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Spatial Visualisation and Spatial Orientation Task to Support the
Development of Students’ Spatial Ability

Abstract

Many studies have proven the importance of spatial abilitysfodents
both for their educational or occupational success andtlieir everyday
competence. Skills such as estimating, geometry, measot,emep-reading and
simple drawing are some of the mathematics ideas b¢himdopic. Therefore,
the development of students’ spatial ability can no longer be ignored. Yet, in
Indonesia the research on the domain of spatial alaiiity the development of
students’ spatial ability is still lack of attention. Some exercise such as spatial
visualisation and spatial orientation task may support theelolement of
students’ spatial ability. In order tosupport the development of students’ spatial
ahlity, in present study we design 5 lessons that is combiniv spatial
visualisation and spatial orientation tasks. This stsdgiso aimed to develop a
local instructional theory in this domain. Consequentlgigteresearch is chosen
as an appropriate approach for achieving the research aamdition, Pendidikan
Matematika Realistik Indonesia (PMRI) which was adapted fiRealistic
Mathematics Education (RME) was deliberately chosen asapproach in the
teaching-learning process in the classroom. To conjecturewvh&appen in the
classroom, the Hypothetical Leaning Trajectory was desligmhich consists of
mathematical goals, starting points, mathematical &ietsviand the hypothetical
paths of students’ thinking. Our hypothesis is that through the series of activities
students can develop their spatial ability. Thus, we addnes®iiowing research
guestion: How can spatial orientation and spatial visualisation support the
development of students’ spatial ability?

Keywords: Spatial Ability, Spatial Orientation, Spatial VisualisatioSpatial

Terms



Spatial Visualisation and Spatial Orientation Task to Support the
Development of Students’ Spatial Ability

Abstrak

Banyak penelitian telah membuktikan pentingnya kemampuan spagial
siswa, baik untuk kesuksesan pendidikan dan di dunia pekerjaan, maupin
kompetensi sehari-hari. Keterampilan seperti penaksirarmegeip pengukuran,
membaca peta, dan menggambar sederhana merupakan ide rkateiinbtlik
topik ini. Oleh karena itu, perkembangan kemampuan spasial sgakabioleh
diabaikan. Namun. Penelitian di bidang ini, dan pengembangamnkguan
spasial siswa di Indonesia, masih kurang diperhatikan. Denganberikan
beberapa latihan seperti latihan visualisasi spasiabdantasi spasial, kita dapat
membantu perkembangan kemampuan spasial siswa. Guna membantu
perkembangan kemampuan spasial siswa, pada studi ini kami negyabca
pembelajaran yang mengombinasikan latihan visualisasi spdemalorientasi
spasial. Studi ini juga bertujuan untuk mengembangkan teori pajatael lokal
(local instructional theory) di bidang ini. Oleh karema, idesain riset dipilih
sebagai pendekatan yang tepat untuk mencapai tujuan penefigéain itu,
Pendidikan Matematika realistik Indonesia (PMRI) yarapdptasi dari Realistic
Mathematics Education (RME) sengaja dipilih sebagai pendekatam gabses
belajar-mengajar di kelas. Untuk memspekuliasikan apa yang takgdi di
kelas, dirancang hipotesis lintasan belajar yang teddiii tujuan pembelajaran,
pengetahuan awal siswa, aktivitas matematika, dan hipotetgEisain pemikiran
siswa. Hipotesis kami adalah bahwa melalui serangkaiaratk@gsiswa dapat
mengembangkan kemampuan spasial mereka. Dengan demikiaa, Kit
merumuskan pertanyaan penelitian sebagai beriBagaimana pemberian
latihan orientasi spasial dan visualisasi spasial mendukung pengembangan
kemampuan spasial siswa?

Kata Kunci: Kemampuan Spasial, Orientasi spasial, Visualisasi spasti#dh

spasial

Vi



Spatial Visualisation and Spatial Orientation Task to Support the
Development of Students’ Spatial Ability

SUMMARY

Spatial ability is an important skill that student need toeh&ducators need to
recognize that acquiring a range of spatial skills is impbrtar all pupils or
students; both for their educational or occupationalesscand for their everyday
competence. Skills such as estimating, geometry, measoit,emep-reading and
simple drawing are some of the mathematics ideas behmdotbic. Considering
the importance of this aspect, the development of students’ spatial ability can no
longer be ignored. In order topport the development of students’ spatial ability,

in present study we design a learning activities sequenteasticambining the
spatial visualisation and spatial orientation tasks.

This present study is aimed to develop a local instructitveslry to support
the development of students’ spatial ability. Consequently, design research is
chosen as an appropriate approach for achieving the resaianc In addition,
Pendidikan Matematika Realistik Indonesia (PMRI) which wdapted from
Realistic Mathematics Education (RME) was deliberatelysehas the approach
in the teaching-learning process in the classroom. To cangeathat will happen
in the classroom, the Hypothetical Leaning Trajectory HW&¥s designed which
consists of mathematical goals, starting points, nmadlieal activities, and the
hypothetical paths of students’ thinking. Our hypothesis is that trough the series of
activities students can develop their spatial ability; to bwenprécised the
strategy used by students in solving spatial problem will belde&d. Thus, we
address the following research question: How can spatial orientatiogpatiel
visualisation support the development of students’ spatial ability?

This research was conducted in two cycles, namely pilotriexpet and
teaching experiment. This research involved 3 students oh @dperiment, 39
students in teaching experiment, and a teacher of 3th gra8® degeri 117
Palembang, Indonesia. After the 6 activities in the fogtle, activities and
maerials were refined in order to improve the HLT. We elimedathe first
activity in the preliminary experiment which did not really supploetstudents in
the following activity. Consequently, in the teaching experitnwe only had a
series of 5 activities. The data were collected duringfitee cycle was video
recording, students’ works, classroom observation, field notes, and evaluation
with the teacher.

The phases of students learning in the first cycle arelaljing Tungkupan
(Hide and Seek), 2) Finding the best place to build tirabstation, 3) Locating
the picture, 4) Exploring the wall, 5) The adventure in¢hbe houses, and 6)
Finding the treasure. Due to some refining in HLT, the phasésaofing in the
second cycle are: 1) Finding the best place to build th&raostation: students
exploring and observing the miniature of the island from iffeperspective and

Vil



then make the representative drawing of the island fldfarent side view, P
Locating the picture: finding the viewpoint from which a pietwas taken or
matching the pictures of the miniature of the island @& portrayed from
different perspective, 3) Exploring the wall: students comstand explore the
structure of the objects made of bricks and identify itsvairg from different
views 4) The Adventure In The Cube Houses: the students idebtdgk
structured from different view, and 5) Finding the treasure sthdents construct
the block building from some pictures of block buildingem from different
views.

In this research we found that: 1) for students in this Rigeling the Best
Place to Build the Control Station (observing theand) can promote the
development of students’ ability in reading 2-dimensional representation of 3-
dimensional object. After experiencing this activity, tsteidents are able to
reasoning the drawing of miniature of the island by consigehe position of the
objects; left and right. 2) When the students were coctstg the miniature of the
island for the first activity, the students were coesity the position of the
objects showed by the side views pictures. 3) Once the ssukeow the top
view of miniature of the island, the students did not neese®the side views
pictures in locating the position of the objects whileythvere constructing the
miniature for the second activitg) Some students drew one of the objects in the
miniature from the top view; it indicates that studentshat age already develop
their sense of top view of an object. 5) Soon when studequsrience the
Exploring the structure of the wall, they started to dgveheir navigation idea
such as front, left, right, back, and top. 6) The stwtused by the students in
indicating the top view of the objects was gradually progressdtig first time,
they really need to see the object from the top, oneg get the idea of the top
view, to draw the top view of the object they just seeothject from the bird eye
view. 7) The last two activities; namely the adventurdgh@ cube house and
finding the treasure help the students in reading, intingreand reasoning two
dimensional drawing.

Concerning the findings of this research, we conclude thaxpgriencing
working on some spatial visualisation and spatial oriemtatieks such as: the
activities of constructing the building, drawing, and analyzwo-dimensional
shapes, students understand attributes and properties of meositbnal space
and the use of those attributes in solving some spatialgmsbl

viii



Spatial Visualisation and Spatial Orientation Task to Support the
Development of Students’ Spatial Ability

RINGKASAN

Kemampuan spasial merupakan keterampilan yang harus dimiéki siswa
Pendidik harus menyadari bahwa memiliki berbagai keteramgpasial penting
bagi semua siswa atau pelajaaik untuk keberhasilan pendidikan atau pekerjaan
mereka dan kompetensi mereka sehari-hari. Keterampilarrtisppaaksiran,
geometri, pengukuran, membaca peta, dan menggambar sededrapakan ide
matematika di balik topik ini. Mengingat pentingnya aspek perkembangan
kemampuan spasial siwa tidak boleh diabaikan. Guna membantunpberigan
kemampuan spasial siswa, pada studi ini kami merancang sesmghkaivitas
pembelajaran yang mengombinasikan latihan visualisasi spdemalorientasi
spasial.

Studi ini bertujuan untuk mengembangkan Teori Pembelajaran (laical
Instructional Theory) di bidang ini dan untuk mendukung perkembangan
kemampuan spasial siswa. Oleh karena itu, Desain Riset dipdibagai
pendekatan yang tepat untuk mencapai tujuan peneleanjutnya, Pendidikan
Matematika realistik Indonesia (PMRI) yang diadaptasiri d&ealistic
Mathematics Education (RME) sengaja dipilih sebagai pendekatam gabses
belajar-mengajar di kelas. Untuk memspekuliasikan apa yang tkgdi di
kelas, dirancang Hipotesis Lintasan Belajar atau Hypiotiid_earning Trajectory
(HLT)yang terdiri dari tujuan pembelajaran, pengetahuan awalasiaktivitas
matematika, dan hipotesis lintasan pemikiran siswa. Hipokami adalah bahwa
melalui serangkaian kegiatan siswa dapat mengembangkan keararspasial
mereka. Dengan demikian, kami merumuskan pertanyaan peneélzagai
berikut Bagaimana pemberian latihan orientasi spasial dan visualisasi spasial
mendukung pengembangan kemampuan spasial siswa?

Penelitian ini dilaksanakan pada dua siklus, yakni studi pehaain dan
eksperimen mengajar. Penelitian ini melibatkan 3 siswa pgadapendahuluan,

39 siswa pada studi percobaan dan seorang guru kelas 3 SD Negeri 11
Palembang, Indonesia pada eksperimen mengagetelah 6 aktivitas
pembelajaran diujicobakan pada siklus pertama, aktivitasndéeri pembelajaran
disempurnakan guna meningkatkan HLT. Aktivitas pertama yang digarzda
studi pendahuluan dieliminasi karena tidak terlalu mendukung siswla pa
aktivitas pembelajar selanjutnya. Akibatnya, pada ekperimen naendwjnya
terdapat 5 aktivitas pembelajaran saja. Data yang diperolelsiklais pertama
adalah rekaman videbasil kerja siswaobservasi kelgscatatan lapangaman
evaluasi dengan guru.

Fase pembelajaran siswa pada siklus pertama adalah: 1) iBerma
Tungkupan2) Menemukan yang paling tepat untuk mendirikan po penjagaan, 3)
Menempatkan gambar, 4) Mengeksplorasi bentuk dinding 5) Reraa di



rumah kubus, and 6) Mencari harta karlarena adanya beberapa perbaikan
pada HLT, fase pembelajaran pada siklus dua diubah menjadjesdierikut 1)
Menemukan yang paling tepat untuk mendirikan pos penjagaan:a sisw
mengeksplorasi dan mengobservasi miniatur pulau dari aazlg Yerbeda
kemudian mengambarkan tampak samping dari pulau tersebutralateaenty

2) Menempatkan gambamenemukan titik pandang dari mana sebuah gambar
diambil atau pencocokan gambar miniatur pulau ydmnbil dari perspektif
yang berbeda, 3) Mengeksplorasi bentuk dindirsgswa membuat dan
mengeksplorasi struktur dinding yang terbuat dari batu detamengidentifikasi
gambarnya dari arah yang berbeda, 4) Pertualangan di riuials Siswa
mengindentifikasi struktur kubus-kubus dari arah yang berlsda5) Mencari
harta karun Siswa menyusun rumah kubus dari gambar tampak samping dan
tampak atas dari rumah kubus tersebut.

Pada riset ini ditemukan bahwa: 1) Untuk siswa di usia kiivieas
Menemukan tempat yang paling tepat untuk mendirikan pos penjagaan
(mengobservasi pulau) dapat mendukung perkembangan kemampuaal spasi
siswa dalam membaca gambar representasi 2-dimensi data [Rdimensi.
Setelah mengalami aktivitas ini, siswa mampu menalar danberékan alasan
terhadap gambar miniature pulau dengan mempertimbangkan pasasi dan
kiri benda. 2) Pada saat siswa sedang membuat miniaturel, psikswa
mempertimbangkan posisi kiri dan kanan yang ditunjukkan oletkoB) Setelah
siswa mengetahui tampak atas miniatur pufgara siswa tidak perlu melihat
gamlar tampak samping dalam menemukan posisi benda saat nmezdkag
membangun miniatur untuk kegiatan kedua. 4) Beberapa siswa menggataba
satu objek dalam miniatur dari tampak atas, hal ini menunjukKanaaiswa di
usia yang sudah mulai mengembangkan ide tampak atas suatu bekadikeb)
siswa medakukan aktivitas Menjelajahi struktur dinding, siswa mulai
mengembangkan ide navigasi mereka seperti degankanan belakang, dan
atas. 6) Strategi yang digunakan oleh siswa dalam mengirdikasimpak atas
dari benda-benda secara bertahap berkembmartama kali siswa benar-benar
perlu melihat objek dari atasetelah mereka mendapatkan ide tampak atdask
menggambar tampak atas objek siswa hanya melihat objek daangan mata
burung. 7) Dua kegiatan terakhir, yaitu petualangan di riabhs dan mencari
harta Karun membantu siswa dalam membaca, menafsirkan,pelzalaran
gambar dua dimensi.

Terkait dengan temuan penelitian, ikami menyimpulkan bahwa dengan
mengerjakan beberapa tugas visualisasi spasial dan tugasgirgpasial seperti:
kegiatan membangun bangunamenggambar dan menganalisis bentuk dua
dimensj siswa memahami atribut dan sifat-sifat ruang dua dimensi dan
penggunaan atribut-atribut dalam memecahkan beberapaamapakial.
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CHAPTER |

INTRODUCTION

Spatial ability is an important skill that student needdeeh(Delice et al., 2009;
Revina et al., 2010; Yue, 2006; Walker et al., 2011). As Smith (198f)ested,
educators need to recognize that acquiring a range of sgialiglis important for
all pupils or students; both for their educational or octapal success and for
their everyday competence. Skills such as estimating, resging and simple
drawing are some of the mathematics ideas behind this(®mpith, 1992). To be
successful in subjects such as geometry, volume, anduree@nt students are
required to have a good spatial ability. This topic is als® af the competences
that are tested in PISA 2003 (PISA framework, 2003). Studergsiljly also
know that this skill is needed in occupations such astanthdentistry, engineer,
and is also needed in subjects such as mathematics, plarsicgeography.

A lot of research has been done in this domain (Dedical., 2009; Revina
et al., 2010; Yue, 2006; Walker, et al., 2011; Holzinger & Swinef@646;
Hegarty & Waller, 2005). Many researchers supported the stateifmat spatial
ability is important to the development of mathematicahkimg. Holzinger &
Swineford (1946) claimed that spatial ability is closely relate academic
achievement, particularly to success in math and geometgartye& Waller
(2005) claimed that in general spatial ability together witblligence and visual
perception is required to develop mathematical thinking. HedawWaller (2005)
supported that spatial abilities are important for both cocsbhg and
comprehending abstract spatial representations in matiaihatoblem solving.

Unfortunately, there is still limited research about t@main in Indonesia



(Revina et al., 2010). Because the system of our educatioroie centred on
verbal and numerical ability, development of students’ ability in this sKill is still in
lack of attention (Smith, 1992). In addition, there is lediresearch on how the
design of learning activities affects the development of students’ spatial abilities.

A recent study focused on this topic is the researciduwmiad by Revina et al.
(2010).

Revina et al. (2010) in her study with participants froth §rades of
primary education in Palembang Indonesia used the buildind blciivities to
help students grasp the idea of volume measurement bgryrdonceptual
understanding. In this study, she developed a learning adtivitfich the small
cubes are used as the unit for constructing bigger cubeblacics. Since this
study is limited to grasping the idea of volume measurgnmerher study the
students only went through the idea of spatial visualizatiamvo regular three
dimensional objects, namely cubes and blocks. Even thdighesearch finding
claimed that it does help students to develop students’ conceptual understanding
of volume measurement, it does not full¢ilitate the development of students’
spatial ability. In addition, it was more centred on spatisiialisation tasks. In
fact, there are some other important components oiass&ills that also play a
big role in developing students’ spatial ability, namely spatial orientation and
spatial rotation.

Therefore, more research in this important mathematicaldain is needed.
Based on these issues, it is necessary to designstinectional activities in which
appropriate context and powerful models are elaborate@yescan support the

development of students’ spatial ability. It is also a challenge to improve the



mathematical education in Indonesian school. PendidMatematika Realistik
Indonesia (PMRI) or Indonesian Realistic Mathemathic Bton is one of the
approachksthat can be used. This study is one of the effortekeamathematical
education in Indonesian school in general, and particulerlysupport the
developrent of students’ spatial ability.

Since the aim of this study is to help students'thgBades of elementary
school to develop their spatial ability, we formulate gle@eral research question
as: How can spatial visualisation and spatial orientation tasks support the
development of students’ spatial ability?

To answer this question, we design a sequence of learningiastihit is a
combination of two components of spatial ability, nameltil visualisation and
spatial orientation. These two components are intedjiate 6 different activities.
In the first activity, students will playHide and Seek" or in Palembangnese
language is also known & ungkupan. This activity is aimed to give students
the sense for the next two activities. The second #Hetvare set to let students
experience the visualisation task by observing the miniaturieofisland and
visualise the object on the miniature into two dimensiamailving. In the third
activity, students are asked to locate the pictures ofrtingature of the island
based on where it was taken. The fourth activity isztiam in on the second and
third activity that is they will explore the wall and bgiintroduced to the spatial
term such as side views and top view. The last two aesvis the more abstract
activity in which students will work with small cubes and tlaeg asked to draw
the side views and the top view of the cubes arrangement emddnstruct the

cube arrangement based on the views given.



CHAPTER I

BACKGROUND AND RESEARCH QUESTION

2.1. Spatial ability

Spatial ability is defined and evaluated in many ways in tfeeature. Carol

(1993) stated that spatial ability has to do with how indivsldalal with material

presented in space or more specifically, with a colleatibabilities involving

imagining, perceiving, remembering, and transforming objects orsfar routes
in the real world or through representations of the realdwas in a paper-and-
pencil or computer test (Carol, 1993 in Kylllon & Gluck 2003). Hegértyaller

(2005) and Kozhevnikov, Motes & Hegarty (2007) considered spdiiliy as a

form of mental activity that enables individuals to ceegpatial images and to

manipulate them in solving various practical and theorepioablems (Pittalis &

Christou, 2010).

Lohman (1988, 2000) indicated that spatial ability is compos8dseparate
abilities. These factors contribute the same importance to students’ spatial
abilities. He defined these three factors as follows:

1. Spatial visualisation is the ability to comprehend imagimaovement in a
three-dimensional space or the abilty to manipulate tbjan the
imagination

2. Spatial orientation is the ability of students to remaimtamnfused by the
changing orientation, in which a spatial configuration payepresented.

3. Spatial relation is defined as the ability to mentally etaspatial object as a

whole fast and correctly.



Researchers have found that spatial ability relatecheevement in math, even
though in some cases the researchers’ findings show inconsistency. Friedman
(1995) found that spatial ability and math skills have littlereation. He found
that verbal ability was a stronger predictor for matheatinent than the spatial
ability. He also found that spatial mathematics abilityrelation is stronger
among female than male learners. Hanaffin and Scout (18@@)d a
nonsignificant association between spatial ability and sehient and
recommended a further research in this area.

Hanaffin, Truxaw, Vermilion, & Liu (2008) investigated the effeof
students’ spatial ability and type of instructional research. Their finding suppor
the Rhode & Thompson (2007) finding, namely spatial ability inngpadults
predicted general cognitive abilities.

PittaPantazi & Christou (2010) investigated the relation of students’ spatial
and object visualisation with their creative and practidailitees in three-
dimensional geometry. The result suggested that preferemzk experiences in
spatial visualisation significantly related to students’ practical abilities in three-
dimensional arrays of cubes. Pittalis & Christou (201@ diresearch that
involved students in grade 5 to 9. The research finding claitat Spatial
abilities constitute a strong predictor of students’ performance in the four types of
reasoning in 3D geometry. TBhiresearch’s findings suggested that an
improvement of students’ spatial abilities might result in an improvement of their
3D geometry thinking. Battista (1990) indicated spatial abilsyoae of the

factors that affect success in geometry and geometifgm solving.



Many researchers supported the statement that spati&y &bimportant to
the development of mathematical thinking. Holzinger & Swanef(1946)
claimed that spatial ability is closely related to acaderigcevement, particularly
to success in math and geometry. Hegarty & Waller (2005) claina¢dhntgeneral
spatial ability together with intelligence and visual percepi®rrequired to
develop mathematical thinking. Hegarty & Waller (2005) supported dpatial
abilities are important for both constructing and compreingndbstract spatial
representations in mathematical problem solving.

Regarding to these facts, developing students ‘spatial ability is a must.
Smith (1992) pointed out that spatial ability can no longerdismissed as a
narrow aspect of intelligence, that is only important fotate manual or practical
occupations. Indeed, spatial ability needs to be recognisaduaslamental part
of intellectual functioning. Unfortunately, there is slithited research about this
domain in Indonesia (Revina et al., 2010). Because the sydtear education is
more centred on verbal and numerical ability, development of students’ ability in
this skill is still in lack of attention (Smith, 1992). Inldition, there is limited
research on how the design of learning activities affdwtsdevelopment of
students’ spatial abilities. A recent study focused on this topic is the research
conducted by Revina et al. (2010).

Revina et al. (2010) in her study with participants from §thdes of
primary education in Palembang Indonesia used the buildings blotivities to
help students grasp the idea of volume measurement bgryrdonceptual
understanding. Since this study is limited to grasping the ideaolme

measurement, in her study the students only encounteredidheof spatial



visualization of two regular three-dimensional objects, naroebes and blocks.
Even though this research finding claimed that it does habfests to develop
their conceptual understanding of volume measuremedaget not fully facilitate
the development of students’ spatial ability in much broader understanding. In
addition, the research was more centred on spatial ligigtian tasks. In fact,
there are some other important components of sptitd that also play a big
role in developing students’ spatial ability, namely spatial orientation and spatial
rotation.

Considering the importance of this domain and in order tdahil gap, a
study based on RME principles is designed. In this study eehescombination
of two components of spatial ability, namely spatial visadion and spatial
orientation. These two components are integrated intte dasks to support the
development of students’ spatial ability.

2.2. Realistic Mathematics Education (RME)

In this study we will use the Pendidikan Matematika Reklistdonesia
(PMRI) as an approach of the learning activity. PMRInsapproach in learning
mathematics that is adapted from the Realistic Matheniatucation (RME).
RME is develped based on the idea “mathematics as a human activity
(Freudenthal, 1991). In the process of doing mathematics, Fritadlg1991)
emphasizes that the students should be allowed and enabucagesent their
own idea and their own strategies (Revina et al, 2011).

According to Treffers (1987) and in Drijver (2003), there aree fi
characteristics of RME. How those characteristics supgher design of spatial

visualization and spatial orientation activities willdescribed as follows.



1. The use of context in phenomenological exploration

In this design, students will work under one big context namely “we are the
pirates , in which students will act as pirates. Therefore, they will do some
activities that address them to be a “real pirate. We set this learning activity in
certain situation to engage them with the series afiaes that they are going to
work with. The context does not only help to engage thdesits but also make
the learning activities become more interesting and mefhifgr them. We
expect that by using this context, the students will comeitipthe navigational
term such as left, right, front, and back. At the saimee, the context also
supports the observation and exploration activities.

2. The Emergent modelling

Models are representations of relationships that matiares have constructed
over time as they have reflected on how one thing cathbeged into another
and as they have generalized ideas, strategies, andaef@a@ons across contexts
(Fosnot & Dolk, 2001). The idea of model of and model for is develaped
chapter numbers and algebra. In geometry, the idea déliimy is still an issue
which is still being discussed. Thus, instead of defining edein we define the
objects used in the learning activities as tools or media.

3. The use of students’ contribution and creation

Instead of directly introduce some important concept sisctine definition of top
view, front view, back view, left view, and right view; in thisudy we let the
student build their own understanding on defining this ephcHowever, those

spatial terms are explicitly introduced to the studentsréslbse that probably the



idea of using navigational term may not explicitly mentiynthe students. Thus,
we provide some bridging questions for teacher to solve thidgmmo

4. Students’ interactivity

Teacher
A

Students Material

The patterns of the interaction set in our designbEadescribed as follows: By
working in group, students will not only interact with the enatl but in at the
same time they also interact with their partner. Stiedaigo have a chance to
individually investigate every problem given. In the discussession, students
work together with the teacher to construct the same undéirsganSo, the
teacher has a role as a facilitator of ¢helents’ learning activities and discussion
by giving questions in order to stimulate their thinking. Byyplg a role as the
discussion facilitator, the teacher also has to deéalthé material.

5. Intertwining

The activities designed have strands not only withinnthéhematics but also the
other subjects such as geography and social science. Spstialization and
spatial orientation tasks are some important foundatianlearning geometry.
This design also has something to do with students uwadeisg in grasping the
concept of angle and volume measurement (see Revila 2211). One of the
activities in this design is orientating the picturestiom map. To be able to do
this, students should understand how to read a map. Readisgisreaskill that

students learn in geography.
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2.3. The Crucial Role of the teacher

Learning is a process that cannot be observed sinceh#ppen in the brain.
However, we can see the result of learning process bywiigehe progress of
strategies used by the students. To make sure that thetstdddearn something
during the learning activity, teacher plays important raasit namely as the
facilitator of learning activity. We will describe some imgort roles of teacher in
the sequences of learning activities designed on this studjass.

1. Guiding the process of learning activities

Not only as the one who start the learning activity by infagnthe students about
what will they learn today, what is the goal of today’s activity, and end the
learning activity, a teacher also has another importdes i.e. to make sure that
the learning process can be proceed. Teacher should makehauthe learning
process flows as what it should be done.

2. Presenting the problem

A learning activity can be started by giving the problem thatents should
solve. In this study, the problems are being introduced adfler the teacher
introduces the contextual problem that students should siiheecontext used on
these series activities is carefully chosen. Thisdsabse the purpose of the
context; to make the learning activity more meaningful &edetare some aspects
that should be considered by the students while workingetesks. Considering
this important issue, a teacher should inform the studemds they should do and

make sure that the students understand about what they sloould
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3. Leading the discussion

In the whole series activities designed, we give spacestialents to have the
discussion. We expect that the discussion will not oelyur between teacher and
the students but also among the students. Teacher isnthevho leads the
discussion by posing some question, raising a problem, or eotmg on
students works.

4. Encouraging every student to be actively participated

Each student has different characters. Some of theneasily speak their ideas
while some others are little bit shy. Teacher can encothage silent students to
speak up their ideas by pointing them. Saying “Where is A, I do not hear your
voice today. What is youwpinion about it? , asking those students to repeat what
their friend just says, or asking how their opinion absameone opinion, why
they agree or disagree; would be some acts that calorie To anticipate the
bossy students or different level of &tuts’ understanding, a teacher can
encourage them to work as a team work by stating “Everybody has different level
understanding, ideas, and strategies. However, you carsl@asathing from your
friends’ ideas or strategies. The more strategies you know, the morenspyou
can choose .

5. Devil’s advocate

Sometime in discussion, teachers can also play durgiverincorrect answers or
arguments. Some students tend to change their answerndatiger asks them to
repeat their answer. Some other will get confused wheneacher disagree with
their argument. This is one of the ways to test that the students’ understanding.

However, teacher should be careful on it, because instead of testing student’s



12

understanding it may lead the students to a misconceptiomsoinderstanding.
Thus, a teacher should emphasise the correct anster @mnd of the discussion.
2.4. Spatial ability in Indonesian Curriculum

So far, there is no specific competence for developing students’ spatial ability in
Indonesian national curriculum. However, recently in treh@matics textbooks
for children in the first and second grade that are publishedPdndidikan
Matematika Realistik Indonesia (PMRI) foundation, sonekdarelated to this
topic are presented. It indicates that this is an impotgpit that we should
concern about.

2.5. The Present Study

Based on (Clement & Sarama, 2009), 9 years old studentsdeaetoped their
ability in orientating and differentiating the left sided the right side. This ability
is the important skill needed to work with the tasks thateisigned in this study.
Therefore, we decide to involve 9 years old students atathet group of this
study. Furthermore, the material designed in this studgesled to support them
in learning one of chapter in geometry namely space geonagialyvolume
measurement. Those two concepts will be learnt in theehigrade. So, we
expect that this design will scaffold them in grasping tlaseconcepts.

In general, the previous study done by Lohman (1999) claimedhba
three important components of spatial ability, namelyiapaisualization, spatial
orientation, and spatial relation, have the same importance in developing students’
spatial ability. Revina et al. (2012) developed a design thagrated spatial
visualization tasks. The results of this study claimed the spatial visualization

tasks developed students’ spatial structuring. The design developed in this present
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study will integrate two factors of spatial ability, namepatial visualisation and
spatial orientation. We hypothesise that the spatigntation and spatial
visualisation tasks can support students’ spatial ability.

Therefore, the study in this report addresses a generalajuesti

How can the spatial visualization and spatial orientation tasks support the

development of students’ spatial ability?



CHAPTER 11

METHODOLOGY

3.1. Research Approach

This study is aimed to provide an empirically grounded theoutalhow
mathematical instruction works in the domain of spatialitgbiThis study is
aiming at designing and studying innovate lesson designs. Tdig istnot aimed
to test theories but is it is rather to discover waysimprove mathematics
education and contribute to developing local instructionribe, more specific on
developing students’ spatial abilities. To be precise, the purpose of this study is to
support the development of students’ spatial abilities of 3" grade of SD Negeri
117 Palembang. Considering the basic aims of this studyletign research is
considered as the relevant approach to use.

As a concrete definition on what is design reseagganding to this study,
we will discuss three phases of conducting design rdseascdescribed by
Gravemeijer & Cobb (2006) as follows.

Phase One: The Preparing for the Experiment

The preparation classroom experiment is started by dgfithe mathematical
learning goal. In this study, we aim to support the development of students’
spatial ability by letting them experience working on spatiaualization and
spatial orientation. In order to have relevant andesyatic learning sequences,
we design instructional activities including the conjecture of students’ strategies
and thinking. This instructional activity is known as HypottadtiLearning
Trajectory (HLT). We also will conduct a pre-test in tpisase as an effort to

know students current knowledge and the level of student regsosing the

14
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spatial ability. A literature study will also be done to give suppg theory on
both developing the HLT and also in analyzing the pre-ésstit

Phase Two: Experimenting in the Classroom

This phase is about conducting the design experimenhidrstudy, we will do
two cycles. The first cycle will be done in small grodtudents. This cycle is a
kind of piloting project in which we will try out the HLThia group of three
students. This piloting group will experience all six lessdasigned for which
the researcher will act as the teacher. With thisllsgnaup of students, we will
test the instructional activities designed from the neviphase and make the
validity on the conjecture and the hypothesis made. Th& ptobably will be
improved or revised in the end of this cycle. The cor&hiLT is also probably
preserved; it depends on how the result found in the dirske. The improved
HLT will be implemented in the second cycle period. In sdcoycle, we will
work with larger number of students. The students will expeeesix activities in
which they will have some classroom discussion.

One of the philosophies of educational design research éz@sgical
research. Thus, in this second cycle, the learning aeswitill be brought by the
teacher. Not only taupport the students’ learning in the whole class discussion,
the role of the teacher is als® probe the students’ understanding and reasoning,
and to find out why they used particular approaches. Thug thd be lots of
discussion between teacher and researcher regardingfldetion on how the

learning activities are being run.
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Phase Three: Conducting Retrospective Analysis

One of the primary aims is typically to contribute to tevelopment of a local
instruction theory; other goals may concern more Bp&E®Sing issues, or
ontological innovations (Gravemeijer & Cobb, 2006). In this sehave will
analyze all data collected during the classroom experimbasep We will
compare all the conjecture made with the real students’ reaction. How it remains
difference and the same will also being analyzed. By dina@nalysis, we aim to
find the answer for the research question we have. The profiinis phase is not
only the description about how we can support the development of students’
spatial activity, but also to develop a more effectivarutsional activity on
developing the students’ spatial ability.

3.2. Data Collection

In this study, we use four different methods of data cbdle; written test,
classroom observation, interview and teaching experiniénis, the data that will
be analyzed are students’ works, interview, field notes and videotaped
observation. The methods chosen are relevant wihrésearch questions we
addressed. Since the aim of this study is to get a clearigt@émn on how we can
support students’ development of spatial ability, then the data collected in this
study will also be analyzed qualitatively. The data will bdeadéd in Sekolah
Dasar (SD) Negeri 117 Palembang during the preparation phase,spre-te
preliminary teaching experiment, teaching experiment, and gist te

Target Group

This study involved 42 pupils of Bgrades of elementary school in Palembang

Indonesia namely SD Negeri 117 Palembang, and a classroonertedc8D
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Negeri 117 Palembang. Three of the pupils are involved in itee dycle;
meanwhile the other 39 pupils are involved in the second.cyblese 39 pupils
are grouped into small group consisting of three or four pupish group
consists of high achiever pupils, medium achiever pugnid,low achiever pupils.
3.2.1.Preparation Phase

During this period, we will conduct a classroom observatior;tpst and an
interview with the teacher. First explanation aboutdlassroom observation and
interview will be described. The pre-test will be explainedhe Pre-test and
Post-test section.

Classroom Observation

Before conducting the teaching experiment, the observaitidinse done to know
on the teaching and learning atmosphere in the classroenald4’ want to know
the teaching approach used by teacher. We believe that tte sonins and
sociomathematical norms that exist in the classrodlmeince how students learn
mathematics. Considering the importance of those tspee use a list of
important aspects on for observation to make sure thagetvall information that
we need, such as the interaction between teacher and ti& thg interaction
among students, how the reaction of students when thegeaieng with the
materials, etc. To make sure that there is no impbthémg that we skipped, we
also make a video registration. Thus, the data we wi#aofrom the observation
will be field notes and a video registration.

Interview

Teacher has a big role in the teaching experiment, thusea to know her/his

understanding to the topic that we propose her/him to téaehalso are also



18

interested to know how her/his knowledge about PMRI. By kngwiar/his
experience in teaching the mathematical activity, we wargetoinsight about
her/his understanding on spatial ability and the importarficgpatial ability in
mathematics. We also want to know how the teaching apprbathste/he do
when teaching the materials related to studesptgtial ability. The interview is
also an effort done to verify our findings during the estaation. The interview
will be audio-taped.

3.2.2.Preliminary Teaching Experiment (First Cycle)

A week after the interview, we conducted a preliminary teachi@ge In this
phase, we will work with a small groups consisted of 3 pupl&se six pupils
are different students that are also in the same grhtlee target group. In this
phase, the learning activities will be brought by the rebes. The general aim of
this first cycle is to get insight about how the design be understood by the
students, and to identify which activities promote studentsitegr Thus, this
phase is an important phase to improve the design. Alilate collected during
this small experiment, such as videotaping, students workdiedshahote, will be

analyzed to improve the design.

3.2.3. Teaching Experiment (Second Cycle)

Considering the importance of spatial ability, we desigeeges of learning
activities to support students’ spatial ability development. The series of activities,
which is improved on the data analysis of the first djcieill be taught to 20
pupils. During this phase, we conducted observations from wichvill have
observations and field note, and a series of learningtaes from which we will

have students’ works. In this phase, a learning series of activities will be brought
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by teacher, meanwhile the researcher will be the obsaieile observing, the
researcher will also conduct a small interview with thglents in order to make
an inventory of pupils’ solution procedures, and to clarify pupils’ way of thinking
and strategies. All teaching experiments session will beotaged, and all
students’ works will be gathered to be analyzed to answer the research questions
posed.

3.2.4.Pre-Assessment and Post-Test

In order to get insight into students’ current understanding and awareness of
spatial ability we conduct a pre-assessment after thewab®en in preparation
phase. The pre-assessment also help us to revise tga.dadboth pre and post-
test, we will present some problems related to spatial vistiahz@ask and spatial
orientation tasks. Basically, we use different taskhenpre-assessment and post-
test. Since the aim of the pre-assessment is to know ssyolgor knowledge, the
task is more focus on assessing students’ ability in orientating the left side and the
right side. For the post-test, the focus is on agssgssihat students have
developed after experiencing the series of activities. Hoyéwere is also a task
that is used in both pre-assessment and post-test.

All the students involved in second cycle activity will takethbgre-
assessment and post-test; meanwhile the students whoeidvial¥irst cycle will
only take pre-test. At the end of second cycle phasesomduct a post-test. The
general aim of the post-test is to measure to what extenspttial visualization
and spatial orientation activity support students’ spatial ability development by

comparing the result of pre-test and the post-test.
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3.2.5.Validity and reliability
As mentioned in the HLT, each lesson brings differesgential goal as we
expected, hower its main aim is to support pupils’ development of spatial
ability. Thus, we will analyze the result qualitatively. Wentibute to the
reliability of the data collection by making a video regisbn and presenting the
tractability of our research in the HLT section. Theea registrations contribute
to the internal reliability of the present study, and ttaettability of this study
contributes to external reliability. The reliability of ghidesign research is
accomplished in qualitative way. Since we will use three raiffe methods, it
enables us to do data triangulation. The data triangulatieolvies different
sources: the written test, field note, interview, the pwpdsk, and videotaping.
The problems presented in the written test have beedatadi by some
expert and have been used in the similar study. The HLT andstruments used
in this study have been also being discussed with sometexpemathematics

education. These facts contribute to the validity efdhta.

3.3. Data Analysis

3.3.1. Pre-Assessment

We will conduct pre-test in first cycle and second cydlee result of pre-test
both in first cycle and second cycle will be analyzed athbqualitative and
guantitative way. The quantitative analysis will be done fmgenmtifying the
number of wrong answers and correct answers. The questiessnped in the
pretest are about indentifying students’ sense of direction such as left and right,
and students sense of spatial orientation. Thus, walavilhe qualitative analysis

on each students answer in order to know their current kdgelland sense of
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spatial orientation and sense of direction. In conaluysihe results of the pre-test

help us to determine students’ current knowledge and the starting point in the

HLT.

3.3.2.Preliminary Teaching Experiment (First Cycle)

During the preliminary teaching experiment, we conduct pre-testt-tpst,
classroom observation, and interview. The video registratd classroom
observation will be analyzed by watching the whole part ef wldeo. The
interesting and important fragment of the video suctvlaesn the students come
up with interesting strategy, idea, or when the designtiaitelp the students will
be selected. The selected fragment will be transtritved used to test the
conjectures of HLT.

While conducting the classroom observation, we will mames notes.
This note is considered as one of the important datactole since our
awareness of the possibilities of losing certain importaoment due to the
limitation of video recorder. We consider the field nasehe complementary data
of classroom observation. Thus, we will analyze it togettith the videotaped of
the classroom activities.

Since the learning activity conducted in small group thus wehanle more
intense communication with the students. The resuliigfussion or interview
will be analyzed in order to improve the HLT. The data iokth during the first
cycle will be analyzed to improve and revise the HLT. Tdwased HLT will be

used in second cycle.
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3.3.3. Teaching Experiment (Second Cycle)

During the teaching experiment, we also conduct pre-test-tpst, classroom
observation, and interview. In the second cycle we willehing experiment in
a bigger scale, namely whole students in the classroom.

The classroom observation will be more focus on theded group. The
video registration of classroom observation will be analybg watching the
whole part of the video. The video registration of easlsdn will be examined to
get an overview of the lesson. Then the analyses auesdd on the focused
group. The interesting and important fragment of the visech as when the
students come up with interesting strategy, idea, whemexpected solution or
strategy occurs, or when the design fails to help the stideifitbe selected. The
selected fragment will be transcribed and used to test thectores of HLT.

The teacher interview is also aimed to clarify our jptetation and to avoid
personal subjectivity. In the end of teaching experimentywilealso conduct a
small interview with the focused group to do further obd@maand to get more
detailed information on the development of students’ spatial ability.

Written work of the students will be analysed as additionah daten
testing the conjectures. During the analyses discussiotis awileagues and
supervisors can support the validity and reliability of thea detalysis. The result
of analysis will be used to draw the conclusion, to answeerdkearch question,
and to revise the original HLT.
3.3.4.Post-Test
The result of post-test conducted in the preliminary teacbkkmeriment and

teaching experiment will be analysed in qualitative and quasingtway. As well
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as the pre-test, the result of post-test both in ¢yste and second cycle will be
analyzed in both qualitative and quantitative way. The quangtanalysis will
be done by indentifying the number of wrong answers and cansgters. The
gualitative analysis will be done by analyzing each answemgiVbe result of
post-test and pre-test will be comparediicasure the development of students’
spatial ability after experiencing learning in this seriesabivities.

3.3.5.Validity and Reliability

The fact that we use different method allows us to lliferent kind of data. The
result of all the data analysis will be triangulatedyéb a clear description on our
research question. By doing the data triangulation, weveds to get more valid
description on our hypothesis. The data triangulation tegetith the testing of
the conjectures of the HLT with the data enables us tardete the internal
validity. We also consider about the external validityhe analysis by present the
analysis in such a way that others can find out if and hewy ¢an adjust the HLT
to their own local setting.

The reliability of the data analysis is contributed by @spects namely the
track ability and the inter subjectivity. The clear dgs@n of how the researcher
works on this study so that people can easily follow the peocenstitutes the
track ability aspect. The transparency of the data asalysintributes to the
external reliability. Moreover, a cross interpretatiavith colleagues and
supervisors is needed to fulfil the inter subjectivity aspéds done to avoid the
researcher’s own point view or subjectivity toward the interpretation of the data

collected. The cross interpretation contributes to matieneliability.



CHAPTER IV

HYPOTHETICAL LEARNING TRAJECTORY

The aim of this study is to contribute to the developnaéra local instruction
theory for spatial ability. In achieving this aim, the instiawmal activities are
designed to facilitate the development od students’ spatial ability. To fully
facilitate and scaffold the development, we design &seri learning activities.
The key aspects of the mathematical activities designed dascribed in
Hypothetical Learning Trajectory (HLT). The key aspects #na intended are the
mathematical goals of students, the mathematical lgractivities, and the
hypotheses about the process of students’ thinking and learning.

The main goal of the activities designed is to supportslévelopment of
students’ spatial visualization and spatial orientation. In this chapter, we elaborate
the HLT that will be used in the present study. It conta®guence of six
activities in three weeks period of teaching that is aesigto reach the aim of
this study. This HLT will be implemented in the third gradgoomary school in
Indonesia. In each lesson, we will describe the startimgt pd the students, the
learning goals, the mathematical activity, and the conjectures of students’
thinking.

4.1. Lesson 1. Playing Tungkupan
Starting point

e Students have sense of direction

e Students can differentiate left and right

e Students are familiar with the term left, right, fraamtd back

24
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L earning goal
e To let students experience and feel what is the sighigseei
e As a scaffolding for the second activity
Description the mathematical activity
The aim of this activity is to give insight to the studeiotsthe next activity in
which students will find the best place to observe thendsldn this activity,
students will play hide and seek. However, to make sure the¢aeé the goal of
the activity, the game is modified. Students will play thame in group of 12
13 students. So, it will be about two or three big groups.rdleeof the game will
be described as follow:

There will be two groups who play the game; the observerttae player.
The player team will hide in the playground meanwhile therobsavill observe
the playground form outside of the playground. Each obsshauld observe the
playground and make a note about who they can see ocdhept see from their

standing position. The playground will look like the foliog picture
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Figure 4.1. The set of the playground

In general, the classroom activities will be done durmig) iheeting are:
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¢ Introduction to the context that students will work with dgrihe whole series
of activities

¢ Introduction to today’s activity

e Students playing in the playground

e Classroom discussion

e Summary of today activity and closing

Teacher’s role

Teacher has important role in this activity. She/haughmake sure that students

understand the problem and know what they should do. Neles#) teacher also

has important role as the facilitator of classroom disiin. Teacher is the one

who control the plot of the discussion by posing some rtapb questions such

as:

e Who can you see from your position?

e Why you cannot see your friends from this position? How swoféléth by

what? Do you think that the other position can see it?

e Which position those allow you to see more students iplthaground?

e Who is the student that is in the unbeneficial position?

e Do you agree with your friends’ answer?

e Why do you agree or disagree with your friends’ answer?

Conjecture of students’ reaction

The reaction given by the students will be vary, it depemd$ig/her position

while observing his/her friends. As an example, students Wwkeraing in a will

say that he/she will see 3, 4, 5, 6, 7, 8, and 9, meanwhilenssudbo observing

in e will only see 4, 5, 6, 10, and 11. The answer will also may wihin a
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position, such as students who observing in a will claim hieéhe can see 2,

meanwhile the other observer who observe in the samgoposill claim that he

he/she can see 2.

4.2. Lesson 2: Finding the best place to build a control station

Starting Point

e Students have sense of direction such as left, right

e Students are familiar with the term such as left, rigig, front, back.

e Students know the different between 3D object and 2D figure

Learning Goal

Main goal: develop students spatial visualization awareness

Sub goal:

e represent three dimensional shapes in two dimensional drmwing

e interpret, recognize, and communicate about two dimensidralings or
pictures of three-dimensional objects

¢ identify objects from different view

Mathematical Activity

Students investigate the side views of the island.

Description of activity and teacher’s role

In this activity students are given a set of miniaturarofsland in which there are

3 different building on it, namely two navigator towers and bid. \&audents will

work in the context in which they will have to observe idland from side views

from the spyglass. It would be nice to see how young children make a “note

about what they see on the spyglass. Teacher shopldasine that because they

see the island from the ship, so they only see thedidtam the side view not
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from the bird eye view. Teacher also should let studetitenthat they will make

a note that will be read by the other pirates. Thug, biaee to make a clear and
concise documentary, in order to let any pirates can afglerstand it. The

following picture is the picture of miniature of theaist that students will work
with.

After finishing their work, students will have a walking galle®yudents are
allowed to walk around and see another group work. Afterthieat have to go
back to their own group and reflect on what they have ddhe. learning
activities continued by the discussion. Teacher may thtardiscussion by asking
about students responses to their own work and the other groups’ works. Teacher
may discuss about the remarkable student’s works and because the goal of this
activity is to let students draw the different point, tthere should be interesting
to discuss the drawing. If none of the students make a dhen,teacher can
discuss about what the students did. Teacher may startisicussion about
Students’ strategy, ask the question about what they did, and how they did it, why
they did in that way, and then ask the other students to alout the work, and
discuss whether it is acceptable correct or not.

It seems that it is impossible to go further in onewison. The teacher
may continue the discussion on the next meetinghénnext day, teacher may
bring pictures of the island from different views, andcdss about how the
position of the three building from different point of vieWeacher may discuss
about how the whole part of the towers cannot be seemsecd be covered by
wall from some certain views, how the wall look like froiffedent point of view,

etc.
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Figure 4.2. The picture of miniature of the island

Conjecture of Students’ reaction
There will be variation on students work, such as soméerh will make note,
some of them will make a draw. Some students will mak&te@such as:
e There are 3 things in the island, 2 towers and one part kébrall. The tower
next to the other tower and then the broken wall is netkttesecond tower.
e Those three building are arranged as follow
- Tower-tower-wall (because they see it from the front)
- Wall-tower-tower (because they see it from the back)
e They make clear description about how the tower cannoterefally because
of it covered by the broken wall, etc.
Some students will make draw such as:

e They make the draw from bird eye view
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e They claim that they make the draw just from one side a¥ Wig ignoring the
fact how exactly the side view (how those three olgeen from side view), but
they represent it as three dimensional object by drathiegart of the object
that cannot be seen from the some view

e They draw only from some point of view such as front, &ftl right. They
claim that the draw of front and back view will be the same.

e They draw only two side view namely back and left, or therotdombination
such as front and left, front and right, and back ankk tigcause they assume
that the drawing will be the same.

e Students draw two dimensional representation of theddtam the side view

4.3. Lesson 3. LocatingthePictures

Starting Point

e Students have sense of direction

e Students aware that a 3D object may have different side views

e Students know the different between 3D object and 2D figure

e Students are familiar with map

Learning Goal

Main goal: To develop students’ spatial orientation awareness

Sub goal:

e interpret, recognize, and communicate about two dimensidralings or

pictures of three-dimensional objects

¢ develop students spatial visualisation and spatial orientatvareness

e Locating pictures of an objects taken from side viewshertdp view given

¢ Introduce students to the term “top view *
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e make connections between different views of the sametsbjec

e solve problems using the spatial awareness they have developed

Figure 4.3. Theicture of students’ task

Description of activity and teacher’s role

In this activity, students will work in spatial orientati@ctivity, in which they
will locate the pictures on the map. We design this taskrder to develop
students’ spatial orientation. The pictures are about how the island viewed from
different point of its side view. The goal of this activisyto introduce student to
the term “top view by letting them to work with a map on an island. On the map,
there will be location of those three building and sayunestion marks. Those
guestion mark indicate the possible location where ttteingis taken. Students are
asked to put those pictures on the correct position. Eage the students to solve
the problem without any extra help. Some students may hitiilty to locate
the pictures. To help the students, teacher may shewitth view of the island. If
it does not work, teacher can also let them work withntivéature of the island,

just like the island that they worked with in the firstiatt. During the group
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working period, teacher has to keep on eye with all of groaermure that they
did not share their answer to the other group.

After they solve the problem, one of the groups will preskair work.
Teacher can ask whether there are some groups thadlierent answer. The
group with different answer may also present their workont of class. And
then teacher can start the discussion on how their assne the same, and then
discuss about the differences. Teacher may ask aboutHey find their answer
or to be more specific: how they locate the picture, thiey did it, what strategy
they use, etc. If all of the groups have the same ansketeacher may start the
discussion by asking those each group to tell about ttrairegy to solve one
different problem. Teacher may ask to another group whitbg have different
strategy, and ask about the possibility that the otlotunes are being located on
that position. In the end of discussion, teachen thleows the miniatur of the
island and confirms whether their answer is correctadr By showing them the
miniature of the island, then teacher can introducertde as the top view of the
island.

Conjecture of Students’ reaction

Students may do some trial-error to locate the picturmeSstudents may also use
the fact that the position (left and right) of theldhimg will be different if they see
it from different position. These students will solve gieblem by observing the
miniature of the island and comparing what is seen in ittarp. Some students
may not need to use the miniature of the island; theydiaattly locate the

picture just by seeing the pictures.
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4.4. Lesson 4: Exploring the Wall
Starting point
e Students are familiar with term side views
e Students are familiar with term top view
e Students aware that an 3D object may have different sides vie
e Students aware about the top view of a 3D object
L earning goal
Main goal Introduce the term front view, left view, back view, andhtigiew.
Sub goal:
e interpret, recognize, and communicate about two dimensidratings or
pictures of three-dimensional objects
e develop students spatial visualisation and spatial orientatvareness
¢ solve problems using the spatial awareness they have developed
e make connections between different views of the sametsbjec
Description of mathematical activity and teacher’s role
After letting the students experience exploring thengltom different views, in
this activity, students will be focused on a specific obj8tadents will observe
the wall that is used in the second and third activity.pWé@ose to use this object
is because the wall have exactly four side views. By doing sall be easier for
students to get the idea of front view, left view, back vieght view, and top
view.
In the beginning of learning activity, students are presentth pictures of
the bird eye view of the object, the top view and the side wéthe object.

Teacher will lead the discussion about how these two pictweedifference. Then
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the teacher introduces the term side views and predenit Hie side view of the

wall.

Figure 4.4. The bird eye view picture of the wall

Figure 4.5. The front view picture of the wall

Figure 4.6. The top view picture of the wall

Figure 4.7. The right view picture of the wall
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Figure 4.8. feﬁ view picture of the wall

Figure 4.9. The back view picture of the wall

After students are familiar with the term, teacher magwsthe picture of
the wall in part A of the students worksheet. Teacherasknthe students to
construct the first wall showed in their worksheet. Thetieathen asks students
to draw the front view of the wall. For the drawing of thallvfrom left view and
the right view will be left as an exercise for studeiise tasks (part B) will be
done together with their grouuring the working period, teacher may walk
around and observing students strategy. The following pigule first task that

students should solve.

L JC JC ). L )
I D G D D

Figure 4.10. The front view of the wall (the first task)
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Some students may have difficulty in interpreting tieupes showed in part B.
Teacher may suggest them to ask with their own groups oe ttlier group.

The learning activity will be continued by the discussion.chea has an
important role not only as the facilitator of the diseausdut also someone who
pose the important question. Teacher may ask some impquastions such as:

e Why do you draw the left and the right view of the walluclsway?

¢ Will the wall have the same view if we see it from téi $ide and the right

side?

e How about the front and the back?
The discussion then continued to part C, in which studeae to construct the
wall from the top view given. Finally, the students will driéng side views of the
wall they have constructed.
Conjecture of students’ reaction
The following pictures are some possible drawing giverstingents when they

are asked to draw the left view of the first wall.

-y r
Ay
(i) (ii) (iii) (iv) v)

Figure 4.11Conjecture of Student’s drawing
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Explanation:

Figure (i) : The yellow parallelogram is representing theouered surfaces.

Figure (ii) : Students draw the correct drawing

Figure (iii) : Students draw in such way to show that tla@estwo blocks that is
uncovered

Figure (iv) : Students draw the 3D of the wall from side view.

Figure (v) : Similar with the figure (i), students may alsaw the surface of the
block that they can see. The difference is that stsdeéraw it as
square because they know that the surfaces of the bloakshdy
see have the same area.

Similar with the left and the right view, we may find a variation in students’
top view drawing. The following pictures are some of thendthat students may

make.

(vi) (vii)
Figure 4.12Conjecture of Student’s drawing
45. Lesson 5: Exploring the Cube House
Starting point
e Students have sense of direction
e Students know about the term side views and top views
e Students are familiar with the cubes

¢ Students can differentiate the bird eye view drawing anddkbevgews

drawing



38

Learning Goal

e Students can identify cubes arrangement from differients

e Students can make connection between different views chitine object

e Students can interpret, recognize, and communicate aboulintvemsional
drawing or pictures of three dimensional shapes

e Students can represent three-dimensional shape in teemdional drawing

Description of mathematical activity and teacher’s role

Students will arrange some cubes and make the draw ofigheisivs and the top

view of the cubes building. During the learning activity, staslevill work with

the worksheet. Students will make drawing of different viewsnfthree cubes

building. The first cube building is sat the students’ worksheet (see figure 1);

they have to make it together within in a group. They havedonstruct the bird

eye view of the cube building, and then draw the side view artdphgew of the

cube building. For the second cubes building, students willvedsk together as a

group. Student will construct their own group cubes building and tha side

views and its top view. For the third cubes, students will wadtk/idually. They

will construct their own cubes building and draw the side viewitartdp view. In

this last cubes building, each students will make a cubegifmitomposed by

four small cubes.

y &
Figure 4.13. The first cube building
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There are some important things that teacher shoulthasize

Teacher may and may not use the cubes when they amggdeh the task
e Student will construct the cubes on the playground given.

e The black arrow indicate the front view

e In this activity, students are not allowed to constribts cube house as

shown by the following picture

But, the cube house only can be constructed as the fodiguicture

Conjecture of students’ reaction
The answer of students may vary:

Some groups may draw exactly as what we expected

Front view right view back view left view toipw
Some groups may draw all the side views as the same dgraew@ause they state

that all of the side view has the same drawing.



Side view top view
Some students may draw the top view of the cubes buildinghdiméte the

height numbers

Some group my draw something like this

NN

’

Front view right view

4.6. Lesson 6: Finding the Treasure

Starting point

e Students have sense of direction

e Students know about the term side views and top views
e Students are familiar with the cubes

e Student have experienced learning in activity 4

40
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e Students can differentiate the bird eye view drawing andideevgews
drawing
Learning Goal
e Students can identify cubes arrangement from differients
e Students can make connection between different views shiine object
e Students can interpret, recognize, and communicate aboudlirtvemsional
drawing or pictures of three dimensional shapes
e Students can construct the cube building from the its glvee different
views.
Description of mathematical activity and teacher’s role
Students are given three problems that they have to disttissir group. They
will work in the worksheet, in which there are 3 problempumzles related to the
context that they are working with. The problems are about to unlock the
three important things that are needed to get the treaBueepuzzles itself are
students have to construct the intended cubes building froee pictures of
different views given. We expect students can solve thelgmro mentally. In
general, we expect students can solve these problems gtingflen what they
have done in the previous meeting. Some students may ity to solve the
problems, give them the cubes as the tool. If it is passtibacher may encourage
students who can solve the problems quickly to draw thestagotion from bird
eye view.
There are some important things that teacher shoultiasize
e Teacher may and may not use the cubes when they airegdeh the task

e Student will construct the cubes on the playground given.
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e The black arrow indicate the front view
e In this activity, students are not allowed to constrtis¢scube house as shown

by the following picture

But, the cube house only can be constructed as the fodgmcture

Conjecture of students’ reaction

We try to elaborate the possible students’ reaction in solving this following
problem.

Given three picture of the cubes which taken from thet fuew, right view and

top view. Construct the cube arrangement from the given Views

Front view right view top view
Based on the literature and the experience, most of stuilenonstruct the cube

as the following picture:
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&

However, it is also possible to find the students who @isted. Therefore, they

will construct is as the following picture

&

The level of difficulty will be increase as soon asytlget the second drawing; we
conjecture that students may construct the cubes as showmre following

picture:

A
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The following pictures are the cubes arrangement thatbeagonstructed by the

students when the students get the top view of the cubegamant.




CHAPTER YV

TESTING HYPOTHETICAL LEARNING TRAJECTORY

As we described, in this study we plan to have at leastayetes of HLT
implementation namely the pilot experiment and the teachipgrament. All data
are collected during both the pilot experiment and thentegexperiment will be
analysed. The analysis will be related with the initial Hhchapter 2. We will
describe whether the design supports the development of students’ spatial ability.
This discussion will lead into the explanation how and iy design supports
the development of students’ spatial ability. Both the analysis on the first and the
second cycle of HLT implementation will be describedadisv.

5.1. The Timeline of the Research

Table 5.1.

Timeline of Research

Date Description
Preparing for the experiment

Preparation October 2012- January Studying literatures an

2013 designing HLT
Preliminary research t Communicating the plai
school (communicating of the research includin
with school and teacher) HLT and researct

method

Teaching Experiment for thefirst cycle
1% meeting 14" of February 2013 e Pre-test

e Lesson 1. Playinc
Tungkupan (Hide anc
Seek)

e Lesson 2: Finding the
best place to build
control station

2" meeting 15" of February 2013  Lesson 3: Locating th
picture
3 meeting 16" of February 2013 e Lesson 4: Exploring
the wall
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e Lesson 5: Explorinc
the cube house

4™ meeting 19" of February 2013 e« Lesson 5: Discussion
e Lesson 6: Finding the
treasures
5" meeting 20" of February 2013 Post-test

Analyzing the Preliminary Experiment and Improving the HLT
Discussion with teacher 5" — 12" of March 2013 Discussing the coherenc
of the lesson an
conjecture of student

thinking
Preparation for Teachin 15" - 20" of March 2013 Refining the HLT, the
experiment design, and i)
instruments
Teaching experiment for second cycle
1% meeting 2" of April 2013 Pre-test
2" meeting 3" of April 2013 Lesson 1: Finding th

best place to build
control station

3" meeting 4™ of April 2013 Lesson 2 : Locating th
pictures
4™ meeting 5" of April 2013 e Lesson 3 : Exploring
the wall

e Lesson 4 : Exploring

the cube house

Lesson 4 : Exploring

the cube hous:

(discussion part)

e Lesson 5: Finding the
treasures

e Post-test

5™ meeting 15" of April 2013

5.2. Analysis on the First Cycle of Hypothetical Learning Trajectory
Implementation

This study is conducted in"3grade (9 years old) of Sekolah Dasar Negeri

(elementary school) 117 Palembang. The first cycle of Hitoplementation

involve 3 random students from grade 3 of classroom B. Té$tosents are Pinka,

Siti, and Syahrul. Those students are representation of different students’ level

achievement. Pinka is one of the students who have aldnighachievement in
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their class; she has a very good in logical reasoningisShe representation of
students with middle level achievement; she can solvetbblems faster but
sometimes also very careless. Syahrul is the repgm of the lower level
achievement students; he is the slower one but has a dagpisn

The preliminary experimernt conducted in teachers’ office. The HLT is
divided into 6 lessons that the first lesson is aimedippart the second lesson
the second lesson is aimed to support the third lessohsa on. During this
series of activities, the researcher act as the ¢eacid the observer. The analysis
on the preliminary experiment will be focus on discussitgtworks and what
does not work, and the development of students’ spatial ability after experiencing
this series of activities.
5.2.1. Pre-Assessment
The pre-testvas conducted to determine the students’ preliminary knowledge and
to know students’ understanding towards the material will be given. The pre-test
consist of two different tasks in which the questionssgméed are multiple
choices and short answers. Students have to solve thslse individually. We
find that those problems seem easy for students sincesthey it less than 15
minutes. When we interview the students, they stateltbaetproblems are quite
easy and they just answer as they wanted to. Theythtdté is because most of
the questions are multiple choices. We will describe taskisthe analysis of the
results as follows.

Task 1

The first tasks are testing students’ ability to differentiate left side and the right

side. On the first task, students are presented witbtareiof a girl sitting on her



desk. There are some objects on the pictures such gaircalendar, window,
trash can, etc. In this task, students are asked to de¢ewhich objects are on
the left and on the right side. On this task, studeetslsp asked to orientate their
position as such they are sitting on the girl posiaowal determine a particular
object whether it is on the left or on the right siBased on Clement and Sarama
(2010), students on this age have developed their ability inefitiating the left
side and the right side (spatial orientation ability).this series of activities,
students will employs this ability. By presenting this prahleve want to know
whether they have difficulties in dealing with the otaion of left and right since
this skill is one of the skills that students should haverder to be able to follow

this sequence of activities.

The following picture is a picture of Anita who is studying in her bedroom.
On the picture you may see calendar, window, trash can, pencil glasses, the
monitor of the computer, keyboard, and PC computer.

12345 7
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Problem 1

1. Imagine that you are sitting on Anita’s position. Where is the window? Is
it on the left or your right side?
Answer:

We consider that students’ answer in this question is invalid. It is because when
they are working with this question, Pinka interfere the other students’ answer by
stating that the correct answer is left side. Withoomsaering the answer,
Syahrul writes down left on his paper. Siti does consider about Pinka’s answer,
however she gives up on Pinka’s answer because of seeing both of her friends
already have finished the first task. After those sttglénished the tasks, we ask
the students about the orientation matter such as whicbtadjen their left and
which object is on their right. We find that the studdmase no difficulties to
differentiate which object is on their left side and whidiject on their right side.
However, when we ask them to determine which object will biéhereft side of
somebody who is facing in front them, we find that Pinkmetimes disorients
with left side and right side. This fact gives us explamaivhy Pinka answer the
first question as left side.

Problem 2

Imagine that you are standing in front of Anita

2. Which objects are on your right side?

a. calendar e. monitor computer
b. window f. mouse

c. trash can g. keyboard

d. pencil glass h. PC komputer
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In this problem, students are allowed to circle more tmenaption. Although the
instruction said so, the students just circle one op¥Wéa.miss important things;
we did not check whether the students are familiar with semm such as PC
Computer, mouse, monitor, and keyboard. During they were wookirtgis task,

we frequently caught that Syahrul see Riskvork.
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Problem 3

Imagine that you are standing in front of Anita

Which objects are on your left side?

a. calendar e. monitor computer
b. window f. mouse

c. trash can g. keyboard

d. pencil glass h. PC komputer

In this problem, students are also allowed to circle muwae bne option. As well
as their answer on the previous problem, in this problesetstudents also circle

one option. We also did not get a clear description whytheose the option.

Task 2

In this task, students are presented with some picturdsesf objects that are put
on the table. The pictures were taken from different vimely the 5 side views
and the bird eye view. They are also presented with theiclg of the top view
from those objects. The students are asked to determind witiure is taken
from the particular point. This task is one of the cofmpees that students are
going to explore on this design. This task will also bel use the post-test. We
choose it as the task that are being tested because weéowave a description
on how the strategies used by the students probably changieg they
experience the series of activities. At the same,tineealso want to know their
prior knowledge about this topic. While working on this task, tieye to employ
their sense of spatial visualisation and spatial orilemtaThe task that we were

discussed is presented as follow.
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The following picture is a picture of three objects on the table.

If we see those objects from the top, we will see the following picture.

. 1 I

N

Q <f// 2

\_ /

Picture e
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Problem 1 and 2:

For these following question, circle on one option that is correct!

Imagine that you are walking around the table. From those pictures:
1. Which picture is taken when Adi is in point 1?
a. picturea
picture b
picture ¢
picture d

®©c o 0o T

picture e
hich picture is taken when Adi is in point 2?
. pictureb

picture ¢

2. W
a. picturea
b
c
d. pictured
e

picture e

When the students are dealing with this problem, they do ewllyrsee the
pictures. They do not consider about which one is theecbenswer. They just
randomly choose the answers. All of the students giverdiffeanswers. Almost
none of them give correct answers on those two quesgaospt Siti who
answers the second problem eotly. Siti answers’ are a and d for problem 1 and
problem 2 respectively. In fact the correct answer foblera 1 and problem 2 of
this task are e and d, respectively.

Based in the interview conducted after the students’ finished answering the
guestions, we find that the students do not do the tasksusigriorhey just
randomly choose an option. The students even statéhibed pictures are just
similar and make no difference. So there will be ndéetgihce if they pick any

option. Table 5.2 shows slents’ answer on all questions in the pre-test.
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Table 5.2
Table of student’s answers on pre-test
Problem Task 1 Task 2
Name Problem  Problem 2 Problem3 Problem Problem
1 1 2 3 1 2 3 1 2

Pinka Yunika Left v A a a
Siti Sarah Apriani Left v V a v
Syahrul Ramadhan  Left V V b b

Correct Answer right a e h b ¢ d e d

5.2.2. Preliminary Experiment

5.2.2.1. Lesson 1: Playing Tungkupan

The first lesson in the preliminary experiment is playinmdkupan or Hide and
Seek. The learning activity is started by asking the studeh&ther they are
familiar with this traditional game. As expected, they farailiar with this game.
The learning activity is not done as we designed in the HILE fact that the
school yard is being used by the other group of students makescide to do
some changing in the actual learning trajectory. So, ddstd having physical
activities, we decide to do some observation and discussion.

In this lesson, students are given a situation in whiely @re playing
Tungkupan. The students are asked to observe a paper that d foide
triangular prismatic and 3 Lego® blocks. Each block repressamtis student. The
teacher tells the students that one of the studefiitsas so he/she should be the
seeker. The observation is started by arranging the béoukshe prismatic in the
position that is shown in figure 5.1. The learning activétyantinued by letting

the students arranging the blocks and exploring the amageby themselves.
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Figure 5.1. The students are observing the blocks
The following conversation shows how the observatiahtae discussion
are done.
1. Teacher : Now Pinka is the seeker. Syahrul hides itke&lélded paper and

Siti hides in here. If Pinka stands in here, can she possddy
Syahrul and Siti?

2. Pinka : No (shakes her head)

3. Teacher : Why?

4. Pinka : Because Syahrul is in here and Siti is in'here

5. Teacher : If Pinka moves to here (moving the block). €ensee Syahrul?
6. Siti : (smiling) Yes!

7. Teacher. Can she see Siti?

8. Pinka :Yes.

9

. Teacher: Why don’t you try to see from here, can you see Siti?
10.Pinka : (standing and observing) No!
11.Teacher Why don’t you try to see from here, Siti?

12. Siti . (standing and observing) No!
13.Teacher : Why cannot you see it?
14.Siti . It is covered!

15.Teacher : What make it unseen?
16.Pinka : By...

17.Siti : The folded paper!

18.Teacher : Yes.

From the dialogue we can see how the students are ehaitging their answer.
The dialogue also shows how the observing activity Hedpstudents in clarifying
their answer. During the discussion session we often fimdtidents answer yes

and no without observing the blocks and the folded p&mamnetimes we find that
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the students debating and criticizing their friends ans@éserving the blocks
becomes the solution in the debates. The learning aesivisi stopped by the
teacher after each students experiences to be the seeker.
Discussion
During learning in this lesson, the students do not find any difiésulAlthough
this task is considered as easy for them, we find that rsidemetime give the
wrong answer. This happens because the students do not obseriocks
before stating their answer. The students are able éondiee the correct answer
after they do the observation. At the discussionsthdents sometimes also argue
their friend answerdn order to clarify their friends’ answer, the students observe
the blocks together. Based on these facts, we concludeliberving becomes the
tool for the students to determine and to clarify their answers

After experience learning, the students start to develop se@se on
hidden and seen area. The students need this sense wherettieglimg with the
activities in lesson 2. Apparently, the sense of hiddehsaen area is one of the
mathematical concepts on geometry, namely sightse8igitseeing is one of
geometry concepts that should be mastered by the studbigtsofcept is a basic

concept in learning the concept of angle and projectivengag.



57

5.2.2.2. Lesson 2: Finding the Best Place to Build the Control Station

The second lesson is done in the same day with theafitsvity. This lesson is
started soon after the teacher emdhe first activity. In the beginning of the
lesson, the teacher introduces the context thatttitkests will work with for the
rest of the series of activities. Teacher asks the stsiddout the characteristic of

pirates, Pinka does not have any idea; she said that sbefamiliar with it.

Figure 5.2. The students is observing the island with thdasgs/g

Next, the teacher tells the students their “first mission or their first task.
At the same time, the teacher shows the miniaturbeofsiand and asks students
to observe it. Their first task in this lesson is oty the island and finding the
best place to build the control station. Teaches tdi students that they can use
the strategy used from playing Tungkupan to find the besteplBhose students
have different interpretation about the term ‘best place’. This fact does not only
lead the students to different choices of location buat dierent arguments. The
students are then asked to draw or describing in words leyste the miniature

from their ‘best place’. Figure 5.3 show Pinka, Siti, and Syahrul’s drawing.
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(b)

Figure 5.3 The students’ drawings: (a) Pinka’s drawing (b) Siti’s drawing
(c) Syahrul’s drawing

The following dialogue shows how Siti interpret the term ‘best place’.

1. Teacher : From which point did you observe?

2. Siti : On this mark

Then teacher asks thidents to observe from Siti’s mark

3. Teacher So, in your opinion this is the best place isn’t it? Why?

4. Siti : Because it is safe in here.

5. Teacher : Why?

6. Siti . It is safe in here. There are this tower andtihiger, so | chose this
point.

7. Teacher : So.

8. Siti : How to explain it?! It is safe in here (pointing #mea hidden behind
the tower a) and so in here (pointing the hidden area behind the
tower b).

9. Teacher : Hmm...?

10. Siti  : Because you can hide here, people cannot see you!

From this conversatiomye can see how Siti interpret the ‘best place’ as the place

that enables more people to hide. Later in the discussssion, we ask her
opinion about the ‘best place’. From this discussion we know that in her opinion,
the idea of ‘best place’ is related to the sense that they have developed in the
previous lesson. For the one who is hiding, the ‘best place’ should be the best
place that cannot be seen by the seeker. Meanwhile,tlreraeeker perspective
the ‘best place’ should be the place which has the least unseen area. Although the

teacher asks her to put her position as the seekar,stdlit stick on her
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argumentation. It is hard to convince the students abeuntérpretation ofbest
place’. During the discussion, they frequently said “bingung or ‘confusing .

The learning activity is continued by discussing students’ work. The
students are able to interpret, communicating, and expheim drawing. The
following conversation shows how Pinka and Siti criticize Syahrul’s drawing.

1. Teacher : What do you think about the location that is chosen lah&y?

2. Siti : But Syahrul drew it incorrectly. Syahrul shouldawrit in here
(pointing the wall and then pointing the area betweemaers)

3. Teacher : Hmm... Why?

4. Siti . Because it should be in the middle (pointing the minéatoi
wall)

5. Teacher : Hmm..

6. Siti . This one is correct (pointing the tower 1)

7. Siti and Pinka : (at the same time) But this one isrrect!

8. Teacher : So, whet should it be? (pointing the wall)

9. Siti . Itis in the middle!

10. Teacler : So, how is the correct drawing supposed to be?

11. Siti and Pinka: It is in here (pointing the wall and the pogithe area
between the towers, and this one is in here (poiting tert@
and showing that those objects are in one same line)

From this conversation we can see how students are abieasoning their

friend’s work. Siti and Pinka consider the position (left and right}he object

showed by the drawing. However, none of the students explitsg this term in
communicating their works.

Discussion

In this lesson, we find some interesting findings. The frsone of the students

come up with written work. From the discussion we know ithsat because they

like drawing and it is also easy make and explain a drawimgmrahan writing

sentences. From students’ drawing we find that none of the students draws the

miniature of the island in 3-dimensional representation.
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We find that the students are struggling to get the idea of ‘best place’. The
students are confused by the concept that they get fronopsdesson. There are
some assumptions why this confusing occurs; we realizaliadirst activity do
not done as we planned, thus there are some importaossise missed. In the
previous lesson we focus the discussion on the rolaeohider not the seeker.
This fact may affect on how students react on this probknthe same time,
students’ prior knowledge and experience in playing this game may also cause the
confusing. We also consider teacher’s roles in creating this confusing. We aware
that teacher’s suggestion about the strategy used to solve this problem may
contribute in the way students interpret the ‘best place’. In conclusion, instead of
helping the students when they are dealing with this taskfowed that the
previous lesson create a confusing and misinterpretation.

Furthermore, we also find that the students do not us@at&nal term
such as left and right, so we should add some instructiguabnce for the
teacher to promote the students in using the navigatieral in discussing their
works. After experiencing this activity, the students start te their spatial
orientation ability in discussing and communicating theinngs.
5.2.2.3. Lesson 3: Locating the Pictures
We start the third lesson by having the students read titextdsee appendix II)
and the instruction. After the reading session, we aslstilgents to retell the
story by their own words. The idea of asking them to readstbry is to know
which approach is better for the students: the teachethellstory or the students
read it by themselves. None of the students are able twhatl they understand

from the text. The text becomes less meaningful fognt To anticipate
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misunderstanding or misinterpretation, the teacher tiémthe story and the tas
that the students should do; the students should match @isidepictures of
miniature on the map of the island (top view of miniature).

In order to solve the problem, the students are givenLdgd® blocks
which are already constructed as gate, tower, and wall.ifBhéask that students
should do is arranging the gate, tower, and wall as showheimpictures. In
general, the students do not find any difficulties in arrapdhe blocks. The
students use different strategy in arranging the miniaRinka and Siti arrange
the miniature by seeing one of the side view picturegnmbile Syahrul see the
map. The students have little argumentation when thewarking with this task,
since their strategy lead them to different arrangémenthe end, the students
agree with Syahrul opinion that seeing the map is th& eftective way for them.

After arranging the miniature, the students then work with the students’
worksheet, individually. The learning activity is continuedHaving discussion
session. In this session, teacher and students didoogs students answer, how
they solve the problem, and what strategy used to solve oldepr. During this
session, we find that the students consider the pogitiche objects and the
location of the objects showed in the miniature in matchingpibtures. The
students relate what is shown in the pictures and whatsdeyn the miniature
The following conversation shows how the students disthess works. At the
time the students is identifying where the figure a shoultbt&ted on the map
(figure b).

1. Teacher : So which picture has not been discussed?

2. Pinka :this one! (pointing the yellow square on picture b)
3. Teacher : Where it suppose to be? (pointing the miniature)
4. Pinka :in here! (pointing the yellow square on the mimat
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5. Teacher: Yes, in here! Let’s we observe from here! (pointing the yellow
square on the miniature)

(a) (b)

The students than move around the table and observeirlaure of the island
from the yellow square mark. The students then squat arttlesegniature.

6. Pinka :this one (pointing the wall) is being seen first!

7. Syahrul: It should be ‘d’!

8. Pinka : ‘a’!
9. Syabhrul: ‘d’!
10. Siti S A i

11. Teacher : which one?
12. Syahrul: “d... d... d...”!
13. Pinka : ‘aaaaaaaaaa...’!

14. Siti o i
15. Teacher: Why it is ‘f*?
16. Siti : Because, ‘f” is same. This one is far (pointing the tower), this one is

near (pointing the gate), this one is near (pointing tHg wa
17. Teacher : How did you see when you observe it?
18. Siti : this ore is being seen first! (pointing the wall). So, it is ‘a’!

However, this fact does not guarantee that the studentsomik aip with
the correct answergrom their works, we find that the Siti and Pinka only give 3
correct answers. Surprisingly, Syahrul can match 5 p&taoogrectly. Syahrul
makes one mistake because he matches a picture imbtatohs. We cannot
elaborate more on how and what strategy used by Syahoel Be hardly speaks

out his strategy. He isn’t able to tell his strategy in solving the problem; he only
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smiles when his friends ask his strategy. The teachg@s ghis lesson after the
teacher introduce the maps as the top view and ask thentstudedescribe the
differences between the side view pictures of the mirgatnd the top view
picture.

Discussion

When we ask the students to read the problem, we find thatutients are
not able to retell what they understand from the repdivie find that the context
become less meaningful for the students. We concludat tisabetter to have the
teacher tells the story rather than asking the stadentead and understand the
problem by themselves. This is because it will be more tafee@and more
meaningful the students. We also find that locating 6 pictwikseally difficult
for students in this age, since the pictures only havetlligifferences.

The idea of giving a students worksheet is not really meackor the
students. We find that it is not handy for the students rmake students give a
bigger effort on solving this problem. We find that not onlyt8yawho matches
a picture in two locations but also Pinka. The fact 8yathrul and Pinka match a
picture in two locations show that the idea of givinguanher on the picture and
then ask the students to write down the number on the smaqt ireally practice.
Thus, we suggest making some changing for the teaching experiment

After experiencing this lesson, the students are ablelaberthe drawing
with the real situation and develop their ability in otieg the objects as shown

in the picture.
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5.2.2.4. Lesson 4: Exploring the Wall

The main goal of this activity is to introduce the spatais such as top view
front view, back view, left view, and right view. The learnirgiaty is started by
showing the students the picture of the wall which was usélde miniature. At
the same time, teacher introduces the spatial tercthemphasizes that from now
on they will use this terms.

In this lesson, students are given three problems. Ih peablem, the
students are asked to draw the top view, the right view, ardftheew of a wall.
The students are also asked to identify whether the dmmhback view of the wall
have the same drawing. In order to solve this problem,ttitests are provided
with wooden blocks andubes. Figure 5.4 show how the students’ work on
problem one.

From figure 5.4 we can see how varies students’ drawing. It is surprising for
us to see student’s top view drawing. From those pictures we can see how the
students consider the part of the wall which is put ontkivel layer. These
students consider the top view of the wall from both tkasger and top layer.
When the teacher ask the students why they consider theevigiltl of the third
as the top view, the students state that it is becdigsecan see those part from
the top. These students interpret the top view as all théhaaris visible if we see
the wall from the top. From this statement we conclude ttie students have a
higher level of understanding on interpreting the idea pfiew. From figure 5.4

we also see how Siti even comes up with a correct dgawin
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Figure 5.4 The students’ answers on the first problem: (a) The picture of the wall
(b) Pinka’s answers (c) Siti’s answers (d) Syahrul’s answers (e) The correct
drawing

Furthermore, the students also give the same reastimefteft and the right
view. The students define the side view as the part of trextsbjhat is visible
from the side view; this part is also include the goes ih goes out part.
Although the students give a correct definition, none efdtudents comes up
with a correct drawing. Pinka and Syahrul draw the fromvwié the blocks
which is visible from left view instead of drawing the leitw. Meanwhile Siti
draw rectangles and squares as the left view. She sags|ibees represent the
goes in part and the rectangles represent the gogsadutNone of the students
come up with the idea that the visible part of the woodeckbirom the left view
has a square shape. This idea is discussed in the distusession. In the

discussion the teacher show the pictures of the wallwdnie taken from the side
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view and top view. The teacher also focuses the discussidmw the correct
drawing should be. After showing and discussing the pictofethe wall in

problem 1, the students can draw the correct drawing for prabland problem
3. They find that problem 2 and problem 3 is simpler anceeasimpared with
problem 1.

Discussion

From students’ drawing on the top view, we find that these students
interpret the top view as the part of the wall which isblesif we see it from the
top. This interpretation shows how theestudents have a high level of definition.
The students also give a high level interpretation on\s&le. However, this fact
is not reflected on how students draw the left view andigf view of the wall.
We find that none of the students come up with the iddathkavisible parts of
the wall from the left and the right side have squaapss.

We find that during working on this task, the students awgygling on
constructing the wall with four layers. We also find ttfe first problem is the
most difficult problems compared with the second and hird problem. From
these findings we conclude that we should redesign the Y& propose to
change the order of the task and reduce the number erslay the wall. After
experiencing this lesson, the students start to use thel $patissuch as left view,

back view, front view, right view, and top view.
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5.2.2.5. Lesson 5: The Adventure in the Cube Houses

In this lesson, the students work in the context nanmelyAdventure in the Cube
Houses. The students are situated that they will hur¢asure. In order to find
the treasure they have to find the clues in the congdfléouses which is made of
cubes. One of the cube hosisewner has important clues and tools. The cube
housé owner will give the clues if they do three tasks. Thet fiesk is they
should draw the side views and the top view of his house.oWner also wants

to construct two other cube hoss&o, the task is the students have to construct

and draw the side views and the top view of 3 cube houses.

(@) — () (©)

(d) (e)

Figure 5.5 The students’ answers on the first problem: (a) The picture of the cube
house (b) Pinka’s answers (c) Siti’s answers (d) Syahrul’s answers (e) The correct
drawing

The learning activity is started by telling the context aratdsk that the
students should do. Then for the next 20 minutes students wtrktvis task
individually. There are three cube houses that should bestrcoted by the

students. The first cube house is given. Meanwhile thenseand third cube
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houses should be constructed by the students from five andvmden cubes,
respectively.

The learning activity is then continued by having discussession. In this
session, the teacher and the students discuss abautitheing and elaborate
students’ thinking. The pictures on figure 5.5 show students’ work on task 1.
From figure 5.5 we can see how the students draw the studientsthe side
views of the cubes house correatékception for Siti’s drawing on back view).
Those students state that they draw the goes out partinway because of what
they understand from the previous activity. They asneble to reason why they
draw the goes out part in that way. However, we are awaréthaxample given
may contribute on affecting students’ drawing.

Even though the students can draw the side view of the babse
correctly and reason it, the students are not able to tthe@wop view of the cube
house correctly. If we see Pinka and Syahrul drawings,dreey the side view of
the cube house as the top view. When the teacher ashsatimut their drawing,
they just sayT don’t know, I don’t have any idea and “it’s difficult . Siti draw
the top view of the cube house with two squares and a sepatatare (see figure
5.5 ¢). It is something that we did not conjecture before.

After discussing students’ answer on problem 1, the teacher shows the
pictures of side views and top view of the first cube hotlike.teacher uses the
pictures to discuss which drawing is correct or incorrébe students find that
drawing the top view of the cube house is similar to drawhegtop view of the
wall, “Oh... It’s just like the top view of the wall that we learn yesterday, isn’t

ma’am? It’s easy then , Siti said. After students see the pictures, they are able to
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draw the correct drawing the top view of the cube houser@amsbn why they
draw it in that way. The teacher then asked the studenigiothe side view and
the top view of the other cube houses. The learning acis/isyopped after the
students finish their drawing.

Discussion

When the students work on the tasks, we find that theytarggéng in
drawing the top view of the cube houses. We assume tisdbecause they relate
their experience in the previous lesson. However, this assmgtnot supported
with the fact that the students are not able to draw thei¢éwyp of the cube house.
We conjecture that if the students are able to draw ithee \sew of the cube
house, then they should be able to draw its top view. Thiectme is made
because we reflect on what students experience from ¢h@ps activity. In the
previous activity, we find that they were able to draw the t@pvvand have
difficulties in drawing the side view. This finding is caadicted with what we
find on this lesson. Furthermore, we think that the wayng¥a presented may
contribute to how students solve the problems. Changingxtapme may open
more chances in getting different drawings. Thus, we Wdihge the example for
the first problem.

Another remarkable finding is none of the students come tip thiee-
dimensional drawing. All of the students draw exactly whahswn in the side
views of the cube house. It indicates that the studamtsnterpret the meaning of
side view.

After experiencing this lesson, the students are able to tha side views

and the top view of the cube house. The students becamre familiar with the
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spatial terms such as side view and top view. In conclusifbe; experiencing
this activity the students start to develop their abilitgdriawing, interpreting, and

reasoning two-dimensional drawing of a three-dimensional object
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5.2.2.6. Lesson 6: FindingtheTreasure

The lesson is started by telling the students about théextoand the
problem that they will work with. If in the lesson 5 the stuideare asked to draw
the side views and the top view of cube houses, in thisne$sostudents are
asked to construct the cube house from the side views ahoptew given. The
students are struggling to solve these tasks. The studentdfasentlistrategy in
constructing the cube house. Siti and Pinka start thstremting from the front
view given, meanwhile Syahrul construct from the top viewth& time, Syahrul
construct the cube house from the top view. After constgittie top view, he
stops working and observe what Pinka and Siti are doing. Pimkgtraots the
cube house on a layer. In the beginning, she construcfiotiteview as if it is a
top view, she then continue constructing from another viewdding some cubes
next to the cubes which are arranged. Siti only sees Rihk& is doing and then
try the same strategy. They keep doing the construatibih Syahrul interrupts
them.

1. Syahrul : You should not do that.

2. Pinka : So, how should | do? Tell me if you can do it.

3. Syabhrul : You may not add in this side (pointing the angeof the top view-
cubes). You will break the top view.

4. Pinka : So, where can | add the cubes then? How can | gongte front
and left view?

5. Syabhrul :I don’t know. But, I am sure that you may not add on this side.
(pointing the area out of the top view-cubes).

6. Pinka :Hmm...

7. Teacher : Do you agree with him Pinka?

8. Pinka : Somehow. But, where can | add the cubes ther? miss

9. Syahrul :Anywhere! Except this side, isn’t it? (Pointing the area out of the
top view-cubes).

10. Teacher I don’t know!

11. Pinka :Hmm... Can | add on the top?! (whispering)

12. Teacher : May be!

13. Siti . I think it will work!
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From the conversation we can see how Syahrul undersvanaisthe top
view means. He can interpret the top view well. However, heatarelate what
he knows to continue the construction from the side vidav.did not come up
with the idea of adding some cubes on the cubes whialrasged based on top
view (top-view cubes). The students then start working togeBecause the
students are really struggling to finish this task, then t¥agliides them in
arranging the cubes. Due to they are only given three vib@students are then
asked to draw the other views. The students do not find any difgut drawing
the side views of the cube house.

After finishing working on problem 1, the students start workaggther in
solving the rest of the problems. When solving problem @ @woblem 3, they
start constructing the cube houses from the top viewtlaewl followed by the
front view and left view. During working on the second and tpiroblem, the
teacher guides the students in solving the task by giving scaiffeld questions.
The students do not find any difficulties after experiencingkiag on the first
task. They are able to interpret, reason, and communicagirgconstruction and
their drawings. The learning activity is continued by haviefiection. In this
session, the students summarise what they have ladhis lesson. The students
state that this task is quite difficult for them.i®i¥en says that this is the most
difficult task in this learning sequenc&he most difficult task in our learning,
ma’am! Siti said. The learning activity is stop after the teachenmarise all

activity that students have done during this preliminary expetime



73

Discussion

We find that the students are really struggling in solving thek. The
students use different strategy in constructing the cubeeh®yahrul start from
the top view, meanwhile Siti and Pinka start from the froevvin line 5 and line
9 of the dialogue, we can see how Syahrul notice that g@ddipes out of the top
view-cubes will lead to the wrong construction. However,idés stuck on this
stage, he cannot come up with the idea of adding cubes onetwpcubes. He
does understand what the top view show, but he seems doksomothat three
down-up squares indicate that the cube house has three layers

Meanwhile, Pinka who starts the construction from tloatf view keeps
adding the cubes on the first layer. The differerafasterpretation and strategies
among the students show the different level of understgn&yahrul notices
what the top view means, he can interpret and use the drasitige tool on
communicating his idea. Siti and Pinka ignore what the idigaitell them. They
cannot interpret well the side views drawing and the top viewidgameans.

Based on analysis of students’ work, we find that the number of cubes used
in the first and third problem is too much and too diffidattthem. So, we decide
to make the problem simpler for the teaching experiment.

After experiencing this activity, the students are able twstract the cube
house from three given views. The students also startvielogetheir ability in
‘read’ the 2-dimensional representation of 3-dimensional objectolrclusion,
the students develop their ability in communicating, inteémpge the 2-

dimensional representation of 3-dimensional objeatisraasoning their drawing.
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5.2.3. Post-Test
In the end of learning sequence, we conduct a post-testgddieof conducting
the postest is to see the development of students’ spatial ability after
experiencing the learning sequenéée use different questions for pre-assessment
and post-test. In the post-test we present 2 tasks.
Task 1
The first task is the second task that is used in @esament. From two
problems, the students are able to answer one questimtitpisee table 5)3
After experiencing this series of activities, Pinka andhBylaare able to answer
problem 1 and problem 2, respectivelyleanwhile, Siti’s result shows no
development. However, when the students solve this taskcamesee the
development of students’ strategy in solving this problem. In the pre-assessment,
the students stated that the pictures are the sambkaaedno differences. When
they solve this task in post teshe students start to ‘read’ the pictures. They
rotate the answer sheet several times, and try to rttagbictures on the position
showed by the number. All of the sudden, the pictures nwaetkhing for them.
The following fragment is taken when Pinka is workinghwtite first problem of
task 1.
Pinka : (rotating the answer sheet) The teacup is in ttielen. Teacup is in the
middle... it must be ¢ or e c or eya?! But... the glass is in the right...
and... the... what is this? Hmm... Whatever lah... it is in the left. So...

Which one is corregta?! Hmm... (rotate the answer sheet and observe the
pictures). It must be.e Yes! Yes!

The fragment is taken when Pinka talks to herself wilddeng the task.
From her dialogue we can see how she considers theopdsiti and right of the

objects It indicates that Pinka uses her spatial awaremesslving the problem.
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Be able to orientate and to relate both the top viewsa®view pictures indicate
that the students not only develop the spatial oriemtathmlity, but also spatial
visualization.

Siti answers the first problem incorrectly; instead eofhe answers .b
Syahrul also ansars the first problem incorrectly, he answers c. We do not
observe why Siti and Syahrul answer b and c, respectiW¥ly assume that
Syahrul answeés is related to Pinka’s thinking. He probably thinks that the
correct answer is ¢ because the only pictures show @maigen the middle are ¢
and e. He presumably does not further consider the posititimee abject. The
students also do the same strategy for solving problem 2.

Task 2

In this task, the students are asked to solve two problemghel first
guestion, the students are presented with the picturabef bouse and they are
asked to count the cubes on the picture. After that,ltheg to draw the top view,
front view, back view, and the left view of the cube house.

Problem 1

Look at the following cube housel!

1. How many cubes are used to make the cube house?
Answer:
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In solving this task, the students are challenged to couhtieaw the side
views and the top view of the cube house without using woodbes. For the
first question, we find that both Siti and Pinka come u wie answer 5. They
count only the cubes which are visible from front view. $yabomes up with
the answer 7. He says that in order to construct thedetftof the cube house, he
needs 3 cubes, so does the right part. He knows thatithercube between of the
left and the right part, so it makes 7. He tries to awwihis friends that it is 7
instead of 5. However, Pinka and Siti are convinced with tven answers.

For the next questions, the students are challenged to deasidéh views
and the top view of the cube house without using the woodleesc They work
for few minutes and then give up. They are not able to drakouti see the real
cube house. So, the teacher provides them with woodes.clibe students then
construct the cube house from the wooden cubes and drép itsew and sid
views. While constructing, Siti figures out that the numtiecubes used in this
cube house is 7 not 5. So, she revises her answer in que$taom 5 become 7.

The following pictures show students’ answer on probleml for question 1

and question 2.

(@) (b)

Figure 5.6 The students’ answers on the first problem of second tasks: (a) Pinka’s

answers (b) Siti’s answers (c) Syahrul’s answers
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From the pictures above, we can see that none afttigents draw the side
view and top view of the cube house as three dimensionalrdyaim general,
Pinka and Siti are able to draw the side view of the cuheehaorrectly.
However, we find that Syahrul is still struggling in drawing side view. From
those pictures we can see none of the students are alvlartahe top view of the
cube house correctly. Both Pinka and Siti draw three sg@ar¢he top view (see
figure 5.6). Presumably it is because in their opinion,ttipeview of the cube
house is only the taller part of the cube house and theecting cube. The way
students draw the top view of this cube house does not reflectheir
understanding on the lesson 5. In lesson 5, the studenteble to draw the top
view of similar cube house. It indicates that the students’ conceptual
understanding on top view is still inconsistence.

Problem 2

Look at the following cube housel!

’ &

1. How many cubes are used to make the cube house?
Answer:

While the students work on this task, we find that Siti is atleount the
number of cubes used in the cube house without using woodes. clibe
following conversation shows how Siti count the numbercufes used in the
cube house.

1. Teacher : How many blocks there?
2. Siti Sitis 12, bu!
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3. Teacher : How do you know?
4. Siti : Because there are 6 blocks on the front. Becthexe is two
layers, so 6 plus 6 is 12, bu! (pointing the drawing)

Siti then continues drawing the front view and the lefiw@ the cube house

without constructing the cube house from wooden cubes.n\itiee teacher ask
her how the top view will be, she states that the top wélbe the same as the
front view. The fact that Siti is able to do the taskhiit using the wooden cubes
indicates that Siti develops her ability in spatial viaalon and spatial

orientation. However, we also aware: the fact that stsdeave experience in
working with the same cube house may affect Siti’s thinking.

At the same time, Syahrul also state that theecbranswer is 12.
However, he is confused with Pinka’s answer. Pinka counts the cubes loudly, and
she gets 16. She does not write her answer on the answeustieshe constructs
the cube house and find that the correct answer is 12r 8yt is listening
Pinka’s then write 16 in his answer sheet. In order to draw the left and front view
of the cube house, Pinka and Syahrul need to constrictutte house from the
wooden cubes. Pinka draw it correctly. Meanwhile, none di keft and front
view of cubes house is drawn correctly by Syahrul. T&bhBshow students’

answer in all of the tasks given.

Table 5.3
Table of student’s answers on post-test
Task Task 1 Task 2
Problem Problem 1 Problem 2
Name Views Views
1 2 1 Top Front Back Left 1 Left Front
Pinka Yunika v ¢ 5 X X v o N NN N
SitiSarah Apriani b v v X v v S Y \
SyahrulRamadhar ¢ v v X X X x 16 X
Correct Answer e d 7 W \ \ N o120 N \
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From the analysis of students’ answers on the post-test, we find that the
strategy used by the students in solving task 1 is graduallyagentecompared
with what students did in pre-assessm&vi¢ observe that after experiencing the
series of activity, the students start to use their dpatiareness in solving the
problems. The students also start to understand the agtiaimot properties of 2-
dimensional space and use it in communicating and solkengdatial problems.
5.3. The Concluding Remarks of the Preliminary Experiment
Even though the first lesson, namely Playing Tungkupan, elicit students’ spatial
sense in sightseeing, we find that this lesson does ndy adport the next
following activities. From the second lesson, we find gtadents are struggling
to get the concept of best place. The students are configethe concept that
they have learnt in the lesson 1. Thus, instead of hetbiagstudents, the first
lesson creates a confusing for the students.

In the second lesson, we find that the students avoid usingpiatial term
such as left and right in discussing their work. So, tlsm@uld be additional
instructional guidance for teacher in order to stimullagestudents in using spatial
term. Students in this age like drawing more than writingrettore we think it is
better to change the insttibn. All of students’ drawings are the side view of the
objects (2-dimensional drawing), none of them draw tln&nsional drawing.
In addition, they draw it from side view. It leaves us astjoe; do the students
only see the side viewo what extent students know about top view.

In the third lesson, we find that the students are notlifanwith the term
‘gapura’ or gate. In this lesson, we find that the students fill a same omtiotwo

blank squares. It is obviously something that we do not want. Aquharélling
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an alphabet on the worksheet is less challenging fosttigents since it enables
students to use trial and error strategy. Moreover, workitige worksheet is not
only less challenging but also is not handy for the stsdent

From the fourth lesson: Exploring the Wall, we find tlireg first problem is
more difficult than the second and the third problem. @foee, we think that it is
better to arrange the problem from the easiest to the¢ diffisult. We observe
how the students are struggling in constructing the wall withydrs. So, we
suggest reducing the number of layer.

During working on the fifth lesson, we find that the studesumetimes
confuse with the task. It is probably because the instrudieen is not clear
enough. In order to avoid the confusing, the teacher should gore clear
instruction for the students in the beginning of learningyiayt

Based on our observation and conversation with the e¢eacthe
complicated of cube house construction make the constguatitivity become
more difficult. In the last lesson, we find that thedents are really struggling in
constructing the cube house. So, we think it is bettechange the cube
arrangements.

5.4. The Improvement of Hypothetical Learning Trajectory
Regarding to some remarks that we get during the prelimegugriment, we
will make some changing on the HLT. We expect some ixgment on the
teaching experiment after we change the HLT.

Based on the discussion that we had with the teaclogit #lire conjecture
of students’ thinking and the design of learning activities, we decide to eliminate

the first activity. This decision is made because wesicier that based on some
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interview with the students on the preliminary expering the discussion with
the teacher. From the unstructured interview that we coedwdter each session
of the learning activity with the students, we find tha finst activity seems not
really helpful for them to get the sense for the sdcactivity. They stated that
playing Tungkupan is quite different with observing the islahdy saw it as
different activity. They failed to find the relation be®vethose activities, even
though in fact we already stated how those activitieseda¢ed to each other. The
first activity, playing Tungkupan, also do not help them inoraxy. During the
discussion session, we also get the similar statememts the teacher. The
teacher suggested eliminating the first activity to avaidiesits to get confused.
In her opinion, the second activity namely Finding the Imaste to build the
control station (observing the island) can be done withize first activity as long
as the teacher gives clear instruction about what studenifisto and the aim of
the activity.

Based on these reasons, we decide to eliminate thadtisity. Thus, in
the second cycle we only have 5 activities. The secondtgdti the preliminary
experiment becomes the first activity in the teaching mxmat; the third activity
in the preliminary experiment becomes the second activitythe teaching
experiment, and so on.

We also change the objects used in the first activilstebd of using two
towers and a big wall, we decide to use a gate, a wagon, and daaéver, as
well as in the preliminary experiment, those objects @ltexade from bricks or
blocks. Instead of using the term “gapura , we introduce the gate as “gerbang .

The instruction in this lesson is also added. If in the pmeéiny experiment the
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miniature is already built, then in the teaching experitet students are asked
to construct the miniature from the blocks given.

We change stlents’ worksheet on lesson 2. As we described, in the
preliminary experiment the students work with students’ worksheet. In the
teaching experiment, we decide to change the instructionealude the number
of pictures used. In the teaching experiment, the studelhtse given 5 side view
pictures and a map (top view of miniature). They are askedatch the pictures
and glue it on the map. In this lesson, the studentalsoeasked to construct their
own miniature.

Since in the first and second problem the students docomag¢ up with the
navigational term such as left and right, so we add sostructional guidance for
the teacher to stimulate the students to use the termgduadrking on the task.

For the third lesson: Exploring the Wall, we change thkeioof problem
presented in the students’ worksheet from the easiest to the most difficult. Thus,
the first problem becomes the last one, the third problecnmes the second, and
the second problem becomes the first one.

We discuss with the teacher about how the students afesedl when
they are dealing with task on lesson 4. We conclude thaippdns because the
instructions given are not clear enough. Thus, we emghtsithe teacher what
should be done and what should be told to the studentsdén tr do it, we add
some instructional guidance in the teacher guide.

We change some problems used in lesson 5. We make it fesseudent

(see appendix ... pages...). We also consider that tkisstesally difficult for the
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students, so we add some instructional guidance for teanh®w to support the

students while working on the tasks.

5.5. The Refined Hypothetical Learning Trajectory

5.5.1. Lesson 1: Finding the Best Place to Build the Control Station

Starting Point

e Students have sense of direction such as left, right

e Students are familiar with the term such as left, righg, front, back.

e Students know the different between 3D object and 2D figure

Learning Goal

Main goal: develop students spatial visualization awareness

Sub goal:

e represent three dimensional shapes in two dimensional dmwing

e interpret, recognize, and communicate about two dimensidralings or
pictures of three-dimensional objects

¢ identify objects from different view

Mathematical Activity

Students investigate the side views of the island.

Description of activity and teacher’s role

In this activity students are given a set of miniaturarofsland in which there are

3 different building on it, namely a navigator tower, a wagod a big wall. The

learning activity is started by asking the students to congtreaaminiature of the

island from a bird eye view picture of the miniature. Tderhing activity is then

continued by introducing the context and the problem ti@students will work



84

with. Students will work in the context in which they withve to observe the
island from side views from the spyglass. It would bee riw see how young
children make a “note about what they see on the spyglass. Teacher should
emphasize that because they see the island fromhihes® they only see the
island from the side view not from the bird eye view. Teacalso should let
student notice that they will make a drawing that will be ‘read’ by the other
pirates. Thus, they have to make a clear and concise datany, in order to let
ary pirates can also understand it. The following pictigethe picture of
miniature of the island that students will work with.

After finishing their work, students will have a walking galleyudents are
allowed to walk around and see another group work. Afterthegt have to go
back to their own group and reflect on what they have ddhe. learning
activities continued by the discussion. Teacher may ttardiscussion by asking
about students responses to their own work and the other groups’ works. Teacher
may discuss about the remarkable student’s works and because the goal of this
activity is to let students draw the different point, ththere should be interesting
to discuss the drawing. Teacher may start the discussion about students’ strategy,
ask the question about what they did, and how they did it, thdy did in that
way, and then ask the other students to think about the watkliscuss whether
it is acceptable correct or not. The teacher may pose &lowing questions:

e How do you choose a position?
e Why is it the best position?
e How do you decide it?

¢ Why (this object) is in the left and (this object) idhe right?
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e From which position do you draw it?
e Why do you draw (the object) in such way?

It seems that it is impossible to go further in onewison. The teacher
may continue the discussion on the next meetinghénnext day, teacher may
bring pictures of the island from different views, andcdss about how the
position of the three building from different point of vieWeacher may discuss
about how the whole part of the towers cannot be seemsecd be covered by
wall from some certain views, how the wall look like froiffedent point of view,
etc.

It is important for the teacher to make sure that the stad#o not see the
object from the top view. The teacher should emphasaehb students can only

observe the miniature only from the side view.

Figure 5.7. The picture of miniature of the island

Conjecture of Students’ reaction

Students’ works may vary. Based on the pilot experiment that we have been

conducted, we conjecture that some students may draw th¢ objge miniature
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as shown on table 5.4. Regarding to the way students maytlagaminiature, we

make some conjectures such as:

e Some students may choose a position by considering whietlseethe best
place or not. A position is chosen after they haveseudsion.

e Some students may just choose a position without @ernsg whether it is the
best or not. They just pick an arbitrary position and diasvrhiniature from
the position.

e Some students may draw the objects in the miniature shibwn, namely by
considering the position of the objects (left and rightyl the location (near
and far).

e Some students may draw the objects in the miniature byammigidering the
position of the object.

e Some students may just draw the object in the miniaturégbgring the
position (left and right) of the object.

Table 5.4.

Table of Conjecture Students’ Drawing

Description Object
The wall The wagon The gate

Sone

students may
draw the
object from

its side view

with its top

view
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Some

students may
draw the
object from

its side view
without its
top view
Some

students may
draw the top
view of the

object

Some
students may
draw the 3D
representao
n of the

object
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5.5.2. Lesson 2: Locating the Pictures

Starting Point

e Students have sense of direction

e Students aware that a 3D object may have different side views

e Students know the different between 3D object and 2D figure

e Students are familiar with map

Learning Goal

Main goal: To develop students’ spatial orientation awareness

Sub goal:

e interpret, recognize, and communicate about two dimensidralings or
pictures of three-dimensional objects

e develop students spatial visualisation and spatial orientatvareness

e Locating pictures of an objects taken from side viewshertdp view given

¢ Introduce students to the term “top view *

e make connections between different views of the sametsbjec

e solve problems using the spatial awareness they have developed

Figure 5.8 The picture of students’ task
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Description of activity and teacher’s role

In this activity, students will work in spatial orientati@ctivity, in which they
will locate the pictures on the map. We design this taskrder to devealp
students’ spatial orientation. The pictures are about how the island viewed from
different point of its side view. The goal of this activisyto introduce student to
the term “top view by letting them to work with a map on an island. On the map,
there will be location of those three building and sajunestion marks. Those
guestion mark indicate the possible location where tttengis taken. Students are
asked to put those pictures on the correct position.

Before working on the task, the students are asked to consteuatihiature of
the island. While the students are working on the tasketneher may encourage
the students to solve the problem without any extra B&lme students may have
difficulty to locate the pictures. To help the studemescher may let them work
with the miniature of the island that is already builuring the group working
period, teacher has to keep on eye with all of group, reafe that they did not
share their answer to the other group.

After they solve the problem, one of the groups will preskair work.
Teacher can ask whether there are some groups thadligrent answer. The
group with different answer may also present their workont of class. And
then teacher can start the discussion on how thewweassare the same, and then
discuss about the differences. Teacher may ask abawthey find their answer
or to be more specific: how they locate the picture, viley did it, what strategy
they use, etc. If all of the groups have the same ansieeteacher may start the

discussion by asking those each group to tell about ttrairegy to solve one
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different problem. Teacher may ask to another group whétbkg have different

strategy, and ask about the possibility that the otlotunes are being located on
that position. In the end of discussion, teacher si@ws the miniature of the
island and confirms whether their answer is correcaiadr By showing them the

miniature of the island, then teacher can introducertdue as the top view of the
island.

Conjecture of Students’ reaction

e Students may do some trial-error to locate the picture.

e Some students may also use the fact that the posigtbrafid right) of the
building will be different if they see it from different posn. These
students will solve the problem by observing the miniaturghefisland
and comparing what is seen in the picture.

e Some students may also consider the location (neafagndf the objects
on the miniature of the island.

e Some students may not need to use the miniature ofltm&ligshey can

directly locate the picture just by seeing the pictures.
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5.5.3. Lesson 3: Exploring the Wall
Starting point
e Students are familiar with term side views
e Students are familiar with term top view
e Students aware that an 3D object may have different sides vie
e Students aware about the top view of a 3D object
L earning goal
Main goal: Introduce the term front view, left view, backwj and right view.
Sub goal:
e interpret, recognize, and communicate about two dimensidralings or
pictures of three-dimensional objects

e develop students spatial visualisation and spatial orientatvareness
¢ solve problems using the spatial awareness they have developed
e make connections between different views of the sametsbjec
Description of mathematical activity and teacher’s role
After letting the students experience exploring thengltom different views, in
this activity, students will be focused on a specific obj8tadents will observe
the wall that is used in the second and third activity.pfég@ose to use this object
is because the wall have exactly four side views. By doing sall be easier for
students to get the idea of front view, left view, back vigght view, and top
view.

In the beginning of learning activity, students are presentith pictures of
the bird eye view of the object, the top view and the side wkthe object.

Teacher will lead the discussion about how these two pictweedifference. Then
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the teacher introduces the term side views and predeit gle side view of the

wall.

Figure 5.9. The bird eye view picture of the wall

Figure 5.10 The front view picture of the wall

Figure 5.11. The top view picture of the wall

Figure 5.12 The right view picture of the wall
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e B0

Figure 5.13 The left view picture of the wall

Figure 5.14. The back view picture of the wall

After students are familiar with the term, teacher magwsthe picture of
the wall in part A of the students worksheet. Teacherasknthe students to
construct the first wall showed in their worksheet. Thetlieathen asks students
to draw the front view of the wall. For the drawing of thallvfrom left view and
the right view will be left as an exercise for studeiiise tasks (part B) will be
done together with their group. During the working period, teachay walk
around and observing students strategy. The problem that Stwd#ntork with

will be discussed as follow.
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Part A
In part A, the students is presented by the following pisiused then they ar

asked to predict whether the back view of the walls havsaime drawing.

B e

C L ]
-

Tembok 1 Tembok 2

T
SEassnan

Tembok 3 Tembok 4

L]
o)

Tembok 5

Figure 5.15. The front view pictures of the walls
Conjecture of students’ reaction
Some students may answer yes and some students may aaswer
Part B
In this part, the students are asked to predict whetlgewtlils have the same
shape and then they are asked to draw the top view, the rayint aind the left
view of the walls.

Problem 1

(L)
1 I
L]

Figure 5.16. The front view pictures of the walls
Conjecture of students’ reaction

e Some students may answer yes and some students may aaswer



e Some students may draw the right view as shown by theviatippictures

(i) (i) (iii) (iv) (v) vi) ’

e Some students may draw the left view as shown by the folippictures

M| | Gy i (iv v) " _’

-

e Some students may draw the top view of the wall as showrhdy t

following pictures

(i) (i) (iii)
i) H MH "
Problem 2

L]
e
]

Figure 5.17. The front view pictures of the walls

Conjecture of students’ reaction

e Some students may answer yes and some students may aaswer
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e Some students may draw the right view as shown by thevialippictures

(vii)
0 (i) | (viii)
(vi)

(iii) (iv) (v)

e Some students may draw the left view as shown by the folippictures

(Vi)
(i (viii)
(Vi)

(iii) (iv) v)

e Some students may draw the top view of the wall as showrhéy t

following pictures

(i (ii)

(iv) (V)
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Problem 3

]

Figure 5.18. The front view pictures of the wall

Conjecture of students’ reaction
e Some students may answer yes and some students may aaswer

e Some students may draw the right view as shown by theviatippictures

0 (i) (vi) (viD) (viii)

(iii) (iv) V)

e Some students may draw the left view as shown by the folippictures

(i) (ii) (vi) (vii) (viii)

(iii) (iv) V)
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e Some students may draw the top view of the wall as shownebfpllbwing

pictures

(1) (i)
y 4 4 (i)

W v)
Some students may have difficulty in interpreting tieupes showed in part B.
Teacher may suggest them to ask with their own groups oe tthier group.

The learning activity will be continued by the discussion.chea has an
important role not only as the facilitator of the disamusdut also someone who
pose the important question. Teacher may ask some impquastions such as:

e Why do you draw the left and the right view of the walluctsway?
e Will the wall have the same view if we see it from té# $ide and the right
side?
e How about the front and the back?
The discussion then continued to part C (see Appendix Wwhich students have
to construct the wall from the top view given. Finally, gtedents will draw the

side views of the wall they have constructed.
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5.5.4. Lesson 4: The Adventure in the Cube Houses
Starting point
e Students have sense of direction
e Students know about the term side views and top views
e Students are familiar with the cubes
e Students can differentiate the bird eye view drawing andideeveews
drawing
Learning Goal
e Students can identify cubes arrangement from differients
e Students can make connection between different views saime object
e Students can interpret, recognize, and communicate aboudlrtvemsional
drawing or pictures of three dimensional shapes
e Students can represent three-dimensional shape in teendional drawing
Description of mathematical activity and teacher’s role
Students will arrange some cubes and make the draw ofitheisivs and the top
view of the cubes building. During the learning activity, staslevill work with
the worksheet. Students will make drawing of different viewsnfthree cubes
building. The first cube building is set in the students’ worksheet (see figure 1);
they have to make it together within in a group. They havedonstruct the bird
eye view of the cube building, and then draw the side view artdphgew of the
cube building. For the second cubes building, students willats# together as a
group. Student will construct their own group cubes buildinghféo cubes and
draw the side views and its top view. For the third cubes, mtsideill work

individually. They will construct their own cubes building atrdw the side view
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and its top view. In this last cubes building, each studeritsmake a cubes

building consisted of four small cubes.

V o
Figure 5.19. The first cube building

There are some important things that teacher shoulthasize

e Teacher may and may not use the cubes when they aiggdeah the task

e Student will construct the cubes on the playground given.

e The black arrow indicate the front view

e In this activity, students are not allowed to construbts cube house as

shown by the following picture

But, the cube house only can be constructed as the fodiquicture

Conjecture of students’ reaction

The answer of students may vary:

e Some groups may draw exactly as what we expected
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Front view right view back view left view topw
e Some groups may draw all the side views as the same drawiagskethey

state that all of the side view has the same drawing.

Side view top view
e Some students may draw the top view of the cubes buildidgraiicate the

height numbers

e Some students may draw the three dimensional reprasaentthe cubes

e Some students may draw the top view as shown by the followstwy ¢s

AN

-
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e Some group my draw something like this

NN

’

Front view right view
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5.5.5. Lesson 5: Finding the Treasure

Starting point

e Students have sense of direction

e Students know about the term side views and top views

e Students are familiar with the cubes

e Student have experienced learning in activity 4

e Students can differentiate the bird eye view drawing dwed dide views
drawing

Learning Goal

e Students can identify cubes arrangement from differients

e Students can make connection between different views chiine object

e Students can interpret, recognize, and communicate aboutimensional
drawing or pictures of three dimensional shapes

e Students can construct the cube building from the itsngtheee different
views.

Description of mathematical activity and teacher’s role

Students are given three problems that they have to disctissir group. They

will work in the worksheet, in which there are 3 problempumzles related to the

context that they are working with. The problems are abow to unlock the

three important things that are needed to get the treaBueepuzzles itself are

students have to construct the intended cubes building froee pictures of

different views given. We expect students can solve thblgro mentally. In

general, we expect students can solve these problems bstingflen what they

have done in the previous meeting. Some students may ifaatgt to solve the
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problems, give them the cubes as the tool. If it is passibacher may encourage
students who can solve the problems quickly to draw thestagstion from bird
eye view.
There are some important things that teacher shoulthasize
e Teacher may and may not use the cubes when they aiggdeh the task
e Student will construct the cubes on the playground given.
e The black arrow indicate the front view
e In this activity, students are not allowed to constrtiséscube house as shown

by the following picture

But, the cube house only can be constructed as the fodguicture

In this lesson, the students are asked to solve three pobiéey are asked to
construct the cube house from three given views and dwather two views.
The problems and the conjecture of students’ reaction will be discussed as follow.
Problem 1

In problem 1, the students are given the following drawing.

front view left view top view
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Conjecture of students’ reaction

We try to elaborate the possible students’ reaction in solving this following
problem. Based on the literature and the experience,ohstident will construct
the cube as the following picture:

Some students may construct from the front view

Some students may construct from the left view

[ 7/

Some students may construct from the top view
/

&>

After constructing those three views,

Some students may combine it as shown as the followingreict

A

&>

Some students may also combine it as shown as the iiodjquicture
/

L A

A
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Some students who construct the cube house from top vigwcordinue the

construction by doing the following steps

A

& >

Based on the pilot experiment, we find that this task ¥yrddficult for students.
Therefore, there may be no group that is able to solvdirgtgask. In order to
support the students in solving this problem, we plan to have&cassion session
after the students finish in answering this problem. Thehezaand the students
are then working together to construct the first cube dotlibe teacher may
clarify the correct answer, and discuss about what it effective first step to
construct the cube house.

After discussing the correct answer, the students &exlds finish the las
two problems. The learning activity éentinued by discussing students’ answers
on problem 2 and problem 3.

Problem 2

In problem 2, the students are given the following drawing.

front view left view top view

Conjecture of students’ reaction
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We try to elaborate the possible studéreaction in solving this following
problem. Based on the literature and the experience,aheident will construct
the cube as the following picture:

Some students may construct from the front view

& &

Some students may construct from the left view

L 7

Some students may construct from the top view

&

After constructing those three views,

Some students may combine it as shown as the followingreict

A

%

y &

Some students may also combine it as shown as the ilodjgvcture

L
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Some students who construct the cube house from top vigwcominue the

construction by doing the following steps

A

/]

&

Problem 3

In problem 3, the students are given the following drawing.

front view left view top view

Conjecture of students’ reaction:

We try to elaborate the possible students’ reaction in solving this following
problem. Based on the literature and the experience,ahsaident will construct
the cube as the following picture:

e Some students may construct from the front view
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e Some students may construct from the left view

I LA

e Some students may construct from the top view
A

& &

After constructing those three views,

e Some students may combine it as shown as the followingreict

]

&

e Some students may also combine it as shown as the iiodjguicture

A A

&

e Some students who construct the cube house from top vagmcontinue the

construction by doing the following steps

/
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e Some students may disorient in reading the drawing,esoviiil construct the

cube house as shown in the following picture.

o

- 1
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5.6. Analysis on the Second Cycle of Hypothetical Learning Trajectory
Implementation

The teaching experiment involves 39 students of third grade aholidagtade
teacher of SD Negeri 117 Palembang. During learning in this sdredivities,
those students are gragpinto 10 small groups. However, in the analysis we will
focus on describing a group which consist of four students naNaglya, Aliya,
Ajeng, and Alycia. In this section, we will compare betwé®an conjectures of
students’ thinking and learning made in the improved HLT version and the

students’ actual work in the series of activities.

5.6.1. Pre-Assessment

The pre-assessment is aimed to know students current undérgtaand
knowledge, and to make sure that the students have no probtgfieientiate the
left side and the right side. In this pre assessmenuse&d¢he same questions that
are used in the first cycle.

Based on the analysis of students’ work on task 1, we find that none of the
students have problem in differentiate the left side anditjie side. Thus, we
assume that the students will have no disorientatiobl@m. We notice that some
students probably do not know the term PC computer, keyboandijtam
computer, and mouse. That is probably the reason why werddilkéme student
make a wrong choice in solving the first task.

Based on the analysis of students’ work in task 2, we find that some students
do not give a correct answer. We observe that they odkyym a choice. We find
that there ar8 students who answer problem 1 correctly and there is nonstude

that answers the problem 2 correctly. Surprisingly, we falsb12 students who
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give correct answer both for problem 1 and problem 2. Baseslir observation

we find that some students, who give correct answers in patblem 1 ad

problem 2, observe and rotate the worksheet while findings theeesi1sSome of
them are caught cheating on their friends’ work.

5.6.2. Teaching Experiment

5.6.2.1. Lesson 1: Finding the Best Place to Build the Control Station

The learning activity in lesson 1 is started by constrgctive miniature of the

island. In order to do so, the students are provided with@dygicks and the bird

eye picture of the miniature. At the time, there is anlg picture of the miniature
that is put on the blackboard. This condition make théesits have to walk to the
blackboard to see the picture. In general, the studems ha difficulties in
constructing the miniature. They are able to locate thitiggo®f the wagon, the
gate, and the wall in the appropriate place.

The teacher then continues the learning activity by tefhiegstudents about
the context and the problem that the students will work. wWitte teacher asks the
students to observe the miniature of the island, to fiedb#st location to build
the control station, and then draw the miniature ofistend as what they see
from the location. While the students are working with thskt one of th
students from the focus group, Ajeng, calls the teacher.

1. Aleng :Ma’am, it (pointing the gate) supposes to be drawn like this
(pointing her drawing), doesn’t it? And this one (pointing the wagon)
should be drawn as it is?

2. Teacher : Yes, it is.

3. Ajeng : Isthat ok if | draw this part (pointing the topwief the wagon)? Is
that ok if I don’t draw this part?

4. Teacher : Why @n’t you try to see it from here (ask Ajeng to see it from the

side view), can you see this part? (Pointing the top pathef
wagon)
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5. Ajeng : (She then crouched and observed the miniature @aie).al can
only see this part (pointing the front part of the wagon).

6. Teacher If you cannot see it, you need not to color it. Eeh... (and then
repeating her statement) draw it. So, which part can y&? se

7. Ajeng : This part (pointing the front part of the wagon).

8. Teacher : It means you only need to draw this part (poitkiedgront part of
the wagon).

From the dialogue we can see how she realizes that ththatis possibly seen

from her point of view is only as shown in her drawing (sigeré 5.20.).

Although we conjecture that some students may draw the sv&ljeang does, yet

it is something surprising for us. In general, students tembla the wider part

of the wall even though they see the narrow part not therypiart. As a matter of

fact, we find that Ajeng is the only one who draws the waih the narrow part.

Figure 5.20Ajeng’s drawing

Furthermore, Even though from the conversation Ajeng gtsshe only
see the front view of the wagon, in fact she draws thagarallel projection of
the wagon. She draws the wagon as 3-dimensional drawing. fatisis
contradicted with her statement.

Before working on this task, the teacher suggest the swidenuse
navigational term such as left and right in discussirer ttwvork. However, we

find that some students avoid using these terms in comntimgi¢beir work. The
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following conversation show an example how Aliya avoids uiegerm left and
right in describing her work.

1. Researcher Erom which position you see it? (pointing Aliya’s work). Is it
from here? (pointing Aliya’s right position)

2. Aliya . (pointing her front position)

3. Researcher : From which position do you draw it?

4. Aliya . (give direction by her hand)

5. Researcher : From here?! So, if you see it from thstipa (repeating the
direction that is just shown by Aliya) what picture ¥ i
(pointing the unfinished drawing of the wall in Aliya’s work)

6. Aliya . (pointing the wall on the miniature)

7. Researcher From which side it is supposed to be? In the left orritdet
side?

8. Aliya . (laughing)

9. Researcher come on!

10. Aliya . right side.

11. Researcher haa? In the left side or the right side?

12. Aliya : right side.

13. Researcheris it correct that it is on the right side?

14. Aliya . (smile and thinking)

15. Researcher : ask it to your friend. Is it correct th§bainting the wall) is on
the right?

16. Aliya : incorrect

17. Researcher (showing Aliya’s work to her friends within her group). Is it
correct that it is on the right side?

18. Najwa : is it correct or not? (thinking)
19. Alycia . it is correct
20. Najwa :But ma’am it is because you see it from here (holding Aliya’s

work and show it from the position where Aliya draw it), but if
it is like this, it suppose to be incorrect (show Aliya’s work from
the opposite position).
From dialogue number 2, 4, and 6 we can see how Aliya usesgastitategy in
discussing her work. The navigational term such as leftregint does not come
up until the researcher mentions these terms. We fiadinktead of doing what
her teacher suggests, she prefers to use the stratédy thare comfortable fo

her since she is a less talking student. Based on thisdindie conclude that

teacher’s instruction is not enough to encourage students in using the terms.
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Another interesting finding is that there is no student wghdisorientation
the drawings. They are considering the position of thjeats in drawing. As the
results, no student draws the objects in the miniatureverse position as what
we found in the preliminary experiment. Furthermore, in students’ works we may
find that an object is drawn in front of another objediede drawing are made
because at the time the students have no more space tthdralyjects.

The learning activity is continued by gathering students’ works. Each group
should put their team’s work on the blackboard. The teacher then instructs the
students to give mark on their friends’ work. This activity is out of the HLT.
Students are asked to choose an interesting drawing andhesteto be the
winner of today’s ‘mission’. This activity spends 20 minutes to finish. As the
result, we only have less thAmninutes to discuss students’ work.

The discussion is done in very short period of timee Té¢acher shows
pictures of the miniature which are taken from differgde views. Each picture
is labelled by number from 1 to 5. Picture number 1 showsbédst place to
observe the island. Teacher asks the students which psttowes the best place.
All of the students raise their hands and tell their anstemwever, only one
student comes up with number 1 as his choice, namely Adbhentekcher just
calls him and asks his reason. “Because it enables us to see more area , he said.
Without asking him further, the teacher confirms thatlibst place is showed by
the picture number 1. Teacher does not elaborate eranswer or explain why
picture number 1 is better than the other four pictuld®e teacher ends the

learning activity by summarising what students have dort@sridsson.
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Discussion

We find different strategies and drawing. Most of the dng® are fixed with our
conjectures and some of the conjectures do not appear iActbal Learning
Trajectory (ALT). Table 5.5 show the comparison betweenesoomjectures of
students’ thinking and reaction in the HLT and in the ALT in LesdornThe fact
that the students can differentiate the drawing by imidigavhich object is in
their left side and which objects in their right show tite students consider the
position of the object in their left side and their rigltte. It also indicates that the
students are able to make connection between the reatiogitua three-
dimensional space and two-dimensional drawing. This coondus supported by
our findings that is some students even consider theidocdar and near) of the
objects in their drawing (see figure 5.21). We have seenthmse students
develop their spatial orientation and spatial visuatisaskill after experiencing
this lesson. Yet, from the dialogue with Aliya we find thhée glo not use the
navigational term in communicating her work. Presumablysetheavigational

terms are also not used by some other students while commmmiteir work.

Figure 5.21Students’ drawing that considers the position and the location of the

objects on the miniature
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From table 5.5 we can see that some students draw a 3-aimans
representation drawing. Some students state that ic@ube they see the objects
as what they draw. Based on our observation, we findnost of the students
who draw a 3-dimensional representation drawing do not closefaheir eyes
while observing the island.

The fact that some students draw the top view of the wag@s gs some
assumption. The first assumption is because the students misinterpret teacher’s
instruction. In the beginning of learning activity, the teadiere emphasised the
condition that they are observing from the ship, salth&ing expected should be
make from side view. At the same time, it also givegnmwvledge that students
in this age have developed their idea on top view.

After experiencing this lesson, students start to conslamutahe relation
about the drawing (the position of the object whethes @n the left side or right
side) and the real object. Apparently, in this activitgytihave learnt the relation

between two-dimensional representation and three-diora&ibjects.



Table 5.5

Table of Comparison between Conjecture of HLT and ALT in Lesson 1
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N  Description Thewall Thewagon
0 HLT
1 Some Does not

students may appear

draw the

object from

its side view
with its top

view

2 Some
students may
draw the
object from

its side view
without its

top view

ALT

The gate
HLT

ALT




Some
students may
draw the top
view of the

object

Some
students may
draw the 3D
representatio
n of the

object

Does not

appear

¢ ki
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Does not

appear

Does not

appear




5.6.2.2. Lesson 2: Locating the Pictures

After the students experienced the first activity in witiehy have to draw the
side views of the miniature, in this activity they will beéraduced to term top
view. This spatial term will be explicitly introduced tihe classroom discussion
session. In this activity, students are given 2-dimensicgyaesentations of 3-
dimensional objects (the pictures of miniature of giand) taken from different
sides. The pictures will then be placed on picturgbetop view of the miniature
(the map).

The learning activities were started by asking the studentsristruct the
miniature of the island from the bricks or the blocks piesti In constructing the
miniature, students can look at the side view pictures of tinéatowre of the
island, and the map (the top view picture). After finishing ¢bastruction, the
students can raise their hand as a sign. As well asteaeher said, the focused
group; Ajeng, Aliya, Alycia, and Najwa, raise their hand arehtkhe teacher
comes to check their work. The teacher finds that the focused group’s
construction is not suitable with the pictures. Theesfdkjeng and her friends
should fix the miniature Ajeng and Alycia are working together to fix it,
meanwhile Najwa and Aliya are observing what their friendsdaiag. Those
students face some difficulties in arranging the gate,tdler, and the wall.
Suddenly Najwa comes up with the idea of using the map. She #m®wmap and
tells her friends to reconstruct the miniature as shovtha map.

1. Ajeng and Alycia : (reconstructing the miniature)
2. Najwa : See! The photograph is looked like this. The photograph!
The photograph! Like this! This! (Holding the map)

3. Ajeng and Alycia : (see the map and rearrange the objects)
4. Aliya . (see the picture and then help her friends)

45
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This conversation shows us how the students consider dimthg view of the
island while they are reconstructing the miniature ofigtaand.

After all the students construct the miniature of theni, the teacher tells
the context and problems that they have to solve. Tleeatlgiving the miniature
is to help the students who have difficulties in solvirgphoblem. As a matter of
fact, some of the students did not need to use the miaiatuhe island. As well
as the other groups, this group is also locating the pictuig®ut using the
miniature of the island. The pictures that the studsapposed to locate can be

seen on following figures.

(i) Trgmap (i)

(i) (iv)

V) (vi)

Figure 5.22The pictures of the students’ task in lesson 2, (i): the map, (ii)-(Vi):
the side view pictures of the miniature
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The following dialogue shoes the strategies used by titeists in solving

the problem.

1. Researcher : How do you know that this picture is in here?

2. Ajeng : Oh yes, it is incorrect

3. Researcher : how do you do it?

4. Ajeng it is in here (pointing figure 5.22(vi) and then pmgtiits

location in figure 5.22(i))

5. Researcher : How do you know?

6. Ajeng 1 know it from here (pointing the picture of thell on the
map). This one is this (pointing the picture of the walltbe
map and then showing figure 5.22(vi)). So, from the top, the
location should be like this. (she means the wall shded
looked like on the map if she see it from the top view, ghes
decide that the picture of 5.22(vi) should be on ii)

7. Researcher : hmm..

8. Ajeng . If this one (Show the figure 5.22(iv)) | considsrdirection.

9. Researcher : How about that one? Where it suppose t@pbeing figure
5.22(iv))

10. Ajeng . Consider its direction (see figure figure 5.22(anyl then put it
oniv). Herel

11. Researcher Why is it there?

12. Ajeng : This is in here (pointing the picture of the gatefigure

5.22(iv)) and then pointing the picture of gate on the map)

13. Researcher : How about this one? (pointing the pictutbeofjate on figure
5.22(iv)) on the right side or on the left side?

14. Ajeng . Right!

15. Researcher : How about this one? (pointing the pictitieectower on figure
5.22(iv)). Where is this?

16. Ajeng . Left!

17. Researcher : Yes, left. So, if this one is on thatr{gointing the gate) and
this one is on the left (pointing the wall)...

18. Ajeng . (silence and thinking)

19. Alycia : You suppose to put it in her(taking the picture from Ajeng’s
hand and put it on the correct position)

20. Ajeng : Oh, yes.

Ajeng does use the notion of ‘direction’ in solving the problem. The notion of
‘direction’ shows that the students do understand something. Yet, from the

dialogie we cannot see how the notion of ‘direction’ helps her in solving the
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problem. The fact that she chooses the pictures twioag indicates that she still

cannot relate her understanding in solving the problem.

From the dialogue we can see how the navigational termoangsed in her
explanation. The terminology is started to use after rdsearcher mention it.
Soon when the students start to use the navigational teemfind that the
students are able to finish the task easily.

The learning activitys continued by gathering all students’ work and glues
it on the blackboard. Then the teacher checks students’ work and tells which
groups match the pictures correctly. There is no furthssussion about why a
picture should be located in a certain position. Whather does in the discussion
session is just clarify which group match the pictureseotir and introduce the
map as the top view of the miniature. The learning activiies closed by
introducing the term “top view and “side view . The way teacher introduce the
side view and the top view was out of the HLT. She takestamgular cuboid
and then showing it to her students. Due to some technicéleprp the
conversation is transcribed in the field notes. Théwohg transcript is noted
from the research field notes.

Teacher : Does anybody know what the name of this oigject

Students : RECTANGLE! SQUARE! RECTANGULAR CUBOID!

Teacher : Does anybody know?

Students : (silent)

Teacher : | hear somebody said the correct answer!

Students : (silent)

Teacher : Its name is rectangular cuboid. Well, sincenawe never learnt
about it, let us call it as block. Today, we have alrelaeynt
about top view and yesterday we learnt about the side Mew,
if I show this part of block, what plane figure can you see?

8. Students : SQUARE!

9. Teacher : What about in the top?
10. Students : RECTANGLE!

NookrwnE
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12
13

14
15

. Teacher

. Students
. Teacher

. Students

. Students:
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: Well, the view of the object if we see it fritma top is called top
view. Meanwhile, the view of the object if we see it framside

is called side view. So, today we have already learnt abaut tw
terms: top view and the side view. From now on we will usegho
two terms. What was that?

: the top view and the side view

: So, what is the top view of this book? (Showsbiheing of
absence book)

: RECTANGLE!

NO! A LINE!

For this moment teacher stopped the activity and letheeduestion for students

to thinking.

Discussion

Based on the observation and the analysis of students’ works, we find that there

are many different strategies used by the students in sahi;groblem. Almost

all of the groups do not use the miniature in solving thélpm. We only find a

group who compare the pictures with the real situationi@ture). For the groug

who do not use the miniature, we find many different strate@les.comparison

between the prediction of students’ strategy in the HLT and in the ALT can be

seen on table 5.6.

Table 56.

Table of Comparison between Conjecture of HLT and ALT in Lesson 2

No HLT ALT

1 Some students may do tric Some students use the tr
error and error strategy

2 Some students may consid Some students consider t

the position and the locatio position and the location ¢
of the objects that are shov the objects that are show

by the pictures by the pictures
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3 Some students may on Some students only consid
consider the position of th which object is in the lef
objects by ignoring the and which object is in thi
location of the objects right

4 Some students may on do not appear
consider the location of th
objects by ignoring the

position of the objects

From table 5.6 we can see that some students conk&osition of the
object on the pictures. This fact indicates that studier@irn about the concept of
parallel projection. We even find that some students densioth its location and
position. It shows that the students learn about thell@arojection and
perspective projection. In this lesson, the studentsnameduced to one of the
important idea and concept in geometry, namely top view. Afterstudents
experience this lesson, they start to use and develop thefdide view and top

view.
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5.6.2.3. Lesson 3: Exploring the Wall

Exploring the wall is the zoom-in of the first and #$exond activities. The main

goal of this activity is to introduce the other importaisual terms, namely front

view, left view, back view, and right view. The learning activigystarted by

showing the wall used in the previous activity and theking them what they see

from a specific view. Since in the previous meeting theseteready known that

the top view of the wall is as shown in the figure 5.245 @asy to convince them

that if they see the wall from the top, they will osle the bullets. But when the

teacher asks the students about which part of the walthegtcan see from the

left side, some of them seem confused. The following ceatien shows the

discussion between the teacher and the students.

1. Teacher :If | show this part of the wall, which side tbah you see?
(showing the part of the wall as shown in figure 4...)

2. Students : Only the small part!

3. Students who were sitting in the corner: No, we can seeitleepart as well!

4. Teacher : Ok, how if | turn the wall to be like this? (taghthe small part of
the wall to those students)

5. One of students who were sitting in the corner : yeslyl sae the small part!

6. Teacher : Suppose that this part is the front of the Walhsked you to draw
its front view, which part will you draw?!

7. Students : the small par

8. Teacher : so, do you need to draw the wide part?

9. Students NO!

The fact that some students state that they carheemide part of the wall show

that the students still do not fully get the idea of frerew. Based on our

observation, this presumably happen because the ideaswrigclone of the eye

while observing are left. The teacher does not mentionggest the students to

close one of their eyes in observing the wall.
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(iii) (iv)

Figure 5.23 The picturesf the wall which are taken from different view: (i) front

view, (ii) back view, (iii) left view, (iv) right view, (v) tp view

Then the teacher shows the pictures of the wall (seeefi5.23). The picture of
the wall showed are taken from top view, front view, lefwwidack view, and
right view. While showing the pictures, the teacheittices the term front view,
left view, back view, and right view. After that, the teactentinues the learning

activity by telling the students about the problem that theyld work with.
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In the beginning, Ajeng, Aliya, Alycia, and Najwa solve the peoid given
without using the cubes and the blocks until the teacihethem to use the cubes
and the blocks. Before they use the cubes and the bkbelksdraw the left view
and the right view of the wall just from a wall that ibirary constructed. After
the teacher asks them to construct the wall as showre iwanksheet, they then
start to redo their task. This group has no difficultgatving the first problem; it
is probably because the first wall has the similar charatitewith the wall
shown in the beginning of learning activity. The studentddceasily identify the
right view, the left view, and the top view of the wall.

As described in the revised HLT part, the difficulties lo# problems are
gradually increased. We modified the second and the thirdgmoé$ such way
so that the students will grasp the idea of drawing thetlpatris immersed. There
is a small debate between Ajeng and Alycia when they were sdlwingecond
problem. This conversation happen when they are aboutstwearthe second
guestion of the second problem, namely to draw the leftlandght view of the
wall.

1. Ajeng : The right view and the left view. This is it. Alf them should be
square.

Alycia : (Keep drawing and ignore Ajeng’s statement)

Ajeng : Square!

Alycia : The drawing is not something like that.

Ajeng :1It is square, isn’t it? (Trying to get Alycia and Aliya’s support). It
supposed to be square, just exactly like this (pointing the gquiare little
immersed.

Alycia : Itis goes intpisn’t it? (keep drawing)

Ajeng : Yes

Alycia : Well, it is clear now! Haa... I make a mistake (putting her pencil)
Ajeng : Wait a minute! ... Wait a minute! (She seems unsatisfied with
Alycia’s drawing)

10. Alycia : ERASER! (She is looked sullen)
11.Ajeng : (open her pencil case and give the eraser to Anisa)

abwn

© 00N
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From the conversation we can see different level of students’ interpretation
Ajeng does understand that the side view of the wall shmisuare, but Alycia
has different interpretation. Alycia interprets thi \eew as the front view of the
bricks that is visible from the left view. Alycia seemgeafted by the drawing on
the worksheet. In here opinion the drawing has shown dwegytso she does not
ned to see the “real wall constructed by her friend, Aliya. Apparently, she drew
the left side and the right side of the wall just byirsgehe picture on the
worksheet. Meanwhile, Ajeng interprets the left view of thd emlthe part of the
wall that is visible from the left side. Even though theye different ideas, both
Ajeng and Alycia agreed that they should draw the immersed part.

Although Alycia said that her drawirg incorrect, she does not change her
drawing. After she erases the drawing, Alycia made theesarawing as the
previous one with the larger size. Figure 5.24 shows how Abmae the right

and left view of the second wall.

Figure 5.24 Alycia drawing on problem 2.
If in the second problem the immersed parts are onlyéanlgft and right

side, in the third problem the immersed parts are alsbeiriop. How Ajeng and
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friends draw the left view, right view, and the top viewtled third wall is shown
in figure 5.25. In order to get the confirmation about thisvdrg, we conducted
an unstructured interview after the learning activity. Aliyeg student who draw
the left view and the right view, says that the squaregheriop and the bottom
represent the block on the third and the first layer resede If you see the
figure 5.25, you will find that Aliya draw three squares. Acaugdo Aliya, the

square in the left and the right represent the top antdttem part of the goes

out block. In accordance, the square in the middle représergide view of the

goes out block.

Figure 5.25Students’ drawing on problem 3
The students find no difficulties on drawing the top viewhefwalls. When
they drew the top view of the first wall, they see the \valin the top. In order to
draw the wall precisely, Alycia even uses the ruler to meaberdricks. They
kept on drawing on that way until Alycia suggests them to raatapresentative
drawing. When they draw the top view of the second wall, tieelpnger see the

wall from the top as they did before. Those studentgican it just by seeing the
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wall from the bird eye view. However, this strategy doeshedit them when they
solve the third problem correctly. Those students ignbeefact that there are
some parts of blocks on the second layer which can dxe fsem the top. This
Indeed, these parts should be drawn as well.

At the end of the activity, the students have classro@eudsion. During
the discussion session teacher shows the picture of thials which show the
right view, left view, back view, front view, and the top vieWwtloe walls. She
just shows the students the correct drawing for problem dblgmn 2, and
problem 3, without any discussion why the drawing shouldraein as such way
The teacher ends the learning activity by asking which gemgwer all the
problem correctly.

Discussion

In this activity, we find that the students have diffiegtwhen they are dealing
with problem 2 and problem 3. Those students have diffenéstpretation and
different argumentation in drawing the left view, thehtigiew, and the top view
of the wall. As the result, the students’ works are varies. Some students draw the
immersed part of the wall and some others do not. The studd draw the
immersed part of the wall thinthat because there are the immersed parts, so the
drawing of the immersed part should be shown on the drawhngs, people can
see how those three walls are different. Meanwhile sstmdents have really
abstract thinking, the just draw the left view, right viewq &op view of the wall
by squares and rectangles.

Different interpretation that is supported by differentjuements creates

variation in students’ works. Most of them are fixed with the conjecture of
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student’s thinking and reaction in HLT part; some others are completely out of
our predictions. Table 5.7 shows the comparison betweercdhgcture of
students’ thinking and reaction in HLT and the ALT.

Table 5.7
Table of Comparison between Conjecture of HLT and ALT in Lesson 3

VIEW HLT ALT

PROBLEM 1
Right

(i (i) (iit)

(iv) v)

(vi)

B . .
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In general, we find that the strategy used by the studdnts drawing the
top view is gradually increased. In solving the first problem stindents still need
to see the wall from the top. In solving the second prohibenstudents just see
the wall from the bird eye view. In solving the third probléhgy just see the
wall from the front view. After experiencing this lessome students start to use

the spatial term such as left view, right view, front vieght view, and top view.



138

5.6.2.4. Lesson 4: The Adventure in the Cube Houses

Lesson 4 is done in two different meetings. The firseting is conducted in the
same day of the'8lesson, and the second meeting is conducted 10 daysTlager.
first meeting is started by telling the student about theect and the problems
that they will work with. In the first meeting students asked to solve the first
and the second problem. In the first problem, the studertssked to construct
the cube house as shownlie students” worksheet. We notice that the instruction
given to the students are not clear enough. Theretioeefirst 10 minutes are
spent just to discuss about what the tasks.

Regarding to this problem, the teacher then explain oga& about the
task We find various kinds of students’ drawing. Most of them are fixed with the
conjecture of students’ thinking and reaction in the HLT, and some of them are
out of our prediction.

While the students are dealing with the second task, we obisetvéhere
are some group who do not construct a new cube housee Thafents use the
cube house that is used in the first problem as the deask. Due to the"sgrade
examination issues, at the time the headmaster annthatcehole of the school
is having a teaning activity. This announcement disturbs students’ concentration
in learning. Furthermore, when the other classrooms aréingt the cleaning
activity, the school suddenly become so noisy. Therefie,students cannot
focus on doing the task anymore. This non-conducive leaattigity makes us
decide to stop the learning activity on this stage.

Based on the students’ works on the first meeting of the fourth lesson, we

find that some students are really struggling with the &rgl second problem.
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Some of them even cannot finish the second problem.dMeerthat it because of
the instruction given is not clear enoudiiom the students’ work, we also find
that some students draw the cube house as a three-dinsmsjoresentation.

The learning activity is continued ten days later. Weadnad that this fact
will bring some disadvantages in the learning process samcdays may create a
gap in students’ understanding. Considering the time gap and the result shown by
students’ work, we decide to change the learning trajectory. Instead oincamg
students’ working on the third problem, we have discussion session. The
discussion is aimed to remind the students about the taskihie students dealt in
the previous meeting and to discuss abaudests’ work.

In the beginning of discussion, the teacher asks dn#heo students to
construct the first cube house as they remember. Otiee gftudents, Rafiaises
his hand and constructs the cube house on the play grounthd\tbat Rafi and
his friends remember well the tasks. The teacher thHenths students to draw
the right view of the wall as what the students drew inr therksheets last
meeting. Kharisya raises her hand and draw the right vielweodube house. All
of the students agree with Kharisydrawing. It is because of Kharisya draws it
correctly. Rafi raisesit hand and draws the right view as shown in figure 5.26
(i). Next, the teacher asks whether any students hawratfiff opinion. Kharisya
raises kr hand and then draws the right view of the cube houseoassh figure
5.26 (ii). Teacher asks whether any students have diffeq@nion once more.

However, there is no other students raise their hands.



140

(i) (i)
Figure 5.26Students’ drawing in the discussion: (i) Rafi’s drawing,
(i) Kharisya’s drawing
The discussion is started by asking the students who agie&harisya’s
drawing and who do not. We find that all the girls agree vitharisyas.
Meanwhile all of the boys choose Ratfirawing. The following discussion show

how the students’ discuss about the right view of the first cube house.

1. Teacher : Now who can draw the front view?
2. Rafi : (raises his hand)

3. Teacher : Yes, Rafi! (pointing Rafi)

4. Rdi . (drawing the front view)

The classroom is too noisy. Rafi seems affected biribisds, so the teacher tries
to get back the other students’ attention and make them silent. While drawing the
front view, Rafi frequently sees the cube house to make thatehe draws it
correctly. While trying to finish his drawing, Kharisya intgsts Rafi.

5. Kharisya: You should draw the goes out part! Your drawing isowiied like
the cube house! (pointing Rafi’s drawing by her right hand and
the cube house by her left side at the same time)

Rafi . (see the cube house and continuing his drawing)

Teacher : Have you finish, Rafi?! Who do agree with Rafi’s drawing?

Boys : 1 do!

Teacher : Who don’t agree with Rafi’s answer?

10. Rizki : I don’t agree!

11. Teacher Why don’t you agree?

12. Rizki : Because the drawing is ugly!

13. Students : Huuuu...!!!

14. Teacher : Salsabila, do you think that Rafi’s drawing is correct?

15. Salsabila : (silent)

16. Liza dtis .. (inaudible)!

17. Teacher : Why it is incorrect, Liza?

18. Liza : It is correct, I agree with Rafi’s drawing!

© oNO
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19. Suddenly the students become so noisy, so the teacheo haake the
students be quite. The teacher continues the disculsgiasking
who has different opinion.

20. Teacher : Why it is incorrect?

21. Najwa  : (raises her han®gcause it is similar with Kharisya’s drawing.

22. Teacher : So, how should be the drawing? You are free to ygiue
opinion!

23. Kharisya : It is incorrect because there is the goes-auirpine cube house!

24. Teacher : So, how should be the drawing? Who want to drdfthiére is a
mistake you may revise it. Igbal, do you want to try it?

25. Igbal . (shake his head)

26. Kharisya : (raises her hand)

27. Teacher : Come on Kharisya!

Kharisya draws the front view of the cube house and expki reason

28. Kharisya : Because there is goes-out part, we should draBwutitthis one
(pointing Rafi’s drawing) does not show it.

Soon after Kharisya gives her reason, the studentsar&/ed in the discussion.
The students start arguing Rafi’s drawing. Kharisya’s statement successfully
evokesthe students’ argumentation. Some students discuss this issue with the
students who sit next to them; even Rafi seems doubtsodrémving but he does
not change his answer. The teacher then show the paittite cube house which

is taken from front view, and explain whose answer igeobr and why it is
incorrect. Some students cannot accept the teacher’s explanation and keep arguing

it. However, the teacher stops the discussion and ttedisstudents to do not
protest anymore.

From the discussing we can see how the students develop thei
understanding on the concept of front view. Both Rafi andirisia show
different level of understanding and interpretatiBafi interprets the front view
as the part that is visible if we see it from the frantl ignores the fact that there
is a goes-out part. Meanwdilin Kharisya’s opinion, we should draw the goes-out

part in order to show how it is different with the otheisw. It gives us clearer
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description why some students draw the immersed part ofulbe lcouse. We
observe that during working on the first and second problenwst of the
students do not close one of their eyes in observing the lsabse. The way
Kharisya reason her answer show that what she ‘see’ the front view from the fact,
not based on what she observe.

The learning activity is continued by giving exercise fog #tudents to
construct the cube house from 4 wooden cubes and draw its Aigsv. the
students finish the task, the teacher ends the learcivgya
Discussion

We see variousf students’ work in all three problems given. Because the
second and the third problem are open problems, in this pavilhesly compare
the first problem (see: Table 5.8). We also see thastildents come up with
different interpretation that is supported by certain argpis. The different way
of interpretation make the result of students’ working are various.

Table 5.8.

Table of Comparison between Conjecture of HLT and ALT in Lesson 4

NO HLT ALT
1 Some groups may draw exacl Some groups may draw exactly
as what we expected what we expeetd

FVv RV BV LV TV FVv RV BV LV TV

2 Some groups may draw all tt Does not appear
side views as the same drawi
because they state that all of t
side vig»+has the same drawing

SV AV
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Some students may draw the t Does not appear
view of the cubes building an
indicate the height numbers

1

1 3

Some students may draw tl Students draw the thre
three dimensional representati dimensional representatic
of the cubes drawing.

7 LT

Some students may draw the t Students draw the top view
view as shown by the followini shown by the following pictures
pictures

AN
e []

Some group my draw somethir Does not appear
like this

- some students draw the side vit
as shown in the following pictures
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In Table 5.8 we can see that some students draw the timeasibnal-
drawing of cube house. It indicates that these studentsotdainderstand the
instruction given. If we see the more detailed, the stsddot not have any
difficulty in identifying the right view and the back view. & [ifficult part is
indentifying the front and the left view, because theresarnee goes-out cubes.

In general, we see that the students tend to draw the eéapofithe cube
house as one square and three combined squares. The diffeappear because
of different level of understanding and interpretatiéor. those students who draw
a square as the top view, this probably because in theiirtgitthe top view is the
part the upper part of the cube house. The students who desvdtjuare have
higher level of understanding and interpretation. Theindehe top view of the
cube house as the part of the cube house that is visihieyikee it from the top.

We have seen that during this lesson, the students actiselyhe spatial
terms in discussing their work. In this lesson, the stisdalso start to develop

their understanding in identifying and observing the three mbioeal object.
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5.6.2.5. Lesson 5: Findingthe Treasure

Lesson 5 is started after the students finish solving proBlamlesson 4. The
learning activity is started by telling the students aboet ¢bntext and the
problems that they will work with. The students are strugglmgadlving the

tasks. We observe that for the first problem, almdsifahe groups come up with
the construction that is shown by figure 5.27. As well asother groups, the
focus group is really struggling in solving this task. At theetirthey start by
constructing the top view and leave it out. They do not coetiheir work and
seem confused. When we ask them why they stop working, ibesay “this is

difficult .

Figure 5.27. Students construction on the first cube house

We then leave the focus group and observe Khalisya’s group. Khalisya and
friends construction is similar with other groups. Tkéart the construction from
the front view, and then construct the left view by usingiotubes. The students
continue constructing the top view cube house. Figure 5.2¥sshow Khalisya
and her friends construct the first cube house. Aftastctacting the front, left,

and top view of the cube house, the students stop working.
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Because all of the students are really struggling in solviaditst problem,
the teacher then asks all of the students to solvgribldlem together. Teacher
demonstrates the way to solve the first problem, nantalgirgy from the top
view. Teacher also discusses why they should not put a @atteianthe other
cubes. We find that the teacher starts the construttbom top view of the cube
house, but she says that the students may also startefftoand front view. After
demonstrating, the teacher leaves the second and therthiviém to the students.

We see that after the students know how to deal withakls they are able
to solve the second and third problem. However, there ane gooups who still
need to be guided. For this group, the teacher and reseassig them in solving
this problem.

We then observe the focus group. We find that they haighéd the tasks.
When we ask them to demonstrate the way they consigutinthird cube house,
we find that they start the construction from the topvvi€he students say that by
starting from the top view, they will know which part thabsld be added by the
cubes and which part should not be added. Furthermore,uthenss say that it
will be more effective. Considering the immersed part,stinelents say that the

front view sometime does not tell what exactly they viarknow.

-]

(i) (ii)
Figure 5.28. The third problem of lesson 5: (i) the correcstcoation,

(ii) the focus group construction
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Ajeng and her friends (the focus group) construct the cubsehas shown
in 5.28 (ii). It is the reversed one. We notice thas ibecause of these students
ignore the role of black arrow. The black arrow indicatésch direction is the
front view. In the end of learning activity we discuss wita teacher and we find
that we miss the part of introducing the role of black arrdle learning activity
is stopped after the students finish working on the third pnable
Discussion

In this lesson, we find that the students are struggling théhasks given.
This task is considered difficult for the students.He first problem, most of the
students come up with the similar strategy as shown ingheefb.27. We notice
that some groups make similar mistake with the focus grosplwmg problem 3.
Based on the analysis we notice that it is because wetdotramuce the role of
the black arrow. As the result, instead of having cube hassshown as figure
5.28 (i), the students construct the cube house as shofiguia 5.28 (ii). Since
the teacher have demonstrated the way of construdtegcube house in the
beginning, it will be not efficient if we describe the wafythe students solve the
problem in detail. Therefore, in this part, we will focus oomparing the
conjecture of students’ thinking and reaction in solving problem 1. Nevertheless,
we still compare students’ final solution in problem 2 and problem. Table 5.9
show the comparison between the conjecture of students’ thinking and reaction in

HLT, and the ALT.
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Table of Comparison between Conjecture of HLT and ALT in Lesson 5

NO HLT ALT
PROBLEM 1
1 Some students may start t Some  students  start  tt
construction from the fron construction from the front view
view
A |
’ & ’ o ’ o
2 Some students may start t Some  students  start  tt
construction from the left view construction from the left view
3 Some students may start t Some  students  start tt
construction from the top view construction from the top view
V o >
4 Some students may combil Some students combine the cut
the cubes as shown by tlas shown by the following
following drawings drawings
- L]
a _lv A A
V o
Z— >
p /A
L ] A
V o
6 Students may construct  Does not appear

shown in the following
construction
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(7 €

V o >
PROBLEM 2
Students may come up with tl Students come up with th
following construction following drawing
— i A a—
7
V o >
L 7
V o
'
PROBLEM 3
Students may come up with tt Students come up with th
following construction following drawing
>
Vi A &
V o |
-]
-
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5.6.3. Post-Test
The post-test iaimed to know the development of students’ spatial ability after
experiencing the learning sequence. We use the same &ask tised in the pilot
experiment.
Task 1
The task 1 in the post-test is the second task of #r@agsessment. Task 1 consists
of two problems. Based on the analysis of students’ works, we find that there are
12 students who answer the first problem correctly and thezel student
students who answer the second problem correctly. Surprisihglynpumber of
students who answer both problems correctly is decreasethbeér students.
Although the number of students who are able to answer teskdctly is
decreased, we see the improvement of strategy used bydeats in solving this
problem. The students start to analyse the pictures amflatving. If we compare
the way of students in solving the pre-test and their wapliring) the post-test,
we see that they treat the pictures differently. Alsadiden, the pictures become
meaningful for them. We see that almost half of thuelents make mistake, but
they do different kind of mistake. The mistake that tiuelents make in the pre-
test is because they just pick an answer; meanwhileistake that the students
make in the post test is because of the wrong analysisoriclusion, after the
student experience the learning sequence, the studentsostes# their spatial
ability in solving task 1.
Task 2
In task 2, the students are asked to count the number e§ ¢hht is used to

construct the cube houses and draw its side view and itsewp In solving this
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task, the students are not provided by the wooden cubes anyrhesejust rely
on the three-dimensional drawing of the cube house. Weéhsé the strategy used
in solving this strategy is unique. Since they do not havesliecube house they
try to see the drawing from the top as if they seer¢aécube. Figure 5.29 show
how Ajeng observe the cube house. We find various of studkatging in
solving this problem. Yet, there is no students come up \Wwitetimensional
drawing. It shows that the students start to develop alfdity in representing the

three dimensional drawing.

Figure 5.29. Ajeng is observing the drawing of cube house

We see that there is some strategy use by the studerganting the cubes.
All of the strategy used show that the students understanéueatthough they
cannot see some cubes, they understand there aramsasiide cubes. Being able
to understand this fact means that the students develomtily in reading the
drawing and relate their spatial ability in reasoning theswer. However, there
are some students who miscount the number of cubesisThgsause they cannot
‘read’ the drawing correctly. These students need more guidance in supporting

their spatial ability development.



CHAPTER VI

CONCLUSION AND SUGGESTION

In this chapter we will answer the research question basedma Bndings in

retrospective analysis and we will reflect our findings basedame findings in

the previous study. In this chapter we will also elaboratmmmendation for
further studies in this domain.

6.1. Conclusion

Before elaborating the general conclusion to theltreduhis study, it should be
noticed that this study is implemented in limited settingsoupe. The conclusion
on this study is restricted on the specific target groliperefore, different
classroom and environmental setting may bring differesulie

This research is aimed to support the development of students’ spatial
ability. In order to reach this aim, we pose How can the spasaihsation and
spatial orientation tasks support the development of students’ spatial ability? as
the research question. Based on the retrospective mnalys find that after
experiencing the learning activity the students are staretthed spatial ability in
solving the problems. We answer our research question bgrilweg the
development of students’ strategy in solving the problem during the sequence of
students’ learning and based on the analysis of the result of pre-test and postest.

To get a general conclusion on how the development of student’ spatial
ability is occurred. We firstly describe the comparisothefresult of the pre-test
and the postest. Based on the analysis of students’ answer in pre-test and post-
test, we find that the students use their spatial visu@lis and spatial orientation

sense in answering the problems. All of the sudden, the mctuneh was not
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important become important. The students start to anahe®e tpictures. The
students also start to consider the position of the tsbgud use the navigational
terms such as left and right in solving the spatial probMfa also see that after
experiencing the sequence of learning activities, none aittitkents draw the side
view and top view of the cube house as three-dimensionakeepegion drawing.

Nevertheless, the students also develop their sightseagsuch as left view,
front view, right view, back view, and top view

In conclusion, after experiencing this series of agtitihie students develop
their ability in reading, interpreting and reasoning a 2-dsinal drawing. The
result of this study also shows that after experiendnegléarning activities, the
students relate their knowledge in read, interpret and dbarthree-anensional
drawing of cubes house. This finding supports the result ttdliBi& Christou
(2010) study which suggested that preferences and experiencepaiial
visualisation significantly related to students’ practical abilities in three-
dimensional arrays of cubes.

We also find that the last two lesson (cube houses) sughgodevelopment
of both students’ spatial visualisation ability. It is showed by the fact that the
students are able to relate their experience in le$som lesson 5 in counting the
number of cubes in the cube arrays. This finding supploetsdsult of Revina et
al. (2011) study.

6.2. Reflection on Important | ssues
In this study we do not only focus on describing how the development of students’
spatial ability through experiencing the spatial visualisatind spatial orientation

task, but also on describing how the classroom discussipport in developing
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students’ understanding. We also observe how the role of teacher in supporting the
learning activity and bridging the students in grasping theegiac

This design underlies RME as a teaching and learning approhabk, we
are also interested to know how this approach supports thdopleant of
students’ spatial ability. In this part, we will reflect on how these issues affect this
study. These important issues will be discussed in thewioigp separated
sections.
6.2.1. Realistic Mathematics Education
In designing the learning design, we use RME as an approatte ilearning
activity. Thus, the ideas in the instructional activigee developed based on the
RME principles. The RME emphasises the bottom-up priacipi which the
learning activity is suggested to be started from the students’ experientially
situation to the abstract level. In this study, the lessries developed are aimed
to develop students’ spatial ability from the situational problem to the higher level
problem. So, the levels of difficulty of the tasks gradually increased. Each
lesson brings different goals that are supporting edwdr .ot

Furthermore, one of the tenets in RME is the use woffest. In this study we
also use contexts that help us to engage the students toatlerial. The context
facilitates the observing activity and students’ analysing activity. However, we
realise that the context does not enable the studentsrie up with navigational
terms. Therefore, we need to modify the context or addmore instructional

guidance for teacher to enable the idea of using navigatienmalraises.
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6.2.2. Classroom Discussion
We find that these students get used to have classr@smmsdion. However, we
observe that there is unsupportive environment and social imothis classroom.
We have seen that most of the students cannot easilyhgiveopinion. This fact
make the classroom discussion become less fruifal.well as the typical
classroom situation, only the higher achiever studeetsetively involved in the
classroom discussion. We also see that these student®t elaborate their
reasons well. This is because they are not accustomeddo. dio contrary, even
though the students cannot actively give their opinionetistéisdents are always
being criticised in receiving an answer and opinion. Thoselests are
accustomed to ask why an answer is correct or incorred. ik good socio-
mathematical norm that has already existed beforeoweuct this study.

During working on the small group, we observe that there are students
who do not actively participate in the discussion. Thaselents are relied the

tasks on the higher achiever students without giving a significontribution.

6.2.3. The Role of Teacher

Teacher plays a really significant role in the learningcpss. The teacher that is
involved in this study has 28 years experience in teachingh&hexperienced
involving in some studies, therefore she are not looked ankto be observed in
the video. However, working on the design research is somgetiew for her. She
is also not familiar with the topic of spatial abilityuBeven so, she has shown a
good performance in supporting the learning activity and to reake that the

students understand the problems.
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We observe that managing the classroom discussiarotiseasy for the
teacher. The teacher frequently stops the discussioen the students seem
unsatisfied with teach® explanation. She ends the discussion by stating that what
she shows is the correct answer. She does not elalborayeto compare why an
answer is correct instead of the others. It happens ledhasteacher is not
familiar with the topic. However, she has been trying to ptenthe development
of students’ spatial ability.

6.3. Suggestion

In this section we will give some recommendation on tiy@eémentation of RME
approach in learning activity in the classroom, on how we can develop student’s
spatial ability and some recommendation for further studieshis research
domain. The recommendation will be elaborated on tHewalg separated sub-
section.

6.3.1. Realistic Mathematics Education

Reflecting on how the RME approach support the learning ctwi this study,
we think that these approach may also support the studemémrimng other
mathematics materials. This conclusion is made basédwrihe RME principles
help to occupy the gap that probably creates on this studye&lise that students
need reason to do something; they need to know what the anpatéa of doing
something is. The use of context principle helps usotee this problem. Not only
to engage the students, the context used in this studyastalfacilitate the
students’ learning process.

The idea of starting the learning activity from the sitwadl problem also

enables the students to see that geometry is not coiyatabstract subject. The
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idea behind of the mathematics comes up from the humaatisnal problem.
This enables the students to see the mathematics asan hactivity, not only
about the rules and procedures that should be memorised.

6.3.2. Developing Students’ Spatial Ability

The topic of spatial ability is still lack of attentionindonesia. It is because of our
learning style is more centred on numeration. Theretbee space for this topic
that is provided for students is limited. We have seen homesspatial
visualisation and spatial orientation task promote the development of students’
spatial ability. A lot of studies have shown the emergihgpatial ability in both
students’ education and in their occupational life. Therefore, we recommend
giving more exercise to the students in order to let auesits optimally develop
their spatial ability.

6.3.3. Further Studies

We realise that the tasks that we developed in this studymed to help the
students in grasping the geometry concept on the higher gréldesefore, we
suggest a further study on how this design promotes students’ understanding in
solving the geometry problem. To be precise, we suggestlefustudy about
how the spatial ability that students has been developed eadperiencing this

learning sequence support students understanding on the geometry.
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List of observation scheme

Classroom culture and atmosphere of the classroom

How the interaction between students and the teacher

How the interaction among the students

How the classroom is set up?

Do the students enthusiastic on the learning?

Does the students look enjoy the learning activity or |ddss?

Role of students

Who are the active learners?

Who are the passive learners?

Who always do make a noise in the classroom?

Who are the silence students?

What do students do when teacher explaining something?
How the students deal with the material?

How students response when teacher asking something?

162

How students’ response when they find difficulties on doing the task, do they ask to their

friend, or ask directly to the teacher?

Role of teacher

e Do the students always rely on her/him (she/he is the ardiedt source)?

How the teacher starts the learning activity
How the teacher teaches the material, what methods sis®he

How the teacher ends up the learning activity

Mathematical activity

What type or questions the students have, is it open epchstion or closed question

Do the students criticize what the teacher says?
Do the students use one strategy or they use differategyr

Is there any discussion about how the way students swverdblem?

How they discuss about the difference strategies and answe

Classroom Discussion

Do the students have the discussion?

How the role of teacher in the discussion?

Do all the students participate on it?

How the responses of the students if they have discussion?
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List of interview scheme

About the personal information:

e How long have you been teaching?
e Are you specialized in teaching mathematics or the esiogect?
e Would you like to tell me about your background education?

The system of learning process:

e What method do you frequently use in teaching mathematics?
e Do the students always have discussion in the classroom?

e How do you manage the discussion?

e Are the students accustomed in telling their opinion or idea?

e Have you taught the students by giving the worksheet?

The social norm in the classroom:

e What students always do if they want to say something asamskthing? Do they
come to your desk or raise their hand and then wait unticgone?

e If the students make a noise, how do you always do thegietattention?

e Are they accustomed with peer review, and peer study?

About the PMRI:

e What do you know about RME?
e Do you always use this approach in teaching mathematics?
e How the responses of the students when learning mathenmatics approach?

About the students:

e How many students in your classroom? (please mentionutinder of girls and boys)
e What are their ages?

e How are their grades in general?

e Who are the higher achiever, medium, and lower achievers?

e Who are the active and the passive students?

e Who always do make a noise in the classroom?

e Are they accustomed to think critically and giving their ogir#

e Do they have problem in reading and understanding the text?

e Are they accustomed to work with worksheet?

e Are they accustomed to work in group?

e How do you group them? How many students that you always grouped graup?
e How they response when they work in group?

e Do they really solve the problem together or just sdiay individually?
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About my topic and design:

e Have you experienced teaching in this kind of research?

e Do you know about spatial ability?

e Do the students familiar with spatial activity such as maging, work with cubes?
e Are the students familiar with this kind of activity?

e Are they familiar with the context?
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Pre- Test

Bagian A
Gambar di bawah ini adalah gambar Anita yang sedang belaf@ndirnya. Pada gambar
terlihat kalender, jendela, tempat sampah, tempat persiifon computer, mouse, keyboard,

dan PC computer.

1. Bayangkan kamu duduk di tempat Anita. Dimanakah letak jendelkardin atau di
Kirimu?

Lingkarilah jawaban yang sesuai! Kamu bisa melingkari jawaban lebih dari satu.

Bayangkan kamu sedang berdiri di depan Anital
2. Benda apa sajakah yang terdapat di sebelah kananmu?

a. kalender €. monitor computer
b. jendela f. mouse
c. tempat sampah g. keyboard
d. tempat pensil h. PC computer
3. Benda apa sajakah yang terdapat di sebelah kirimu?
a. kalender, €. monitor computer
b. jendela, f. mouse
c. tempat sampah g. keyboard
d. tempat pensil h. PC computer

Bagian B
Berikut ini adalah gambar tiga buah benda yang diletakkamaslinagja.




Gambar berikut ini adalah gambar tiga buah benda tersebut agiibda dari atas.

e

\

1

7\

Y

~

)

Adi berjalan mengelilingi meja tersebut kemudian mengambéiagia foto berikut ini.
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Untuk pertanyaan berikut ini, lingkarilah satu jawaban yang kamu anggap benar!

Bayangkan kamu juga sedang berjalan mengelilingi meja tersebut
Dari foto-foto di atas:

1. Foto manakah yang diambil Adi saat sedang berdiri li%fi
a. foto a

foto b

foto c

foto d

foto e

®cooo

2. Foto manakah yang diambil Adi saat sedang berdiriikl®
a. fotoa

foto b

foto c

foto d

foto e .

®caooo
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Post-Test

Bagian A
Berikut ini adalah gambar tiga buah benda yang diletakkaaslnagja.

=

Gambar berikut ini adalah gambar tiga buah benda di atas apébdadari atas.

s i N
@

= 2

72 V4

@) &

\ /

Adi berjalan mengelilingi meja tersebut kemudian mengambéiagia foto berikut ini.

fotoe
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Untuk pertanyaan berikut ini, lingkarilah satu jawaban yang kamu anggap
benar!

Bayangkan kamu juga sedang berjalan mengelilingi meja tersebut

Dari foto-foto di atas

1. Foto manakah yang diambil Adi saat sedang berdiri &i%®i

a.

oo

e

foto a
foto b
foto c
foto d
foto e

2. Foto manakah yang diambil Adi saat sedang berdiriilkl2t#

a.

® oo

foto a
foto b
foto c
foto d
foto e




171

Bagian B
Perhatikan gambar rumah kubus berikut ini.

&

1. Tanpa menggunakan kotak kayu, berapakah jumlah kotak kayu yang terdapat
pada gambar tersebut?

Jawaban:

2. Gambarlahtampak atas, tampak depan, tampak belakang, tampak kiri dari

rumah kubus di atas pada kotak di bawah ini!

tampak atas tampak depan

tampak belakang tampak Kiri
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Perhatikan gambar rumah kubus berikut ini.

&

1. Tanpa menggunakan kotak kayu, berapakah jumlah kotak kayu yang terdapat
pada gambar tersebut?

Jawaban:

2. Gambarlahtampak kiri dantampak depan dari rumah kubus di atas pada
kotak di bawah ini!

tampak Kiri tampak depan
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RENCANA PELAKSANAAN PEMBELAJARAN

Nama Sekolah . SD Negeri 117 Palembang
Mata Pelajaran . Matematika
Kelas/Semester - /2

Pertemuan . 1(Pertama)

Alokasi waktu : 2 x 35 menit

Standar Kompetensi : Memahami unsur dan sifat-sifat batigian sederhana

A. Tujuan Pembelajaran

1. Mengembangkan kemampuan spatial visualisation siswa

2. Merepresentasikan miniatur dalam gambar 2-dimensi
Menceritakan gambar 2-dimensi dari miniatur
Mengintrepetasi, mengenal dan menceritakan gambar duasiimen
Mengidentifikasi objek pada miniatur berdasarkan lokasinya

o s~ w

B. Indikator
1. Siswa menggambarkan gambar 2-dimensi dari miniatur
2. Siswa mampu menceritakan gambar 2-dimensi dari miniatur
3. Siswa mampu mengidentifikasi objek pada miniatur berdasavkasihya

C. Materi Pembelajaran
Spasial visualisasi adalah kemampuan untuk memahami/mengedimmajinasikan
pergerakan benda dalam ruang 3-dimensi atau kemampuan untuk méasarapjek
dalam pikiran (Lohman, 1988, 2000). Spasial visualisasi merups#am satu faktor
penting yang harus dimiliki siswa dalam menyelesaikan magalaimetri.

D. Metode Pembelajaran
Kerja kelompok dan diskusi

E. Pendekatan pembelajaran
Pendidikan Matematika Realistik Indonesia (PMRI)

F. Kegiatan Pembelajaran

_ . Waktu
Kegiatan Uraian .
(menit)
K egiatan Motivasi: 5-10
Awal 1. Guru membagikan siswa ke dalam beberapa kelon
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4.

yg terdiri dari 4 orang siswa

Guru menanyakan pengetahuan siswa tentang baja
Guru menyampaikan aktivitas pembelajaran pada
ini: bahwa siswa akan melakukan observasi

Guru menyampaikan tujuan pembelajaran

Kegiatan Inti

Eksploras
1. Siswa menyusun miniatur pulau berdasarkan gar

yang diberikan.

Guru memeriksa miniatur pulau yang telah dibuat ¢
siswa

Guru menyampaikan konteks dan pemasalahan

akan dikerjakan oleh siswa

Guru memfasilitasi peserta didik melakuk
pengamatan atau observasi terhadap miniatur pulau
Guru mengingatkan bahwa ketika sedang melaky
observasi, posisi mata harus sejajar dengan objek
ada di atas miniatur. Oleh karena itu, siswa hg
berjongkok. Hal lain yang harus diperatikan ada
guru harus memastikan bahwa siswa menutup salak
matanya ketika sedang mengobservasi minig
Sangatlah penting bagi siswa untuk memahami bg
gambar yang mereka buat boleh jadi berbeda de
gambar yang dibuat oleh teman mereka. Oleh ka
itu, siswa disarankan untuk menggunakan istilah
dan kanan dalam mendiskusikan perbedaan p
objek-objek yang mereka gambar.

15 - 20

Elaboras
1. Siswa menyelesaikan permasalahan yang diberikan

Siswa diminta untuk menggambarkan objek-objek g
miniatur sesuai dengan posisi mereka pada
mengobservasi miniatur.

. Siswa mempersiapkan poster

Siswa menempelkan hasil kerja masing-masing ang
kelompok pada karton yang disediakan.

. Walking gallery

Yang dimaksud dengan kegiatan walking gallery ad
siswa diberikan kesempatan untuk melihat hasil Kk
teman-teman mereka. Siswa diberikan waktu 5

25-30




Teknis pelaksanaan kegiatan walking gallery ad

sebagai berikut:

e Masing-masing kelompok menampilkan pos
mereka

e Salah satu dari anggota kelompok harus tinggé
poster mereka, tujuannya adalah untuk menjela
kepada anggota kelompok lain yang melihat pg
mereka.

Dua anggota kelompok yang lainnya melihat dua p¢

kelompok lain, dan memberikan pertanyaan meng

apa yang dilakukan kelompok tersebut. Siswa dim

untuk membandingkan hasil kerja kelompok mer

dengan kelompok lain.

. Diskusi

Diskusi kelas dimulai dengan guru menampilkan f

tampak samping dari miniature pulau yang diambil

posisi yang berbeda, dan foto tampak atas

miniature pulau tersebut. Masing-masing foto tam
samping diberi label huruf. Pada gambar tampak
juga telah diberikan tanda pada posisi tertentu. Tal
tanda tersebut masing-masing diberi label se
dengan label yang ada pada foto tampak sam
miniature pulau. Tanda tersebut menunjukkan
posisi mana foto tersebut diambil.

Diskusi difokuskan pada tiap-tiap gambar ya
ditampilkan. Pada masing-masing foto, guru a
memberikan pertanyaan seperti:

e Apakah yang ada di kanan dan kirimu?

e Bangunan apakah yang letaknya paling jauh
posisi ini?

e Jka kamu melihat dari posisi ini, dimana sajal
kemungkinan kelompok bajak laut utara da
bersembunyi?

¢ Apakah yang menyebabkan menara tidak kelihatg

e Bagaimana bentuk menara dan dinding jika dili
dari posisi ini?

e Apakah menara dan dinding terlihat sama jika dil

dari posisi yang berbeda?
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Di akhir diskusi, guru akan menanyakan kepada sis
dari foto-foto yang ditampilkan foto manakah ya
menunjukkan posisi terbaik untuk mengamati pu
Intan?
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Konfirmas
1.Guru memberikan umpan balik positif dan pengua
dalam bentuk lisan.
2.Guru memberikan motivasi kepada peserta didik
kurang atau belum berpartisipasi aktif
3.Guru membantu menyelesaikan masalah
4.Melakukan refleksi terhadap pengalaman belajar
telah dilakukan

K egiatan
akhir

Guru menyimpulkan hal-hal yang telah dipelajari
Guru menyampaikan rencana pembelajaran berikutnya

G.Media/Sumber Pembelajaran
e miniatur pulau
o Kkertas gambar
o foto miniatur pulau yang diambil dari arah samping
e lembar kerja siswa
e Kertas poster

e gunting

e isolasi

e spidol
H. Penilaian

1. Bentuk Tes

: Penilaian Diskusi

2. Bentuk Soal : Observasi

Lembar observasi

No.

Nama Aspek yang dinilai Skor/jumlah

1 2 |3 |4 |5 6
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Aspek yang dinilai:
1. Kemampuan menyampaikan pendapat
2. Kemampuan mempertahankan argumentasi

3. Kemampuan bertanya
4. Kemampuan memberikan kritik
5. Kemampuan menggunakan bahasa yang baik dan benar
6. Kelancaran dalam berbicara
Nilai skor: Jumlah skor
1 = Tidak baik 6 — 11 = Kurang
2 = Kurang baik 12 17 = Cukup
3 = Cukup baik 18- 23 = Baik
4 = Baik 24— 30 = Sangat baik

5 = Sangat Baik

Palembang, Maret 2013

Wali Kelas llla, Peneliti

Fatmawati, S. Pd Dwi Afrini Risma

NIP. NIM. 20112812009
Mengetahui,

Kepala SDN 117 Palembang

Toman Siregar, S.Pd
NIP.
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Konteks

Mencari tempat yang paling tepat untuk mendirikan pos penjagaan

Tahun lalu pulau kita diserang oleh bajak laut Utara.

Mereka menyerang kita dari pulau Intan.

Sejak penyerangan itu, pulau tersebut tidak dihuni lagi.

Yang tersisa hanya tiga bangunan, yang ada pulau itu yaitu potongan tembok, dan dua menara.
Semalam ada beberapa masyarakat kita melaporkan bahwa mereka melihat ada bajak laut Utara
sekitar di pulau Intan.

Kapten Jack khawatir bahwa mereka akan menyerang kita lagi.

Oleh karena itu, kapten Jack memutuskan untuk mendirikan sebuah pos penjagaan.

Pos harus didirikan dari tempat yang benar-benar tepat, sehingga kamu bisa melihat keseluruhan
dari pulau itu, dan tak ada tempat yang memungkinkan mereka bersembunyi.

Sebagai bajak laut muda, kalian diberi tugas oleh Kapten Jack untuk berlayar mencari posisi yang
tepat.

Kelilingilah pulau Intan, dan amati dari jauh dengan menggunakan teropong.

Gambarlah atau buatlah catatan persis seperti apa yang kamu lihat di teropongmu!

Gunakan gambar atau catatanmu untuk meyakinkan Kapten Jack bahwa yang kamu temukan adalah
tempat terbaik untuk mendirikan pos penjagaan.

Ini dia misi pertamamu sebagai bajak laut!

Temukan tempat yang paling tepat untuk mengamati pulau itu dari jauh.

Acclaim Images.com
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RENCANA PELAKSANAAN PEMBELAJARAN

Nama Sekolah . SD Negeri 117 Palembang
Mata Pelajaran . Matematika
Kelas/Semester - /2

Pertemuan . 2 (Kedua)

Alokasi waktu : 2 x 35 menit

Standar Kompetensi : Memahami unsur dan sifat-sifat batigian sederhana

A. Tujuan Pembelajaran
1. Mengembangkan kemampuan orientasi spasial dan visualisas| sjzas@®

2. Memperkenalkan istilah “tampak atas dan “tampak samping
3. Siwa mampu menyelesaikan masalah yang berkaitan dengan spasitlsb dengan
memanfaatkan kemampuan spasial visualisasi yang telah nkemrakangkan.

4. Mengintrepretasi, mengenal dan menceritakan gambar @adirdari miniatur

B. Indikator
1. Siswa mampu menyelesaikan masalah yang diberikan

2. Siswa mampu menjelaskan/menceritakan gambar 2-dimensnuhéatur

3. Siswa mengenal danenggunakan istilah “tampak atas dan “tampak samping

C. Materi Pembelajaran
Spasial orientasi adalah kemampuan siswa untuk tidak keliru migegabahan orientasi

dari konfigurasi spasial yang ditampilkan. Mampu membedakdnkargan dan Kiri, serta
membayangkan lokasi ruangan yang terdapat di rumahmu, merup#darsaa contoh
dari penggunaan kemampuan ini. Pada pertemuan ini, kemampua spgastasi siswa
akan lebih diasah melalui latihan yang akan diberikasw&juga diperkenalkan dengan
konsep dan istilah pendik pada topik spasial, yakni tampakdata tampak samping.
Kedua konsep ini merupakan konsep penting yang harus dimiliki sdaiam
menyelesaikan permasalahan di dalam geometri dan konsep sudut.
D. Metode Pembelajaran

Kerja kelompok dan diskusi

E. Pendekatan Pembelajaran
Pendidikan Realistik Matematika Indonesia (PMRI)



F. Kegiatan Pembelajaran
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K egiatan

Uraian

Waktu
(menit)

K egiatan
Awal

Apersepsi:
Pengulangan materi yang telah diajarkan sebelumnyg
mengaitkan materi sebelumnya dengan materi yang
dipelajari
Motivasi:
1. Guru menyampaikan aktivitas pembelajaran pada

ini: bahwa siswa akan melakukan observasi
2. Guru menyampaikan tujuan pembelajaran

5-10

Kegiatan Inti

Eksploras

1. Siswa menyusun miniatur pulau berdasarkan gar
yang diberikan

2. Guru memeriksa miniatur pulau yang telah dibuat ¢
siswa

3. Guru menyampaikan konteks dan pemasalahan
akan dikerjakan oleh siswa

4. Guru memfasilitasis peserta didik melakuk
pengamatan atau observasi terhadap miniatur pulau
Hal-hal yang perlu diperhatikan pada saat melak
pengamatan adalah:
e Posisi mata harus sejajar dengan objek pada min
e Salah satu mata harus ditutup

15-20

Elaboras

1. Siswa menyelesaikan permasalahan yang diberikan
Permasalahan yang harus diselesaikan siswa a
mencocokkan gambar-gambar tampak samping g
sesuai dengan posisi gambar tersebut diambil.

2. Diskusi
Diskusi dapat dimulai dengan memilih salah g
kelompok untuk mempresentasikan hasil kerja mer|
Guru meminta siswa untuk menceritakan strategi
mereka gunakan untuk menemukan jawaban
benar. Diskusi dilanjutkan dengan membahas d
jawaban siswa. Guru dapat bertanya kepada kelor
yang lain apakah jawaban mereka sama atau ber
Guru dapat bertanya apakah kelompok lain mem
strategi yang berbeda dalam menyelesa
permasalahan tersebut. Diakhir diskusi, g
menunjukkan jawaban yang benar, kemug
memperkenalkan peta sebagai tampak atas dari f

Selanjutnya guru menekankan bahwa selanju

20-25




mereka akan menggunakan istilah tampak atas, ta
kiri, tampak kanan, tampak depan, dan tam
belakang.
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Konfirmas

1.Guru memberikan umpan balik positif dan pengua
dalam bentuk lisan.

2.Guru memberikan motivasi kepada peserta didik Y
kurang atau belum berpartisipasi aktif

3.Guru  membantu menyelesaikan masalah del
memberikan jawaban yang benar

4.Melakukan refleksi terhadap pengalaman belajar
telah dilakukan

K egiatan
akhir

Guru menyimpulkan hal-hal yang telah dipelajari
Guru menyampaikan rencana pembelajaran berikutnya

G.Media/Sumber Pembelajaran

o foto tampak samping minatur pulau dan peta

e brick

e gunting

e karton

e lem

e spidol
H. Penilaian

1. Bentuk Tes : Kegiatan Kelompok Terstruktur
2. _Bentuk Soal

Tempatkanlah 5 gambar berikut ini berdasarkan lokasinya padéifpetaah ini.
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3. Rubrik Penilaian :

Jawaban Skor Total

Tiap gambar yang sesuai diberikan s 100

Palembang, Maret 2013

Wali Kelas llla, Peneliti

Fatmawati, S. Pd Dwi Afrini Risma

NIP. NIM. 20112812009
Mengetahui,

Kepala SDN 117 Palembang

Toman Siregar, S.Pd
NIP.



Konteks

Di manakah foto-foto tersebut diambil?

Kalian bekerja dengan baik, kapten Jack bangga dengan hasil kerja kalian.

Misi selanjutnya adalah kalian harus membantu kapten Jack menyelesaikan petanya.

Mari kita baca surat dari kapten Jack.

- Rapten Jack

»
e

Jf

mm—
Sahabat bajak lautku,

Tahun lalu saya berlayar ke sebuah pulau yang sangat
indah. Kelihatannya pulau itu tidak dihuni lagi. Mungkin
karena tempatnya yang susah dijangkau. Firasat saya
mengatakan bahwa, pulau itu adalah Pulau Harta Karun
yang sudah sejak lama saya cari. Seperti layaknya
pulau Intan, di pulau Harta Karun juga hanya ferlihat
tiga bangunan tua. Di antaranya adalah potongan
tembok, sebuah gerbang, dan sebuah menara. Saya
belum pernah ke pulau itu. Tetapi saya pernah
berlayar mengelilingi pulau itu dan mengambil
beberapa foto. Saya butuh bantuan kalian untuk
menyelesaikan peta harta karun. Tugas kalian adalah
menentukan lokasi fempat saya mengambil foto-foto
itu pada peta pulau Harta Karun.

— N

A b
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Petunjuk Kerja

Alat dan Bahan

R

. Brick

Gunting

Foto tampak samping miniatur dan peta
Karton berukuran A4

Lem

Spidol

Petunjuk Kerja

Karena cuaca buruk, kita tidak bisa berlayar ke Pulau Harta Karun.

Tetapi jangan khawatir, kalian tetap bisa menyelesaikan misi ini. Ikuti

petunjuk berikut ini:

1.

Guntinglah 5 lembar foto tampak samping, dan peta miniatur pulau

pada garis putus-putus.

. Ambillah brick atau balok-balok plastik.

3. Buatlah tembok, gerbang, dan menara seperti pada gambar tampak

samping pulau
Susunlah tembok, gerbang, dan menara sesuai dengan lokasi yang

ditunjukkan oleh peta.

. Tempelkan peta pada karton

6. Cocoklanlah 5 foto tersebut sesuai dengan lokasi Kapten Jack pada

saat mengambil foto-foto itul!

. Tempelkan foto-foto tersebut pada peta!

. Jangan lupa tulis nama kelompokmu dan nama kalian ya!
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RENCANA PELAKSANAAN PEMBELAJARAN

Nama Sekolah . SD Negeri 117 Palembang
Mata Pelajaran . Matematika
Kelas/Semester - /2

Pertemuan . 3 (Ketiga)

Alokasi waktu : 2 x 35 menit

Standar Kompetensi : Memahami unsur dan sifat-sifat batigian sederhana

A. Tujuan Pembelajaran

1. Memperkenalkan istilah tampak kiri, tampak kanan, tampak ¢depampak belakang
dan tampak atas.

2. Menggambarkan tampak kiri, tampak kanan, tampak depan, tamfzdarg dan
tampak atas dari tembok.

3. Menyelesaikan permasalahan dengan menggunakan kemampuih \soas telah
dikembangkan.

4. Menginterpretasi, mengenal, dan menceritakan gambaménrdi dari benda 3-
dimensi

B. Indikator

1. Siswa mampu menggambarkan tampak kiri, tampak kanan, tampak, dapgak
belakang dan tampak atas dari tembok

2. Siswa mengenal dan menggunakan istilah tampak kiri, tampakeampak depan,

tampak belakang dan tampak atas dalam mendiskusikan hgsiereka.

C. Materi Pembelajaran

Pada pertemuan ini, siswa akan diperkenalkan dengan istilit-iyang digunakan pada

topik spasial, seperti tampak Kkiri, tampak kanan, tampak depamak belakang dan

tampak atas. Siswa diminta untuk memvisualisasikan tembdbsteryang disusun dari

balok-balok kayu kecil dari berbagai arah. Aktivitas ini dilakukguma mengasak

kemampuan visualisasu spasial visual dan kemambuan orientaal sjzagh.

D. Metode Pembelajaran

Kerja kelompok dan diskusi

E. Pendekatan Pembelagjaran
Pendidikan Matematika Reaslistik Indonesia (PMRI)



F. Kegiatan Pembelajaran
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_ _ Waktu
Kegiatan Uraian
(menit)
K egiatan Apersepsi: 5-10
Awal Pengulangan materi yang telah diajarkan sebelumnyg
mengaitkan materi sebelumnya dengan materi yang
dipelajari
Motivasi:
1. Guru menyampaikan aktivitas pembelajaran pada
ini. bahwa siswa akan mengeksplorasi susunan
bata
2. Guru menyampaikan tujuan pembelajaran
Kegiatan Inti | Eksploras 10-15

1.Guru menyampaikan konteks dan pemasalahan
akan dikerjakan oleh siswa
Setelah mengeksplorasi miniatur pulau tampak
samping dan tampak dari atas, aktifitas selanju
difokuskan pada pembahasan objek yang lebih spe
Aktifitas ini merupakan zoom in dari dua aktifit
sebelumnya yaitu aktifitas 2 dan aktifitas 3. Pada akti
ini, siswa akan disajikan dengan gambar susunan
bata pada tembok yang digunakan pada aktifitas 2
aktifitas 3, dan berbagai bentuk susunan batu bata.

2. Guru menampilkan foto tembok yang diambil d
depan, belakang, kanan, kiri, dan atas. Kemu
memperkenalkan istilah spasial seperti tampak de
tampak belakang, tampak atas, tampak kiri, dan tan
kanan.

tampak depan

tampak atas
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—F

‘tampak kiri  tampak kanan

tampak belakang

3. Guru memfasilitasis peserta didik melakuk
pengamatan atau observasi terhadap tembok.
Hal-hal yang perlu diperhatikan pada saat melak
pengamatan adalah:

e Posisi mata harus sejajar dengan objek pada min
e Salah satu mata harus ditutup

Elaboras 30-35

1. Siswa menyelesaikan permasalahan yang dibe
pada Lembar Kerja Siswa (LKS)
Siswa diminta untuk menggambarkan tampak sam
dan tampak atas dari tembok. Untuk membantu
ddalam menyelesaikan masalh ini, siswa d&a
menggunakan balok-balok kayu dan menyusur
sesuai dengan gambar tembok yang terdapat
lembar LKS

2. Diskusi
Diskusi dapat dimulai dengan memilih salah g
kelompok untuk mempresentasikan salah satu dari
kerja mereka. Guru meminta siswa untuk mencerita
strategi yang mereka gunakan untuk menemy
jawaban yang benar. Diskusi dilanjutkan den
membahas detail jawaban siswa. Guru dapat bert
kepada kelompok yang lain apakah jawaban me
sama atau berbeda. Guru dapat bertanya ap
kelompok lain memiliki strategi yang berbeda dal
menyelesaikan  permasalahan  tersebut, sa
menampilkan foto tampak belakang, kiri, dan ¢
berikut ini.

Diskusi dilanjutkan dengan pembahasan lembar k
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siswa bagian C. Guru meminta siswa untuk menyy
balok-balok kayu berukuran 3 x 3 x 6 cm sesuai der
gambar yang ditunjukkan. Berbeda = den(
permasalahan pada bagian B, pada bagian C siswg
menyusun balok-balok kayu dari tampak atast
Kemudian guru meminta siswa untuk membuat gan
tampak samping dari susunan balok-balok kayu ters
Diskusi dilanjutkan dengan menjawab pertanyaan Y
ada di bagian C.
Konfirmas S
1.Guru memberikan umpan balik positif dan pengua
dalam bentuk lisan.
2.Selanjutnya guru menekankan bahwa selanjutnya mg¢
akan menggunakan istilah tampak atas, tampak
tampak kanan, tampak depan, dan tampak belakang.
3.Guru memberikan motivasi kepada peserta didik Y
kurang atau belum berpartisipasi aktif
4.Guru  membantu menyelesaikan masalah del
memberikan jawaban yang benar
5.Melakukan refleksi terhadap pengalaman belajar Y
telah dilakukan
Kegiatan Guru menyimpulkan hal-hal yang telah dipelajari 5
akhir Guru menyampaikan rencana pembelajaran berikutnya

G.Media/Sumber Pembelajaran
e balok kayu berukuran 3 x 3 x 6 cm
e balok kayu berukuran 3 x 3 x 3 cm
o foto tampak samping dan tampak atas dari tembok yang digumpakinaktifitas 2
dan 3

e lembar kerja siswa

H. Penilaian
1. Bentuk Tes : Kegiatan Kelompok Terstruktur
2. Bentuk Soal : (lihat LKS)
3. Rubrik Penilaian:

NO Jawaban Skor

1 | Sama, karena apa bila dilihat dari belakan, bentuk, ukuran 10
susunan balok kayu adalah sama.
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oo

Sama
Tampak kanan dan tampak kiri tembok

Tampak atas

30

oo

Sama
Tampak kanan dan tampak kiri tembok

ampak atas

30

Sama
Tampak kanan dan tampak kiri tembok

Tampak atas

30

Palembang, Maret 2013

Wali Kelas llla,

Fatmawati, S. Pd
NIP.

Mengetahui,

Kepala SDN 117 Palembang

Toman Siregar, S.Pd

NIP.

Dwi Afrini Risma
NIM. 20112812009
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Nama Kelompok: Kelas :

A. Berikut ini adalah gambar-gambar tembok tampak dari depan.

L L L 1)
s <l O O B O i [][ ][] )

Apakah menurutmu susunan batu tersebut akan terlihat sama dari belakang? Jelaskan!




B. Bagaimanakah gambar tembok tersebut jika dilihat dari kiri, kanan dan atas?

Amatilah gambar tembok di bawah ini!

Apakah tembok akan terlihat sama jika dilihat dari kiri dan kanan?

Jawaban :

Gambarlah tampak kanan dan kiri tembok pada gambar di atas!

Bagaimana gambar tembok jika dilihat dari atas? Gambarkan!
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Amatilah gambar tembok di bawah ini!
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Apakah tembok akan terlihat sama jika dilihat dari kiri dan kanan?

Jawaban :

Gambarlah tampak kanan dan kiri tembok pada gambar di atas!

Bagaimana gambar tembok jika dilihat dari atas? Gambarkan!




Amatilah gambar tembok di bawah ini!
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Apakah tembok akan terlihat sama jika dilihat dari kiri dan kanan?

Jawaban :

Gambarlah tampak kanan dan kiri tembok pada gambar di atas!

Bagaimana gambar tembok jika dilihat dari atas? Gambarkan!




C. Bagaimana dengan tampak atas tembok?

Jika semua batu yang digunakan memiliki ukuran yang sama,
dari 5 gambar tembok pada halaman 1,
manakah tembok yang mungkin memiliki tampak atas seperti pada gambar di bawah ini?

Jawaban :

Berikan alasanmu!
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RENCANA PELAKSANAAN PEMBELAJARAN

Nama Sekolah . SD Negeri 117 Palembang
Mata Pelajaran . Matematika
Kelas/Semester - /2

Pertemuan . 4 (keempat)

Alokasi waktu : 2 x 35 menit

Standar Kompetensi : Memahami unsur dan sifat-sifat batgian sederhana

A. Tujuan Pembelajaran
1. Menggambarkan susunan kubus dari tampak tampak kiri, tanapaktampak depan,
tampak belakanglan tampang atas
2. Menginterpretasi, mengenal, dan menceritakan gambar @adirdari rumah kubus
3. Menyelesaikan permasalahan dengan menggunakan kemampuah ywpagidelah
dikembangkan.

B. Indikator
1. Siswa mampu menggambarkan tampak kiri, tampak kanan, tampak, depgak
belakang dan tampak atas dari rumah kubus dengan benar
2. Siswa mampu mengintepretasi, mengenal, dan menceritatabag 2-dimensi dari
rumah kubus

3. Siswa menggunakan istilah spasial dalam mendiskusikarkbgainya

C. Materi Pembelajaran
Pada pertemuan ini, siswa bekerja dengan menggunakan kubugakgcterbuat darii
kayu. Kubus-kubus tersebut akan disusun sesuai dengan juwtalahsusunan yang
ditentukan. Siswa kemudian diminta untuk memvisualisasikannanskubus tersebut
sesuai dengan tampak Kiri, tampak kanan, tampak depan, tanipkingedan tampak
atas. Riset yang telah dilakukan oleh Revina et al. (2011)BdarHaim et al. (1985)
menunjukkan bahwa aktivitas memvisualisasikan rumah kubus dgvakakiri, tampak
kanan, tampak depan, tampak belakang dan tampak atas mampu nkamgka

kemampuan visualisasi siswa.

D. Metode Pembelajaran

Kerja kelompok dan diskusi



E. Pendekatan Pembelajaran
Pendidikan Matematika Realistik Indonesia (PMRI)

F. Kegiatan Pembelajaran
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_ _ Waktu
Kegiatan Uraian
(menit)
K egiatan Apersepsi: 5
Awal Pengulangan materi yang telah diajarkan sebelumnyg
mengaitkan materi sebelumnya dengan materi yang
dipelajari
Motivasi:
1. Guru menyampaikan aktivitas pembelajaran pada
ini: bahwa siswa akan mengeksplorasi susunan
bata
2. Guru menyampaikan tujuan pembelajaran
Kegiatan Inti | Eksploras 10 - 15

1.Guru menyampaikan konteks dan pemasalahan
akan dikerjakan oleh siswa
Pada aktifitas ini, siswa akan menyusun kul
kubus menjadi bentuk tertentu pada arena berpetak
disediakan. Kemudian  siswa  diminta  unt
menggambarkan tampak samping (tampak depan, ta
belakang, tampak kiri, dan tampak kanan) serta tan
atas dari susunan kubus yang mereka buat.

2. Guru memfasilitasis peserta didik melakuk
pengamatan atau observasi terhadap rumah kubus.

e Dalam menyelesaikan permasalahan-permasal
yang ada di lembar kerja siswa, siswa dapat mem
susunan kubus yang serupa dengan gambar d¢
menggunakan kubus-kubus kayu yang tersedia.

e Untuk mempermudah siswa dalam menggam
siswa dapat menyusun kubus pada arena ber|
yang disediakan.

e Tanda panah pada gambar menandakan arah dej

e Berbeda dengan susunan balok-balok pada akt
sebelumnya yang disusun seperti gambar berikut
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pada aktifitas ini, kubus-kubus harus disusun se
gambar di bawah ini

Elaboras
1. Siswa menyelesaikan permasalahan 1 dan 2
diberikan pada Lembar Kerja Siswa

2. Diskusi
Diskusi dapat dimulai dengan memilih salah s
kelompok untuk mempresentasikan salah satu dari
kerja mereka. Guru meminta kelompok lain un
menguji kebenaran gambar ataupun argument
digunakan oleh kelompok presenter. Jika sig
memberikan jawaban yang tidak tepat, guru |
mengajak siswa bersama-sama menyusun rumabh
seperti yang dibuat oleh kelompok presenter. Kemu
siswa diminta untuk menggambarkan tampak sam
dan tampak atasnya. Sangatlah penting bagi guru (
menekankan bahwa sering kali ditemukan tampak
dan tampak kanan seolah terlihat sama, tetapi
diperhatikan dengan seksama posisi benda di se
kanan dan sebelah kiri akan beralih fungsi.

3. Siswa menyelesaikan permasalahan 1 dan 2
diberikan pada Lembar Kerja Siswa

35-40

Konfirmas
1.Guru memberikan umpan balik positif dan pengua
dalam bentuk lisan.
2.Guru memberikan motivasi kepada peserta didik Y
kurang atau belum berpartisipasi aktif
3.Guru membantu menyelesaikan masalah del
memberikan jawaban yang benar
4.Melakukan refleksi terhadap pengalaman belajar
telah dilakukan

Kegiatan
akhir

Guru menyimpulkan hal-hal yang telah dipelajari
Guru menyampaikan rencana pembelajaran berikutnya




G.Media/Sumber Pembelajaran
e balok kayu berukuran 3 x 3 x 3 cm

e lembar kerja siswa

H. Penilaian
1. Bentuk Tes : Tugas Terstruktur
2. Bentuk Soal : Lihat lampiran (LKS)

3. Rubrik penilaian:

No Soal Jawaban Skor
1 ——————————
1 11 [ ] 30
| | | |
TD Tka TB Tki TA
Jawaban dapat bervariasi 35
3 Jawaban dapat bervariasi 35

Wali Kelas llla,

Fatmawati, S. Pd
NIP.

Palembang, Maret 2013

Mengetahui,

Kepala SDN 117 Palembang

Toman Siregar, S.Pd

NIP.

Peneliti

Dwi Afrini Risma
NIM. 20112812009
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AKTIVITAS4

Konteks

Kita akan berburu harta karun. Untuk menemukan harta karuankbarus menemukan
petunjuk di kompleks rumah yang terbuat dari kubus-kuBakh satu pemilik ‘rumah
kubus’, Pak Rusman, memiliki petunjuk penting. Pak Rusman akan memberikan petunjuk
jika mereka melakukan tiga tugas. Tugas pertama adalah kaharusnya menggambarkan
tampak samping dan tampak atas rumahnya. Pak Rusman juga eémlmangun dua rumah
kubus lainnya. Jadi, tugas dari pak Rusman adalah kalian harubamgun dan
menggambarkan tampak samping dan tampak atas dari 3 rumah kubus

Perhatikan gambar susunan kubus berikut ini.

y o
=

-4”

Buatlah rumah kubus yang sama pada kotak-kotak yang disediakatjlah bangun
tersebut. Bagaimanakah gambar rumah kubus tersebut jika difihatiepan, sebelah Kkiri,
belakang, dan sebelah kanan?

Gambarlah rumah kubus tersebut

e Tampak depan

e Tampak Kiri

e Tampak kanan

e Tampak belakang
e Tampak atas
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Nama K elompok:

Gambarlah rumah kubus yang kamu buat apabila
e Tampak depan
e Tampak Kiri
e Tampak kanan
e Tampak belakang
e Tampak atas

Sebagai contoh, lihatlah gambar tampak kanan dari rumah Hubawabh ini.

DEPAN KIRI

u)

KANAN BELAKAN(

ATAS




Nama K elompok:

Buatlah rumah kubus yang terdiri dari 5 kubus kecil.
Gambarlah rumah kubus tersebut

e Tampak depan

e Tampak Kiri

e Tampak kanan

e Tampak belakang

e Tampak atas

203

DEP

AN

KIRI

KAN

AN

BELAKANC

u)

ATA




Nama K elompok :

Nama:
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Buatlah rumah kubus yang terdiri dari 4 kubus kecil.

Gambarlah rumah kubus tersebut

e Tampak depan

e Tampak Kiri

e Tampak kanan

e Tampak belakang

e Tampak atas

DEP

AN

KIRI

KAN

AN

BELAKAN(

Q)

ATA
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RENCANA PELAKSANAAN PEMBELAJARAN

Nama Sekolah . SD Negeri 117 Palembang
Mata Pelajaran . Matematika
Kelas/Semester - /2

Pertemuan . 5 (kelima)

Alokasi waktu : 2 x 35 menit

Standar Kompetensi : Memahami unsur dan sifat-sifat batigian sederhana

A. Tujuan Pembelajaran
1. Menyusun kubus dari gambar tampak samping dan tampak atas yankgaaib
2. mengidentifikasi susunan rumah kubus dari gambar tampagisg dan tampak atas
yang diberikan
3. Menyelesaikan permasalahan dengan menggunakan kemampuih \soas telah

dikembangkan.

B. Indikator
1. Menyusun kubus dari gambar tampak samping dan tampak atas yankgaaib
2. mengidentifikasi susunan rumah kubus dari gambar tampagirsg dan tampak atas

yang diberikan

C. Materi Pembelajaran
Materi ini merupakan materi tersulit dari kelima materigada. Dibutuhkan kemambuan
‘membaca’, mengintrepretasi gambar yang baik untuk menyelsaikan permasalahan yang
akan disajikan. Aktifitas ini tidak hanya membantu mengasamampuan visualisasi

spasial siswa tetapi juga kemampuan spasial siswa secaharidban.

D. Metode Pembelajaran

Kerja kelompok dan diskusi

E. Pendekatan Pembelajaran
Pendidikan Matematika Realistik Indonesia (PMRI)



F. Kegiatan Pembelajaran
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K egiatan

Uraian

Waktu
(menit)

K egiatan
Awal

Apersepsi:
Pengulangan materi yang telah diajarkan sebelumnyg
mengaitkan materi sebelumnya dengan materi yang
dipelajari

Motivasi:

1. Guru menyampaikan aktivitas pembelajaran pada
ini: bahwa siswa akan menyusun kubus-kubus k
sesuai dengan susunan yg diinginkan dari gar
tampak samping dan tampak atas yg diberikan.

2. Guru menyampaikan tujuan pembelajaran

2-3

Kegiatan Inti

Eksploras

1.Guru menyampaikan konteks dan pemasalahan
akan dikerjakan oleh siswa

Pada aktifitas ini, siswa akan menyusun kul

kubus menjadi bentuk tertentu pada arena berpetak
disediakan. Kemudian  siswa  diminta  unt
menggambarkan tampak samping (tampak depan, ta
belakang, tampak kiri, dan tampak kanan) serta tan
atas dari susunan kubus yang mereka buat.

2. Guru memfasilitasis peserta didik melakuk
pengamatan dan dalam menyusn rumah kubus

e Dalam menyelesaikan permasalahan-permasal
yang ada di lembar kerja siswa, siswa dapat mem
susunan kubus yang serupa dengan gambar d¢
menggunakan kubus-kubus kayu yang tersedia.

e Untuk mempermudah siswa dalam menggam
siswa dapat menyusun kubus pada arena ber|
yang disediakan.

e Tanda panah pada gambar menandakan arah dej

e Berbeda dengan susunan balok-balok pada akt
sebelumnya yang disusun seperti gambar berikut

pada aktifitas ini, kubus-kubus harus disusun se
gambar di bawah ini
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Elaboras

1. Siswa menyelesaikan permasalahan yang dibe
pada Lembar Kerja Siswa dan Diskusi
Berbeda dengan aktifitas-aktifitas sebelumnya, [
aktifitas ini soal pertama akan dibahas bersama-s
Sementara soal kedua dan soal ketiga akan dikerj
sebagai latihan untuk masing-masing kelompok. Bet
ini dijabarkan tahapan-tahapan mekanisme diskusi
kerja siswa:

Siswa diberikan satu gambar tampak depan
susunan kubus, kemudian mereka harus meny
kubus-kubus sesuai dengan gambar terse
Diharapkan siswa akan menyusun kubus-ky
seperti pada gambar berikut ini.

y &

Selanjutnya guru memilih dua atau tiga kelomj
untuk menunjukkan bentuk susunan mereka. S
diminta untuk menyebutkan jumlah kubus vyg
mereka gunakan.

Guru mengajak siswa untuk mengamati tam
depan, kiri, dan atas dari susunan kubus. Apdg
susunan tersebut sudah sesuai dengan gambar
ditunjukkan oleh LKS.

Kemudian guru menanyakan kepada siswa ap
satu gambar saja cukup untuk menjawab teka
tersebut? Dari berbagai jawaban yang diberil
dapatkah mereka menentukan jawaban mana
paling benar? Mengapa?

Berikutnya siswa diberikan satu gambar tampak
dari susunan kubus. Sama seperti sebelumnya, ¢
diminta untuk menyusun kubus-kubus berdasal
gambar yang diberikan. Tahapan mekanisme dig
selanjutnya sama seperti di atas. Di akhir disk

guru bertanya kepada siswa apakah jun
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kemungkinan jawabannya bertambah banyak
bertambah sedikit ketika mereka diberikan gamn
kedua? Mengapa demikian?

e Diskusi dilanjutkan dengan memberikan sis
gambar tampak atas dari susunan kubus. S
diminta untuk menyusun kubus dari gambar tam
atas seperti pada gambar berikut in.

L

A

&

e Guru menginstruksikan kepada siswa untuk meyt
kubus-kubus tersebut sehingga memiliki tampak &
tampak kiri, dan tampak depan seperti yang t¢
mereka buat.

Konjektur pemikiran siswa:
Siswa akan menyusun kubus-kubus seperti |
gambar berikut ini

4 A
y o
V o
ya—— —
_—i A
y o V o

e Guru menunjukkan gambar jawaban susunan Ki
yang benar, dan menjelaskan kepada s
bagaimana cara membangun susunan kubus dar
gambar yang diberikan. Guru harus memast
bahwa siswa memahami masalah yang telah me
kerjakan.

2. Dua soal berikutnya adalah latihan untuk siswa.
3. Setelah semua kelompok selesai menger;ja
latihannya, jika masih ada waktu, siswa diizinkan ur

melihat hasil kerja kelompok lain.
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2.Guru menyimpulkan hal-hal yang telah dipelajari selg

5 pertemuan

Konfirmas 5
1.Guru memberikan umpan balik positif dan pengua
dalam bentuk lisan.
2.Guru memberikan motivasi kepada peserta didik
kurang atau belum berpartisipasi aktif
3.Guru  membantu menyelesaikan masalah del
memberikan jawaban yang benar
4.Melakukan refleksi terhadap pengalaman belajar
telah dilakukan
Kegiatan 1.Guru menyimpulkan hal-hal yang telah dipelajari p{ 2-3
akhir pertemuan ini

G.Media/Sumber Pembelajaran
e balok kayu berukuran 3 x 3 x 3 cm

e lembar kerja siswa

H. Penilaian

3. Bentuk Tes : Tugas Terstruktur
4. Bentuk Soal : (lihat LKS)
5. Rubrik Penilaian :

No Soal Jawaban Skor
/—/

1 35
y o
L Z 7 7

2 30
V o

3 — 35

y o
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AKTIVITASS

Konteks

Kamu adalah tiga orang bajak laut yang akan mencari harta karun. Harta karun
tersebut terkunci di dalam sebuah bilik rahasia di istana tua. Untuk menemukan
bilik rahasia tersebut, kamu membutuhkan 3 benda penting yaitu kompas, peta
dan kunci. Kamu membutuhkan peta untuk mencari lokasi istana tua tersebut,
kompas tersebut akan digunakan sebagai penunjuk arah ketika sedang membaca
peta. Sedangkan kunci akan digunakan untuk membuka peti harta karun. Tiap
benda tersimpan pada kamar yang ada di rumah kubus milik Pak Rusman. Untuk
membuka kamar tersebut, kalian harus menyelesaikan teka-teki yang diberikan
oleh Pak Rusman. Ayo selesaikan teka-tekinya dan temukan harta karun!




Nama Kelompok:

Teka-teki 1:

Mari selesaikan puzzle pertama untuk mendapatkan kompas!

Jumlah kotak yang digunakan:
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KIR

BELAKANG

ATAS
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Nama Kelompok:

Puzzle 2:
Mari selesaikan puzzle pertama untuk mendapatkan kunci!

Jumlah kotak yang digunakan:

DEPAN

KANAN BELAKANG

ATAS




Nama Kelompok:

Puzzle 3:

Namamu:
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Mari selesaikan puzzle pertama untuk mendapatkan peta harté ka

Jumlah kotak yang digunakan:

DEP

AN

KANAN

=LAKANG

AT

AS




