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Abstract: The effective learning strategies for mathematiqscs may vary according to the topic.
For geometry, the activities that are suggesteldetamplemented are carried out using Van Hiele's
phases of learning geometry. The phases incluaernhation, Guided Orientation, Explicitation, Free
Orientation and Integration. The implementationttedse phased-based activities is easier and more
effective with the presence of dynamic geometrytvearfe, especially the Geometer’'s Sketchpad
(GSP). Therefore, the purpose of this article idiszuss the activities based on Van Hiele's pha$es
learning geometry, using the GSP computer softwara tool. The developed activities were given to
eight experts to get their views on the activitiBesides that, 24 pre-services teachers were alsa g
the activities for the purpose of investigatiorpagdagogical usability of the developed activitigse
results showed that the developed activities weed-avranged based on Van Hiele's phases of
learning geometry with the assistance of GSP. Hselts also showed that the developed activities
met the requirements of the pedagogical usabititgria. Since these phase-based activities olaine
positive views from experts and pre-services te;Hbe activities can be carried out in teaching a
learning geometry.

Key words: Van Hiele’s phases of learning geometry, Geomet8kstchpad (Gsp), pedagogical
usability criteria

INTRODUCTION meaningful with the implementation of effective
learning strategies. The effective process of teach
Geometry is an important branch of mathematicsand learning geometry is not the same as the psarfes
and it is well known to be one of the basic skitisbe teaching and learning other mathematics topics sisch
mastered (Hoffer and Hoffer, 1992; Hong, 2005;arithmetic, algebra and probability (Noraini, 200bhe
NCTM, 2000). The importance of geometry cannot beprocess of teaching and learning geometry should
over estimated in human life. Thus, the topics ofemphasise hands-on exploration, creative thinkimgd) a
geometry in Malaysian education system are formallythe ability to argue, generate conjectures andempht
taught as early as the primary school, when theesits  projects about geometry. The content of geometry
are exposed to the concepts of geometry in the tofpi topics can be systematically structured based an va
“The Two Dimensions and Three Dimensions” (MOE, Hiele’'s phases of learning geometry. These phases
2004). Introduction to the geometry is increasinglyinclude information, guided orientation, explicitat,
emphasised in the curriculum when students entefree orientation and integration. These learning
secondary school. This is due to the fact that 40%e  activities are more easily implemented with the
60 topics contained in the Integrated Curriculum fo presence of various technologies. NCTM stresses the
Secondary School Mathematics (KBSM) from Formimportance of using technology in teaching anchiear
One to Form Five are geometry topics (MOE, 2004)mathematics by making it as one of the six primspbf
Because of the importance of geometry in the dddy the teaching and learning of Mathematics (NCTM,®00
of students and the emphasis on the topic of gagmet Curriculum Development Centre of Malaysia in the
in the mathematics curriculum, the process of temch Mathematics syllabus (MOE, 2004) also has explaihed
and learning geometry should be made moraise of appropriate and effective technologies tp he
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students to improve their skills and to achieverélipired  addition, it can be used to make calculations and
learning outcomes. Dynamic geometry software is theneasurements quickly and accurately. The GSP was
most effective tool in the process of teaching leathing  awarded the Best Educational Software of All Time,
geometry. The dynamic geometry software that hasyma Most Valuable Software for Students, Best Education
advantages when compared to others is the GeometeProgram, Parent's Choice Group Approval Winner

Sketchpad (GSP). and Instructional Software Readers’ Choice Award
There are several attributes of dynamic geometryGan and Chen, 2006).
software that can help students to learn geometmem Many researchers have studied the process of

meaningfully. One of these attributes is the abitt  thinking and learning in the field of geometry. Yhe
specify the geometrical relationships among objecténclude Jean (1981) who introduced the three legéls
created on the computer screen, such as poines lingeometric thinking used to describe geometric cptsce
and circles. Another attribute is its ability topdore  for children from kindergarten to adulthood. Ovie t
graphically the implications of the geometrical years, the mathematicians have continued to do
relationships established when constructing a éigur research on the geometric thinking, but no one has
Within the computer environment, the geometricalmanaged to attract as much attention as to the Ifmde
objects created on the screen can be manipulateggeometric thinking levels proposed by Hiele (1986).
moved and reshaped interactively with the use ef thVan Hiele Model has been the subject of ongoing
mouse (Christowet al., 2005). In addition, the tools, academic research in the field of geometry andobas
definitions,  exploration  techniques and visualapplied to various areas of geometric study (Bruni
representations associated with dynamic geometr§ind Seidenstein, 1990; Battista, 2002; Walle, 1994;
contribute to a learning environment that isNoraini, 2005; Halat, 2008). Many researchers have
fundamentally removed from its straightedge-andrecognised the value of the geometric thinking
compass counterpart (Laborde, 1998). In this newmplemented by the van Hiele Model (Fuys and
millennium era, a great deal of dynamic geometryLiebov, 1997; Usiskin, 1982). Also has noted the t
software is being introduced. One of them is thethoughts of the students in two-dimensional
Geometer's Sketchpad (GSP), which is operated lyy Kegeometry are best explained by using van Hiele's
Curriculum Press (Jackiw, 1991). MOE has obtained &nodel for geometric thinking.
license to use the GSP in teaching and learningEMO  Van Hiele’s model was developed by Pierre van
has signed an agreement with Key Curriculum Pssss, Hiele and Dina van Hiele-Geldof at the Universitfy o
that the GSP can be used by teachers, lecturers ahtirecht in the Netherlands. It consists of fivegst
students in schools, colleges and universitiesutiitout ~ labelled 1 to 5. The five levels of thinking are
the country (Norhana, 2008). In the secondary dchodhierarchical in order. The transitions from ongeleto
mathematics curriculum, specification for Form Qoe another are dependent on the student's experieitioerr
Form Five, a total of 29.51% or equivalent to 1gi¢ce  than his or her chronological age. Crowley (1987)
(mostly are geometry topics), are proposed to bghta describes some of the features of van Hiele model a
using the GSP (MOE, 2004). follows:

The Geometer's Sketchpad (GSP) is dynamic,
interactive and user-friendly software that wasstfir ¢ Students must go through the stages in the model
used in mathematics education nearly ten years ago. Sequence
This software was designed by Jackiw (1991) isch to * Students must move through the stages without
to allow students to draw and see the movements, Omitting any levels
changes in position and shapes of the object througe The instructions must be given at each level to
exploration. According to Gan and Chen (2006), its ensure that learning occurs. If the instructions
dynamic nature allows students to investigate given at a higher level that the students’ ability,
mathematical relationships and make accurate they will have difficulty in following the thought
conclusions or conjectures from the patterns formed processes
The GSP also facilitates users in drawing any gégme
figures such as triangles, circles, straight lingleck The first level in the model is visualisation. #is
and a variety of shapes in three dimensions. Thetage, students can identify geometric shapes langd t
software can also help students to solve problams ican recognise and identify geometry shapes based on
algebra, trigonometry and calculus. It can be aopih  the entire entity (Halat, 2008). According to Nmiai
teaching and learning translation, reflection, tiota  (2005), geometric entities are considered as a avhol
and enlargement and other mathematical functiams. land are not made up of components or attributes. In
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other words, students do not identify the geometricAccording to them, the most challenging stage fdmed
properties from a list of shapes. The second levéie  teachers in teaching geometry is the development of
model is analysis. At this stage, students are &ble materials and teaching aids that help studentsdwepr
identify the properties of a shape. For exampkgjuare their understanding of geometric concepts. Trauiitio
is quadrilateral with two pairs of parallel oppes#ides text books only focus on the skills of students in
and all the sides of a square are equal in lengthrguing deductively. Students simply memorise witho
(Mayberry, 1983). The third level is formal dedocti  understanding the theory and evidence of geometric
At this level, students can see the relationshipsray  concepts. One hypothesis in the Van Hiele Model is
shapes and state the relationships among them.iShisthat when students are given a concept that ihet t
then followed by simple verification, a processtthat  |evel of mental development that exceeds the lefel
all students understand. They can however relae ththeir ability, they will accept the concept in aiesy of
relationships to existing knowledge and developedvays. There are students who only accept it without
arguments to establish correct generalisations. Thgnderstanding it and tend only to memorise it. Erae
fourth level in the model is deduction. Studentshé&  also students who give up and ignore it becausedbe
level comprehend the meaning and importance ohot understand what is being taught. This cleatyws
deduction and the role of postulates, theorems anthat teachers need to provide their students with
proofs. They are able to prove through their ownappropriate learning experiences so that the tearcff
understanding. They also understand that theinderstanding of geometric concepts can occur
verification process can be carried out in morentha naturally and meaningfully. Therefore, it is import
one way. The fifth level in the van Hiele model is for teachers to know the students’ geometricalkihig
rigor. At this stage, students understand how tokwo and develop activities based on the Van Hiele Madel
within the axiomatic system. They are able to makehis context, has developed phase-based activities
abstract deductions. the two sessions. The first learning session isediat
Noraini (2005) has explained that the progressiomelping students improve their level of geometric
from one stage to the next depends on the learninghinking from level 1 to level 2, while the second
methods and content of the topic rather than th@ession helps the students improve their level of
maturity of a student. Thus, the content of patiicu geometric thinking from level 2 to level 3. The
geometry topic should be well-planned, so thatait ¢ activities have been developed based on Van Hiele’s
encourage the active involvement of students in th?)hases of learning geometry, which are Information,
learning geometry. The transitions from one staghé¢  Guided Orientation, Explicitation, Free Orientatiand
next are not natural processes as they are great|jtegration. These activities are undertaken bylestts
influenced by the teaching methods employed (Craftyith the help of the GSP and the topics covered the
2000). To provide geometry learning experiences thatypes of triangles.
can help students advance through the levels of van serow (2008) has implemented a project using the
Hiele Model, van Hiele has suggested five phases gbhases and included elements of technology to rfoste
activities in the process of learning; Information, teaching and learning geometry in mathematics eass
Guided Orientation, Explicitation, Free Orientatiand  Her research used a pre-experimental design with a
Integration (Halat, 2008). group of 23 students from Year 9 and they were
Teppo (1991) provides several examples of studemissessed via pre- and post-tests. The contentkeof t
activities to demonstrate the implementation of Vanteaching materials were designed in two forms, tvhic
Hiele's phases of learning geometry model. Thewere phases of teaching as a framework and the
movement of students from one level to a higheellev integration of dynamic geometry software with
is the result of meaningful learning activitiesttteme  Microsoft Excel and concept-mapping software. The
organized into five phases which focus on the ®atfir  study lasted for two consecutive weeks, with al o8
exploration activities, discussion and integration.sessions with each session lasting 40 min. The toii
According to her, a student’s level of geometricalthis study was the geometry of space and the sigstop
thinking can be improved through various learninginvolved were “the construction and identificatiom
sessions. During each learning session, studemts athe properties of triangles and quadrilaterals” éhe
associated with an object and become actively ire! proof of the quadrilaterals”. The sessions alsduied
in the activities provided. This enables them toveno assignments aimed at helping students use the more
from one level of thinking to a higher level. Chi¢dh  formal level of language. The study found that Van
(2000) has developed activities based on Van Hiele’Hiele’'s phases of learning geometry are an effectiv
phases of learning geometry by using the GSPframework in organising activities using dynamic
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geometry software. Students remained activelyinformation, guided orientation, explicitation, dre
involved in doing the tasks and also interactedhwite  orientation and integration phases to advance fitzan
another. These situations elevated the studenés’ofis first level to the second level of geometric thimkiand
language from informal to formal. The integratioh o they have had to go through the same phases tmeglva
other software caused the dynamic geometry softteare to the next level. In this study, activities weremared
be more effective. In this context, has concludeat t to assist students to enhance to the third level of
experimental and exploratory strategies, when mted  geometric thinking. This is due to the fact thatnma
with dynamic geometry software, are able to enhdéimee previous research revealed that lower secondamyosch
understanding of students of geometric concepts. Istudents usually can only reach up to the thirelled
addition, the phases of learning and the use bfitdlogy = geometric thinking which is informal deduction
are important in attracting students to study gd¢gme (Usiskin, 1982; Walle, 1994).

Meng (2009) has investigated Form One students In the first learning session, learning activita®
who learned solid geometry in a phase-basegrovided to help students advance from the fingtllef
instructional environment using a GSP based on thée Van Hiele Model; visualisation, to the secoadel;

Van Hiele Model. Specifically, he examined the analysis. Students will go through all phases;
students’ initial Van Hiele levels of geometricrting  visualization, guided orientation, explicitationred

on cubes and cuboids and how their Van Hiele levelsrientation and integration to move from the fiestel
were altered by phase-based instruction with GSP. Hto the second level. The objective of the actuitis to
used a case study design and purposive sampling teelp students identify quadrilaterals and to uridech
select six students with different abilities fronFarm  their properties. For example, students will coroe t
One class. His research involved three sessions iknow that a parallelogram has equal and parallel
which, during the first session, the researcher®pposite sides, equal opposite angles and its dago
conducted interviews with each sample to deterrttie  bisect each other. In Phase 1 which is information,
initial level of the students’ geometrical understing  students will become acquainted with the activity.
of cubes and cuboids. In the second session, thEeachers will present a new idea and allow students
students were taught the properties of cubes anbdegin working on the concept. In the example gilogn
cuboids through Van Hiele’s learning phases by aisin Idris (2007), shapes such as rhombus are introdimnced
GSP, with a total of 14 activities provided. In tird  this phase. Students are then introduced to other
session, he conducted interviews to determinedhel | geometrical shapes and asked if the shapes are
of the students’ geometric thinking after being@sgd rhombus. In the study by Husnaeni (2006), teachers
to Van Hiele's learning phases using GSP. His figdi gave a few figures of various shapes and asked the
revealed that the participants’ initial Van Hiekvéls  students to identify triangles and other shapesinfilar
ranged from Level O to Level 2. After phase-basedstudy by Choi-Koh (2000) stated that in information
instruction with GSP, their Van Hiele levels either phase, students were able to recognize and draw the

increased or remained the same. shapes. They could identify the type of triangle, ib
equilateral triangle, isosceles triangle, or rigitangle. In
MATERIALS AND METHODS the study by Liu (2005), in the topic of Circlefidents

used their own description to name the sides inckedn
the information phase. They most probably named the

Based on the discussion on the importance of' _ _
sides based on their external properties.

geometry in students’ daily life and on the empbasi > S .
placed on geometry topics in the secondary school's _ [N this research, as shown in Fig. 2, the avagabl
Mathematics syllabus as well as the advantagesdfourf.ctivities will help students to develop and redsgn

in Geometers Sketchpad (GSP) software, thdhe variety of the. quadrilaterals. For example,
researchers planned to develop activities to make t StUdents can recognise that (a) rectangle, (b)requa

process of teaching and learning geometry mordC) Parallelogram, (d) rhombus and (e) kite.

effective. Based on the literature review, Van kfiel By using the GSP, the students will then be able

Model has proposed activities for geometry tophat t to construct quadrilaterals and then identify the

are arranged and then implemented based on vayOPerties they possess. . .

Hiele’s phases of learning geometry. Therefore, the In Phase 2 which is guided orientation, studergs a

researchers have developed activities for form twdiven activities that allow them to become familréith

students based on the phases for the topithe many properties of the new geometric concept.

Quadrilaterals: Their Properties and Relationstip. They will carefully explore the objects used in the

shown in Fig. 1 students must go through theinstruction. In this phase, students explore the
388
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properties of rhombus by folding a rhombus at #igla  students were asked to measure the angles andfstate
symmetry and by observing the diagonals and siderelationship between the two angles.

(Idris, 2007). Meanwhile, in this phase for triagw)l In this research, the activities will give student
Husnaeni (2006) stated that students in groups weran opportunity to explore the properties possesged

asked to observe figures of triangles and nongiesn  any guadrilaterals by using the GSP. The processes

They were then asked to classify the figures inte®f constructing quadrilaterals and exploring their

triangles and non-triangles. After that, they wasked properties can be done easily and effectively beeau

: . ) . the dragging capability of the GSP allows studeats
to cut figures of triangles and draw the figureaiagn manipulate and reshape the geometrical objects with

various sizes. The purpose of this activity is ®ph {46 Use of the mouse. Without the use of any
students explore the properties of the variousstygle  dynamic geometry software, students may find
triangles. In the study by Choi-Koh (2000), student difficulties in constructing the shapes and getting
used the GSP software to explore the properties afight values for their widths, lengths and anglElsis
equilateral triangle, isosceles triangle and riglingle. is due to the weaknesses in construction and
In the study by Liu (2005) in the topic of Circles, €xploration when using paper, pencil and compass.

— Level 3——

Information
Guided orientation
Explicitation

Free orientation
Integration

Second

- Tevel 2L

Information
Guided orientation
Explicitation

Free orientation
Integration

First

session

- Tevel 1——

Fig. 1: The Van Hiele’s phases of the learning geioyn

(a) (b)
L —

Quadrilaterals

(c)

Fig. 2: Types of quadrilaterals
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Fig. 3: Students create a square by using the @ 8 ifirst phase
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Fig. 4: In the second phase, students investiat@toperties of a square by using GSP
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Fig. 5: In the fourth phase, students connect siseggaed dots to produce kites

For example, as shown in the Fig. 3, when studamts exchange their opinions about the properties of
asked to explore the properties possessed by eesdqiua rhombus (Idris, 2007). In the topic of Triangles,
data obtained (as shown in Fig. 4) will be filledoi the  students explain their experience with their cless®
table for the purpose of discussion in the nexspha and teachers on the properties of each type aigiéa

In explicitation phase, students express in theiby using their own words (Husnaeni, 2006; Choi-Koh,
own words what they have discovered in the previou®000). In the topic of Circles, students discuss th
phase. The role of the teacher here is to introduceelationship of the angles that they have explared
relevant geometrical terms. In this phase, studentfont of the class. Teachers then introduce thectexa
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terminologies to the students (Liu, 2005). In thisasked to build quadrilaterals using the GSP. Irdeui
research, students will explain their observatibmsn  orientation phase, the purpose of the activitids iselp
the activities carried out earlier. With refererioethe  students identify the relationships among the
data derived from exploration using GSP, studeats ¢ quadrilaterals. Firstly, notes concerning the prtpge
now explain the properties possessed by a squaref quadrilaterals are provided in the GSP and stisde
rectangle, parallelogram, rhombus and kite. will come to understand their properties in deta

In Phase 4 which is free orientation, student$ wil clicking on the buttons provided. After analyzirget
carry out more complex tasks; tasks that are mpemo quadrilaterals, they will then be asked to classifg
ended than in the guided orientation phase. Theuadrilaterals in terms of sides, angles and dialgoim
problems may be more complex and require more frethe table. According to the data in the table, they
exploration to find solutions. In this phase, a fedlges then asked to establish relationships among the
and sides of rhombus are given in various positans  quadrilaterals. Students and teachers will theoudis
students are asked to build the whole figure of awvhy a particular quadrilateral is distinct from eth
rhombus (Idris, 2007). In the free orientation ghas quadrilaterals in the explicitation phase. In phdse
the study by Choi-Koh (2000), students were given awhich is free orientation, students are given digaar
triangle with two sides. They were then asked tb puquadrilateral (for example, a rectangle). Theyasiked
another side to make equilateral triangle, isosceleto find the value of its properties. They are tlaesked
triangle, or right triangle. In this research, &swn in  to determine, by dragging any vertices of the rgie
Fig. 5, students are asked to connect the assidoesd by using the GSP, why another quadrilateral (for
to produce specified quadrilaterals. They can baild example, a square) is a special case of the ofigina
particular shape correctly if they understand thequadrilateral (a rectangle). Next, they are askefind
properties possessed by quadrilaterals. For exatfide the common  properties possessed by these
diagram on the right shows kites constructed byquadrilaterals. Finally, upon completion of the areat
connecting the points. learning session, in the integration phase, stisderit

In the final phase; integration, students summarisbe able to summarise all the relationships among
and integrate what they have learned and devetmwa quadrilaterals. They can understand and will be &bl
network of objects and relations. This might bedistinguish the quadrilaterals by their definitioand
achieved in the form of discussions or an assignnien classification.
the example given by Idris (2007), students sumseari The developed activities were then given to ten
the properties of a rhombus in this phase. Indp@&tof  experts consisting of content experts, technicgleets
Triangles, students summarise the various progeofie and linguistics experts. The content experts were
triangles besides being able to differentiate tipes of  referred to verify that the developed activitiesraven
triangles based on their properties (Husnaeni, 200&ccordance to Van Hiele’s phases of learning gegmet
Choi-Koh, 2000). In this research, the teacher héllp  namely Information, Guided Orientation, Explicitatj
students to summarise the concepts that they haJeee Orientation and Integration. They were also
explored and come to understand in this |eamingeferred to verify that the developed activitiesreve
session. The students will be able to describe th&uitable with the contents and the learning strateg

properties possessed by the forms of the four sifles utilized, as well as the implementation of the GSP
square, rectangle, parallelogram, rhombus and kite. ~ software. The content experts included mathematics

The objective of second learning session is tstss €ducation professors and mathematics expert teacher
students in increasing their geometric thinkingniro Next, technical experts were referred to to vetifgt
level 2 to level 3. Therefore, as shown in Fig.he@ t the activities in the GSP software environment that
activities in this session will be designed to helpwere developed and organised into CD-ROM were
students strengthen their understanding on theasily accessible and utilised by students. They
properties of quadrilaterals and the relationshipeng  included — multimedia  education  lecturers  and
them. Students will be able to verify these relaghips information technology expert teachers. Next, lists
by using non-formal deduction. In this learningsseis,  experts were referred to verify the accuracy imseof use
students will again go through the phases in otder of language. They included Malay language excellent
assist their movement from level 2; analysis teled; teachers. The instrument utilised for getting vievesn
informal deduction. the content experts was developed by the researolner

In phase 1; information, students will reflectthe  their own in making sure that the activities wenéable
properties possessed by the quadrilaterals thatitvee  with Van Hiele’'s phases of learning geometry. The
produced in the previous session. They will now benstrument to be filled up by the technical expewtss
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modified from the study by Rahman (2005), while thedone by Nordiret al. (2010), which was adapted from
instrument to be filled up by the linguistics expewas the study done by Nokelainen (2006).
modified from the study by Bakar (2003).

Besides the content experts, technical experts and RESULTS AND DISCUSSION

linguistics experts, the researchers also collecieds Based on the comments listed in Table 1 above, it

regarding - the pa_ledagogmal aspect from_ raiNee n be seen that all constructs have high mearesalu
teachers. The frainee tea<_:hers were 24 final YeQioreover, the comments given are also encouraging.
students from the mathematics education programme igagides that. the researchers also collected exiesvs

a local university. These activities that are based fom a profe,ssor in the field of mathematics ediocat
Van Hiele's phases of learning geometry are newlytrom Dankook University, who is greatly involved in
implemented in Malaysia. Therefore, in line witreth developing and studying the effectiveness of the
national education transformation that aims toactivities that are based on Van Hiele’s phases of
emphasise thinking skills in the teaching and legyn |earning geometry. Among the responses obtained wer
process, the trainee teachers must have adoptebat there were some spelling errors in naming the
transformation in their teaching and learningphases, there were some items that had to beddsert
approach in order to stimulate students’ thinkingthe teaching activities and not to mention her iopirthat
skills. The instrument was adopted from the studythe developed activities were actually interesting.

Quadrilaterals \

/ Parralelogram /

Rectangle

N\

Square

Fig. 6: The relationships among the quadrilaterals

Table 1: Views of content experts

Contruct Mean (n = 4) Comment

Contents in activities 4.56 This kind of approach should be

The use of Geometer’s Sketchpad 4.88 applied foyrimateaching and learning.

(GSP) software

Generating conjecture 4.95 The constructivist elements in

learning strategy understanding the concept are really

Van Hiele’s Phase 1- Information 4.94 obvious dreltiands-on
method is really meaningful.

Van Hiele’s Phase 2-Guided Orientation 4.88 Agogd effort in developing
students’ thinking in geometry topics.

Van Hiele's Phase 3 - Explicitation 4.63 The atid@ can be utilised in school
as they cover the school syllabus.

Van Hiele’s Phase 4 -Free Orientation 4.58 Theltisgcand learning process
becomes more effective and structured.

Van Hiele’s Phase 5 - Integration 4.75 Student®imecmore interested and

they are free to finish the the
assignments openly and creatively.
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Table 2: Views of linguistic experts

Percentage Given by Experts (n = 2)

Item Yes (%) No (%) Comment

The format of the study is 100 Arranged with laagel
suitable and interesting that is clear

The meaning of each item is clear 100 and eabg tinderstood
The language used is easy to 100

be understood

The size of the fonts is suitable 100 There asegufew

and easy to be read spelling errors

The instructions given are clear 100 An effectiveovation for
The font spacing is suitable 100 teaching andhlegr

The indicators for 100 purpose

measurement scale are clear

There are no spelling errors 50 50 A good moduiestudents’
The objectives stated are clear 100 teachingeardihg process

Table 3: Results of usability criteria

1 2 3 4 5
Strongly disagree Disagree Quite disagree Agree Strongly agree

Item n (%) n (%) n (%) n (%) n (%) Mean

Activities could be 15 62.5 9 375 4.38
applied in the

teaching of

mathematics.

Learning goals 2 8.3 11 45.8 11 45.8 4.38
are clearly

stated in the

activities.

Activities do 9 375 15 62.5 4.63
Integrate

ICT in the teaching

of mathematics

Activities using 16 66.7 8 33.3 4.33
Geometer’'s

Sketchpad in

Mathematics

lesson are

appropriate.

Application of the 12 50 12 50 4.5
activities makes

learning more

interesting.

Experience as 1 4.2 14 58.3 9 375 4.33
Mathematics

teacher does have

an added value

in using these

activities.

Activities are 1 4.2 12 50 11 45.8 4.42
flexible and allow

learners to

navigate freely.

Activities motivate 1 4.2 14 58.3 9 375 4.33
learning.

Activities are 2 8.3 10 41.7 12 50 4.42
controlled by

the learner.

In terms of the technical aspect, all the expegteed  friendly; operating smoothly; easy to use; clegedtives;
that the teaching activities, which were organitiedbe adequate contents; suitable colours, graphics and
achieved and utilised, had these characteristiser-u interfaces; and able to shift from one screen tahean.
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The Table 2 above shows the views from theNational Council of Teachers of Mathematics (NCTM)
experts regarding the language used in the dewtlopesuggests the use of dynamic geometry software asich
activities. Overall, the developed activities coméal the GSP to help students in learning geometry. In
language that was easy to be understood. All therex  Malaysia, a total of 29.51%, which equals to 18
gave positive responses. However, there were a fewathematics topics in the secondary school
spelling errors in the developed activities. mathematics curriculum from Form One to Form Five,

Based on the Table 3 above, the items thais proposed to be taught using the GSP. In 20G#, th
represented the criteria, namely students’ controlMinistry of Education of Malaysia has obtainedclice
students’ activities, objective, application, addedlie, to use the GSP for teaching and learning. Thislartias
motivation, knowledge value and flexibility showed discussed the activities based on Van Hiele's gha$e
high mean values. This means that the mathematidearning geometry using the GSP computer softwai@ a
trainee teachers agreed that the developed aesiviti tool and the developed activities were then gieeight
fulfilled the paedagogical criteria, namely studént experts to get their views regarding the activit@mce
control, students’ activities, objective, applicati these phase-based activities obtained positivesviemm
added value, motivation, knowledge value andexperts and pre-services teachers, the activities be
flexibility. Among the additional comments given by highly recommended to be carried out in teaching an
the mathematics trainee teachers are that theafmael learning geometry.
activities were really helpful in students’ achieent
and understanding on geometry topics and that the REFERENCES
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