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Abstract The purpose of this study was to investigate the effects of Mathematical Activities using 4D-frame on
5-year-old children's mathematical ability and attitude towards Mathematics. For the study, E, K, and Y preschools
located in S city were selected: 28 children from Y preschool as the experimental group(I: n=14, II: n=14) and 28
children from E and K preschool as the comparative group(Ill: n=14, IV: n=14). During the 8 weeks, the experimental
group performed Mathematical Activities using 4D-frame and in the comparison group, Nuri-Curriculum's
mathematical activities and mathematics-science integration programs were conducted. The analysis of
covariance(ANCOVA) was conducted with the pre-test scores of the experimental group(l, II) and the comparison
group(Ill, IV) as covariance. The results showed that there were statistically significant differences between the
experimental and comparative groups. Mathematical Activities for Young Children using 4D-frame enhanced
S-year-old children's mathematical ability and attitude towards Mathematics. The results of this study provide an
understanding of the efficiency of early childhood mathematical activities using the 4D-frame in early childhood
education and provide basic data for the improvement of mathematical ability and attitude of young children and the
applicable educational methods at the field.
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Fig. 1. 4DFrame Tubes and Connectors
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Table 1. The characteristics of research participants

d
group(N) monthly age gencer F
Experimental 1 (14 74.14 9 5
Group 11 (14) 7221 10 4
c con G I (14) 71.93 5 9
omparison roup
P PV (14) 74.00 7 7
73.07 31 25
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Table 2. Reliability of the Mathematical Ability and

Attitude

Component Pretest Posttest

Mathematical Ability .662 .650

Mathematical Attitude 15 827

Total 618 815
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Table 3. Mathematical Activities using 4D-Frame :

Teaching and Learning Activities, Mathematical concepts

Session Teaching and Learning Activities Mathematical Concepts

1 Chugging 4D-frame train Number and Operations - Counting - Rational Counting
2 Subitizing Tripod-hexapod Number and Operations - Number relation - Subitizing
3 Groups of Numbers Number and Operations - Number relation - Relations between 5 and 10
4 The complementary numbers Number and Operations - Number relation - Decimal System
5 Addition & Subtraction Number and Operations - Counting - Addition, Subtraction Strategy
6 Number Estimation by Reference Number and Operations - Number relation - Estimation
7 Triangles, Squares Geometry - Space Geometry - Shape, Shape Recognition
8 Making Pyramid Geometry - Space Geometry - Pyramid
9 Regular Hexahedron(Cube) Geometry - Space Geometry - Regular Hexahedron
10 Configuring Sold Figures Geometry - Space Geometry - Solid Figure
11 Find Directions Geometry - Space Geometry - Direction and Position
12 Geodesic dome Geometry - Space Geometry - Geodesic dome
13 Finding the same length Measurement - Comparison - Visual comparison, Direct/indirect Comparison
14 Length Comparison Measurement - Comparison - Visual comparison, Direct/indirect Comparison
15 How tall are you? Measurement - Measurement - Measuring Lengths in Non-standard units
16 How big is a classroom? Measurement - Measurement - Measuring in Multiple Ways
17 4D-frame N-pods Patterns Algebra - Patterns - Sequential Patterns / Inserting Patterns
18 Sorting 4D-frame Pods Data Analysis and Probability - Data collection and organization
19 Tic-Tac-Toe Game Data Analysis and Probability - Basic data analysis - Presenting Results
20 Sadaritagi(Ghost Leg Game) Data Analysis and Probability - Basic data analysis - Data Analysis
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Table 4. Mathematics contents and composition ratio
of Mathematical Activities using 4D-Frame

. . Lesson
Nuri-Curriculum NCTM N(%)
Basic concepts of numbers NumberA and 6(30%)
and operations Operations
Understanding Regularity Algebra 1(5%)
Basics of space and Geometry 6(30%)
geometry
Basic measurement Measurement 4(20%)
Collecting basic data and Data Analysis 3(15%)
presenting results and Probability °
5 Domains 5 Domains 20(100%)
2.4 XEAT U 24
4Dzl B8 frobreidee] frofel oA
Selol nAE 9L s stol AL - AT
oA e AT A=E SPSS 21022 1S o] &3}
of BARAS syt APYER vwygae] 34
et 2304 B 50 AelE oh] 9ldte]
ARAEAE FHEoR la ARFAAE FEugeR
dhs FWF BA(ANCOVA)S AAEiT
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Table 5. Instructional Design Example of Mathematical Activities using 4D-Frame

Session Domain

Activity

02 Number & Operation

Subitizing Tripod, Quadropod, Pentapod, and Hexapod

Curricular Elements

[Nuri-Curriculum] Nature inquiry - Mathematical exploration - The Basics of Numbers and Operations
[Mathematical Concepts] Number and Operations - Number relation - Subitizing

4D-Frame Connectors: [Tripod, Quadropod, Pentapod, and Hexapodx1]x1set, (G10x9, Y10x9)
[4D-Frame Connectors + Tube] How to Make

Preparations
EY-PN EE-EE K3 RN E5-ES
- Shows the children Tripod, Quadropod, Pentapod, and Hexapod of the 4D-Frame connectors, and finds out
L ST - Introductions: the number expressed on each connectors. : Tripod = 3 / Quadropod = 4 / Pentapod = 5 / Hexapod = 6
’ " 4D-Frame Connectors [- Talk about the numbers and shapes that are represented on each connectiors. : Tripod = boomerang /
Quadropod = cross / Pentapod = flower / Hexapod = snowflake, etc.
- The infant tells the number of connectors the teacher shows (he / she is familiar with it several times).
- Combine the connectors and look for the foot that the teacher calls.
2T - Subitizing 4D-Frame |- Ask the children to tell the number of connecting tubes needed for the connectors, and the teacher shows the
o Connectors connecting tubes on the connectors.
- The teacher shows the children the connectors regardless of the order and conducts the activity of Subitizing
(seeing the connectors and saying the number of the connectors in numbers).
- Give each child 1 connector, 1 tube randomly.
- Singing and Expressions: "Lift your right foot! and left foot! Go ahead, and back! and Bang! Bang! Bang!
Learni . (Rock, Paper, Scissors)" : As soon as the song is over, Rock-Paper-Sissors with someone next to and the
earning Together: ;
3 N: “Go ahead. back! and defeated person gives a connectors to the opponent. ) )
’ ., |- [Bank setting] The connectors and the tubes in the tub, give a connectors or tubes to the winner(he/she can
Bang! Bang! Bang! choose one of the necessary things, from the bank), the defeated child rests once(he/she can't sing and dance
next time)
- The game ends when someone complete all the tubes on one connector.
- Floor decoration with 4D frame connector and tube
: Allow the children to freely attach the connectors and tubes, to freely lay on the floor or carpet.
Free Configuring- SO | ) . - == —
ree Configuring: = il
4. C : using the 4D-Frame r_“——y“_ S “—— =
connectors and tubes S i "
[Extension Activity]
- It is possible to consider the connectors as a single point and expand it to 'the number of points'
- Connect with friends Put several connectors on the floor separately and say how many connectors are all in
numbers.
- Mix the connectors and try to guess whether there are some Tripod, Quadropod, Pentapod, and Hexapod.
Evaluation and - Remove the tubes frorp the gonnéctors, while f:qunting the number Packwards.
.. - Talk about what was interesting in today's activity and what was difficult.
Individual .
5.8C : E ion(Learni [Course review]
xpans:;n( ;:a.mmg - Ex group 1. At the time of Free Play, choose this activity by oneself in the mathematics domain.
one

- Ex group 2. Try this activity again with a small 4D-frame at Home.

¢
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Table 6. Mean, Standard Deviation, Adjusted Mean and Standard Error according to sub-factors of Mathematical

Ability
Pretest Posttest Adjusted Mean
sub-factors Group (N)
M (SD) M (SD) M (SE)
Experimental I (14) 9.93(2.46) 11.29(1.59) 10.84(.46)
Number & Group Il (14) 8.43(3.06) 10.36(2.27) 10.45(.45)
Operations Comparison 1 (14) 7.71(2.33) 8.50(1.45) 8.86(.46)
Group IV (14) 8.71(2.64) 9.29(2.23) 9.28(.45)
Experimental I (14) 2.36(1.08) 3.00(.78) 3.05(.23)
Group Il (14) 2.64(1.22) 3.14(.86) 3.08(.23)
Geometry -
Comparison 1 (14) 2.50(.760) 2.43(1.09) 2.42(.22)
Group IV (14) 2.43(1.02) 2.07(.92) 2.09(.22)
Experimental I (14) 3.07(1.38) 3.86(.86) 3.84(.28)
Algebra Group I (14) 3.00(1.41) 3.50(1.02) 3.49(.28)
Comparison I (14) 2.79(1.42) 3.07(1.21) 3.11(.28)
Group IV (14) 3.00(1.11) 2.79(1.19) 2.78(.28)
Experimental I (14) 3.71(.91) 4.00(.78) 3.98(.22)
Group Il (14) 3.86(1.03) 4.07(.83) 4.02(.22)
Measurement -
Comparison 1 (14) 3.29(1.20) 3.71(91) 3.78(.22)
Group IV (14) 3.64(.93) 3.36(.84) 3.35(.22)
Experimental I (14) 2.71(1.20) 3.21(.89) 3.22(.27)
Data Analysis Group I (14) 2.79(.89) 3.50(1.09) 3.51(.27)
and Probability Comparison I (14) 3.07(1.00) 3.14(.95) 3.14(.27)
Group IV (14) 3.00(.88) 3.21(1.05) 3.21(.27)
Experimental I (14) 22.50(4.36) 26.00(2.91) 25.42(.72)
Total Group Il (14) 21.50(5.50) 25.36(3.77) 25.32(.71)
Comparison 1 (14) 20.21(3.40) 21.43(2.79) 22.09(.72)
Group IV (14) 21.50(4.09) 21.36(4.52) 21.32(.71)
II, IVETE & Aow yehstth of2fdh ik zhe] 1 ¢ g3k W Ao vepgth oA APdASsE
o) Apolrk BAHOZ folnlat A cdofy] 915t FWAOR Sl ANAL AFH A, APHD [ 11
of A A4S FUACE HI AFAAAFE F b wagE 1L V] A8 g FAZOR felua
Suclow sh= v‘i—ﬁ% *a‘ 1 Fitt table 70141 Aok 9= Ao® UERATHF=4.13, p<.01). E3F 7]
3|

A8k whel o]

s
T4 5
s
_Q] TQT&I] =
Hire] ARUT
fnk3i=3

gl 39 PAE FoIA

% sA fotel
A9, frob
DR

I(M=10.84, SE=.46), T(M=10.45,

MI(M=8.86, SE=.46

), IV(M=9.28,

Ao 2 eI, table 70 w2
g - AF G H(F=16.76, p<.001)2] ARFHGFTE APAA
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Table 7. ANCOVA analysis of Mathematical ability among groups

source SS df MS F
pretest 47.60 1 47.60 16.76%**
Number & group 35.18 3 11.73 4.13%*
Operation error 144.83 51 2.84
total 254.86 55
pretest 8.19 1 8.19 11.63**
group 9.89 3 3.30 4.69%*
Geometry
error 35.89 51 .70
total 54.55 55
pretest 4.02 1 4.02 3.63
Algebra group 8.84 3 2.95 2.66
error 56.48 51 1.11
total 69.84 55
pretest 2.24 1 224 3.29
group 3.94 3 1.31 1.93
Measurement
error 34.76 51 .68
total 41.43 55
pretest .094 1 .094 .093
R group 1.10 3 366 .360
Data analysis
error 51.84 51 1.02
total 52.98 55
pretest 300.62 1 300.62 42 .44
mathematical group 189.36 3 63.12 8.91%*+*
ability error 361.23 51 7.08
total 921.93 55
*p<.01, ***p<.001
I yol = 3195t OolASIEIE
3.2 4Dy mFE EESt [FotlstEtso| Table 8. Mean, Standard Deviation, Adjusted Mean
ol 5M| §0}2| 8™ EfE0f| O|X|= FSF and Standard Error according to Mathematical
frole] o4 Hmel WA dFe dolns] 913 = —
P P ljuste
;Q‘ﬂ' i+ 4 /\]' sz’:t Table 8‘1} E}' Table 80ﬂH Zﬂ }\] sub-factors ~ Group (N) retest osteest Mean
s}% vhsk o] frobe] 44 Blme] Al ALY e e O
) I (14) 8.36(2.62) 10.36(1.82) 10.37(.51)
ARG (M=35.29, SD=6.29), NEA [[(M=34.07, Exp.
o - e et Il (14) 8.792.01) 9.29(1.94)  9.16(.51)
SD=4.78), HlulFek T(M=28.29, SD=6.59), W]l Il (14) 8.86(2.60) 7.93223)  7.78(.51)
IV(M=27.93, SD=7.24)¢] <=0 & UElyty 249 Als om0 7572.77)  736Q2.17)  7.62(.52)
AAE AEd, AJHE 1(M=36.37, SE=1.58), b (9 1543440) 18.21414)  1837(9%)
Xp.
II(M=34.65, SE=1.63)7} v|a5et MI(M=29.59, SE=1.64), Competence I (14) 15.64(3.88) 19.14(2.28)  19.26(.98)
IV(M=28.73, SE=1.67)EE]' =7 Jelgt}h 484 He Comp.m (14) 18.79(3.70) 15.14(3.42) 14.75(1.02)
94 3]_5')/] oﬂoﬂo] iu], %"5;7-@}, l&ﬂﬂ]*ﬂt 7],7_} E] 4@1‘% IV (14) 15.57(3.63) 15.29(4.41)  15.42(.98)
I (14) 6.29(1.54 6.86(1.10 6.86(.40
of Mlm ekt Aol HA Yelukn wAHdE Bxp. D OB 6K 6¥40
ot oo s e » I (14) 7.00(1.11)  636(1.45)  6.20(41)
= — — crseverance
aE A et AEHT M(M=19.26, SE=98), 29 . Il (14) 6.36(1.82)  5.50(1.61)  5.49(.40)
A (M=18.37, SE=98), wlagd IV(M=1542, "W ) 551006 Ss0L87) 56741
SE=98), W 2LZ e M(M=14.75, SE=1.02) s=o= E} oo |14 3007659 3529629) 36370.59)
Wk Math P (14) 2835(5.12) 3407(478) 34.65(1.63)
olg]3 Ak 7ke] W4 xjolr} BA|H o Sojmdh Attitude Comp. Il (14) 27.93(7.28) 28.29(6.59) 29.59(1.64)
Z] %0}17] %3]_0:1 }‘}‘ﬁzﬁ]}\]'% :Jol%c‘)__.o__i _5,]‘0:‘ _—Jo—;_ta% IV (14) 27.14(5.27) 27.93(7.24) 28.73(1.67)
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Table 9. ANCOVA analysis of Mathematical ability
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