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Abstract
This study compares Malaysian and Korean geometry content in mathematics textbookseixplaétpthe
differences that have been found consistently between the achievement levels of MalagSiauthKorean
students in the Trends in International Mathematics and Science Study (TIMSS). Studies have shown that the
use of textbooks can affectust e nt s & snachidvemerdst especially in the field of geometry.
Furthermore, to date, there has been no comparison of ggacnatent in Malaysian and Korean textbooks.
Two textbooks used in the lower secondary education system in Malaysia ahckSoeda were referred. The
topic of quadrilaterals was ¢ hos e rsouthi§oreandextbopkahas s o n ,
been translated into English. The findings show four main aspects that distinguish how quadrilaterals are
taught betweethe two countries. These aspects include the composition of quadrilaterals topics, the depth of
concept exploration activities, the integration of deductive reasoning in the learning content and the difficulty
level of mathematieproblems given at the eraf the chapter. In this regard, we recommend the Division of
Curriculum Development of the Malaysian Ministry of Education reviews the gepnueintent of
mathematis textbookused today to suit the curriculum proven to produce students who excel imaiiteal
assessments.

Keywords: Geometry, Quadrilaterals, Textbodkalaysia South Korea

Abstrak
Penelitianini membandingkan konten geomeatada buku matematika 8alaysia dan Kore&elatan untuk
membantumenjelaskan perbedagang telah ditemukasecara terus meneragtara tingkat pencapaiasiswa
Malaysia dan Korea dalam ha3itends in International Mathematics and Science S{IdMSS). Sejumlah
penelitiansebelumnya menunjukkan bahwa penggunaan buku teks dapat mempengaruhinpatstastika
siswa, terutama padadang geometri. Selain itu, sampai sekarang, belum ada perbandingan konten geometris
di buku teks Malaysia dan Kor&elatan Dua buku teks yang digunakan dalam sistem pendidikan menengah
bawah di Malaysia dan Korea Selatan dirujuk dalah satu topik geometri yang diajarkan diidentifikasi.
Materi Segiempattelah dipilih sebagai topik perbandingan dan bab topik dalam buku teks Eelestarntelah
diterjemahkan ke dalam bahasa InggHssil penelitian ranunjukkan bahwa ada empat aspek utama yang
membedakamagaimana materi segiempat diajarkan pestiua negara. Aspedspek ini termasuk komposisi
topik Segiempat, kedalaman kegiatan eksplorasi konsep, integrasi penalaran deduktif dalam konten
pembelajarardan tingkat kesulitan masalah matematika yang diberikan pada akhir bab ini. Dalam hal ini,
direkomendasikan kepada Divisi Pengembangan Kurikulum dari Kementerian Pendidikan Malaysia untuk
merevisi isi geometri dari buku teks matematika yang digunakan imaruntuk menyesuaikan dengan
kurikulum yang telah terbukti menghasilkan siswa yang unggul dalam penilaian internasional.

Kata kunci: Geometrj Segi Empat, Buku Tekdalaysig Korea Selatan
How to Cite Abdullah, A.H., & Shin, B. (201p A Comparative Studyf Quadrilaterals TopicContentin

Mathematics Textbookselbween Malaysiand South KoreaJournal on Mathematics Educatioh()(3), 315
340, http://doiorg/10.22342/jme.10.3.7572.3B&0

Classrooms use multiple educational resources. Perhaps the primary source used most often as
reference material is textbooks. Textbooks refer to books designed and developed to translate the

desired curriculum objectives. They are an important componerheofeducation system and
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curriculum such that learning at school is synonymous with textbooks. However, according tq Koedel
Li, Polikoff, Hardaway and Wrabel(2017), though textbooks are the most widely used sources of
education, studies on their impact on student learning are very limiteatefore Fan, Mailizar,
Alafaleq and Wang (2018) state that school textbooks have become subjects of internatanahres
Rezat (2009) found that students umathematicgextbooks not only when they are told by the
teacher, but also for sdiarning. Also, students make their mathensatéxtbooks a medium for
solving problems, consolidating, acquiring mathematicawkedge, and activities related to the
interest in mathematics.

While according to Ceretkova, Sedivy, Molpand Petr (2008), textbooks also have several
functions: (1) motivational function, i.e. wellritten textbooks can stimulate the interest oflstus
reading them(2) communication functions, i.e. textbooks that can expand their vocabulary including
technical terms(3) regulatory functions, i.e. the curriculum divided into parts that can elaborate
sequence logically(4) application function, €. it consists of ideas using things that practice and
express examples of real lif®) integrated function, i.e. textbooks that are not tied to their subjects
but contain links to other disciplines that lead to more complex cognitive procé&sas)ovative
functions that introduce new knowledge, dfjicontrol and corrective functions which students use
text, exercise and problems to test themselves, students discover what they understand or do not
understand, and they are reviewing the matter. Alieg to Lepik, Grevholmand Viholainen (2015),
textbooks are equally important resources for both students and teachers. Students use them to learn
mathematics and teachers use them for planning and teaching mathematics lessons., Valverde
Bianchi, Wolfe,Schmidt and Houang2002) stressed that the structure of mathematical textbooks
might have an impact on teaching in the classroom. They state that the shape and structure of

textbooks affect different pedagogical models in mathematical classes.

COMPARISON OF GEOMETRY CONTENT IN TEXTBOOKS

Many studies compared mathematics textbooks as a whole, with some studies focusing on
geometry. Among the earliest was the study by Kim (1993) comparing the geaomnt of South
Korean and US textbooks. His study found that gegnuantent in American textbooks was spirally
arranged as the same topic emerged and extended to many grade levels. On the contrary, in Korean
textbooks, geomegrcontentwas structuredso that a concept or skill dominated each grade I&vel.
Kelley (2013), eght American textbooks were studied from the 1980s and 2000s with the aim of
identifying the differences between the two textbook groups in terms of approaches to tpemiifing
andwriting of geometric proofing. All exercises in each text were encoded using parameters such as
proof, type of proof, and reasoning taskwas found that ew textbooks incorporated conjecture
based learning for the theorem and paid more attention tevidence in the context of geometric
reasoning. Hsu and Ko (2014) compared the gegmetntent of teaching materials in the

mathematis textbooks of Taiwan, Finland, and Singapore. Content analysis was used, and
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mathematis problems were analysed. Prable were classified based on their cognitive type,
representational form, and context. The study showed that most problems were classified as
'‘procedure without connection' with only a few problems under the 'doing mathematics' category.
Most of the contes of problems and representations in the three countries areontextual and

visual forms. The obvious differer&between the three countriese the presentation of problem
examples and the ratios between examples of concepts and mathenoéliems. From the aspect of
problem delivery, Taiwan and Singapore provide a more detailed and focused process to help students
solve the problems, but brief explanations and demonstrations are found in textbooks. The ratio
between examples and mathematics problé&naround 1:3 in Taiwan and Singapore and 1:25 in
Finland.

Usiskin et al. (2008) conducted a micro curriculum analysis using a variety of textbooks in the
United States on the concept of quadrilaterals. It discussed the issue of how a particulaterahdrila
can be mathematically defined in the same way, and that definition can be inclusive or exclusive.
Furthermore, the geomgtthinking level in the van Hiele model has been used as the basis of
analysis of primary and secondary school textbooks (grhddes8) used in 42 States of the United
States. Newton (2010) reported that learning objectives were in line with the general principles of the
van Hiele theory, especially the principle that the level of gegnthtnking is sequential. Fujita
(2012) prposed an arrangement of plans to engage students with complex quadrilaterals definition
hierarchical issues, which involve nurturing students' understanding of quadrilaterals concepts,
encouraging them to seek inclusive relationships between definitiongraperties, and critical and
nortcritical discussion based on what they already know.

Mironychev (2016) compared the sequence of topics in gepmeetirses in high school
curricula in Texas, USA and Russia. Four textbooks used in Texas and Russialestee $er this
comparison. The objectives of this research were to compare the sequence of topics in the course,
determine how the sequence of topics corresponds to the objectives of the geometry topic, and
understand why the course topics are structureduch ways. MironycheW2016) used two
approaches in developing geomyatourses, namelfl) Topic approach when parts of the book are
arranged accordingly with object/ terms difficulties after consideration(ZnBroof of evidence
when parts othe book were arranged according to theoretical evidence or form properties. His study
found that in the Texas book (HISD), topics were arranged by object, without proof. In the books used
in Moscow, the content was compiled in the order of proof. Thesk&sbaere used in geomgtr
courses for different periods. For HISD, students learn this subject for only one year. Therefore, there
were not many opportunities to explore the properties of gegprobjects in sequence. The main
focus was on applying the foula and the nature of the different calculation steps. In conclusion, the
geomety textbook used in Texas is easy to use in short courses. They do not-depthianalysis of
geomety properties and are easily understood by students. Many calculabiems help to

develop practical skills for applying the nature of learning in life. Russian geometry textbooks were
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more suited for advanced courses. They pay more attention to the subject's basics and logical
relationships. They are suitable for higlvel courses such as pugiversity.

Wang and Yang (2016) compared the differences in the use of geometry in primary school
textbooks between Finland, China, Singapore, Taiwan, and the United States. The results showed
significant differences in representati problem types, and question formats between mathematical
textbooks of the five countries. In Singapore, mathematical textbooks focus primarily on visual forms
combined with other forms of representation. There were significant differences betweetuabnte
and nomcontextual geometry questions between the five mathematical textbooks. In particular,
Chinese textbooks have the highest percentage of contextual problems. Mathematical textbooks from
China and the US have more ogerded geometry questions.

The main objective of Silalahi and Chang (2017) was to identify gegnegmations and
differences by analysing the contents of junior high school mathematics textbooks (g@dies 7
California, Singapore and Indonesia. They found that prolsigiming questions were provided at the
end of subtopics in geomgttextbooks in California and Singapore but not in Indonesia. In contrast,
the similarities from California, Singapore and Indonesia were that all three textbooks provided more
nontapplication problem than applying questions. Yang, Tsemgd Wang (2017) analysed geometr
problems in four series of high school mathematics textbooks from Taiwan, Singapore, Finland, and
the United States. The analytical framework developed for the analysis of matkdexdtaroblems
has three dimensions: representational form, contextual feature, and type of feedback. The findings
showed that Taiwan and Singapore textbooks contain more problems in combination, while Finnish
and American textbooks contain more probleinsboth oral and visual forms. The problem
distribution across various forms of representation is more balanced in Finnish and Singaporean
textbooks than in Taiwanese and American textbooks. Most problems asppi@ation and close
ended compared to thapplication and opeanded problems. The Taiwanese textbook contains the
lowest actual situation problems, rather than the American textbook that has the highdagpepen
problem. Wong (2017) discussed the opportunity for students to study thagesd reasoning of
the geomeir topics of the school's mathematical textbook in Hong Kong. The results showed that the
Hong Kong Education Ministry took a traditional approach where the proof was taught mainly in
geometry, and twaolumn proofing was emphasikeOverall, the results show that proofing plays a
marginal role in mathematics schooling in Hong Kong.

Cao (2018) compared-I3 geomety content in American and Chinese textbooks. His study
showed that the main topic ofC8 geometry in the US curriculum ike volume and surface areazof
prism, pyramid, sphere, and reebrld objects. The US curriculum emphasises connectiily 3
geometry to the real life of students through mathematical modelling. In China, the main topics
required in the curriculum arebstract reasoning in spatial positional relationships, parallel
relationships, perpendicular relationships and angles, and combining algebraic methods with spatial

vectors. Volume and surfaces of three types of polyhedrons (prisms, pyramids, and pyramid
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frustums), and four types of solid revolutionary (cylinders, cones, circular frustums, and spheres) are
required, but few are found in the Chinese curriculum as opposed to abstract reasoning. Both
countries have very different topics irDB geomety texts. h the United States, the-[3 main

geomety topics taught at school are volume, surface area, and categorisation of objects like a prism
and realworld or composite solids. On the contrary, in China, volume and surface area are not the
main focus. On the ber hand, spatial position relationships, parallel relationships, perpendicular
relationships and angles based on abstract graphs, as well -agondabr composite solids and

prisms become the main3 geometry topicThe findings revealed that the topitound in Chinese

texts are quite complex and have a broad spectrum. Also, the content load and cognitive demand are
higher than the US text.

LACK OF COMPARATIVE MATHEMATICS EDUCATION STUDIES BETWEEN
MALAYSIA AND SOUTH KOREA

Many countries have made South Korea the basis of comparison in mathematics education,
particularly in the areas of curriculum, pedagogy and assessment due to the excellent performance of
South Korean students in the subject. The many studies on matteroaticculum includeKuang,
Yao, Cai, andsong (2015) concerning the difficulty level of primary school mathematics textbooks in
South Korea, and other countries such as France, Russia, Japan andCa@bjnd/u, andbo n g 6 s
(2017) study on the difficultyelvel of mathematical textbooks in junior high schools in China, USA,
South Korea, Singapore and JapgonandSenk dés (2010) analysis of the
of multiplication and division of fraction in two curricula: Everyday Mathematics (Efdinfthe
Uni ted States and Korean mat he mat Hextsal etementsinc ul u m;
South Korean and US mathematical textbooks using a conceptual framework that includes accuracy,
connectivity, contextuality and concisene&)in andLee d6s (2018) study on h
textbooks in Korea and the United States helped in the development of student learning from the
aspects of recursive partitioning, common patrtitioning, and distributive partitioning. Studies were also
conducted for lgebraic learning. Hwang (2004) concluded several elements are distinguishing the
South Korean mathematics curriculum with that of the British. He identified that in South Korea,
algebraic content is exposed only once to the students, while in Englamdijebeaic content tends
to be repeated or evolving at every level. The algebraic curriculum in England emphasises
approximation, mental calculations, and the use of calculators. Consequently, the English
mathematics curriculum is less concerned with ngitmethods and introduces the written approach
slightly later than the Korean curriculum. The English curriculum uses a more flexible approach
through rounding, mental methods, calculator usage, ratio, and proportion, while the South Korean
curriculum emphsises formal and abstract mathematical knowledge and the understanding of certain
mathematical concepts. All mathematical content implemented in England and South Korea is

provided in the national mathematics curriculum.
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Choi and Park (2013) compared tberriculum standards, textbook structure, and textbook
items for geometrics topics between the U.S. and Korea. The study found that the Korean curriculum
standards do not focus on réifd situations and the textbooks used in the study only included a few
reaklife application problems. The study also found that the American CMP textbooks begin each
section with realife examples and activities that can familiarise students with abstract ideas, while
Korean textbooks introduce reabrld situations relatk to the lessons without any activity or
examples that promote student engagement in actualvoell problemsolving situations. Only a
small number of liferelated problems are found at the end of each part of the textbook. On the topic
of probability, Han, Rosli, Capraroand Capraro (2011) found that Malaysian, South Korean and
American textbooks are routine, opended, and neoontextual.

From the pedagogical perspective, several comparative studies compared pedagogical practices
and implementationni South Korean mathematics classes despite the studysibfa, Evrim, and
Ser kan (2016) indicating that pedagogi cal prac
achievement in mathematics. BirajBlatchford andNah (2013), the pedagogical pramts in
mathematics classes in England and South Korea were compared in the areas of cultures, classroom
activity observations and document analysis. Teachers in both countries use integrated activities to
teach mathematics. In England, mathematics classesmore structured, more dominated by teachers
and less holistic, while the classes are more structured and didactically independent in South Korea.
Mathematics education in the UK is more systematic, using more individualised approaches and
incorporatesa wide range of hane®n activities and comprehensive outdoor activities, while in
Korea, mathematical activities are more growi@nted, use limited material and less outdoor
activities. Leung and Hew (2013) examined the use of counterexamples, whjcta ptde in
encouraging deductive reasoning skills in mathematics learning process among South Korean and
Hong Kong student€D'Dwyer, Wang, anéhields (2015) examined eighginade teaching practices
in the United States, South Korea, Japan &idgaporethat suppor t student sé
understanding as well as studied the relationship between practice and mathematical tests.

However, in the context of mathematics education, not many comparative studies exist on the
differences between Malaysian and Soltrean in the perspective of curriculum, pedagogy and
assessment. Studies have shown that for mathematics education, most comparative studies were
carried out between Malaysia and Singaptiieahim andOthman (2010) and Ahmad (2016) were
among the studgswhich compared the Malaysian curricula with its Singaporean counterpart. Ibrahim
and Othman (2010) concluded that there was a need for the Malaysifa@matics curriculum to be
revised to enable mathematical literacy among students and for them te be abply mathematics
into other disciplines at higher educational levelan, Rosli, Capraro, ardapraro (2011) examined
the analysis of Malaysian, South Korean and US textbooks on the topic of probé&hitigyl and
Awang (2008) and hien andOng (215), on the other hand, studied the factors that contribute to the

success of Singaporean students in the field of mathematics.
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Based on the literature review, most comparative studies on components of mathematics
curriculum as well as pedagogy and assesg in mathematical classes were conducted on South
Korea and other countries but not Malaysia. The only comparative study in the curriculum perspective
in which Malaysia was compared to South Korea Was, Rosli, Capraro, ar@apraro (2011). Most
compaative studies in mathematics curriculum components were carried out between Malaysia and

Singapore.

A COMPARISON OF GEOMETRY CONTENT DOMAIN ACHIEVEMENTS IN TIMSS
BETWEEN MALAYSIA AND KOREA

Malaysia joined the Trends in International Mathematics and Science Study (TIMSS)
assessment for the first time during the second cycle in TIMSS 1999. To date, Malaysia has
participated in six TIMSS cycles in TIMSS 1999, 2003, 2007, 2011 and 2015 and\2fla9gsia's
participation is to foster effective science and mathematics learning among students compared to their
peers in other countries. Since Malaysian participation in TIMSS, the best achievement of Malaysia
was during the first participation in TIMS1999 at 519 points and above the TIMSS average score of
500 points. However, there were declines in performance after TIMSS 1999 in the next three cycles,
whereby Malaysian students scored 508 points in TIMSS 2003 which is still above the TIMSS
average core. In TIMSS 2007 and 2011, the score of the mathematics achievement was 474 and 440
respectively. However, an increase of 25 points to reach 465 points in TIMSS 2015 renders the fifth
round of the assessment the fourth highest ever since TIMSS 1990thBugh there was an increase
in points, Malaysia's performance is still on the Ebavel Benchmarking and is below the TIMSS
average score.

South Korea has been involved in the TIMSS since its establishment. South Korea has achieved
remarkable achievemés throughout the involvement of TIMSS. Throughout the participation in
TIMSS, South Korea is one of the top three countries with an average score of achievement for grade
4 and grade 8 students in mathematics subjects compared to other countries. B T90%
assessment is only done for grade 8. Based on the findings, if we compare with the minimum score set
by TIMSS of 500, the average score of South Korean Mathematics is at a very satisfactory level.
When referring to the measurement level in TIM3®, average score of South Korean Mathematics
is in the category of high international benchmarking. Thus, we can conclude that South Korean
students can apply basic mathematics knowledge in difficult questions ardutime problems.

TIMSS has organiseitito two domains namely,1) content domain which refers to the subjects to be
evaluated in mathematics, af®) cognitive domain which focuses on the thinking processes expected
from students as they engage in mathematical content. Figslievls thafrom TIMSS 1999 until
TIMSS 2015, 8-grade South Korean students outperformed Malays$iagréde students in geometry

domain.
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Achievement in Geometry Content Domain
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Figure 1. Achievement in Geometry Content Domain Between Malaysia and South Korea

Figure 2 shows a question in geometry domanwhich 87% of South Korean students
answered the question successfully as opposed to only 32% of Malaysian students. The percentage of
Malaysians is not just below the international average, but also among the lowest countries. In this
regard, the studyampares one of the geometry topics in a textbook at the lower secondary level in
Malaysia and South Korea. In the TIMSS 2011 report (Mullis et al., 2012), mathematics teachers of
both countries reported that they use mathematical textbooks as a maja&r soumathematical

classes.
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Figure 2. A Sample of Domain Geometry Question in TIMSS 2015
Source: Mullis, I. V. S., Martin, M. O., Foy, P., & Hooper, M. (2016)

Previous studies have found a significant relationship between the textbook used andl e nt s 6
achievement in mathematics (Tornroos, 2005). The Hadar Study (2017) discussed the correlation
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between learning opportunities provided in mathematical textbon#lsstudent achievement in
national examinations. The findings show that students who use different textbooks have different
scores in the national examination. If a textbook gives the students the opportunity to engage in a task
that requires a higher lelvef understanding, students who use this book will obtain a higher score.
Xin (2007) examined the potential impact of learning opportunities providedJB amathematical
textbook and a Chinese textbook on the achievement of student prsdileny. Addtionally, Xin
studied the learning opportunities provided in textbooks by analysing the problematic distribution of
problems across a wide range of problems, as well as the potential impact of learning opportunities on
students' ability to solve arithmegicproblems. The research shows a positive correlation between the
presentation of problem task i n-sdiveigskilsook and st u
Furthermore, no previous study compared gegneetntent in mathematical textbooks between
Malaysia and South Korea. Choi and Park (2013) analysed the comparison of geeduegtion
related to curriculum standards, textbook structure and items in textbooks between the United States
and Korea. While Hong and Choi (2018) analysed and compared tbewpies of reasoning and
proofing activities in geometrlessons from American and Korean textbooks to understand how the
textbook provides students with the opportunity to engage in reasoning and proving activities.
Therefore this study compares Malain and Korean geometspecifically for quadrilaterals topic
content in mathematics textbooks to help explain the differences that have been found consistently
between the achievement levels of Malaysia and Korean students in the HEM@Sially in

geormetry content domain.

METHOD

The textbook used as a comparison is the main mathematics textbook used in the education
system in both countries. Quadrilaterals topic was selected because education systems in both
countries teach the same topic, as wett@aparable content. As shown in Figure 3, for South Korea,
the content of the selected topic was then translated into English. For Malaysia, the English version of
the mathematics textbook was used in this stuidhis study adapted the framework by Morgan
(2004), which looks at content and structure, while also referring to Gracin (2018) who looked at
content, cognitive demands, question types and mathematical activities. In this regard, this study
examines the composition of quadrilaterals topics, thehdepttoncept exploration activities, the
integration of deductive reasoning in the learning content and the difficulty level of mathematical
problems given at the end of the chapter. The van Hiele Model and the Revised Bloom Taxonomy are
the basis of compeon in this studyThe van Hiele model has been a subject of continuous academic
research in geometry and has been applied in various geometry studies (Battista, 2002; Bruni &
Seidenstein, 1990; Clement & Battista, 1992; Halat, 2008; Noraini, 2005). aparchers have
recognised the geometry model of van Hiele (Fuys & Liebov, 1997; Usiskin, 1982). Battista (2002)

also noted that students' thinking patterns ondwaensional geometry is clear and best described by
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van Hiele's geometry thinking modelegearchers argued that lower secondary students are usually
able to achieve up to three levels of van Hiele's geometry thinking of informal deduction (Husnaeni,
2006; Saifulnizan, 2007; Usiskin, 1982). NCTM (1989, 2000) emphasised that the van Hiele model
can be applied in to effectively teach geometry. NCTM also emphasised the importance of structured
learning as proposed in the van Hiele modibk revised Bloom Taxonomy (Andersd Krathwohl,

2001) is often used as a framework in differentiating theicdity of questions, especially in
mathematis subject. There are six levels in the taxonomy which &mowing, understanding,
applying,analysing, evaluating and creating.

: Azrae) A The property of the square
= Z g4,
7
Korean language Englishlanguage

Figure 3. Translation of Quadrilaterals Content Topic in South Korean Textbook

RESULT AND DISCUSSION
The Content Arrangement of Quadrilateral Topics

The content of quadrilaterals in the South Korean mathematics curriculum is based on the van
Hiele model. Based on Figu#e the content of this topic is collected by asking students to recognise
the names of the quadrilaterals in South Korean textbidok.is in line with thefirst level in the van
Hiele modelwhichis known as visualisation. At this point, students recognise geometrical shapes. For
example, students can identify the names of the quadrilateral group such as rectangle, square,
parallelogran, trapezium and so omowever, no such activity is found in Malaysian mathemsatic

textbooks.

The properties of a parallelogram

y You can understand and explain the properties of
parallelograms.

The wall of Puerta de Europa, a building in Madrid, Spain, is a

parallelogram shape.

What are the properties of the parallelogram?

Figure 4. Students aratroduced witlthe shapéMinistry of Education Korea, 2018, p. 165)
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The subsequent activities provide students with the opportunity to explore a variety of
guadrilaterals. Many of the activities provided South Koreanextbooks are hanesn by using
manipulative materialsthis is in line with the second level of the vdiele model which is analysis.

At this level, students will be able to recognise the characteristics of shape through observational and
experimental activitieskigure 5, for example, shows the activity in which students are to look for
properties of patkelogram According to the National Academies of Sciences, Engineering, and
Medicine (2015), the current curriculum focuses on manipulative activities in which students can
achieve intuitive ideas about the topic they are currently learning as well ascertheir creativity.

Such activities provide more time for creativity and foster a positive attitude towards mathematics.
This is important as the TIMSS 2015 results have shown that even though South Korean students
displayed encouraging results in matiaics, they scored among the lowest attitudes towards the
subject.

The properties of ~ Let's see if two diagonal lines of a parallelogram are bisecting

diagonal in the each other.
parallelogram

When the intersection of two diagonal lines in the o ABCD is O,
let’s explain = 7= AT
{, 0B=(D

AB/IC, AD/BCO 04=0C

¢ Wecan showthat the A \\‘ /7 Using the properties of the By
Opening. ABD and the A CDO made | alternzte angle in th
= = 2te angle in the
yaur ‘ By o diagonals are ‘ | parallel line can explain they
N\ congruent Vi

e Step 1. Drawing two diagonals

Let O be the intersection of two diagonals AC and DB in the
parallelogram ABCD.

Step 2. Show that both triangles are congruent.

On AABO and ACDO, AL/ D¢

Therefore,

2

[ 2=

0AB= 200D (alternate angle).....t
20BA = 20DC (alternate angle)... @
since the lengths of the opposite sides in the parallelogram are the same. Therefore,
AB=DC _ @

Since the corresponding length of one side is the same and the sizes of both end angles are the same
in @, @, and @, AABO=ACDO.

Step 3. Find the properties of diagonal in parallelogram
Therefore,
OA=0C, OR=0D

That is, two diagonal lines of a parallelogram bisect each other.

Figure 5. Exploring the characteristics afquadrilatera{Ministry of Education Korea, 2018, p. 168)

Once students have understood the characteristics of quadrilaterals, they would be able to make
connections between them. Fig@dlustrates the relationship between quadrilateratzording to
the van Hiele modethe third level is an informal deduati. In this level, students can see or prove

the relationship between shapes and create a relationship.
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Thus, the relationship between the various quadrilaterals is shown in the figure below.
Rectangle
_ Aninterior angle The two adjacent sides have
A pal I'_Df The ather pair of is aright angle. 4 the same length.
qppos e oppasite sides - —
sides are are parallel to
paraliel to each other.
each other.
- -+
Square
. . Parallelogram q
Quadrilateral Trapezoid
_ . . . Aninterior
he two neighboring sides have the angle s a right
same length. angle.
Rhombus

Figure 6. Relationship between the quadrilater@Bnistry of Education Korea, 2018, p. 182)

Judging from the Malaysiarextbooks, quadrilaterals are not comgileased on the van Hiele
model.No quadrilateral identification activities were noted in beginning of thechapter. Students
are exposed to the actpropértiedheggh dyriamié geonptisaitgarequadr i
as shown in Figuré.

1. Open the file Quadrilaterals geometric properties.ggh using GeoGebra,

T b= 5 P =i T R LA -

2, Clic%a the checkbox for the first type of quadrilateral. Click and drag the
vertices of the quadrilateral to change the dimensions of the quadrilateral.
Explain the properties of the quadrilateral,

3. Repeat the exploration in Step 2 for all the other types of quadrilaterals.

4. Dism;ls with your friends the geometric properties of the various types of
quadrilaterals.

5. Open and print the file Quadrilaterals axes of symm df. C h
quadrilaterals in the printout. PR

\ a7 )

6. By folding each of the quadrilaterals, or otherwise, explain how you can find
the number of axes of symmetry for each type of quadrilateral,

Figure 7. Activity of identifying characteristics of quadrilaterals using the GeoGebra application
(Ministry of Education Malaysia, 2016, p.212)

Figure 8 describes th@ropertiesof quadrilaterals. Information presented in such a way could
encourage facts memorisation among students. According to Boyraz (2008), Brahier (2005), and

Faucett (2007), for geomgtcontent, most textbooks in encouraggmemorisation and discouriag
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effective learning. Active activities involving students are limited (Nik Azis, 1992). No activity in the

form of a conjecture investigation is included in textbooks and theorems are only delivered by the
teacher through telxboks (Gillis, 2005).

The following table shows the types of quadrilaterals and their geometric properties.

~ Typeof Number of axes i g7
qeadrilateral | of symmetry Geometric properties

Rectangle 3 « The opposite sides are parallel and of equal length.

» All of its interior angles are 907,

« The diagonals are of equal length and are bisectors
of each other.

4 » All the sides are of equal length.

= The opposite sides are parallel.

+ All of its interior angles are %0°,

« The diagonals are of equal length and are
perpendicalar bisectors of each other.

None « The opposite sides are parallel and of equal length.
» The opposite angles are equal.
+ The diagonals are bisectors of each other.

2 = All the sides are of equal length.

+ The opposite sides are parallel.

* The opposite angles are cqual.

+ The diagonals are perpendicular bisectors of
each other.

MNone * Only one pair of opposite sides is parailel.

Kite 1 + Two pairs of adjacent sides are of equal length.
| : s One pair of opposite angles is equal.
« One of the diagonals is the perpendicular bisector of
the other.
* One of the diagonals is the angle bisector of the
angles at the vertices,

Figure 8. Various characteristics of quadrilaterals presentedaila (Ministry of Education
Malaysia, 2016, p.213)

The content of this topic is then formulated in the form of classification as shown in Bigure
without specifying the relationship between one quadrilateral and another.

Mﬂiw

| l |
3 1|Ja.r: Rcculmglc Parallelogram Rhombus Trape!zlum
|

iy

Figure 9. Classification of Quadrilatera{®linistry of Education Malaysia, 2016, p.219)

Depth Concept Exploration Activities

The second aspect that distinguishes the content of this topic is the depth of the activities of a
given concept. Compared to Malaysia which only provides the look of quadrilgiespkrties using
dynamic geometry softwaregs shown in Figure QL the curriculum in South Korea provides

immersive exploration activities with questions that test their thinking gkillsach quadrilaterals
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concept. Ozlem and Jale (2011) showed thatghming process enriched with harais activities

coul d

handso n

achievements arfenberg & Bogner, 2010; Thompsé&nSoyibo, 2002 Revina, et al. 200)1In the
South Korean example, hands activities are provided farach type of quadrilateral¥he learning

method of discovery is a learning practice that involves students lgctivgorocesoriented and

i mprove studentsdéd achievement

earning, i f often integrated

compared

nt o

t he

more focused on seléarning (Agus, Dian& Ajat, 2017). Based on the results of the study by

Sinambela, Napitupulu, Mulyono, arsinambela(2018), there is a positive impact on learning

methods through the discovery of thedstnts' understanding of the mathematical concept, while

Yunita, Wahyudin & Sispiyati (2017) concluded that the discovery method would enhance

mathematical problersolving skills. The findings of Balim (2009) study using the findings of

learning discoverieshowed that there is a significant difference in academic achievement among the

students in the experimental group compared to the students in the control group concerning academic
achievement, learning retention score, and the perception score on diieskilis either at the

cognitive or effective levels.

,% Research learning
X

What is the property of a rectangle?

Draw two diagonal linesfromthe rectangle ABCD and compare the lengths.

Draw two diagonal lineson the rectangle ABCD and it is like at the figure on
the right. Compare the lengths of the two diagonal lines with the compass,
and it is ACand BD.

Arethe lengths of the two diagonals the same in all rectangles?

In research learning, the lengths of twao diagonals of a rectangle are the same
to each other.

O

A rectangle isa
square whose four  Onthe other hand, the rectangles are equal in size of two pair of opposite

What you learned previously

interior angles are all anglesto each other hecause the four interiorangles are the same size. Thus,

the same size. the rectangle isa parallelogramand satisfies all the propertiesofa
parallelogram. That iz, two diagonal lines of a rectangle bisecteach other.

Figure 10. Discovery activities in South Korean mathematics textb@bksistry of Education

When students discovered and understood the properties oédtamgle they will then be

Korea, 2018, p. 177)

given lowlevel questions and questions that can improve theirligh thinking skills. Students are

given a simple question (see Figudg followed by difficult questions (see Figurg)1

t
|

(
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A D
Obtain the following from the rectangle ABCD shown on the 19 Cn].
right. .
(1) The length of AO
(2) The size of AOD 0
. 38N
B C

Figure 11. Low-level question for rectangle concéptinistry of Education Korea, 2018, p. 178)

However, no such activity is found for this topic in Malaysian textbooks. After the introduction of the
guadrilaterals concept, Malaysian textbooks introduced interibexterior angles of the quadrilaterals while

in the South Korean context, the concept is introduced together with each type of quadrilateral.

A D

Explain that AC = DB in the rectangle ABCD using the factthat the rectangle is a
parallelogram.

- —— nl T T ——
7" Youcan show that BABC and EDCB ) ’/ You can use the fact that the lengths of the two pairs
are congruent by drawing two | of opposite sides are the same, and the four interior

diagonals. 4 angles are all the same size.
A\ ft— e -

Figure 12. High-level question for rectangle concéptinistry of Education Korea, 2018,177)

Integration of Deductive Reasoning in Learning Content

Although according to Husnaeni (2006), Saifulnizan (20@Ad Usiskin (1982), lower
secondary students are usually able to reach up to three levels of getiimding based on van
Hiele's model of informal deduction, the South Korean textbooks extends to the fourth level of formal
deductions.The fourth level of the van Hiele model is the deduction level. Students at this level
understand the meaning and imaoice of deduction and the role of postulate, theorem and evidence.
They are able to prove themselves of their understanding. They also understand that the proving
process can be done in more than one way and the proof is not obtained by memorisatilay,(Crow
1987).The most fundamental reasoning is logical reasoning that consists of inductive reasoning and
proven reasoning. Inductive reasoning is one of the reasoning processes which requires students to
engage in gathering, interpreting and generalisifigrination. Whereas for deductive reasoning,
students can analyse, describe the relationship between forms and prove the theorem deductively.
Students also understand that the process of verification can be done in more than one way and the
proof is not okained by memorisation (Crowley, 198frahmana & Suwasti, 20L4igure13 shows

the reasoning method provided to prove thagilkien shape is a parallelogram.
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Explain that dABCD with <A~ <€, 2B=2D is 3 parallelogram as shown in the figure at A D
right.

You canfind the corresponding angleof and B C
show that their sizes are the same. Solving

If you take point E on the extension
line of BA,

ZDAB+ (DAE=180" .. v veveensasenenes @

In OABCD, <A+ <B+<Ct cDms

And £A=¢C, ¢B=¢D

Therefore, 2A+ 2B=180" @

In @and @, 2DAE= 2B,

Since the sizes of the corresponding angles are the same,
ADVEBC, Likewise, AB/DC,

Therefore, ABCD is a parallelogram because the two pairs

B

of opposite sides are parallel to each other.

Figure 13. Proof of parallelograniMinistry of Education Korea, 2018, p73)

Figure 14 helps the students perform deductive reasoning to prove that the diagonals are

perpendiculam a rhombus.

A
Explain ACLBL in rhombus ABCD using that the rhombusis B D ,
parallelogram.

C

/ " You can show BABO and \ ’/::)u can us: (h:factthattwol : dl::gonals«_‘

isect each other to explain they are |
| ADO are congruent by P Y |
\ : - J \ congruent. /
\_ drawing twodiagonals. / \

Step 1.
Draw two diagonals

Let O be the intersection of ACand BD which are two diagonals in the rhombus ABCD.

Step 2. Show two triangles are congruent. A
In AABO and AADO, “
AB=AD _.® B D
A rhombusis a parallelogram. Therefore,
BO=DO _®

C

AO is common....0
The length of three corresponding sidesin @, 2,3 are the same respectively.

Therefore, -~ ABO ADOr

Step 3. Show that the two diagonals are perpendicular to each other
Therefore, * AOB= . ‘\““And ZAOB+ 2AOD =180,

So “AOB= 2AOD=%" |n other words, ACLBD,
The two diagonal lines of the rhombus are perpendicular to each other.

Figure 14. Proof ofrhombus(Ministry of Education Korea, 2018, p. 179)
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The Difficulty Level of Mathematic$roblems Provided at Chapter End

For this, both Malaysian and South Korean curriculum end the learning with mathematical
problems related to the topic. Based on the analysis, the problems provided in the Malaysian textbook
for quadrilaterals are directed asking students to look for values of anghea particular form. For
example, as shown in Figur®,lstudents are asked to find the internal angle of the rhombus and the

parallelogram.

fotot sl

4. The diagram shows a rhombus. Find the values
of x and y.
Iy "
5. A parallelogram is shown in the diagram. Find Y,
@ the values of x and ¥,

Figure15.Pr obl ems at fdappl yi mathématicetextodofMinistryafhe Mal ay
Education Malaysia, 2016, p.221)

The six levels in the Revised Bloom Taxonomy introduced by Anderson and Krathwohl (2001)
are remembering, understanding, applying, analysngluating and creating. If the student runs or
uses a specific procedure to get an answer, then the problems are only at the level of application.
There are also questions of understanding level provided in Malaysia textbook as in feigure 1
According toAnderson and Krathwohl (2001), constructing the meaning of various types of functions
in writing, graphics or activity such as interpreting, proving, classifying, formulating, concluding,
comparing, or explaining is problems at the understanding level.

s Determine the types of

- (a) quadrilaterals which have two axes of symmetry.
(b) triangles which do not have an axis‘nf symmetry.
(¢) quadrilaterals with all the sides having the same le‘:’ngth.
(d) quadrilaterals with all the interior angles being 90°.

Figure16.Pr obl ems at fAunderstandingo | e{@knistrybfn t he M:
Education Malaysia, 2016, p.221)

The problems presented for this topic in South Korean textbooks are more diverse and
challenging. Undenidlp, problems that require students to look for the angle, length or width of a

shape which is thproblemfor application level as shown in Figuré Wwere also present.
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Figure17.Pr obl em at fAapplyingo | evel i (Ministyef Sout h K
Education Korea, 2018, p. 183)

Problems for analysing and evaluating levels are also providedink®waan mathematics textbooks.

Figure18 Pr obl em at fanalysingo | evel i (Ministryhoé Sout h
Education Korea, 2018, p. 183)

Figurel8s hows one of the sampl es Awcdrdingto Anoldrserm a't i
and Krathwohl (2001), mathematiproblems at thenalysing level involve convincing concepts to
their sections, determining how they are related to each other or how they are interrelated and how
they complement the overall concept. Thinking skills at this level include comparing and
distinguishing betwen components or parts. The mathemgtioblem shown in Figurd9 is a
problem for evaluating level which is the second highest level based on the Revised Bloom
Taxonomy. According to Anderson and Krathwohl (2001), at the evaluating level, students make
decisions based on criteria and standards through checks and criticisms. Criticisms, suggestions, and

reports are some of the methods that can be done to indicate that evaluation process.

Figure 19.Pr obl em at #fAevaluatingo | evel (Mmistty¢fe Sout h
Education Korea, 2018, p. 183)



