o) S ]
C Rl e, WA, o, §Fu

)

* E-Mail : hongyy@ewha.ac.kr
9] & £(Im, Yeon Wook) [43]]
= 19874 29 AEdistul goldf

8k AL
1989 8¢
8k AAL

= 1996 69 : Harvard University
LT A}

= 2001 449 :

University of Pittsburgh 2!

)

e S A
A

s FAROR ol WA, YANE, w5

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




