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Understanding quadrilaterals, as one of the more challenging topics in geometry,
is influenced substantially by the content of mathematics textbooks, particularly at
the elementary level. The purpose of the present study was to examine the
progression of content related to quadrilaterals and the corresponding Van Hiele
levels of geometric thinking in elementary mathematics textbooks, in order to
explore the extent to which these materials reflect the levels of thinking expected
from students. The study employed a descriptive—analytical design with a qualitative
approach. Relevant sections concerning quadrilaterals were purposefully selected
from the textbooks. Data were collected using content-analysis forms based on Van
Hiele levels, whose face and content validity were confirmed by experts in
mathematics education. Inter-rater reliability for the coding process was ensured
using Cohen’s kappa coefficient. The findings indicated that the presented content
includes the introduction of names and visual representations, prototypical
examples, drawing methods, hands-on activities and construction tasks, properties
related to sides, angles, diagonals, and symmetry, hierarchical or partition-based
relationships, and the sum of interior angles. This content corresponds to Van Hiele
levels 1 through 3, with level 2 being the predominant level. In terms of content
progression, squares and rectangles are introduced for the first time in grade one,
while trapezoids, parallelograms, and rhombi are introduced in grade four.
Moreover, none of the quadrilaterals are formally defined using the term
“definition,” although the presentations in the grade four textbook are more closely
aligned with formal definitions.
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Extended Abstract

Geometry is a fundamental component of mathematics education and plays an important role in
developing students’ logical reasoning, critical thinking, visualization, problem-solving, classification,
and deductive reasoning abilities. Among geometric concepts, quadrilaterals are considered particularly
challenging for students because understanding them requires more than recognizing their visual
appearance. Students need to identify and organize the properties of sides, angles, diagonals, symmetry,
and relationships among different classes of quadrilaterals. In particular, understanding hierarchical
relationships among quadrilaterals is closely associated with the development of higher levels of
geometric thinking.

Previous studies have indicated that many students and even prospective and practicing teachers
experience difficulties in recognizing, defining, classifying, and establishing relationships among
quadrilaterals. One important source of these difficulties is the prototype phenomenon, through which
learners tend to recognize geometric figures according to familiar visual prototypes rather than their
defining properties. For example, students may not readily accept a square as a particular type of rectangle
because their mental images of rectangles are often restricted to figures with two longer and two shorter
sides. The ways in which quadrilaterals are introduced and developed in mathematics textbooks can
therefore have a significant influence on students’ conceptual understanding.

The Van Hiele theory of geometric thinking provides a useful framework for examining the
development of geometric reasoning. According to this theory, geometric thinking develops through five
levels: visualization, analysis, informal deduction, formal deduction, and rigor. At the visualization level,
figures are recognized primarily on the basis of their overall appearance. At the analysis level, students
identify and describe properties of figures. At the informal deduction level, they recognize relationships
among properties and relationships among classes of figures and can organize figures hierarchically. The
fourth and fifth levels involve formal deductive reasoning and rigor, respectively.

Textbooks are among the most influential resources in mathematics teaching and learning and can
reflect the level of geometric thinking expected from students at different educational stages.
Consequently, analyzing textbook content from the perspective of the Van Hiele theory can provide useful
information about the progression and organization of geometric concepts. Although numerous studies
have examined students’ Van Hiele levels, relatively little research has focused on the extent to which
elementary mathematics textbooks reflect different levels of geometric thinking, particularly in relation to
guadrilaterals. Therefore, the present study aimed to examine the progression of content related to
quadrilaterals and the corresponding Van Hiele levels in Iranian elementary school mathematics
textbooks.

Research Question

The study addressed the following research question:

How is content related to quadrilaterals presented across Iranian elementary school mathematics
textbooks, and what VVan Hiele levels of geometric thinking are associated with this content?

Method

The study employed a descriptive-analytical design with a qualitative approach and was conducted
through content analysis. The textbooks examined were the Iranian elementary school mathematics
textbooks for Grades 1 through 6, published in 1404 (2025-2026). The selection of the textbooks was
purposeful, and all sections directly or indirectly related to quadrilaterals were identified and analyzed.

Both horizontal and vertical analyses were conducted. The horizontal analysis focused on identifying
and describing the content related to quadrilaterals within each grade. The vertical analysis examined the
sequence and progression of this content across the six grades in order to determine whether and how the
textbooks move students toward higher levels of Van Hiele geometric thinking.
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The unit of analysis consisted of textbook content containing a specific concept related to the
introduction, properties, or relationships of quadrilaterals. Activities, exercises, examples, and illustrations
were considered meaningful units, while sections and chapters of the textbooks served as contextual units
according to their sequence and position in the textbooks.

A researcher-developed content-analysis form was used as the data-collection instrument. The
indicators and key characteristics associated with the first three Van Hiele levels were identified based on
the theoretical framework and relevant previous research. Level 1 (visualization) included recognition of
shapes based on visual characteristics, identification of shapes in different orientations, naming figures,
drawing and constructing geometric figures, and manipulation with concrete materials. Level 2 (analysis)
included examining, describing, comparing, and representing figures according to their properties, such
as equality, parallelism, perpendicularity, angles, and sides. Level 3 (informal deduction) included
organizing properties, formulating mathematical definitions, identifying hierarchical relationships among
figures, using minimal defining properties, and employing informal deductive reasoning.

The content-analysis forms were reviewed by four experts in mathematics education to establish face
and content validity. Their comments concerning the appropriateness, clarity, and coverage of the
indicators were incorporated into the final instrument. Two researchers independently coded the textbook
content according to the Van Hiele indicators. Disagreements were reviewed and resolved through
discussion and consensus. Cohen’s kappa coefficient was calculated for the complete dataset, yielding an
inter-rater agreement coefficient of 0.88, which indicates a high level of coding reliability. When an
activity required thinking at more than one Van Hiele level, the higher level was assigned to that activity.

Findings

The findings demonstrated that the content related to quadrilaterals in the elementary mathematics
textbooks includes a wide range of topics, such as naming and visually representing geometric figures,
recognition of prototypes, drawing and construction, manipulation and hands-on activities, properties of
sides and angles, diagonals, symmetry, hierarchical and partitional relationships among quadrilaterals, and
the sum of the interior angles of quadrilaterals. Overall, these contents corresponded to Van Hiele Levels
1 through 3, with Level 2 (analysis) being the dominant level.

In Grade 1, the content related to quadrilaterals was primarily associated with Level 1. Square and
rectangle were introduced for the first time through visual recognition and informal experiences with
geometric shapes. Students identified similar shapes, counted corners and edges, recognized geometric
shapes in their surroundings, used templates to draw shapes, and worked with concrete materials such as
colored paper and scissors. The emphasis was therefore on visual recognition, naming, and manipulation
rather than on systematic analysis of geometric properties.

In Grade 2, the textbooks gradually moved from visual recognition toward analysis of geometric
properties. Students reviewed geometric figures, drew squares and rectangles, recognized shapes in
symmetric and tiling patterns, constructed squares using tangram pieces, and examined the equality of
opposite sides of rectangles. These activities created opportunities for students to move from Level 1
toward Level 2. Manipulative activities, including tangrams and tiling patterns, appeared to provide a
bridge between visual recognition and analysis of properties.

In Grade 3, Level 2 became more explicit and stable. Students examined right angles in rectangles and
right-angled trapezoids, investigated parallel and equal opposite sides of rectangles, named vertices, and
were introduced to diagonals. Geometric properties were often explored through measurement and
observation. Importantly, however, the relationships among these properties were not yet systematically
organized into a hierarchical structure of quadrilateral classes.

A significant transition occurred in Grade 4, where the content placed greater emphasis on Level 3,
informal deduction. Trapezoids and parallelograms were introduced for the first time, followed by an
examination of their properties and relationships with rectangles, rhombi, and squares. The parallelogram
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was introduced using a minimal condition involving two pairs of parallel opposite sides, whereas the
trapezoid was presented through a partitional definition based on having only one pair of parallel sides.
Rectangle, rhombus, and square were subsequently presented through hierarchical relationships with the
parallelogram. Thus, the textbook established an explicit conceptual network among different classes of
guadrilaterals.

Grade 4 also included activities involving drawing quadrilaterals, examining diagonals, constructing
figures with concrete materials, and using manipulatives to understand hierarchical relationships. The
presentation of the parallelogram, rectangle, rhombus, and square in relation to one another represented
one of the most important instances of Level 3 thinking in the elementary textbooks.

In Grade 5, the content continued to involve Levels 2 and 3. Students examined lines of symmetry, the
sum of the interior angles of quadrilaterals, the bisection properties of diagonals in parallelograms, and
the angle-bisecting properties of diagonals in squares and rhombi. The sum of the interior angles of a
quadrilateral was approached both experimentally and through mathematical reasoning by dividing a
guadrilateral into two triangles. Students were also asked to determine whether particular properties
always, sometimes, or never hold for certain quadrilaterals. These activities created opportunities for
informal reasoning and reflection on the generality of geometric properties.

In Grade 6, the emphasis returned predominantly to Level 2, although some activities reached Level 3.
Students explored central and rotational symmetry in quadrilaterals, examined the relationship between
diagonals and centers of symmetry, investigated supplementary angles in parallelograms, and solved
problems involving the properties of parallelograms. Some exercises required multiple steps of reasoning
and therefore corresponded to Level 3.

Across the six grades, the first introduction of the square and rectangle occurred in Grade 1, whereas
the first introduction of the trapezoid, parallelogram, and rhombus occurred in Grade 4. The textbooks did
not formally use the term “definition” for the quadrilaterals. Nevertheless, the presentations in Grade 4
showed a closer resemblance to formal mathematical definitions. The parallelogram was presented using
a minimal defining condition, the trapezoid through a partitional classification, and the rectangle,
rhombus, and square through hierarchical relationships based on the parallelogram.

The findings also revealed that quadrilateral-related content was not always presented in a single,
coherent geometric unit. In Grades 2, 3, and 6, some geometric concepts were distributed across chapters
whose titles were not directly related to geometry. For example, properties of rectangles appeared in
chapters dealing with fractions, multiplication and division, and measurement. Although such distribution
may facilitate connections among mathematical concepts, the fragmented presentation may also reduce
the coherence of students’ conceptual networks.

Discussion and Conclusion

The findings indicate that the Iranian elementary mathematics textbooks provide a gradual progression
in the geometric thinking required for understanding quadrilaterals. The progression generally moves from
visualization (Level 1) in the early grades toward analysis (Level 2) and subsequently toward informal
deduction (Level 3). This progression is broadly consistent with the developmental logic of the Van Hiele
theory.

One strength of the textbooks is their extensive use of visual, manipulative, and exploratory activities.
Drawing with templates, working on dot and grid paper, constructing figures with tangram pieces,
identifying quadrilaterals in tiling and symmetry patterns, and constructing shapes with concrete materials
can support students’ transition from visual recognition to analysis of geometric properties. Such activities
are particularly valuable in elementary education because they connect abstract geometric concepts with
concrete experiences.

Another important strength is the hierarchical presentation of quadrilaterals in Grade 4. Presenting the
rectangle, rhombus, and square as special cases of the parallelogram can help students develop a more
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sophisticated understanding of relationships among classes of figures. Such hierarchical classification is
conceptually important because it enables learners to recognize that a geometric figure can simultaneously
belong to more than one category.

Nevertheless, several limitations were identified. First, many quadrilaterals are introduced primarily
through examples, visual prototypes, and exploratory activities rather than through explicit clarification
of their defining properties. Although discovery-oriented learning can actively engage students, the
absence of explicit summaries after exploratory activities may leave important mathematical conclusions
implicit. Second, the continued use of prototype-based visual representations may reinforce students’
tendency to associate a quadrilateral with a limited visual model. Providing greater variety in orientation,
size, proportions, and non-prototypical examples could reduce this risk.

Third, although hierarchical relationships among quadrilaterals are introduced effectively in Grade 4,
fewer opportunities for revisiting and consolidating these relationships appear in Grades 5 and 6.
Continued reinforcement could help students retain and generalize the hierarchical structure. Finally, the
distribution of quadrilateral-related content across different chapters and mathematical topics may
contribute to conceptual fragmentation if the relationships among the dispersed concepts are not explicitly
highlighted.

Overall, the study concludes that the progression of quadrilateral-related content in Iranian elementary
mathematics textbooks generally moves toward higher Van Hiele levels as students advance through the
grades. The analyzed content covers Levels 1 to 3, with Level 2 being the most prevalent, while Grade 4
demonstrates the strongest emphasis on Level 3. The findings suggest that future revisions of elementary
mathematics textbooks should provide more diverse visual representations, explicitly include non-
prototypical examples, make defining properties and conclusions from exploratory activities more
explicit, and provide additional opportunities in Grades 5 and 6 for reviewing and consolidating
hierarchical relationships among quadrilaterals. Such improvements may contribute to a deeper and more
coherent development of students’ geometric thinking.

Keywords: Content Analysis; Elementary Mathematics Textbooks; Quadrilaterals; VVan Hiele
Theory; Geometric Thinking; Geometry Education



ISSN :2345-4938
elSSN: 2783-0640

s f :,/’;‘

VP liwali g 5l TV 65l (oo, Jlo

M1-1F- 0] . o
https://www.jcstpicsa.ir l{_fd’,’..’h'..‘:«b’iba{ 'ZE;?‘

ol 0y99 (2ol ) GLOLS Ho by als )l L b jo (Lud(yg gabw 9 lgino &1yl wig,

000 el e 2 islond ool & bl (55 o ol
e_reyhani@sru.ac.ir .ol 1.0l 5 « ol dgd s S 5 oK oo 0 ISLEs (5L, 05,5 LLusls®
(Jgims 00ia ) Ol 06 b A s S 5 oK pote eaS il (SL s 0 S Ll i
yaftian@sru.ac.ir
N[ S U B S WP, JSY R COV I 1 I PSPV NN PRSIV TP SR SR J BRIV Y. 3 g
a_esmaeili_k@yahoo.com
Ol Ol (2l b d G 5 ol e 0dSTBils (b5 05 S (5 83 (g tils FTHE
hesam2200@vahoo.com

Ao oledb|

Slime 5l o iin ZSHlr Slesige S (S ol 4 oo lez Sy
L e lgiome Sl Wig) gy pole asdllas Bos .l Slamlo)0 10 0ga w)ys slolS
@ il 0)90 (£3b; (yd GOS0 T b celite Loy S psha 5 laoeld ez L e sele
b el (aoss (b9, 41 45 05 (ligal il Sl o0 i sl 51 G5l (o) pslae
Sl S ol 51 ek oz b Lo yo (sla iy chiadan 90 45 . ool S S5,
S50 15 5 391 (hp0s Tobe Ll e Sl slae b laesls 45)510;5_ Sl e Sa kS Jgime ulos
3 laebl Coz LIS 38155 o p2 5l 9 2855 513 22k, (hjgel plobiwl anl 50 ol (plgie 5
ol o ) (glyiona 45 ol oLt oasdly . asliinl o JAFAS mr (63505 iy, bl PR #2ly 500
Sl g 6550w G e oy Slroged sl sladiges (s par slagiled 5 pl (Byme b o ks lox
Eyoze 9 6313 b (ol pealedos Ly ()5 5 Sl Ll (edLol 4 b yo (sla S g cosliociws iy
ooy ¥ b i s 5 wilocsline Loiys ¥ B ) ok b lszoes ol aS el 515 (e
@iijed (S sl g sl aly pe Jebites 5 @ope (Brre (gl dgize Wl g, 50 el
3 sy ok 4 kol aill 0925 55 cmizea ol 0l 4l 3 559l 5 LSV lgke
2 o pnn o S i gm Ll o o oslil o el oz 51 oS et sl € o8ly \p.p)u e il o b
(ol Lol s b LEVIsslyie (@l )3 3508 (coms) i)l b 5 ol B ep ez 4k SLS
OLYIsslyie p (e (oSl ppabads Sjs0 4 ($39) 9 Jebaies (e 9 3121 D50 4 alije8
Aigad (oo iy yai

)l 69;

oS (E5lg

allio azsks

VECO/ YN i bl gul

Al ol 4 Sl

P ks lezr bl e (Lags sbaw 5 e a1l ig, (VF0) dllae plus 5 el ¢ uslonl (18 5 L8l (uonl ol o Sloxs

€243192  (27)VF NF-IV) (oo aslip j0 Joe g 4,k (243192). ol oy90 oL, slacls
https://doi.org/10.22034/cstp.2026.578671.1142

Ol o ys 4ol Sladllas pem! : 55 ©




WY ohSes 5 Gl sl oalo oz b Lo po (Lo zslaws g lgimme a3L)] g

doddio

e J> sloloe g (golit] S5 o ilate S5 Cogl ) (plpwds G DLl ol (IS plgie 4 awain
5hsoby Goisel 3o (mwain mealas Gajgel (el e 4y (Ve oo L3l plolas o (6ly55) 05 oo Wl plisel il o
1 GglS amiin JIS8 clid b1, Vazul slac e o3l b aiS e oSS Uiipel ol sl sy ¥l Caanl
3 0g) Wi dnasgi ould Yol 5 o Sy ol Wigey 5 JEI glaganainl sbml 5 b Shi ol amlie il slo S
(FYe T o) San s Iy

Nigd o grkae plelae (o 5 Glalrogzitils (g0l il (gl wiin 5l e Slegogs I (S plsie 4 o ald loz
Y.VY 5VQ‘)&.@5 N}M Y-YY ‘;Jw‘ 5)151 NEAR! ‘[) 15)95 9 sSLo)L..uJT NERR fa\.';.;% 9 ‘Wﬁ)" Y \A ‘\")l*c)
4 ;0B g uiyls il o als laz comy iyl b agalge jo el ol as wilesls las Sladlas (VoYY A i yss o Sdsly
dwle 10 813151 S ecpl ogdle (Vo VO STV S 105 LIS o + VY il 98) aiians o2l Lo glgil ol 5 auseis
G b 2ls bz )5 belas g jUadl Loy oMol pow yi g Lol ;o 5 &)ls (gogamme S )0 o 2ls o J31s sLls; gaeme
Yol iz ep (Vo VF VN SLE g Casle) g oo axlge St b e 55l5m0 b aiijed aile oy lite faS SIS0l 1 054
Sgu g0 oalaiml olatl oy90 jo Clél 4 el ppe iy jlas g opl (S gl )ML; cos g BB b 4 bl swase
AYVY dL>sd)

la als Loz oligeltils 5l gyloms (IS b a8 a0 oo (Lt b ald oz Gl Laly, S50 (ogas ;0 laagh @b

Loz sd) walad oo azlye USio L 1) b ool loz oo daily) Sy sl (nl g sio oo anseiss «Tadgl digad gy ool 12,
(VYY) 4 S gupw Y VY ‘md‘)l&o& 5 &oledl VoV gy g g V- VY ‘\fs_i_:.l)’ AERIA awlﬁil.i)’ YV
s gozmo 5 adgl Gladiges g o alll ol jo LAl 6,80l - 2ol aiT 8 0 S sl adgl diges aiz b S 6l pogie ,o
ot e sl V88 050055, 515 5 8 5 5l o525 45 it Lo 5y ot (Vo b oo

! National Council of Teachers of Mathematics (NCTM)
2Van de Wall & et al

3 Miller

4 Brunheira & Ponte

5 Altiparmak & Gurcan

6 Akar & Isiksal

" Cybulski & et al

8 Pagiling & Nur'aini

° Fujita

10 Nggaba & Ndakularak
11 Macit & Tabak

12 Prototype phenomenon
13 Zilkova

14 Zeybek

15 Elbehary & et al

16 Hershkowitz



V800 0l 5 ler ceassler Il TV ojled ¢ s Bl 3 Joe 5 & o dallad 53 VA

6 p 655N el 4 OIS o iy 5 €00 olisS o> g g il 1> g0 a5 datld (glls) b ealis ez Slsie 4 1, Jabitewe o 3
(Voo V Mgz g Lazrgd) st 0350 ebits (lsie @ mpe (indy 50 1 5 ol elatne 5 adgl aiged S

LT 51 S50 oyl Az 40§ aB oo LS oSS cpl 51 1) Ll od g5 da abo )l i )l b olgel gzils L]
201y 0 i wilg g bl calio (ol diy s SO lgie a0 Oile SO aS el Gl (YN M) aise o Wl
g0l gl " lewine) Blox g B p3¥ Lol i 5l slacgame Jolis b ool 5L culed iyl w0 4 059> ol slacdled
(s e )0 392 g0 Ll L G e g wled ol | pagie S swlul o Shg a5 ol oW Lol Jols o ye8
gac ol o 18 Sl ass « S oy 25 S o Lyl 5l Glacgemme S oo oo Al 590 dcgasme slacl dnn (gl y
S ok S s iyl guly g Bl (T g « Blasy Lyl b gl ls (b oS Ol 1) ol jlai 500 acgooxe
Dby e 1 0 ead S8 balyd ple 5l zlocsl LB aS oS e

Sz $9re SOlpl 5 5k 3ye I Gl e A o)l Gl Gla i 5 Sl iy (ool i yles A o

9 5hass k) e ;5 (Ve v o 22b) pladae (o s558) Sl 059> (ul slacadlad plxl 5 g 2L, LU )8
I, caaib g5 90 daganaids b ci s Jlite b3l 5 ouST cros (Ve o A) T oS0 g puSnmgs 5 (Vo2 ) 7 ol S
iy o5 Lo £g5 90 l a5 Wil T 5l pealedes b Y 6513 &g Wil3 o dlie (suiuainb olul ol 5 oS e mloie
peolie a5 08 (o 130 1) Sl w3l Bl pai S (oo eSaie 1) matlie glgl el (e aba) ) gl g g
53 e s Sopls sbedl Sl glasgame a |y 58 GLedl 5l (ot (s iz LSl s oz K05 50T 50 55
€Sl OBl Cidr SGLaSo b (ol )ler SO )90 4 adijed (Brme (g5l s ) (Jle S (o0 Sgaoe Lot ple
§) sleassarmeys §i Sz memlis il ealades cin i )0 Ll S oo b 5o 2l Glaalo oz plo 511, T &5 ol
4 SIS pealie I (ol ealadis 0y S po 1) JSA G DLl (A 85 iz Bl iad oo JSAT ) S S eenlie
bo )yl g €l (il o dz g a5 (Lo ez SYIslee Jolie ipes (Jle Sln S (o0 Sbml S S5
@hlo S o 1 il YIsslyie 5l (ool Elgil 15 @pe 9 Jebaias o559 5 wleioo lml Koo ol laoals e
35 89 (£ 9 Jebites (295 @pe oS S et S (o0 Bhe YIS lgte i 50 W g st (glge EOLSN i g0
5l otlads gonail oz 5 s o el Jgud B (date g (2L, )3 5l (il pealades 5181 anainle 9 o o
il e (il peabedes iyl Jlie (sl ool i (531,81 (gonakel & S (T s sblie 5 9,8kes o ool bz
45l oasdee (pan 3 (ol b sledoo 03lu | 5ol pealie sla Sy gl Pl 5 09b oo pealin 5l 6 FolisS i)l
S e 5 ooe Slaoals ez 5l wl (Jle sl 09h SSS 580 5 maly ok 4 psrie U el (o518 iyl 5l eoli

17 Fujita & Jones

18 Avcu

19 necessary, sufficient and minimal conditions
20 De Villiers & et al

21 Usiskin & et al

22 partitional

23 hierarchical



N en 5 b slaaald ez b Lo po ooy gsbaw g Ig2one 2il,] o,

Sed 48,5 a5 10 uSe by i oald gz 5 ol g5 e xkd Loz Ky 45 0,0 Line L5 09 sl (51,3 sl
(Y’ ’ﬁ ‘Ql)li.ue 5))...145 6&)

)l e plaganaieb obnl @l gl Gl b 5 Gh92o9 SFl da ol sunaib pls
Sl e )5 i i oo o b Judatns 31 1 Lo po e LT U (Y + 8 ()50 5 5 pdig (68) ol (531,30 imd
i las ( Bob 3l aied olpen (g osk slaYarul b Vgors 5 wigd il Somly (e ol gy slaadliy o
s g dijgele oo diSlih poghe o 4 iz Ll (0938 L | waz meslie b and e ol lsel stils 4 ol pealus
St ol o (5 Sodezmy slaYoul b el (ol pealides Lails) docyjo 052s b (Jg anled slml ldl plee 5o (aspbe a0l
T8 IS VAP TT gl 5 150 ol (poi S5 VL slans wieild el (e slagaail S0 135 (VA Lo)
Camotl 51 b ol Loz b L3 | ) o3ns s swids S5 ko b)) el b Y+ VY iz gd VAN 7 1)Ko g 508 £V AAY
a8 3l o ool ooz 2 9T L (gl s (wain S& sl (2l 4 a5 (laar i 51 (o el Sl 55 ool
Syt Wlgioe B gl gy 3l 5 b i alie (550l wuld (b Seel s S ol el a5 el W (g
Sl be ek ol OYAY ¢ Sy ) oS

sl dnslio b el § 0igd o o0ls anseis 095 (So5ud ,oll b g cwaie JIol qrlaw cpl o T puuci ) s @
5 Jal a8 0K ol wb (Las Vo j0 Glygel mils (Ve T ) 00,5 o anslin «adyl wiged L

Ngdh oo dinogi g (i Wl lo Shy 5l ool b it SISl el cnl 5o T Jdod g g pa Y o @
JS] 51 6,508 atwd (9,0 Sl oo K S 45 0SS ,0 aiilgr o 5900 Lals ¢ Bk 51 (Ve oY T uiiadS)
Yoo A TTedle) 0,5 1,8 5

Sl slaos, 5 S50 SISl oo g uizpd 9 o Sy o oy el cnl )0 7T (cowwy o gl ¥zl @

sl S5y 5l (LBl glacgeme 3l oolaiwl b Lo |y JICol asles o o)lygel 2ls (VAAY ¢ J4l,8) digus oo 00ls Laudeis
JYarnl G 9 )5 JLis olles (b el basdl owld 5l 5 s0aeed ol (o Leulsl oS (gaisaids ouisS <oy po5

(VoY o) e 5 Jlg (69 (y9) 0,10 0429 silato

24 Burger & Shaughnessy
2% Crowley

2 Fuys & et al

27 yan Hiele

28 yiisualization

29 Mason

30 Musser & et al

31 analysis

32 Clements

3 Halat

34 informal deduction



V800 Ol 5 ler ceanslem Jlo TV ojlod oy Bl 3 Jos 5 i dallad 53 VY

5 Bgb oo ool Lo egdge Jool olKiws o 9,0 owiid sLLaS mlaw ol 40 T8 comwy gliciw! F mlaw @
N AAF “SA-A.AJSLA.U 5;).') “\"5'“'%5" J)Q LG‘J—‘ uL».A .‘4413) u...on,.:e 9 Lvl..aS ‘me).:a c&&.@}n J}..p‘ PR WA d.i).u Ql})Ud..o‘
OAAY ( J4lys

(I9yS) g so Juloxi g 4320 g o cglite egbge ol Slopimam ;0 LLaS xhaw opl jo Feds D mlaw @
VA oS g 318 ) AAY

5 30 Slge 2905 g eelal jluaiee; Wil e (Lediyg 4yl SaS 4 gl il qwate JYazul 5 Sy o | IS
ilpe aleds S0 ol 4 (VWA (isulan § 5Ladl) 05,5 oligel il SUlg mlaw b caslice )50l slocdled >,k
i ()0 4ol (0995 (Sl Fge gledal) plgie 4 Wl oo owain SE olaw Dbl nedle (heaiyg (owiin SE 4 L
ol 50 605,50 aE )y GlasliS (gal anld 0 (YY) (5,65 5 Slo,ludl) 09, 5 @ 8 B550] Slgime g
B 2o | gl iils g olalae 45 axis alie e 5 52 5 (VT TV Kb g 58) 08 e lisl (6 50l 5 ol
5 5 &5 ey (lolsS A (YY) P lSem 5 s, Y18 T ST YAV T sl o+ 5 TALIS g) ains e 3
5 anleice Jaed 35 |, aiz oy slotaliy Lais b 1al a5k 0ol sloles o5jgn] slooged s jl oo 55 oo
A5 (VVD St 5 ) 0,55 il s yo alsyy oMol Wlgh o ooy SBlsS 1o Iy 4] g by Las o ligioes
(Y-YF ‘ﬂ'jxu)l) 3,0 0925 ogmad 1 lodre o Sles g oy Aol s

SRSl 5l (S e als )z b las o Olegoge ¢ cwiid pudlan S )0 paas 10 waxin sla o olgS 4y ax S

o imgsy oy (¥ VF (Kt 5 Sdgmras Y- YT ¢ JlSerml 5 T ¥+ YY) 515,55 5 STl o Jlo cs) el LT
el @ cond (hos 4l Cozle bl Olisel s (pesin S sl o3y 4 i 4zl (Sl end pl
Loy gy laliitl iy a5 (V- YV) ol 65 5 Slo,Latll imgiy 5o e Jlio (gl wnsl ooy (Sl (glgions wiis mobans
s ol ol 45 0 o Elin et e stz SIS 5 0l olisel S ity S s
gy oo &l) oy )l g s Loy ) s S st e (0 0 ke AL Oligel zils ST i S e ol las
aly Oligel s sl sagdor (lolid 4 (IYAY) o )Sen 5 (loalle (g crizp il 55131 50 4 boes (5l Sl
310 50 Oligeltals 5 o le (l o S5t 9 51 sl (hemg 4 lai Sl ool 5 (pwin Sloc s 5 e o i
a,ls 5l Gledas 15 05,08 dwaie Gl jo goanie lallas lsel il el aS ols las Gragh ol 5l edw] Cassy @l
(b 3l e (2 lipel mils slasagda a0 o (ciin SO lee 5 eelis Sijeel Cuz jo e
Bl il ools 18 Jdow 0550 oy 4 ylal cwais malaw Sl 51 slailey08 pw s slals Lasie a5 sk iy
alllas 43 45 5,5 0,8l (V1) TSI gl 42 olgice coloo o2l 31 080 Sl a5 oo abolie plo jo 5 i

3 formal deduction
% rigor

% Fan & et al

38 Morgan

39 Hadar

40 Avcu

41 Rezat & et al

42 Ersando

43 Kalyankar



WAV ohSes 5 Gl sl oalo oz b Lo po (Lo zslaws g lgimme 43L)] aig

Kool glaclbl prie el U Gl sy (o0l pd OlS 5o (epis 4l 5 (s (uyd 4ol Slyiomo hles
Y o) ol oty 4l b Sl iy (SllS oy sl (gl il slisl 5 45 Llachlpe cols lis gl 30 5 oo
095 (£2b) (o) QLS 50 )0 by oals oz idad aslllae 4 55 (V1) (o g allae gy wiad oo Jol ) (eoig ¥ g
o 2350 2009 45 ol |y e el oz Eome cosin (glgime Sl 45 55l o0 (2520, 5 s3le ol alamsgie
Jelos asdllas 2y (V- V) Tl Kam 5 oblr gy ol (qwiin glgims iz ;0 6250k Gl Foe (Joo o avs oo 18
Slyome Jlod by, 4 addllas cplcanl a3l (63gail piin 4y (L8l QLS 50 lacuaSts gl Cobus b b o e JIgs
e g sl Geluly oS mhaw Colus psghe 4 by Cllae o5 ol lid ol @l § el 485 & 50 AS
oy gl gl B (g QU Sl Jelow a5 Cosl 0ads L)l (Bl sloccdlad (Loagyy mhaw po 50 g wilowts
2 PS5 b pide al awais Gl Jolod 4 (VWAA) (idulio 5 (LBl (gl (mizres djo0 oy T e (o
ool ez b Lo po Pl I ol a ol i T gl 5 3lon 0 (biss (st S shas lol 2 b old bz
(i S SO 5l (Bl ) sl a3 0w )ls )0 0ad () Slgizee el (Lo s VLY Zolaw (piie 4l Lok, QLS o
615,55 5 el o 0l 55 4 el 2] glactlil g plS S5 (gla Vol o wiin sla S5 (glaes, JS5 pgyie

el (levyg poa gl 3 JYatul Ulgs 5]

S olgie a0 (2hail 0550 (o, GOLS o35 4 (55 0b 5 Sbjgel ol )0 (LSl (ouyo GlalS bl & 4 azg b

1 sisel lgizma S| s imaly poad Wilgie (guyd GBOLS kv 5 40325 (ligel tils 03 50 (sl pralie cols by

OB, S0l Calizes (glaog,S oo o |y b ek oz i yls o godnio oyl Sliniog i o 45 j5b las Ao (LS

SlobS slyme y0 bty (owiin S golaw GulSail die) )3 ()5 (S g S Dlidiod 0905 Lol tilosged (ou)

&) Sz U ol oyl raghy alnln el dsptie (il 0)99 )3 o 4 b oald ez psthe 3ol (o)

05 S g oo g3y ol Sloazil 5| g3 SBOLS lilge 5 (3 o Kaal (AETIH 15 gy SIS ol
95850 0015 Gesly 15 g & gy (al 53 el pald atees (al 3 1) S FRLE (o0 GLOLS 5 55 sla S0l b

M 0335 (53, S 55 51 b alie (Lass o 5 logoal oz b e slyia 41 i, by Jlgas

O3 99

I S5k Slgiise gos SLBCLS 4l & 4755 b g ol A5 3,505, b b~ o gk St 2l sy

g Bap Wib (Luass 0,90 S 50 ljgel isls 1ALl 050 Si e jogas ;0 (Bigal Gl g lilge slaelSays
2o ko lez bl ye Sj5el g ;o (eayy (ot & gsh diogi 5 alelid jsline 4y a8l il 0l
S5 4 1 b cslite (heayg S8 ol JolS5 5l oald oz b Lo o (slgiome a5l Wiy gy 2 (510 0908 el 5 a0l
a5 e VB Lo ole ol ool 0)58 0l oy SmliS c 2 090 SlBlsS ol olail 093 2L, slacls
GBS ia (slgims eyl imgss 5 Jalow doly i Ul S el 51l alis gz b Lo jo (sla iy chiedid &y
o dld polos dbiwl) cnl yo ol b2l oz ls Ly, 9 o Ty o Bymo b i o 5 (adeioe pogie S (g5l oS (o)

44 Janah & et al



V800 bl 5 ler ceanlem Jlo TV ojlod ooy Bl s Jos 5 o i dallad 55 VYT

c 5 Geb ane 0oy laie 4 (SOb (o) GLOLS Glafad b S 5 plae slaasly lgie 4 pslal g ol iy yo3
o 5 E5090 Aty sy b daxldsloz b b pe glyims il g kv gz 0,8 Sl gl wlmie Jlgi
anlllas ol 50 a5 Ll s 8 glel V Joaz 50 5 alolid (eapys zobw 51 2 g0ldS sladilis g b aslis g )L
oobd (6,050 095t ot a5 0550 Slgize ;o Ll Grolae 8L Lo 4 o), Kiegh g Sloads s 8 5l o e Lo

20y ST ok b bLie laaiges ol jen 4y uulS slaailis 5 b aSll g ) Joor
A god Gl glaailis g la as Ll Tl
& e iy ylas 1l - ol
QA oS g 558)
Ml sbss Gl caless 28l — STy bl p JBCST gon atws
sl

(V48 e VAV L ]S)

Sli gladéls it Sk glalali Sloiao —
Sl 5 53,5 K5 03,5 b s S ojluil g5 90w —
e Sl

olabss ) solizul b (g,l5 5 slagS)l el -
loalosir b

i JS2l plas (xbe 5 o)
OUMA o Kan g 51 VAV ¢ gl,5)

U 4255 e 4 Ul s it - I Sl 5 IS 5 il )
i slaoily
QN ) 5 18)
sz 0,0 Slakad )l oolaiwl b by oals oz el - J&al & pae b las e Pl >
CopS (siin
ONA )5 g 52 VAV ( Jol 5
@ﬁjéowsudy&»\&ﬁ@uékjﬂ— Ja..)lﬁgL.:.é)oJliiJL;LaL;jﬁw)ﬁ
Lo (g S d ) p (e i)l - ER=
£V oV uiladS VAN (e g 58)
(Voo Q oy
ISKs Gl o g elsd ((65le5 o5l Laslg ) o - colio 0l 3l oolaiwl b o S5 carogs zlaw
QWA G ¢ 5) Y
ek 5 @yo sbils; 9 eI anylie - b S5 5l oolaml b JICHT syl

QA oS g 58)

2lr ooz b ld)lez ou) - aiee Sla Sy (Al b JSO o
O e 5 315)




WY oBen 5 b ) slaaald ez b Lo po (eagyg gohaw g Ig2one 4il,] o

“e GoalS soailis g b sl s

slole Sipdy @Uls s JSol )l g5 S -
b b Joles

2 sl ol 5 e (Slpe aledis iyl -
lo S5 bl ol

Jsl QEL"’ 6&;;‘;&5 sl -

b Sy oS 5SS 4 Sl wlid sy -

b ga Oj90 5 o Sy aailesle
b,
5 5B VAAY (oS VAT (sl 5 /5
O e

Tl ST L 028 @ls oS 5 - oy yé il glaJYarul 4l )| @a:
Lulg; 5 oolitwl b cwain JILa] gy sl o9, 451, — OAAA LSen 5 5 VAV ol )S)
b Sy Oom

Flos 7zl 5 So3) arsss ol -

Gl B T S g a5 Loyl i (cowy ) Lansedd —
pothe S ol

oy Sl Sy

(Voo ¥ Ploiom VAL )] 5o

oy ol olSiws jo oldl cole HUly pac -

1 omaie ¥ slaelfays 51 ol ols, 5 il (sl 45 59y a5l Gime (slgize Ll (sl dmools (5,510,515
s T b ol e as s sy 53 55 il 5 oDl SIS B o 42 S5 2l el 4t
ool (5,519,5 Jll 5350 5 lsme syl s Sl Jlasl 1y ales Jlosl g8 (352 69,25 5 2599 ez 5
s o b s jobo 40 45" ol Glaaalg B 0B )5 )13 oy p )50 b 12 ()0 SlaclS i 5 (8 Jlos )
e s ol $la msls b Bl 5 g ki S8 e 5 s s alolid asin L o bn il i &
GBSz wyd LS 05l atin B ol cwyp oline Glasly des Iy (il 5 &g, «g9g0e Juoti ;0 prnw i
pll ST (Y1) SIS 51 w8l b oS conl messs a5 p3Y cailed oo colan Lo yg 3V zolaw Coos 4y 1) 5901 23ls
oS Gdlad (Jlo sl 05800 00ls polaisl lay 5YL gl Bl ooy aliis whaw 99 50 S p3lie o Jled S oS
by )l 5L Y a5l G S 4 023l (s5lse o ke @DLSN A WS sy el oz Sy dalsS oo el S
i b i sy (it S b (3505 o bl ot sbite & i 3005 Y s ol & s iz
Ly od gancugd g ololid 38155 pae 3)lse G b uipatnd 5 Jelod Jias ©)50 4 o SKimgh I 585 90 by
LU card Jgo 8 5l (2l wnl slp 9wl Cows (ST 0150 jo p glol 4 (gum DA L &g 5 0S suome (il
B o iegh slaaisl el Caway AN sae UL s 38165 le Lighs cpl jo aS ol colatul eosls ST (g9, 5 8S
Tobe @is g Gl wig; a5 (T L cesline (poys gl ol e 4 Iyiome digel g plote laggede Jolis aidl Jlsi Jslor
00,5 Al wams oo lid (Jead b a0 ) ey

4 Pusey



V800 bl 5 ler ceanlem Jlo TV ojlod oy Bl s Jos 5 o i dallad o5 VY E

o9 laassl
slaal oob, lacts 5l Jad po 5 Jol ab (oob, QLS 5l e po 50 oad wil)) lyioe iagh Jlow 4l ln
3055 )8 Jelot 0590 (leaiyg 4 (e e 5 (aTuie b ol ez b Lo e (Slpione B )5 (o) it U g
slete glaggeds jl plodigei olen a5 (Byme VBT Jghax o by ;o SSa a4y 020 b ol sloarly ok, glacls
slagide ) Jsl b (2ol SUS 0gd oo ools (aled (leagyy SE ok b coslite (5 slyiome &5 9) oud 53 (lyions
3 e (owiin laSh adgl sla Sy (Byxe 9 Goged (plulid p (haiy ) e bcwlite (TF 5 VA ATV 7 0.F 0)

(¥ Jgoz) cel

epog Igiono 4igad lgien (ygomdo
\ Gladss lolis

o= o2 o pwiin

9 o) sy (Syxe

(abo § 4395)

\ 4 g abgS Sl (w)

ek in (gl S

) ale @ oot sla S o)

Opkls SS




WO ollen 5 b tlaaald ez b Lo po (eagyg gobaw g Igione 4] o,

2oy g lgimo ¢ygoudeo

\ == i gla IS 6 sl

(OFF o YF Lis)

oads ools sla S alise oLl g aisS oileds g olulid 1) oo Jio gwain sla IS0 Wb Sligelzdls ¥ Jga bl p
50 alie g adsS 3l oolainl b g 04 oo o cwiin sla i 4 Olrgel il axgs calal jo .aims Lausis ool slad o,
2 0590l s 03,5 g0 Byme 1l 5 ol (ks 5 ol sl epng | il b ga (o) ok ISlg) (i JISI
lacaled (o & (owain sla s sladd 5 a2 olulid 4 (208 5 (S5, 3 wiile pugale (sledl g )15l b (55 95ms SeS
1) o lite lagSll LaS5 o it sloS oy sl coghls 1 oolil _SisSa & lee calsl 43 il co laciglis
Ll slacals s Lol (rized 5 Gobls SoS @ il ooy 5 Jolains 9 0o wdin s o (Sl S ol ecules ) 090
@ shoy ) gl el Gla Sy ot ool 51 ISTL O 5 T glafad 10) pes al ook, SUS 005 o0 Al
(V' Jgo2) 09800 4295 (eoys ¥ il )0 lnJS4 slaaddse 5 [32] sla S5

P9 Al (2l GLS Ho b 2o )l b bl po (lgizme 41yl Wigy Y Jgua

-
T RY)

lguimo 4 guod

P

L et e e A S e e B asle L e AT 5 emdel

) g

ST T S

e ———

e e e

1w

preme e e
——— p—
= e

(YA

e ol X Lad)

S 55l
Oole &l g owain

« éJ_,g»

) g

4z 5 Lsle 43 38 Olo 5 20 pees Jobies 5 e J5E 93 0pbles S5 4 )

Taigls placsls

s Coplis

tleall

(¥ o ) M oI5 Lad)

4 Jebaiis 9 200 o
sbls oS




V800 Ol 5 ler ceanslem Jlo TV ojlod ooy &l 3 Jos 5 el allas 55 VYT

b lgsioxo digod lgsoxo ¢y goudro
TR

y5 g L gty S U8 S WSS o dpar ¢ g LY

oS paniess

) g

(F o Voo F Jusd)

835 posy SRS (6959 350 25 b 1) OGS el g 52 .
kﬂ o 835 s 453 ¥ e 0 Vo 3555 g2 iy SaS O & ol
A5 lakad

V o
(F) o el ¥ Jad)

e e 8 B L | it S SRS 1 e S
3 gL o 1 a IS0 2iile gy Bl (sl IS T 03l LS pa LS b
S Sy gy

.............

Sl St ot
6&@‘ B GAJJM
S

) g

(\cY P “)«J)‘S)b )lf Y LJ“AB)

38 s el 838 8303 a5 45 ) JISS 3 008 Jors o 4 AR L Lnahii )

S asST gt Ay e
ol e T g E st e o ¥

¥ o e

T e M s 0 323 28 0 SRS b ) 5 ok Sla gl 5P

el s ply oy 2
v
gl [ ] Jedats o blie
AR o & oyl b ad)

i (sla S a5 <Ll Jald Jol ol petlin 55500l L (oaie JBLED ¥ Jad cams o LS ¥ Jguz o5 jshailen

) ool s o onle Byme cpl caldl 0gd o (Byme 5 oaldsiz 5 5Ll insS 5 ald slasi g g (psbls ST &,
Olygel ls lawgie (Sa5 o ol (i il oo (gomsy iy p23 )] pae 0,5 o D jg0 5l diged Az 5 e 5 0l
loaks 5 laaisS slass b saloniz 1o LTaS 553 o o)1 ol JYorul @)l 5l ail lgime 4l 45 S50l 5l 5um,s s
I 6,0l la Sy oelul il slacslas 5 ol cw) 5 oshle S8 ) Jelatus 5 50 o caalol jo 0z ol
23,5 o0 ke A lagSl g oylie slagSll jo (aslS Sl eoliul b punin la s a5 oo ailyl il
G A GlagSIl o 1 T b il g (oalo e g gy e Gla S Cals 4 Tsio b (55,500 SaS &y 550l il
S8 5o i3l g plonil impe samme Sl sl (o pe N6 Sladad ols 18 oo LSy (ilulaz iz e e ) 4
s 31 55el il H38 (sl (Bl s plye 4 (55y90ms Glacolled iz oS 09 o alulys 55 ol Olakd b S0 (Sae



WY T ohas 5 Gl tnlaoalo oz b Lo po (Lo zslaws g lgimme &3] 0

2] atice slo_Sis b g oo ool bl (S8 ) a5 las b oin JSb e, calol 45 atsled o o sleicys ¥ oo 45 )
Gl S ATl (KaS 4 s ;5 o ilie LI 5 o3l b yljpel il (o pSoladl) & ad bl o el 00
195 9 pln bly) 58 o o SlIL (0 5 F ¥ slofad ;0) pow 4l (2L QLS 85 0 azi ) Jlie eOLS] i

pow aly (8L, LS )0 b ald )z b b po slgiome &1, wig) :F Jgux

s
209

Y b

™
i s VDl S e

B B ik sl b age o S - s

$mn gl e Jois S ol
3,00 4y kim s

/

OO o ¥ Jad)

2 4l aygly 8 yme

Y b

.\.

5 gl ;o Gy syl Byl gl i gy, B2 0

OF o o (y03 ¥ )

2 4S8 blgs (o)

5l 136 adsjed

g

Gae g (oS o

Al sy G 396 abs S oy S wom o

Y g

Silse Sy e
2 9yds, g1 (0

Y g

Salr She B
2 9,09, sleogds




V800 Sl 5 sler ceaslem Jlo TV sjlod s Bl s Jos 5 o i dablas 55 VYA

c.lau |5S.m 4.35,0.3 |5S.m QM
s20ss

o5 ISl

¥ o st o s

o e ot b 4 ) ey G g5 (B 3 gt ¥ e
LS gl S sl a L Voo S g gl 5 K505 sy

ﬁ S gl 5
¥ el Do 5o Jlad 8120
Zmee

sblgy olasi g g5 el agly b Conly argly (Byme sl am €S JolS» J0l5 3 (6 a8 Slosoe) ¥ (Jad 0 F oo &b
L (hoslez cnl 5l 005 U 0590 sslilledld aijsd po s5zge sblsy olass wile l5pal il caalol o .00 5 oo z5kas Jolatne
ooliztl | o akazz GLatST 5 (655w slil) ;5 olocadled  ad ol glons ;5 0iiS asedes |, o] 4adls (gLl 5 coo
9 ore) ¥ ad wilop oo (Aol g oy i Colo 4 oo 1S Doz 2lral> b3S g 95800 ohae e 1S g2
eloiign (Byre Jelitas (55,09, slagls slasl (S Gosb 5l 1) silge bk et ;o anile Llss 55510k b (oo
e S8 S5l @l plye ) Jelatas )3 Blie MBI 5 )b ) aSly Jitas sl 40 45 (3090 (S5l (2135 porie (Brne
«Jsb? Shile b i sl aalsl po asl Loy (V o) Jelond 5 a5 o 5 (8550l (50 0]y S il e (L]
B9 0 Sl (6 Soslail b datucs 10 g a5, e 50l Sy 9 ol (NS Garogi (o) (oo SOLS 0 € o ye» 4
ey @ Olisel s g ogdi e (Byme LAl By > S8 4y b paloniz ugi; NSl 05 (Corbs g bame) O Jab o
4 Jebaias 3o Gl popin caalsl o 035l o Wil ogsy (6510860 5 (25 ks 5l oolil b (alo i 5 (oalogy «oalo oz
4255 Wb Al b oo peess s b aloniz plo laylad (cwyp 45 005 (o0 (B2 9y%) laadsS Joly bizojl lgie
s Sl eakads LSl 5l plizres da Shis (nl Ole LSl sbml pae Jds 4 wsaz la(Fhig (e 2975 L a5 sl
Slil (olpeabide Laly; 5 oSy (ouyn Oeizee 5 aljed (Byxe b (P Jad )0) pilez wb (oL, SLS ol oad
(0 Jg92) 3318 (o ¥ mhaw 2] (2lgioee aSE o s laedSYlsjlote



WA OBen 5 b ) tlaoald ez b Lo po (eagyg gobaw g Igione 4il,] o

Pl b (2ol LS jo b ks )bz U bd po glgsio &yl wigy b Jou
s

EEN))

O LIS I P SO ) RPN Y JCQRC PYNEICRIPR " N PPy | ISP TS P

g

g

OV o) colls & Lad)
PN 3 24 polaphs § S S el [

9 Sjlpe slogls (o) »

B )3 (53l e

g

Y5 .o oY Collas & Lad)

Srar sbgSl (3,

ENYIs5lgte g aliizgd

c . A
Sl e gy s
290 b Ay

OYF o ¥ codlis & Jad)

eI

490 (Byre

g

3 il g san sl ot

3y g IS5

OYF o F ol & Jad)

XI5l (5 yne

Y oo

185 gm yyegy s 3 D
oo ) s IV e Sy S

OYF o O Cudlas & Juad)

9 AR )90 s
90 S5 L eMsYls5lsie

ol ools Las

5
oy ol sk 5038l i 0 i S S a5 i g s S

Sl ol 2 8 gl 3 S il 45 5L

OYY o ¥ LIS 5o 5 & Jad)

bls; 6l S
EXYslge )5 9549,

g

YV o bt & Lad)

‘ st ey o e

sl
wlsslge mo b st Jlie

Y g

F e PP PR B

T
Y\ e sl S s e S5 o

ol 5 Bes sl s o

OYA o bt & Lad)

S S5y o)

&0 9859 cJebiun




V800 Ol 5 sler ceanslem Jlo TV ojlod oy Bl 3 Jos 5 i dallad 53 VT

c.lau 15,';2.0 43943 |93.2.o OM
So0ys
s 13 S8 1 Al 5 Y e sl 5 S I | i ol ¥
, bl £
Y &
v _ ol pealds gusail
¢ L ~_ b ook Loz
iy A & ‘ ‘ il gl A
OYA o F b & Lad)
_ slocdin b (55)90ms
¥ gl S | Lkl el 4 oud ol
T AR o arl e o
e e
(Y 2 siyei )
ity Pl T gm0 0 & ol | e M Y 55
T ‘é’)‘ Lgl)" uu)l.u 43‘)1
¥V e e | Glee pie) g Jelies
RSO I SN
OYA uo‘m@)
2 e G5 o MY S g0 5k o
acgoo 0jluaws
v
oMYl g5l ge
OF o F Jad)

el S 9 b sl Gl (Sl ¥ had j550 (s S ooz Al (L, SIS jo a5 ol S5 4y a3

Slozos B Jgaz olol 1095 o ooliial by saks Loz sl € ol (o) O)le owyd GaoLS o o5 sla ol o>
b lisal il 955 o 5,5 JI3I (s3I0 5 Siloe Slok oy n b (i S JSD) 7 Jad 5 o ald ez L Lo e
9 90N 3929 Silge slagls da S alaS )3 5 3500 8925 (S5lge Slaphs Wlaalo)loz) LSS plaS )3 oS wims el
€akjod 398 o0 ol 3 EXSVIs 5l 5 alijed (6 par Slagsl (plolid ol 5 e 5 W10 (Slge 95 @ 90 @l oz « Sy plS
€l (3lge 90 4y g0 slaals aS als LeaP lsie @ NSV glaie? g €o)ls (gilge a1l g0 Ladd 4T als 2P lgie
L S5 s ol 00 By (6318l o5 4y 493 iy g oo obyme cilies olal 5 gz o Ll 51 ladiges ol yon
SoS 4y cdalol )3 .0S so oy 1) NSV 55150 5 alijed o iyt dxas (0 02 )L SO g 0ald 00ls (5310 Lo g0 3l eslaiul b
5ol ol T 5l am 058 50 2 kae eXSVIs5lsme 1o 5505, llss 095 2l (S s 5 Silse ok o il Sl
5 o b Wl 50 €9y a; sl 5 als sl Sl Shy (osae sedoYlsjlyie blss 5 el g pSojlail &5k
39 S oo G (59 9 Jabites e S SE 8590 0 595 de sla Sy LI 45 0gd e (o p odle 4 anlel oo aiS



W/ Ben 5 b slaaald ez b Lo po (eagyg gobaw g Igione 4il,] o

o s 4z el (3ls0 2 L Ll 0 5 )05, slopls o5 oo oald oz Glyie 4 ye 5 659« Jelans 45 055 00 2 5kas 8l
Ol silpabads Lails; g enlin 4y (i3l 5 5k atee) (nlply )l edaYlslsie pes slo (S 52 0938 5,50
Sleabade Laily) 325k 5l e 5 5598 cJebaine oud slml de) (e 4 4295 b 358 o0 bl @ yo j5b 4 baoald e
SIS parde aly p g Jiee jsb a4 & b SS (pl (Byme il 0 W05 o0 (Fyme b alo oz cnl g eV gSlge
29y RS €65 Sile 03 I 4090 sl nl (i e 05 o0 el eSS Slge (e aSL (LS
W B @ g Sl Saleal SO conl Sew azuil ol b 2o ezl 50 0l olm! ol peddes sonadds Ll

sl o 2B (slros; 5 MYl b (S5lge @b 90 aid L) 4ijed oo lod (10,5 ahaz 50 Jsome s,

W53lo e lsie 59y Ll lkdl 5 b alo oz masy 4 ligel il «g5yacems B o 5 e ez a4l GLS adbsl o
potde «(65 90w (pl plodl jo a5l s By S il sl ladSs SeS 4y g WS o o AT Bz 4 1) o als L
0l o b ez 5 Il slo S olojon St p3bions 5 bl 15 3,90 W55 oo 5o o ol slacilic itgian
il o WS oy (25,0 ambo 53 1y e 5 5390 e et LIV 50 S il g0l IS 455 (slolab 4ol
P Sllsy 5 M0l Ll olmgl 4y oS it 4y fisl ls 31 0] 5051 (KisS ey ey o 5 o ad amio |
@ bge Caand 0 aS plasg BB aSS oS Syse ) b als lha U cwl aiules ol5sel il 51 QLS ¢ Lad jg50 50 .ol
el 3l byd S5 Lo 5 (Bl jlas cule) b aloloz onl s )] ond JooS S 50 4 oYIislie
03,5 Vgl o0 & oyge 5 gr b 5005 6l 4o ) gslens Jsb b alos i 55 a5 o &l (glojluscss el 45 censl € Lilie
B U el oz 5 655 85 ol (i el it st Slogads 1 looal e s (ool Lol 5 b 2o
LS 055 18 5 Fel akb Sy s plojen 5 0 a5 s el sl (Shis Wi ol ey 50 y550e sla S
ol b conlite o ol o (1315 (sl Eymme 5 )5 Lk o Fizy ooy ¢ (5 ¥ sla b o) oty 4y o3
(7 J9az) 3jlopen ooy ¥ o ¥

oy Al (0L GLS Ho b 2o )l b b po glgizxe 41yl Wigy if Jouor
b
S0

lgiote diged lgiote ygouiro

55 1 T e L sl st e 5 5 g 333013 g Lo )

; e
ot ' s _

g ; : it ISP R
v -,_,u;su Lb( s’d"‘ )LP

(VA o o) s oF Lad)

-4
\"@la..a : T

225 s e S

’ﬁt%

bls; ggozme By
Ve SN




V800 bl 5 ler ceanlem Jlo TV ojlod oy Bl 3 Jos 5 o i dallad o3 VTY

lgiote diged lgiore ygouro

Y

A oo oY codlis F Lad)

G 5 53 3 e S1es§ g 13 Bei5a 3 0 o 0 3 g5 g 2 (0

- Chale (She e
- prehe

A o ) Cdlad F L) exYlsslyie

S s e ST

Q ate (S o

Yo 25 55 ks (o
ety W 50 L i sl (A

Sl Gy o e I ) 30 53 005§ £ MV i e sl i 50 0 st b (o E)L‘y‘LS)‘B*" uL‘L».‘a
S8 s Uy ey T 50 i 8 A ey g e S Y

M) o ¥ 5 Y coles o F Lab)

a5y 15 g S ks S AT 1115 53950 S ST

i o e (S oy
¥ e HV HQ 9 & slayhd o9

31y

AY .o oF colss oF Lad)

[P P e N P I AP T

5 s LN e S s 9 &)Lay‘d)l}‘,_‘é %3

Y e Y i ) Sy ke S LY )‘ obLO.H*J L LS)}J
CJa.w A oy

Ar

AY o ¥ 5 Y LIS 3 15 0 F Juad)

s g i gk 8,13 )L S G e 3 K00 i SR LS o T

- QS — Ll ISl
Y A WA o ) Sua! (Bl (g

v ' V ) B > (g9) laes
AY o ¥ ey oF o)

OO ke Sy

Lo

...__-Jul.lsfsg.s_;c._.s i slaadS 51 S L des A
e L) sle i () 35?5 ulia‘ )2
Sl e e L amen claals 51U (o

S oa 555 sk s (o : > 5=
Y b clssben L azsss sleals 5L s (o 9 6)9J < ‘;JJj
oS e (4] e S5 e b 4B 500 S s e (S PR
4.&’)5\)

2ol (aslE) ol (smn s a0 B3 (2

OYY o ¥ yed & )

slass 1 el ol Tig sslol b (o galoniz o o)) Fhad ;o o sl )lozr Conee was oo (lis 7 gz oS jshailes
Saygly ggerme aldl ;0 055 oo 9,0 ) gl slasd (cw) g Llss 9 ESN (6l @I G35 S5lge (el slaaysly
B o2 LS alo)lz s, (sl Ghg) 50 995 oo (Brre €l YAl b 5 € oy g, 90 4 alS)ox 0 (S



VY OBen 5 b ) tlaoald ez b b po ooy gobaw g Igione 43l,] s

bls; ggome b ogd oo 5130 e 93 @y (ol )lezr Sha8 G pa) bepgs (B9, 50 9 998 JSCAT Ao pled ayly B i yS o
9 Ls)jo)‘u\.i‘ ‘) LQ)JQS S99y 6[@;40.“3 o ] 6[@&%@}”6)‘9*0 )Q U‘)?‘A]wb 8 ] ;.\Jg.u.v é"} w.:a l) AW Jl?u‘ u.L..o 50
S eyl o) 5l 0,5 LSS 4 g dalol jo ailed g0 @iS 1) €a,0S0 Graie b yhad eMSYlgileie o oY S
oyl (pogy chaie (Shag 4z g b il Oigel QM1 g 09500 Toko 5380 5 e 50 o5 Sl sleass 2 sl L
ooy ol ) dm amio OS5 AS a0 00ls abolite bglas (g, LT slo,lad o3lal ysls L1, (590 5 eDSYIs)5lene
ails )5 Jas a8 glai;ed b aslys oo oylgel s 5l fad 900 Caond slacy yoi 5l (Ko gl yo .5ls 18 oy 85 bglas-
498 5l lesT g b 0yl o L5 Lot Laadiijod ded a5 aib T o ol5gel s ol B b wilgs co 8590 ol S pan, il
ools )18 g Gl b 590l zils 55 LS ol (6 puS03lail) & had jg 00 Coomd 10 095 dgama ] pdludl g gluite (sladiges 4
Lnais358 5 Ws3) sl oS5 5l (o3 o3t ot 355 3390 59 1 U5 (sl 5 €AY L (Cdgand Watam> Slie
S, loorl oz (55 (sl Fig Shabiry ¥ i b ol @ 5 F sl uad 1) it ol (o3, S azlaipe Job

Y Jgaz) wled oo

L d{b ‘s'él?.) ‘.-’L;S)éu | p’)LPleh&).e ‘Slw ASI)I "\’5) ¥ Jj‘-\’,
o9 b i 3o i

bl gy gle By b ol _
ol b oles]

| A E AR

L“’;s*J“é)LPz?.

Y o ¥ cllis F Lad)

RVANE N b e peolas (o)
/N O

: —T T OB
¥ s T =1 T .
- o — o "-‘ff"“ (_gl-@ )LQ—?

(ol B e

ol anan Q)Li';o
FA .o ¥ s F Jad)

2 b 5 ki LS s Ul s s g i S G S

O o e S g e U ey e Sl e s s 0 Do B e il

Sz ) oy
&r

Yzl
(Vo it o Lab)

w/
7& JeSo sbls; b e
w MY g5l5e 5o

Y ohe

S S syl g2 1l a0 A< gl foone € s

O o oF clled b Jad)




V800 bl 5 ler cernlem Jlo TV ojlod ooy Bl s Jos 5 o i dallad o5 VT'E

209 lgione digod lgioe (gouie
S
- o b by (e >
LYl s 5lg
(0o ¥ (nyed B Jad)

Ao Jo 1 o IS5 1 Sy o Olid BEIS L (55500 a4 (g0l 218 e 5 () F L o ¥ sz (3
o5 onl adijed Lol Wigd oo Belate (LBsg3 (59, ENSVIS)lote 5 quye WS (oo A 5 GBS0 ()93 423 YA+ coud ool
ol o635 50 ) Sy bl JBBI o )l S5 g ke baaalo )k )0 635 0 ) porde sl 4 eCens
@)l ool ools (pwain JS& sz (8 L g ) 550 SlaShy Sduee (om0 B e 9 OV )lete
Jo> o5 2l )loz olsie 4 pe calol )0 ol (8555 50 Lol sloyhad 0,55 51 e LTS 05 o (o) 2 (eize® 09,5
S e Sl a4 JoSe by (Byme b (Sl & Jad )3 .00 5 oo dilf el (25 12 ()8 hils a2 )0 A agly b S e
L a8 ol ool atwlss olygal ils 5 oy yad 51 (o 50 5 oo axsloy oSVl s5lgie 1o jglme sbls) Egeme 090 JuSo
5310y Jzme gy dralons 4 e (2 sbly) ggeme (pRBIs A )3 g e pogde 5 ENYIs5lye la Sy 4 4y
Sl S el o sz s o S 5

e g 9 (65 90emwd Sodlad oy JYaul Il ey 09l ¢ gy 32 9590 (S g (B yre 097 (B yme udgl A Jgu yo
el o @) ol 058 5k, laliS s la el ez b b o

Il 0)90 (£8L ) (LOLS o Iy 2l ez b b po Slgime ol A Jgu

s Yozl 5l sy 090 Sy 0978 | (B (sl
Soogiems Cellad ) U sy S , , ab
Seriys e ol dlwlgs Loz | lolkx
ad g absS (o) s Gl LSS g ly) ad g alsS] ELERS ser
. O . ; .
e sla sy Oyt (k4 T
|
4 gy b " /y
. . , . ‘ s Sy
pSL olalad Sas) g osbly Jlie M (50 ‘
¢ ) : -
< Slass]
ool - 50 458 ayqly -
oo b o aloni Jelatns
Co Ml | yle3 —
25| s bl el s rln s sily R |y
ol ololis - ' Jebaias 9509 )
i sla S 3 Jelaiias ;5 yhas -
A, S cladad b oxko o bo




WO/ ollen 5 b tlaoald ez b Lo po (eagyg gobaw g Ig2one 23l,] o,

che | | Y e s | B Syl
Soog = . L e S , , ab
ka0 s B el ooz | ol
:g)Lé‘)”Lg)'lj;;a
PR
slacdio ow)p - . Sl & Le
sbls; 5 EXSl sl - L
by 4 0ol ol . . S5ly
. XY g5l 5509
5 oyl N 99499
. S Ry pAmaze - .
o o2l lex SeeS & e . e o
4 Yl 55lsi 493
Yoy . S58 5 @ ek |l ¥
@ ool lex oS 22 ) ] . P Cens .
S bkl LSS Sel L ek S99
ojlucuws ol i Lo Lo
laedLoYIis 3l o
acgond 5 Laid gl
oMYl s 5lge &lse als
4J¢.IGM —
1S9 9 &
il ealids
Ol (gm0 2 1o sbly; ggemma o
. . 2% =) T ) Codlas -
#iees I s aic SR
L R I e Tk I 1
085 b Ses :L FUEE RE AR
Jsa Ol b g Jkaé
2970 3 Ol 55 e -
bASY Pl Cad¥y .
. b 2lo ez o)l L
I e 85z ol =l 15
7S Ll fon]  Glas aéls] ] e iLess|
s 2 JeSe sbly;
LYl lgx

2 658 5 ENSYIslgie caijed (Byme gl g Jol sl yo el g ma o (Brme dgl s po LIS A 9o a5 jghailes

b ako ez 51 plaS’ o (gl €y o o3ly 5l comy jsb @ b oald oz A} o9z o (izree S xS 0 Do 0k 4l

ENSY g 5lgie cadly ;o .0 )ls comny iy i b (65 iem <ol B p ez 0l QLS j0 o B8 pae a5 S (g5 oo Lol ol 0uniis oolail

Olye 4 OVIgjlgte p (e (leabids D90 4 59 5 ek (@ g SR D)9 4 alifed (LBl Ll b

ools (arass (5590 5 Jelatus caryo Sla Shs 4 (Sl ealds Laily; SIS LSYIsl5te sla Shag 9 a5 a2 e Asgers
Wiglh o



V800 Dl 5 ler ceanslem Jlo TV ojlod s &l 3 Jos 5 i allas 55 VT

S5 Az g ey

50 SBOLS ;0 oL ceslite (Leayy zobas 5 bald oz b Lo o lyioms @) Wigy (o) Ban b pol> (tagh
ool ez gl 5l S o (Byme sl am (ol o)98 (LSl GAOLS 10 CiS lg5 oo ggerme ;5 .0l plnl (glail 0)98 (2L,
6[.9;«&[.“» 9 Lbusl.a.v w19 ujl-'l-w )I oolaiul L| ] L.S‘)" ‘:LQWJS ‘(S LsLibu)Le(q w&‘u 9 MLD.A ol )5.‘4.\.4 L
g ol 00 48,5 a3 5 el Slmho (0 iz ed g gladais Glriao [0 500 4 bls Jlail S 4 gy o] (50l
Cilo ez 5l (65,90ms slacalad « 2Bly slis g oyl o bLs ) oyl g cwase IS cpl 5l 5 Gaee S0 jglaie &
aS Gl oo @311 e slagSl g (6,15 Lol slaeSl o JIKal cpl  olulils ol Kb Sladad sl ooliznl b gaiie swain JI!
Grgswwd g lacdie jloslaiul b by als Lz glgil colus 5 o yhad ol 5l oslaiwl b g58) 9 EMSYI 6 3l5i0 py b (55150 Lo g0
ol e &l @dly o ae Lo ¥omhe b cwlin o2lo iz 5l ools o5 ol jglate 4 ol S Slakad |
Ao bl 1y olsgel jils bl glaojsliws wilgs oo 043 plesl (5,500 3l 0 STas conl lboliS ol gl bl ;| A
2o Y o) zobw )0 Oligel sidls JEIRRCES ¥ JAPSC S FRRCR] JE RPN I w1 51 PN VoW I LONPP JURNQ (0 G (VW W [P 9
0 SLOLS 31,0 a6 4y ligel J1ils (qwiaws 4y az g L (VY 70 Kan 5 ge) amo oo i) g5 LByl 4
ool et BB 523 lal (Samyb 5 SB5gel Sl yo g9d5e cnl sl Al 00 (B LI iz poe 5 pe0 slaal

1) 4 Baas 5 Wl b xkd oz 51 gosimme 6y gloila ol 0,90 ool LS a5 conl o 5 Sl loazily
LngC,u.t.»aj o 1ass ‘) Lb‘s’.l.aa)LQ} u‘)}c]w‘é as O}w [ESTew) "\"‘5"(5" ).4‘ ‘))‘ RO PRV Py LQ(SLL@)LQ} 4.».!5‘ LgLQ:duyw )"9L’4"
8l 0acls a8 Llate Bro lygel il 25T a5 )15 se ol (VWAP) s, 5 ool daise S caims Lasis (ol
LDL_;’.LO)LP Mm@)mowuaw)oMb;ﬁmﬁs‘m?u‘_‘l&w‘flsfad)job6LDMJBASW‘6)5)¢G~0M
Gk 5l s BLST lacdled 1o 5 05l |y sl diy e Ky Copple Bias 45 S i e« il 0,90 sk, claolS
o el 6550k Gyl S epsrde 2S5 Gayb 5l 6 S0k slatsy Az ST st e Bl s e slagSl plulid 5 Ladiges
s g allae) o)l Al Jo glalon 5 (oL metlie (5 Tk (e 53U 5 AIS e 11550 Jlab jobo 4 | el il
S om ol @ boye ooll la S az 5 lagalo oz )l az bl o)50 (ooyo GlaolS ,o (Jl> cal L (YA
Ayl LA BM ;a5 sl 950 2l S 505 VF 1) o ToMe gy sloasdly 5 ol oiits dtr yy 3L clacelad
7550 ol 4 alen Olsgel il poas 45 Wi glaigTay lacodled Cdel ¢ plawl ol 0y90 (ool (swyo slolS lgime
g sy Seal ls 4 (LS ) pablie dad (5 S0l S (6 )aSTy (I3l 855 5l g wisd Ll el

3 Jie 515 g sl 00 plosil @LSVIslgne (Byme b il il pealides Loy (Sie o0 5 (5590 e Jebine (Byne

C cwbin (6 b 2o lo Gl ool ealides gunaads 5 g, aS ol Las 53 (Vo VY) Lz g8 gy i lad Laylg,y oyl
SlS o oS b olo iz ol L, isled (6l jloges 3 eolaiul (Jl> cae j0 dlad oo @2l 3 1) cwiin [S& dawgi ¢ O
ST VY (o, g Sk b) ol (S peadadis alg, S0 10 ajloges cpl (o9 Fge s as ailgs co el ol plax 4l

6 Siew & et al
47 Sprenger



WV oBen 5 b ) slaaald ez b Lo po (eagyg gobaw g Igione 4dl,] w5

Vg (G e e )0 oyl b oligaltls ST ls s (VYY) 05,65 5 Slo)ldl (tmghy (slaasily o 50
315 LS 525 (Vo VY JlSiml 5 ST Lty sloazily i 551,31 & s 43 Boas gl Lasgs o &l iy ) 5 Lo
LSS (g el 2 0938l 09 o0 Sg9azme b als Loz (bl sla Shg 0 1o ooty 4l ol5g0l ils lawgs o oS il
Oligel gls 5l (oo8 Slaws s 9 Loty s i 5o et 4l (gl 2l 5l paas G (2> slo Las (Y2 Y0) STYsS 1w
SRR (el Sl (ko ez Elgil Ganails g janis 4 o e plaS e Lo 8 g u5)ls 18 Ldod g 4 a0 e 5o
9 oS gad Syo ) oilealides Luly) 5o pide 4l U s> ligelgiils 25T s cl ] e 55 VYAY) (e 5 oLl
2l ez ool palades Ll 4z ST cnl ply 09d oo b ald ez (sblss 5 €Ll sla Shg 4 sgazme baee il colis

2l plgebl asly cpl Gligel Gails o ()0 iz sbml @ lg i Ll il 039y ST 090 0,z 4l (L2L, SLS

GG o lge ol aods « 2lo oz 12 4 bgy e o Shg Byre b 2iS 5lasm olatl 0,90 sbOLS Jgad 5l san jo
sl anile b Shg cpl gamaiws ¢ 49,0 sl gt ] Oligel sdls b KPPl I Y PRC S VR ol 5 sliges pguas
W 9 P 9 PO ‘_gLQM.iL: )0 Sl 00l @)y L)i alisee ‘_gLQJ.AB O AiL: sl.?&’ O yg0 A 4 sLmts’.La)LQ} Le Jaj.:).a I
lsime ) 4 s Jlo olsie 4 ool 0ad Wl 5 ot Slegse b Lo pd csbie b gl b > Eolis oyl
2 (SoSTy onl ls 0 )lal s g S 5 6 mS slooas b b e slafad )0 psu sl o Jlatecs @321 5 Llg; b o o
S Sl (o (£ 050 S g0l pn Cllas 0aiST &1l ogus Lol wigd [S0Ss b pplae pols bl el ol (Sas a5 2o
Uoge) Glgime Slgead oloul e (VF4Y) alﬂ‘a)li: Ui sloaBl a5 00,5 50l iils o ;o Iyt el pas &
o Na3e 5 @bl sl )90 (£3b, SLOLS )5 awais mealie Sijgel & aie 55Tk slaasly plaisl 5 avais
ol b plail 090 ool GolS (o la alolha b dag e lgiome a1l aigy a5 S led oo plonil s ol £4.590
Smss ¥ B) ot Jol 5 5 5 e Jon (inng YL b Can IS ki) (9m3 o8l8 5 s sloaly
Vighe »l oSU ot il g ooy slaal b asslie )0 (> o)l b lyiome a5 00 5 (o0 ¥ gl 55505 L
318 oo

Syo slacasgize p adde jslate 4 09d oo Sletdny (LBL) ()3 IS e 4 Ry ladidl wlal » (SIS 5l 4
adgl i (sladiges Jalds gyite (5 pm (slagSl 1)) & agl (sladiges oayay 5l e (Al b ol slo Yol &) 5 2518
b plee 0 oged 1315 sl 40 ], (BLasST slacdlad am (lo g Wjlo s o oald oz (owiia JS& 5S4 p0 (Byne o
syt gy oS 5 550 a3 ST iz o dialed g S (Smga S B o T (gm0 5l ool (512 gl il
plol ;o odee Codgasme Glgie 4y bl 1) pudlae (] S50 Sgups AL g o gl sl il g ey sloal SloLS o
loslgitn (52 9090 ool 5 (53,08 4 a4z 5 L dged 0)Lal £gdga b ask o Sl iy 3975 pae & (liise G093 0
dssip Exlos plo ;0 ol b cslite wain S5 zola g lgioe )l gy (guyp Jed 51 50,50 Wl s gom Slalllas (6l
(>SS Al 3550 sl 5 olisel tils (quain SSE zoha duglio Grizes (bl 0y 2k, (wye ol
Shedica) 5 (99 Glyaionn b Gl sl Bl 5l Jle sl 55UsS sl 5o liS” (nl )0 ba ool ez L Las o slan yo3 Jelo
il pgd 5 Jgl dlawgte 0,95 dwain 3 Iy oald oz b Lo o slyions gl (g8 anlllae g (1092 aie; 9 b



V800 Sl 5 sler cerslem Jlo TV sjlod s Bl s Jos 5 o i dablas 55 VTA

&Lo

i sl loe 50 o Tie 4l lisel (1l (slagagday Lol OVYAV) Solo ¢ oo 5 dozms (g g Olalle
AFASANYY CONY o djg0] (slosyglsi dolidas . \GT cwwdin slocslgs Sgue sl p (g 4 ka5 5 eolul

@l o557 50 ahil o)l aly olisel s ) slacadar plolid OTAR) Lol o 295 5 5050 w0l aiy
AYE=N N ((ONVE ( bja0l slasglsi aolidas. Mol iy mlacs 10 8 Slae (12l b )bl 8 Sas anglis 15 oS0 5lal g avvain

wolip o Jos 5 4,80 oSl 5 o lle calanl Gajgel Sl oy (22l (yo alip szl (VF)) Dl 3Dl
FYFYAR (Y )+ (o

IY=AY COVY (8l hisel ady . (ewiyg 40,k 5 03lo 4 ,ka0 p (gael,0 .V YAF) apal ol Slx

) e oo S st oolial b s aul s (slyine oo (VYA ol ilao 5 o 5 olisdly
MN=F (WF (ol Sjsel

Refrences

Abdullah, A. H., & Shin, B. (2019). A comparative study of quadrilaterals topic content in mathematics textbooks
between Malaysia and South Korea. Journal on Mathematics Education, 10(3), 315-340.

Akar, N., & Isiksal-Bostan, M. (2022). The didactic transposition of quadrilaterals: the case of 5th grade in Turkey.
International Journal of Mathematical Education in Science and Technology, 55(3), 628-649.

Alamian, V., Seyyedi, M. and Habibi, M. (2018). Identifying the misconceptions of eighth grade students on
geometry skills and the use of van Hiele theory to improve their geometry skills. Journal of Educational
Innovations, 17(3), 123-147. [in Persian]

Altiparmak, K., & Gircan, G. (2021). Examination of 4th grade students' definitions for square, rectangle and
triangle geometric shapes. Education Quarterly Reviews, 4(3), 304-321.

Avcu, R. (2019). A comparison of mathematical features of Turkish and American textbook definitions regarding
special quadrilaterals. International Journal of Mathematical Education in Science and Technology, 50(4),
577-602.

Bakhshalizadeh, S. and broojerdian, N. (2017). Identifying the primary school fourth grade students’ common
misconceptions in content area of geometry and measurement: A comparison of their performance with the
mean performance at international level. Journal of Educational Innovations, 16(4), 101-126. [in Persian]

Brunheira, L., & da Ponte, J. P. (2019). From the classification of quadrilaterals to the classification of prisms: An
experiment with prospective teachers. The Journal of Mathematical Behavior, 53, 65-80.

Burger, W. F., & Shaughnessy, J. M. (1986). Characterizing the van Hiele levels of development in geometry.
Journal for Research in Mathematics Education, 17(1), 31-48.

Clements, D. H. (2003). Teaching and learning geometry. In J. Kilpatrick, W. G. Martin, & D. Schifter (Eds.), A
research companion to principles and standards for school mathematics (pp. 151-178). Reston, VA: National
Council of Teachers of Mathematics.

Crowley, M. (1987). The van Hiele Model of Development of Geometric Thought. In Learning and Teaching
Geometry K-12. In Mary M. Lindquist & Albert P. Shulte (Eds.), 1987 Yearbook of the National Council of
Teacher of Mathematics, 1-16. Reston, Va. NCTM.

Cybulski, F. C., Oliveira, H., & Cyrino, M. C. D. C. T. (2024). Quadrilaterals hierarchical classification and
properties of the diagonals: A study with pre-service mathematics teachers. Eurasia Journal of Mathematics,
Science and Technology Education, 20(8), em2490.



WA OBen 5 b ) slaaald ez b Lo po ooy gohaw g Ig2one 4il,] o

De Villiers, M., Govender, R., & Patterson, N. (2009). Defining in geometry. In T. V. Craine, & R. Rubenstein
(Eds.), Understanding geometry for a changing world (pp. 189-203). Reston, VA: National Council of

Teachers of Mathematics.
Elbehary, S. G. A., Fahem, S. M., & Peni, N. R. N. (2023). Track prospective mathematics teachers' understanding
of special quadrilaterals: An exploration of level 3 of geometric thinking. Futurity Education, 3(3), 20-45.

Ersando, M. JR.P. (2026). Integrating education for sustainable development into elementary mathematics: an
action research on curriculum mapping, teacher experiences, and instructional guide validation. International
Journal of Innovative Research in Multidisciplinary Education, 5(2), 146-153.

Sprenger, M. (2026). Pre-service teachers’ and children’s conceptual understanding of quadrilaterals. In T. Meaney
et al. (Eds.), Engaging with Mathematics in the Early Years (pp. 321-334). Springer.

Fan, L., Qi, C., Seah, W. T., & Liu, Q. (2025). Research on mathematics textbooks in relation to curriculum
development and instructional reform: recent advances and future directions. ZDM-Mathematics
Education, 57(5), 845-857.

Fan, L., Zhu, Y., & Miao, Z. (2013). Textbook research in mathematics education: development status and
directions. ZDM, 45, 633-646.

Fujita, T., & Jones, K. (2007). Learners’ understanding of the definitions and hierarchical classification of
quadrilaterals: Towards a theoretical framing. Research in Mathematics Education, 9(1), 3-20.

Fujita, T. (2012). Learners’ level of understanding of the inclusion relations of quadrilaterals and prototype
phenomenon. The Journal of Mathematical Behavior, 31(1), 60-72.

Fuys, D., Geddes, D., & Tischler, R. (1988). The van Hiele model of thinking in geometry among adolescents.
Journal for Research in Mathematics Education Monograph Series, 3, 1-196.

Gholamazad, S. (2023). Implementation of the mathematics curriculum of the first cycle of elementary education:
challenges and solutions. Journal of Theory & Practice in Curriculum, 20(10), 395-426. [in Persian]

Hadar, L. L. (2017). Opportunities to learn: Mathematics textbooks and students’ achievements. Studies in
Educational Evaluation, 55, 153-166.

Halat, E. (2008). In-service middle and high school mathematics teachers: Geometric reasoning stages and gender.
The Mathematics Educator, 18(1), 8-14.

Hershkowitz, R. (1990). Psychological aspects of learning geometry. In Mathematics and cognition (pp. 70-95).
Cambridge University Press.

Janah, M., Rahardi, R., & Rahardjo, S. (2024). Analysis of geometry concept sequence in student textbooks based
on van Hiele's theory. PRISMA, 13(2), 295-302.

Kalyankar, V. K. (2019). The van Hiele Analysis of Curricular Materials: A Comparative Study. Doctoral
dissertation in mathematics, University of Arkansas.

Macit, B., & Tabak, S. (2026). ldentifying misconceptions of 5th grade students regarding triangles and
quadrilaterals. Education Mind, 5(1), 1-16.

Mason, M. (2009). The van Hiele levels of geometric understanding. Coleccion Digital Eudoxus, 1(2), 4-8.

Miller, S. M. (2018). An analysis of the form and content of quadrilateral definitions composed by novice pre-
service teachers. The Journal of Mathematical Behavior, 50, 142-154.



V800 0l 5 Sler ceassler Il TV oo ¢ pys Bl 53 Joe 5 & o dallad g3 V £

Morgan, C. (2006) What is a definition for in school mathematics? In M, Bosch, (Ed.), European Research in
Mathematics Education 1V: Proceedings of the Fourth Congress of the European Society for Research in
Mathematics Education, 861-871.

Musser, G. L., Peterson, B. E., & Burger, W. F. (2013). Mathematics for Elementary Teachers: A Contemporary
Approach. John Wiley & Sons.

National Council of Teachers of Mathematics (NCTM). (2000). Principles and standards for school mathematics.
. Reston: VA: The National Council of Teachers of Mathematics, Inc.

Nggaba, M. E., & Ndakularak, I. L. (2025). Level of student’s geometry thinking on quadrilateral topic.
EDUMATSAINS (Journal Pendidikan Matematika Dan Sains), 9(2), 77-89.

Pagiling, S. L., & Nur'aini, K. D. (2022). Specialized content knowledge lower secondary school teachers on
quadrilaterals. PYTHAGORAS: Journal Matematika dan Pendidikan Matematika, 17(1), 333-345.

Pusey, E. L. (2003). The van Hiele model of reasoning in geometry: A literature review. Unpublished master’s
thesis, North Carolina State University, Raleigh, NC, United States.

Reyhani, E. (2005). Introduction to Piaget’s theory and van Hiele theory. Journal of Roshd Mathematics Education,
22(2), 12-22. [in Persian]

Rezat, S., Fan, L., & Pepin, B. (2021). Mathematics textbooks and curriculum resources as instruments for change.
ZDM, 53(6), 1189-1206.

Siew, N. M., Chong, C. L., & Abdullah, M. R. (2013). Facilitating students' geometric thinking through van Hieles
phase-based learning using tangram. Journal of Social Sciences, 9(3), 101-111.

Usiskin, Z., Griffin, J., Witonsky, D., & Willmore, E. (2008). The classification of quadrilaterals: A study of
definition. Charlotte, NC: Information Age Publishing.

Van de Walle, J. A., Karp, K. S., & Bay-Williams, J. M. (2020). Elementary and Middle School Mathematics:
Teaching Developmentally (10th Edition), Pearson Education Limited.

Yaftian, N. and Safabakhsh, A. (2019). Content analysis of grade 8 geometry, using van Hiele levels of geometric
thinking. Journal of Roshd Mathematics Education, 36(3), 4-11. [in Persian]

Zeybek, Z. (2017). Learning to understand inclusion relations of quadrilaterals. The Eurasia Proceedings of
Educational and Social Sciences, 6, 9-13.

Zilkova, K. (2015). Misconceptions in pre-service primary education teachers about quadrilaterals. Journal of
Education, Psychology and Social Sciences,3(1), 30-37.



