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A Study on 5th Graders' Understandings of the Meaning of Symmetric
Figure for a Point Using the ‘Bilateral Symmetric Ruler’
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<ABSTRACT>

The purpose of this study is to analyze S5th graders’ Understandings of the meaning of Symmetric Figure for a
Point and the types of problems or errors while constructing and to develop student’s Understandings using the
New Educational Method. By the literature I arranged the complex meaning of ‘Symmetry’ in the sight of
transformation, analyzed curriculums of Korea and other countries about ‘Point Symmetry’, and found out the
cause of students’ difficulties while constructing the Symmetric Figure for a Point. For solving this problem I
made the ‘Bilateral Symmetric Ruler’ and ‘Problems without the grid’. And students had the lessons of
construction of Symmetric Figure for a Point using them. After the lesson, I analyzed the effectiveness of the new

educational method using the questionnaire and the interview.

Keywords : Symmetry, point symmetry, symmetric figure for a point, rotation, reflection, point reflection,

construction, bilateral symmetric ruler
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II. Theoretical Background
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1. The Importance of Transformation
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2. The meaning of ‘Symmetry’ & ‘Point

symmetry’

1) The meaning of ‘Symmetry’ & Mathematic

Categorical Location of ‘Point Symmetry’
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2) From the Physical Point of View, the Term

‘Point Symmetry’ as ‘Point Reflection’
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<Table 1> Mathematics categorical location of ‘point symmetry’

Higher Level Congruent Transformation Symmetry Rigid Motion
- translation
- translational Transformation - rotation Moving
- rotational Transformation . i without
Lower Level ] _ S reflection .
* symmetric Transformation(by Point, Line, Plane) . glide reflection change in
- glide symmetric Transformation - isometry shape and size
The meaning of
‘Point Symimetry’ - rotational Transformation - rotation
in Elementary - symmetric Transformation(by Point, Line, Plane) - reflection
Mathematics
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[Figure 1] The principle of ‘pinhole camera’ (Kim,
Kim & Kim, 2006)

3) Definition of ‘Point Symmetry’ In Korean
Textbook
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<Figure 2> Definition of ‘point symmetry’ in

Korean mathematics textbook
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4) The Term ‘Point Symmetry’ used In Korea and

Other Countries.

otz <Table 2>3 o] 67h=¢] wFIHFES H|
- A% A (Australian Curriculum  Assessment
And Reporting Authority, 2011;
Board of Education, 2006; Ministry of Education,
Singapore, 2006a, 2006b; The Ministry of Education,
Canada, 2005, Pang, & Kim, 2017, MoE, 2015c,
2018a) PFold H7telA e dwbAo=m HoHolgt=
£o] thal ‘I A A (rotational symmetry)' S A-&-3}
3 o, A (point symmetry)o| 2= &0l S A}
5 vebe g dEolih whebA] A i (point
symmetry)’ el gt §o7F FAH o= dHAg A A
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Wikipedia(2019)ell <]3}Fd )& (point symmetry)-<
‘% WEAHpoint reflection)' & o]0 5= #AA

California State
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<Table 2> Comparison of 6 countries’ curriculum.

USA Australia‘Sirgapore‘Canadal Japan |Korea
Line bilateral . .
Symm line symmetries
symmetry

etry

Point oint
Symm rotational symmetries p

etry symmetry
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3. Construction

1) General Meaning of Construction & Educational

Expended Meaning of Construction
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[Figure 3] Expanding the meaning of construction by the
intervention of virtual tools (Kim, C., Kang, J. 2017)

2) The Problem of the Construction of ‘Symmetric

Figure for a Point’ in Textbook

2009 M wSHAFel  FEulItA
2015a)°l = [Figure 413 #o] BREAS &83lo A
WAl e P82 S 2 WS 3]

Brain, Digital, & Learning, 9(3)
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[Figure 4] The way of construction of the figure for

a point in mathematics textbook 5-2 p. 69
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2. Procedure

III. Materials and Methods
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<Table 3> The summary design

2" Questionnaire

1** Questionnaire

Subject

Object

+ ‘Common ruler’,

5th grade
A-D class

Control

- ‘Problems with the grid’(In the Textbook)

- ‘Common ruler’,

(N: 101)

group

- ‘Problems with the grid’

Students

(Academic achievement Test)

- ‘Bilateral Symmetric Ruler’,

Sth grade
E class

Experimental

- ‘Problems without the grid’(new problems)

(N: 23)

group

(1) Understandings of Meaning of ‘Point Symmetry’

(2) Strategies & Errors of construction

@ Learning Sustainability: Solve

(Accuracy of construction)
(3) Learning Effect of the ‘Bilateral Symmetric Ruler’

(D Convenience: Time of Construction

Observation

similar problems after a month.

(Dependent variable)

@ Interest: Interview

@ Application: Free Construction(Creativity)
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<Table 7> Data analysis method

Step Type 1 Step 2 Step 3 Step 4 Step
Modified
4 St f Polya' . .
°ps 0 o'yas Analysis Construction Proof Research
problem solving
(Han, 1999)
Recognize situations Confirmation and S
. . . C . . . Application and
Analysis Method that require construction Thinking and Finding Reflective Thinking .
. . o .. Solving the new
(Park & Shin, 2006) and explore construction Activities Activity after
. . problems
strategies. Construction
<Lesson 2/2> <Lesson 2/2>
Guiding ‘Bilateral Free Construction <Lesson 2/2> <Lesson 2/2>
Symmetric Ruler’, using the ‘Bilateral Interview of Difficulty Creative Construction
Explore how to Symmetric Ruler’, of Constructing on ‘White paper’
Construct ‘White paper’
Analysis Method of <lst Questionnaire> <Ist Quest- ionnaire>
This Study <lst Questionnaire> No(2): No(3)(4): <2st Quest- ionnaire>
No(1): Construction of Affective Question Academic achievement
Meaning of Symmetric Symmetric Figure for a  (Explain how you Test: ‘Problems with
Figure for a Point  Point ‘without the grid’ constructed it and why the grid’
‘Time of Construction’ you chose it)

Understandings of  Accuracy of Construction, Application, Learning

Convenience, Interest

Concept Convenience Sustainability

IV. Results and Discussions e AuAegel sk sl e s el

A, Ao xZAQ nel H WA g

PAE] FEHA Fe AoT FHA £ g} ‘Z

1. Analysis of Students’ Understandings of the _:H; 7; ;}%ﬂ %J %:} " ZHZJZ ;:‘31_% ;%M;; oot

Meaning of ‘Point Symmetry’ (Understandings Zo] A7} B AR 2R §7] yio] ‘A

of Concept) REAb el A ol 7h =ebxith.

53] <Table 9>3} 2ol ‘3|7, ‘A WAP F o|n]

hzra Ao 1-2344] ghgo] BF B F 0 F BF $ud F9E s 2ZgE o gzl

A A=H e ou s ojgA olsata A AF AE 396% EJEZ F guE BF e,

A AEsts BIFAE AASAG AFF e 2609% EJETF F ouE BE $

<Table 8>¢} o] Uiz AP 7d o3l Hek 3s T A@TelA dAe Ade F oo
L5 vl A% A3 7 AT BF 180° ‘3] o] Z@A olalstd S & F Ant

ToR oldste Hl&e] 7MY EdEl ol 12344 e KB dExwe] 47k FFelA AFT

i 23S AAR 180° EHHEE €58 Tws stH o 3I7HA PR FAAEJAL 2F{FY HEE

A woA HoE & gy yRrow BAHT 13.32% ¥ERJNE Fadtt ol A= /g

ghd ] wkap el ofm 2 olsfstE W& % SEe vE
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<Table 8> Understandings of concept (permission for repetition)

Type Contents Cozllzr.oll(g);;;)up Experl(rlrl\le.n‘;z;l) EOUP " peviation

(Definition in g (Refeif . centger of symmetry) PO 30 4804)  64/105  (25.71%)  22/35 I
Text Yo (60.96%) e R R—
book) Rotate 180°to be exactly the same shape as  32/105 13/35 6.66%

the first one. (30.48%) (37.14%) U
Point The line segments that correspond to each other 2/105 2/35
N ﬂ‘)“tl, . are divided into two centers of symmetry.  (1.91%) C(5.71%)

(C(fnsfrcu]c(;?on Symmetric Figure about a point 21105 8/105 3/35 8135 15.23%
I Y & pornt (191%)  (7.62%) (14.28%) (22.85%)
book) Draw a line based on the center of symmetry 4/105 1/35

and connect the vertices to the half. (3.80%) (2.86%)
If you turn one side 180° by half-folding about
. . 9/105 1/35
the center point of the figure. (line symmetry) (8.57%) (2.86%)
(Confused to line symmetry and point symmetry) = ° 0 VVVVVV
Same shape when rotated 360 degrees. 4/105
(Angle error) @E81%
Figures with the same size as the
corresponding side. 29/105 5/35
Error 4/105 1/35 -13.32%
The Fi ith rul 27.629 14.309
e Figure to dr:;vmr\:;; ruler, protractor, (3.81%) (27.62%) (2.86%) (14.30%)
The Figure with corresponding points.
A figure based on a point.
Drawing along a point. Figures connected by 12/105 3/35
points. (11.43%) (8.58%)
Line symmetry with points.
4/105 4/105 0/35 0/35
_ 0
No Response No Response (3.80%)  (3.80%) (0%) (0%) 3.80%
Sum 105/105  105/105 35/35 35/35
(100%)  (100%)  (100%)  (100%)
<Table 9> Responded to both ‘rotation’ & ‘point S By dE B, Ad¥dLde ‘BE Qe EIe
reflection’ AsstAant. 1A 71 A (e, Fo ) £
Response Rate gAY 6w 1A £33 28dS At §
Type Control Experimental  Deviation e AZFS EAsn AYES =AH3I A
— group(N: 101) group(N: 23) <Table 10>1]_ ZELO é_] -tql_r‘—_Lo] EHET—LLE.E]' ;g %%O]
0
w0} sl I % WA o] HEL ‘mi- o)

‘Rotation’&*  4/101 6/23 22 13% :f“‘,q' o EfO_i] e A
Point (3.96%) (26.09%) : Td'o2 WMy stFA e AYgELS gy A

Reflection’ o] 494% FERQE Aol 2 Adito] ¥okal, 5ol

Y §F 1A £3A H7F 243 893% XJE A

2. Analysis of Students’ Strategies and Errors oz Auso WA o AA Ad o] o ot

while Constructing (Accuracy of Construction) et o2 =5 ‘FSgH A= Al

xh;Hiltﬁg

1 o =

5 ke A R

Lo
£
H
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<Table 10> Accuracy of construction

Brain, Digital, & Learning, 9(3)

<Table 12> Types of strategies of construction

Response Rate Types of Control Experimental
Accuracy Control group Experimental Deviation Strategies ontrolgroup oroup
(N: 101) group (N: 23) Using the
o . o —
Construc Existing 1. Qu.est Modified 1. Qu.est Existing o Auxiliary
i Textbook ionnaire Textbook ionnaire  / Questio )
O (6Questi (2Questi (6Questi (2Questi Modifi ~ - line : ‘
nnaire o /
ons) ons) ons) ons) ed ("Point  E e
418/(101%6) 162/(101%2) 102/(23*6) 41/(23*2) Reflection' / >
Regular 0 o 4.94% 8.93%
(B9 (0209 (73.91%) (89.13%) (Construction
Counter 188/(101%6) 40/(101*2) 36/(23*6) 5/(23*2) -4.94 -8.93 Regular :
(Error) (3L03% (1980%) (26.09%) (1087%) % % egular in Textbook)
Sum OO0P6) ZB(0D) 138(23%) 46(23%2) Backward
(10009  (100%)  (100%)  (100%) Construction Y =a
(180°
) -
<Table 11> Types of error "Rotation'
Response Rate (Definition
Control group  Experimental — Deviation in Textbook)
Cause (N: 101)lst group (N: 1255’) e Drawing
Type of Existing . Modified L I Error of the wrong
Question Question ing .
Error Textbook . Textbook naire / Questi Auxiliary Auxiliary ‘<
(6Questi (2Questi (6Questi (2Questi Mo i ornai line  line after
ons) ons) o4
ons) ons) fied Construction
Conc
Line ept 30(101%6) 30(101%2) 1/(23*6) -4.23 -14.8 Li
Synmetry confu (4.95%) (14.85%) (0.72%) % 5% e _
sion Symmetry
Distance Visual 104(101%6) 4(101%2) 8/(23*6) 2/(23*2) -11.3 2.37 E
Error  Error (17.16%) (1.98%) (5.80%) (4.35%) 6% % Visual
i Counter
Miss of Error
corresp Visual 35/(101%6) 2/(101*2) 21/(23*6) 1/(23*2) 9.44 1.18 (Error) Dist - 7
ondence Error (5.78%) (0.99%) (1522%) (2.17%) % % (Distance N 2
point. Error s~ A PE j
Irreoular No /Miss of TN / S L
T —— N
B under 19/(101*6)4/(101*2) 6/(23*6) 2/(23*2) 1.21 2.37 corresponde K =
standi (3.14%) (1.98%) (4.35%) (4.35%) % % .
response nce point)

183(101°%6) 40(101%2) 36/(23*6) 5/(23*2) -4.94 -8.93
GLOB% (198079 (26.09%) (10.87%) % %

Sum of
Errors

WA <Table 12>¥ o] A FF& Ayrd

o] stAEo] wapAo) A AAF 2 A
AVl Qalz F=stgt. 28y [Interview 1] I

[Interview 1] Backward construction(by Student Al)

1 T:ol7] off mAIZF @ Eo] = of=EA
IR AL

2 Al: of7] Bof B A8l J8H =Ha (&

2E Exof oln] T=7 =30 W 9 A

S FAIGIHA, "2 w ollolA HE

2 2epin v Jgls AES wAlolA

o
=
_CH

Hoj=rt)
3T : HRA glo] 2 Jg|w o oj®x] UL?
4 Al: o|8A AXE ERctT AZsH A9
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<Table 11>, <Table 12>3} zro] (L)<
FERE BekS o 12 TFA A dxdoAe
fgez a8 LF7F 1485% ¥ER J1F =
HH AP adAe Aoz - R/t

thoaelal i xdel A V]S ndbA
AE WA F 0 A A7t Zed 2 9
e Ay A, AR 227 dgs o
Ao AAE 4 T E7AY Ag &
78 okl E4, <Table 13>¢} Zo
| AREo]l AEEIA A" oA O A
o AR, ww Aldtel of¥7] wiimel] A" 2

A57F AdAqe A T4l
HZog 27 $Zo7
3cm-2.7cm=0.3cm A A 7},
3em+2.7cm=5.7cm AHS FES o A oA @

Aste] & 77 AT

o rlr % ¥ g
tlo o AN
~ H
ro
[m
38

N
-

)
N

- 2
oo iz

=

N

N
—_

2 %0 o
2 T

N
)

T 3cm

N
fato)
Y
{r o
gl "
il
i
rlo
2
O
=

<Table 13> Process of distance error due to poor use

of the ruler

<Table 14> Time of construction (convenience of

construction)
E imental
Control group xperimenta _
(N: 101) group Deviation
] (N: 23)

A

yverage 120.53 90.33 23020
Time(sec)

@ Find the point@ Peel off the
2.7cm by aligningruler. The angle is
the 0 point to theslightly changed so

left. that it is not straight. .
right, error occurs.

(@ When Students
. find the 2.7cm point
again by aligning
the 0 point to the

3. Analysis of Leamning Effect of the
‘Bilateral Ruler’

Interest/ Application/Learning Sustainability)

Symmetric (Convenience/

1) Convenience of Construction

Aol =9
<Table 14>¢%} %o =
wa] ZHeskel 7] wdtel (=9 Es
= o A= Azte]l A Al A & F A
Kok, 28] <Table 15>3 22

Z

5 o O )
d, 28 2SStk

o] A

o] ddrt 30.20
A

N
i

<Table 15> Interview with ‘bilateral symmetric ruler’

of experimental group

Convenience Inconvenience

It’s easy to find the Miss of When there are
Easy to center of symmetry man
find the : Y

It’s easy to find correspon correspondence
the correspondence. dence points, I would
Convenient to use.  point  miss some points.
Both right and

Easy to Simple. left distance
understa If I draw a Auxiliary Poor use were not same.
of the It’s difficult to
ruler keep standing
on the center of

the symmetry.

point
intuitively

nd  line from the center
the  of symmetry, I can
principle construct it easily.

Saving 1 saved time for The ruler is
Time constructing. made by the
I didn’t confuse of paper, so I drew
Accuracy .
same distance. on the ruler.

2) Interest of Construction

F Ao skgo] B 3 HAgA =g o zwd
et He]Hel AFES Fte] <Table 16>, <Table

KR
R =
17>34 o] ‘Ame] Fu='g A8 ¥ As 34

<Table 16> Interest of construction symmetric figure
for a point

Control group Experimental group

(N: 101) (N: 23)

Positive  47/101(46.53%) 14/23(60.87%)

Negative  54/101(53.47%) 9/23(39.13%)
Sum 101/101(100%) 23/23(100%)
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<Table 17> Interview & response of question about the

interest of construction symmetric figure for a point

Control group

Experimental group

More fun than Line
Symmetry.

Easy and Fun.

Drawing auxiliary lines
is not difficult and fun.

Upside down is

Positive amazing and interesting.

Originally, the point

symmetry was difficult,

but I understood it by
using a bilateral
symmetric_ruler.

Easiest with line
symmetry among all
math.

It was new and
amazing and fun.
I thought of a
horizontal scale.

Very hard and difficult

It seems more difficult
than +—x+.

It seems to be
complicated in my
head.

Drawing tricky shapes

Negative  There is a high
probability of being

wrong_in Exam.

Sometimes I made
mistakes.

More difficult than
Line symmetry.

(Because I need to draw

the inverted shape)

More difficult than
Line symmetry.

3) Application of Construction

2w B QoA A WMA A A
A AdA=gs agrRe s &5S 9
I A3} <Table 18>9} £ o] gt HuA
=gyt HE g 0 BAE §9a, AtAod
A HANAA =¥E ol ®AE A &tk g
I QR dE a¥oe X EAE St

AA gz E BE 7o S EC] B
Aufjo] F$-7F A H 2 180° AL 2L o]
o Agidrgoelwr HAAE=FEA AL Bol
aH ol AL AAEHI HJRA =P on B
7 e 9 " AdS & Ao 28a o
Befo] AUAEdS TEle fFAge] Yol F -
=, 3 oA AT AtEd AUAEFES 19
ME7E 1~2700] WF2 A97F Bokar, dolef 2
T Wol HASATh

Brain, Digital, & Learning, 9(3)

W AFEAAE Ao F90Y A Baue
99 F AFEA FWIEFS Teins Yot BE
% S9e W B vT FAH BFL WER
% 579 FAEE HSHY AL £A2 EA
o2 T
3 2
=

ol
o
e O I o

jui)
=
o,
!
ot

2 o
X9,
32
(lr
=,

M o £

Cho & Joung(2013, p. 622)¢] -9l
5o Vst SolA] Az F

?_
25S T BT Y= FUALS & 5 Uuk

K

<Table 18> Free drawings of symmetric figure for a
point by the control group and experimental group

Level Control group Experimental group
[T
ol
/AR
) V r’,\
I\ ’r
=2
High i )
Level {1 E
e
.
i)
Middle [ ]
Level
&
iii) N
Low
Level
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