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Abstract

The purpose of this study is to analyze how well middle school students understand space geometrical concept
related to a cylinder. To this end, we developed the test tool based on prior research and examined 433 middle
school students in November and December, 2018 And in March 2019, we interviewed 4 students who showed
some type of errors. The difference in the correct answer rate of the questions by the grade and gender was
tested, and the error type was analyzed based on the student’s responses to the questions to evaluate the spatial
reasoning ability. The results of this study are as follows. First, the difference by graders was not statistically
significant in the questions evaluating spatial visual ability. On the other hand, in the case of the two questions
for evaluating spatial measurement ability and spatial reasoning ability, the difference in the correct answer rate
between the 7th graders and 8th is not significant, but the difference between lower graders and 9th was
significant. Second, there was no significant difference in the spatial geometric ability of all girls and boys
participating in this study. Third, analyzing the student’s error type for an item which assessed spatial reasoning
ability, we found that there are various error types in relation to visual, manipulative, and reasoning errors.
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[Table 1] Assessment framework for 3D geometric thinking

715 o8 F9H9 3

with representations(Fujita et al., 2017, p. 109)

Category

Assessment descriptors

0

No capacity to manipulate or reason with
3D representations.

Limited capacity to undertake simple

manipulations with 3D representations mentally
seeing CD as a diagonal of the face, resulting
in difficulties to activate their knowledge to
reason for even simpler questions e.g. Q2.

Capacity to undertake relatively simple

manipulations with 3D representations, enabling
students to answer correctly for Q2. For
complex problems such as Q3 or lessons B,
there are no manipulations but some flawed
deduction based on visual appearances in the

given representations.

2-B

Capacity to undertake relatively simple

manipulations with 3D representations, enabling
students to answer correctly for Q2. For
complex problems, they are capable of
undertaking manipulations, drawing/adding to
figures (e.g. adding extra lines, drawing a net
etc.), but such manipulations do not activate
their knowledge that can be used to deduce a
correct answer for given problems.

2-C

Capacity to undertake relatively simple

manipulations with 3D representations. For
more complex problems, students are capable
of undertaking manipulation or addition to the
figure which can be used to activate their
knowledge in properties which are useful to
generate the correct answers, but they cannot
proceed further with their reasoning. This is
due to, for example, influences by ways they
visualise geometric shapes from the given

representations (e.g. seeing a detached triangle
as a right angled triangle).

Capacity to manipulate the representation

and demonstrate valid reasoning by using

properties of geometrical figures, resulting in
correct answers to complex problems such as
Q3 or lessons B.
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[Fig. 3] Question 1
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Sort Error type & Frequency Sum
\Y M 1 Other
1 6 62
Bovs oM Vel M&r AL
1 —
7th \Y M I Other
. 4 49
Grls “yeM Vel M&l AL
\Y M 1 Other
1 5 50
Bovs oM Vel M&l AL %
- 1 - 1
8th \Y M I Other
. 3 47
Grls “yeM Vel M&l AL
— 3 — —
\Y% M 1 Other
- 2 1 31
Bovs “veM Vel M&l AL P
1 —
Jth \Y M I Other
. 1 1 5 25
Grls “yeM Vel M&l AL 0
2 - 2 -

V: Visual error, M: Manipulative error

I Inferential error, ALL: All of V, M, I

Other: Unjudgeable error or Blank

34wl U SHlel o e F o FALo
2 Ao Sobny] gstel, B b ol el
=T g ARIE Ausie] Rk, Q@) o
A% BoR WEe ANt 2E8 A oF
§8e A2 oF, 284 oF 244384 oF,
RE 39 BEA ofl dgEth A Ay
W ges 2,

AR Al [Fig. 6] A14A S/F5 B9 18hd g8
A S19 sHolt AL YU E ANER xEd)]
Aastela shgen, A% 408l Lok AAE Aol
awel Gzhae] Zolgt Prpn AZHoR BE dvd
2o welr

125

[Fig. 6] Case of Visional error from the 7th grader St

[Fig. 69 A7Zt4 $F& Bl 6“3 Slg tide=
& W ARAA, o] AL A Fo] HHL HY

ol
_|_,

A gk St eld] S8 4AsE A9o)n
Sl Bz B el 3 Bgo Bid 4

sh
5}
19] Folg & AWsA X3hs the st &g

4 >

o)
A

A4 A [Fig. 71 24 2
Aol oItk A% A0
o Avke dde ‘5}
= el ol=A %

o) wmd &

|

[Fig. 7] Case of inferential error from the 7th grader



126 FE4, F4

o

= =1
25 e Foh 15k ety $2¢) $teluk o

wk 2

Ao AFE FHEA

e 2 et /; |
L 1 _ 2 Je el e
-L_ o ] meld. Ao < %'

2 lemel 24131502 i

[Fig. 8] Case of manipulative and inferential error from the
7th grader S2

[Fig. 89 o5 9& &+ ¢ Bt £487] 9
g T S S29ke] thstell A o] S At ol
Sl A Eo] Mz tgar] wie] dolg Wud
T vl swesith o g 22 F24 eRwE
Hol= A Rl A= tE =g tste] ofde]
U F2& Fot] Hols Hlushs Ad o &s 7
19 AeR Helt o= Ylstug Ao HA
ArkatA] @ar ofgolu FE5 Tkl ol, yol, ¥
o= Haske 73S AF Algdhs Aol Baghs Al
Apgheh

3 Ak WEE S gleka @ olfri Folelu?
S Sz AdA CAE FAola AdA 07
= Aolol e, A ANE Aol vl

B B

& 5 glolA 4ioldl g,

B AR 243 A0 ol of wazk gk Hu?
sty S2 3 gol g A Tup=] wid)
RERRT

b R |
4 oFe A M o] ZF
o gt o e A

Ly
AO0=2, AC=2re}iL Feaigieh ol AZF A5

o137
= ARe A7Hes Bal BAE AY B by
AR i Aelw FEA Albsle 234 LRHE F
Ao =2l Alojet & 4 vk ®3 7o FAgS A
&ato] F s AF vlasy ojgow Huwd F gl
T Eete vad ¢ floke SHAES AEies
W 244 0R9 284 0FE BHoR nojzrn
@ 4 9n
G .
ﬂ ;
ol 3?3—
=
D =2
D A0 < S Zem 27
“;/l iy o ‘ até e (‘)\‘;’ x

el [Fig. 9l 9% 998
71 A% kg Aol stld S sz
st #EFE = o AL AFE x

A4 % BAZ A3 0FE M
[e]

A

4

AR RS HuE 4 gt @ olfe
oJH?
g S3 AlM C7HAE 2molal AdA 07X
202, A & Havt EvbEEL.
AF Ak 278 28 o wash ¢ HY?

5
A S3: watal e L 4 gloj el

El

oA A [Fig. 1012 A2 e.5peh 24 o5
= 19l 2shd oy 849 et o] AL AVlF
& ANER gHee] nHdte dld, SdSS 23
she Wow Add agow nHsle EAE 45}
a skl aEla AAE 1S A7 E mEh w uk
Fopt AEE AzetA] @ga ddie] A A09 2



D . 77 e
N 7/ &\

‘ l‘/{)}ﬂ Mg

§od =

' Bo=A

AT

[Fig. 10] Case of Visual and Inferential error from the 8th
grader S4

[Fig. 1019 &% 99¢ & o Waahi] #4807 9
& The dsel A, st Sat S39) mATAE AR
#4344 2 Qeel 4z gz

REICEE i
A 9es o 5k 53, 84 S4e Ao F
FolE 1 ¢ g, o oyl dee

a7 Skt o) Al

of Wl Fefd gL o
[e)

P AN WA £ g3 A O 9
ool WY Uge 4e gamoes $NE oF
b g A4 oFsh A FAFS nelFvn & &
71 W), AR geb #A Asel 4L wgnn
259

L

Ak Aok 2l g o Fololy?

A sS4 Es TS 2 A2w
of veta. AdlA O
CE ddsti Azdel

E& SASEEOIUZL, AO=AC 9 L.

oA Abel [Fig. 1] 224 o/e 84 o5
g Bl =gl 38hd osiale SHelt), o] A
=79

I WNES BRSE 4o
Aol

iye=
o,
lo

Jﬁl

& AaE

A A5e oE ANE de Bas o)t
Fe5s RI5E FAG T a9

I x9
AR Aszel 71315 ol Alwafor g nditt. o]

3 A4 A 713)e o dopt stale ¥024 v
3} FURE TUL FIE doE FF dg
a3l 2 Aol
S . ——
or > /
V—4, N o=
: | arew = BT
;' :j gicy ‘ | | :’ —E)‘k: l&"\‘\

[Fig. 11] Case of Manipulative and Inferential error from
one 9th grader

duA At [Fig. 121= #24 7S Hole 38d
Y] SHolth o] S AVlEelA HeAe 1S
el A aaA] o e oA Ente Hide
2 FESe LFE BT 5, [Fig 12]¢] &%
Azl MW HdAe 1= dHsta, vEkaet
2= QYR Zdolg Ay Fate] A0=lolghs 2HE o
ol

b1 do 2 ok
i)
dlo
=
m
i)
=
=,

— o
Hll _19(_: —
'
O
o,
o
[
=3
2
lo
fitl
iG]
o
=)
ox
tlo o
-
2
By



Xél:l—e _
F& Aol 7t

L

JE

) 1{1']'1434_
- 26]—]4 A
ohd Atelel

L

st

o]

9

O] /\].%

s

b A AR G
A 3}

o]

TE: 1:-1
Gl

®

5
3}&}o]

3} 7]

=l

=3
=

]

128
7

= ol
=
3 .
,.Wo‘olZy_u_luwlzwo\ﬂL
Vj@él@ﬂ#oﬂ
ML.sjdl.M?ﬂo%m@ e N
woimﬁmaﬁﬁ_%c x o, M
Pﬂ%%;ﬂ%ﬂ ?ﬂ%%ﬂﬁ@ﬂé
M1__/|L oﬁaﬁo%a@llrﬁﬁqwdlﬂl.mztﬂrdl%,@cjl)
oﬂr_eﬂn -] = T B e S o =
%ﬁﬂﬂo‘;oﬁﬁsﬁoz:owmﬁ % 7ﬁ 8Ao]w -
wuiz_ﬂlhiﬁlﬁv} o E T R 28 O
B ﬁal_/_. Tor 7u#oﬂLzT_nv_ouLfmﬂLoM@J712 = 7 Ul
LMﬂ%dr oqﬂﬂoﬁ.% ﬂ@.,oo\md.]ﬂr)%_o_.m‘mﬁ 5 aﬂﬁailﬁga}
ﬂih_f?ﬂﬁz W = iﬂﬁwfﬂ & %LVme;Eﬂ
urﬁa%ﬂ lohﬂﬂﬂﬁu:: o ;xwr.ﬂ( Eéd%m %}%ﬂl
=R ﬁ{@ﬂn_ﬂrﬁ .Hogi7 ,%@Qaﬁ? prﬁ@an.gﬂﬁyﬂegwﬁmﬂ
E?Vdﬂﬁﬂu,ﬂoﬂﬁ Mﬂdrﬂﬂutoﬁmhm:%zo,@ ﬁuufﬂuo#.a}rﬂk Hrmﬁuu%_dﬁo
o:ﬁgﬂomﬂ, ﬂmﬂuo%ﬂ? ol ° i X oqlagbcuauqo%lv
T %o o> = B aﬁuﬂ 9 ;mouaﬂEE — W 7]mnoqor oy
O dql} ~ ﬁaorlﬁoo 03 = 2w 3 = A
Mﬂ]LJ-ZOQHLdﬂ ‘:o_voﬁ‘Ul " > %o ‘_lryl,__léﬂ o e ;o.aﬂ.u_loi LW_LH
_f&AxoL.ﬂL T lEﬂwos(ﬂﬁa ° ﬂngeleAFJ_WﬂEQsﬁ
ﬂ%ﬂﬂ%%Wﬂﬁﬂ ;@mbi o B % }ghgmwoqw%%%.
Mua%ﬂgem Haﬂommo;;mfwm%%ﬂtﬂ _m;ﬂoﬁ%wxﬂjéﬂx%mf?
,VH E] - ﬂ_mﬁIOr‘urLH .n__/l.AZu Nﬂ]..LIB ODT,UI‘_ N o __ o _Z‘WE:A,QTML (A=
S oy — = =) ~ ol . SN b < |4 ~ 3 - B b -
5 = e = Ho ~NE z N umumu_ﬂl oF 70 jal 7| 7o &7 T
ﬂ,muww‘ﬁaﬁ@ae -~ wu%%ﬁﬂﬂirwﬂmDﬂnﬂ]}mA 1005@1@?31%&1@34@
Jvmﬂpo?s_. m_ﬂ%maﬂmmm ﬂLuowﬁ&ﬂLﬂV_w_/rh .@0?4&4 Eﬁu_xx4,£ﬂo€um
o 2 (o | o o . T < 0 > X o X o ] LR o
- = U %gxﬁy%%ﬂﬂmo@)@w oubﬁovﬂ.ié% w0 o
Ofﬂwﬂrﬁﬂaﬂ% = ﬂmﬂﬂlwu Z RS _xduﬂ]aﬁlldrﬁﬂ £ HOr.
6ﬂy5§mﬂa 2w os.munm__bo&ﬂﬂoah xiu.x7uM ﬂz%i ™
_ijmaﬁ%q%ﬂumomoﬂaoﬂiaaﬁﬂﬂgauzggﬂﬁi Fol %
o A ;.EﬂumonfBEﬂmoLOEME%QELQUr?VM = B
B gy« ,m,a;o_uﬂ_mﬁ Lﬁﬂoﬁﬁll 71rmmﬁ__o~|,_|y_ﬂ QZATWE,@‘
=S wudnozfduﬁﬁ ;lomﬂaw%_z% \imﬂ%ﬁlﬁﬂl
m ﬂoumﬂﬂarﬂ_]@ T Lmﬂw%ﬂkﬂym ?ﬂﬁ%ﬂ%% = o
ol @?ﬂoﬂmo% - LET?ZQﬁamﬂﬂrﬂ@rﬁ7ﬂﬂ oaﬂ.,ﬂ
=T Jm.Lﬂl_,lM|_1m_. m& oF BT o Mo AR = o o ) )| o Hoqgu ﬂa,m,ﬂ
e N 03 Ko oo T o %TMAqW.molL,m.,E?]mnEl
o_o%urm;& E_E%ew}%a@ o e o}arwoﬁwl_%
= _ou.j_oﬂmmﬁ Eigzguoi FEow ogﬂ_awﬁ I
= T = A TEET o & i
e EGA7 2] XOL.LJ T & Ho o M s
1 ‘U| ‘._mﬂ %! Z.o Jlg ol ol r ol M %o KT ]E_ul =
w =R = ﬂ;m1ﬂlf% m;eﬂ.olar. - T
,mﬂﬁoﬂcl%lnxnoo% o ],]]o_u @Qﬂéuwv} o TR i
ﬂilzaoaaﬁ Lcﬂuuon .ﬂ%lhﬂoo» ﬂiéo
Cg o R o R R 2 N T Y N B E o
oga‘_ero#EEMHMﬂ ,;b nk Ty ME].A_. o] ) 3,.5 A N 0 ,HU‘OI;OLJI
szZLﬂ__omoE HEL i o o ™ oV 1o@o§@1rm,od o
amooaﬂma%?ﬂ 7Lﬂ17r_n__ouj|dnct %%E& S o ﬂoi_z]] aﬁm
= GRS = T io_ﬂrﬁo@.th Léafﬂ@uﬁ_uoﬁe I 7 G W e o 2
tﬂus JJ | o =2 o
ﬁbtguliﬂ%% o Ao T _zclﬂiﬁ u_a41ﬂn95 o
Eﬁrﬂiéi = G oS dmﬂdrgoTol} ._%mﬂﬂiqoufﬂw R ox
H B 1rJ_zT.5 nmﬂ%ﬂgof:ﬁﬁﬂﬂw.E.a% No % zl%drﬂur
_:En_%mwﬁomjozﬁ mmongwMﬁo?ﬂ#arw;mﬂwﬂ @%ﬁ%ﬂﬁd%ﬂ%ﬂ
i = - 9n o< g AR i X = 3 Qo o X °
o o = N ) or ) iy Mﬂ]q N dl‘m_u T o 1.l;oo N < Ho
M%MW%¢Q§WM%MQMﬁWqW$waag %qmw%m%w¢w
x%ﬂmiouﬂﬂwmuwmoio%qﬂmw ﬂmaz,_ﬂﬁo oﬁﬁ_ge_bwﬁroﬂaﬂrﬁv
:.;H- &Vlo]ﬂw 01_.6_.1%. Emmo B L) mr Mﬂ]oo o_l_lunuﬂoﬂnq_ﬂ_o W o
ma%cgw%fmﬁmﬂzﬂjwu?Mmﬂﬁﬂdrﬂﬂw_om?urc._ :wzo_“or7ﬂ|]ﬁoo_uﬂL§1r
- Eiﬂ,,amowum_aufrﬂ}mmﬂ7ﬂ < ﬂz%ﬁuﬂ%%&zoﬁ
legﬂn mﬂ.zp = oo ¥ ELCCIN oy T = SERRIN Gk A
< T o] = w A E als al F Cae G
#@%xﬁed‘.uﬁ.lgﬂﬁbc gp o ® %Eﬁ@%;@ el
@%ﬂﬂaﬁrmJH,ﬂﬂ%a% 3 %@Nr;bﬂ i%%aj
fodomﬁwomé%_sﬂ_z ) A%JMJEQEﬂ
Lijlxﬂ? A - = 7%@2.5 qer
oo zﬂuﬂ B = W s Wy o 4 T
LR : @Eo_%%%%mgw
ral = e %O ) MD = ,MH i M.L 7]
o@ﬂiq%%%%%ﬁﬁut
Jo L
oéeo_MEzMoMMoﬁaﬂwm
R R "
F B
3o



>
o

-

ol
off iy o

ol ot o
O 1z

S

fo =

¥ L

mek b Hu o

x

= wWE ZoAo] AVIHAT &, YAEFY v 2 g 2 o)/} gle 9 vigk 71 A7 2
Zshe &, ANEE Ao ARHS veE & g3t} 18hde 2015 A FEte wsad, 28hde
& S WHEFH JAEFY HAE AHA o= 2009 M et &S EdRE 57 Wil
e g 7|7t Bk SREA ATEoF & o 53], F371sk g #Estel 2015 A ek
=3 WA - S5 Wy gl fofAEkel| b g
A, NFE TEE Wb 3W 3o gig g4 o] 83 A4S I AL WAE £ §7] wEol
F 492 BAY 23, A7, 244 2824 0 o old 015 A4 28T FhE @ - ot
Heste] tYgd o F3E VAL s T o] A T8l Y Lol JFE nA=A x
th oA A8 59, FA4I AR ZdolE Hlu Abel & derl glth

O o uk 3 459 Zdojo fjg £5,
o] WAEE agloy FaEof gt Aol dg &

solth ol9lole F5& vgk dFoz shdo 23 &3

uel 715 Abgolu =FO wHe] ddH
oA A o W 33 AL 2 Ambrose, R. & Kenehan, G. (2009). Children’s evolving

oz Afshs S8 BE ¥ A under standing of polyhedra in the classroom.

15817 Mathematical Thinking and Learning, 11(3), 158-176.

Bielinski, J. & Davison, M. N. (1998). Gender differences
by item multiple-choice mathematics items. American.

S} 3 Ehe < FEducational — Research — Journal, 35  455-476.
g - g Aol A A A Aale FE2 (A S doi.org/10.3102/00028312035003455
A Adsa 732 22e A A3 Best 9l Bruce, C. & Hawes, Z. (2015). The role of 2D and 3D
AAbeT mental rotations in mathematics for young children:

what is it? why does it matter? and what can we do

mRARe R QY ARE wiEoR $EATS Ak about it? ZDM Mathematics Education, 473),
3 2ok AR, o] ATelA AtE FIE 5 331-343. doi:10. 1007/s11858-014-0637-4

o 99ddel FNAZ FNEA, FNER EYS Clements, D. H. & Sarama, J. (2011). Early childhood

2 A sk 2773 old =AHo] AL teacher education: the case of geometry. Jownal of

Mathematics Teacher Education, 142), 133-148.
= 2 o] L3} by )

TE AR ol EH_ o] <7l Z'iA} E—TL_A YT Delgado, A. R. & Prieto, G. (2004). Cognitive mediators
A dehvks 3RS Bdsh] flste] therd and  sex-related differences in  mathematics.
sloz A% AA T ks Aoksit) 4 Intelligence, 341), 25-32.

22 sdo Ao 7te] =& 7o|o = Farmer, G., Verdine, B., Lucca, K., Davies, T., Dempsey,
24 2ow ARHI} Fsew, o2 A3 A7l R New com}?e,. &. ?Ohr};l-;?fﬂ K (2013; Putetérilg the
i Hol B4 ALe Zo fHol Sels Ag pieces together: spatial skills at age predict to

o =4, o 6 ° THL ©5 =H spatial and math performance at age 5. Seattle: SRCD

3t Hriste AE 1 & 5 Qdrh poster presentation.

Z4), Fujita 9)(2017)9] ASdA o et F7H713F o Fennema, E. & Tartre, L. A. (1985). The use of spatial
E3} o] AN HAE 9723 pad OF visualization in mathematics by girls and boys.
2713 102 - Sero] WIdEtT T EIE BA {gfggé for Research in Mathematics Education, 16,
T Algtsit). olgst dgdAs Axprt ga)e Fujita T., Kondo Y., Kumakwa H, & Kunimune S.
U 072 wAsty wAsHE dd s 4E (2017). Students’ geometric thinking with cube

1= A7 9 4 Q7] wEolt) representations: assessment framework and empirical
AR, 13hd e 9shd shAle] B7EA ST Tk evidence. The J. of Mathematical Behavior, 46, 96-111.

doi: 10.1016/j.jmathb.2017.03.003



130 T84, $4

Hoffer, A. (1981). Geometry in more than proof.
Mathematics Teacher, 74, 11-18.

Jansen, P., Schmelter, A., Quaiser-Pohl, C., Neuburger, S.,
& Heil, M. (2013). Mental rotation performance in
primary school age children: are there gender
differences  in  chronometric  tests?  Cogmitive
Development, 281), 51 - 62.

Kim, S. H (2009). Analysis of plane figure and solid
figure 6th grader misconceptions and reasons r
these misconceptions. Master's thesis, Korea National
University of Education, Seoul.

Kim, S. M. (2008). On the gap of revision and the 7th
national mathematics curriculum according to shifts in
contents. FEducation of Primary School Mathematics,
11(2), 95-103.

Kim, JJ. M. & Ju Y. J. (2008). Development of
web-based  three-dimensional  structure  learning
programs using AVA 3D. Jowrnal fr History of
Mathematics, 21(1), 121-138.

Kim, N. G. & Oh, E. S. (2008). A study on the
elementary school student's abilities. FEducation of
Primary School Mathematics, 11(1), 21-38.

Kim, Y. K. & Pang, J. S. (2007). An investigation on 6th
grade students’ spatial sense and spatial reasoning.
School Mathematics, 3), 327-352.

Lee, B. J. (2009). The trend of gender differences in
variability in national assessment of educational
achievement on mathematics. Journal of Educational
Research in Mathematics, 192), 273-283.

Lee, M. Y. (2014). A study on programs using a net or
the development of spatial visualization ability of
mathematically gified elementary. Master's thesis,
Seoul National University of Education, Seoul.

Lee, S. J. (2019). An analysis of gender differences in
primary, middle school and college students’ academic
achievements in mathematics. Journal of Educational
Innovation Research, 29(2), 1-16, DOIL http://dx.doi.org
/10.21024/pnuedi.29.2.201906.1

Lee, Y. B. & Cho, C. S. (2014). A study of representing
activities of preservice secondary mathematics teachers
in 3D geometric thinking and spatial reasoning. 7he
Mathematical Education, 532), 2715-290.

Lee, C. H & Jeon, S. K. (1998). A study for spatial
visualization ability of middle school students. Jowrnal
of Research in Curriculum Instruction, A2), 214-234.

Lee, HH H & Kim, R. Y. (2013). SketchUp, spatial
visualization, spatial orientation, 3D geometric thinking,
spatial structuring, measurement, solid figures. 7he
Mathematical — Education,  544), 531-547.  DOL
http://dx.doi.org libproxy.knu.ac.kr/10.7468/mathedu.2013.
52.4.531

McLellan, J. A. & Dewey, ]J. (18%). The Psychology of
Number: and its Applications to Methods of Teaching
Arithmetic. New York: D. Appleton & Company.

Ministry of Education (2015). Mathematics Curriculum.
Ministry of Education Notification No. 2015-74 [Vol.
8]. Seoul: Author.

National Council of Teachers of Mathematics (2000).
Principles and Standards 1or School Mathematics.
Reston: Author.

Pang, ]. S. & Hwang, H M. (2010). An analysis of
elementary  mathematics  textbooks on  three-
dimensional figures. Journal of the Korean School
Mathematics Society, 134), 549-568.

Piaget, J. & Inhelder, B. (1956). The Child’s Conception
of Space. London: Routledge & Kegan Paul.

Ryue, H A, Chong, Y. O, & Song, S. H. (2007.
Analysis of the mathematically gifted 6th and 7th
graders’ spatial visualization ability of solid figures.
School Mathematics, 92), 277-289.

Sinclair, N. & Bruce, C. (2015). New opportunities in
geometry education at the primary school. 7he
International Journal on Mathematics Education, 473),
319-329.

Tsamir, P., Tirosh, D. Levenson, E. Barkai, R., &
Tabach, M. (2015). Early-years teachers’ concept
mmages and concept definitions: triangles, circles, and
cylinders.  ZDM  Mathematics  Education, — 443),
497-509. doi:10. 1007/s11858-014-0641-8

Van Hiele, P. M. (1985). The childs thought and
geometry. In D. Geddes & R. Tischler (Eds.), English
translation of selected vwritings of Dina van
Hiele-Geldof and Pierre M. van Hiele (pp. 243-252).
Brooklyn: Brooklyn College, School of Education
(Original work published 1959).

Widder, M. & Gorsky, P. (2013). How students use a
software application for visualizing 3D geometric
objects to solve problems. Journal of Computers in
Mathematics and Science Teaching, 341), 89-120.



