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ABSTRACT

Students’ poor performance in Geometry is due to their problem in visualizing. Therefore, teaching strategy for
Geometry should be embedded with visualization techniques. Visual learning Geometry Kits also known as VLGeo-
Kits, is a teaching approach that consists of 3-Dimension blocks, screencast video and SketchUp Make. The purpose of
this study is to investigate the effects of VLGeo-Kits in developing students’ performance in Geometry for topic Plans
and Elevations. This study was conducted using a quasi-experimental single group pre-post-test which was employed
for five weeks. A total of 54 form three students were involved in this study. Van Hiele Geometrical Thinking (vHGT)
test was given to the samples before and after their learning using VLGeo-Kits. The findings showed very positive
development in geometry thinking after learning using VLGeo-Kits. It was found that, none of the samples was at
visualization level and majority of the students (59.3%) were at informal deductive level. The finding indicated that the
students’ level of VHGT after learning using VLGeo-Kits was higher as compared to without using VLGeo-Kits. In
addition, Z obtained with p-value was -5.982 proving there was a significant difference in students’ level of VHGT test
before and after learning using VLGeo-Kits. In conclusion, the findings showed that VLGeo-Kits had succeeded in
enhancing students’ level of geometrical thinking. Hence, this teaching approach should be implemented in the
curricular of mathematics for secondary school.
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1. INTRODUCTION report for TIMSS from 1999 to 2019 showed that the
score mean for Malaysian students was below the

Geometry is a field in mathematics that involves ~ average [3]. Thus, students are having problems in
visualization skills as most of the concepts are learnt ~ learning Geometry. Students’ poor performance in
using diagrams and shapes [1]. In addition, spatial ability =~ Geometry is based on poor in visualization [3], [4].
is also needed in learning 3-Dimension (3D) Geometry Besides that, students’ weakness in Geometry are related
[2]. Ministry of Education (MOE) has benchmarked the ~ to their low level of geometrical thinking [5], [6] and low
performance of Malaysian students since 1999 based on  Visual spatial skills [7], [8]. National Council of Teachers

Trends in Mathematics and Science Studies (TIMSS) [3].  of Mathematics (NCTM) is one of the professional
TIMSS is organized by the International Association for bodies in United States of America for mathematics field

the Evaluation of Educational Achievement (IEA), the ~in education. NCTM considers these two elements as
United States of America for mathematics, science, and ~ threats in learning Geometry [9]. The focus of this paper
reading. This assessment is conducted on 14-year-old is only on the level of geometrical thinking.

students every four years. The average international
score for TIMSS which is stated by IEA is 500. The
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2. BACKGROUND OF THE STUDY

2.1. van Hiele Geometrical Thinking (vHGT)

The level of geometrical thinking is connected to van
Hiele’s theory which is based on van Hiele geometrical
thinking model [10]. This model consists of five (5)
hierarchal levels: visualization, analysis, informal
deduction, formal deductive and rigor. According to van
Hiele, students will start from the first level and move to
the next level while learning Geometry. The explanation
of the levels is as below:

(i) Visualization level (L1) - students are able to
visualize shapes of the object.

(ii) Analysis level (L2) - Students can identify the
properties of the shape.

(iii) Informal deductive level (L3) - Students can
combine shapes and properties of the object and
capable to present them in logical ordering.

(iv) Formal level (L4) - Students can produce proof
with formal argument concerning the properties
of the object.

(v) Rigor (L5) - Students will be comparing the
knowledge of Geometry based on different
axiom.

According to [11], the fifth level is not suitable for
students in secondary school as it requires high level of
thinking. Crowley suggested that teachers should provide
learning materials which were relevant to students’
geometrical thinking at each level from the model.
Previous studies had shown that majority of the
secondary school students were in the first level from the
thinking model [12], [13], [14], including high achievers
[15]. On the contrary, they should be at least at 4th level
(formal deductive), according to [9]. Consequently,
teachers should find ways to enhance students’
performance in Geometry.

2.2. Problems in Visualizing

According to [16], weak students have problem in
rotating and transforming 3D objects in their minds. This
argument is supported by [17] that students have
difficulty in visualizing solid objects mentally. Similarly,
a report from Malaysian Examination Syndicate also
showed that students have problems in visualization in
topic Plans and Elevations [18]. Due to their inabilities to
visualize, they failed to draw the orthogonal line correctly
and they did not draw dashed lines for the hidden lines in
the object [18]. Topics in 3D Geometry are related to
students’ life and their future careers [19]. Furthermore,
these topics are the prerequisite for their entrance at
university level for technical and science fields [20].
Therefore, a learning strategy which can overcome the
obstacles in learning Geometry is needed.
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2.3. Visualization Techniques

Techniques of visualization in Geometry are
recommended to solve problems encountered by weak
students. Previous studies showed that there are multiple
ways to assist students in visualizing such as using
concrete manipulative materials [21], paper folding [22],
digital pen [23] and computer applications [24]. The
usage of technology by teachers in teaching and learning
is supported by MOE as stated in the educational
blueprint [25]. According to [26], technology that has
been used by teachers can be categorized into two forms:
digital and non-digital technology. The 3D blocks
represent concrete manipulative object (non-digital) and
SketchUp Make is the dynamic Geometrical Software
(DGS) that researchers have selected for this study. DGS
provides visual tools to students when learning Geometry
[14],[23],[27],[28]. However, some students do not
remember all the steps in using the tools [29]. Moreover,
teachers find it challenging to teach students with
different ICT skills [30]. These obstacles can be solved
using video tutorials with a screencast technique, as
suggested by [31]. The tools in 3D software can be
recorded as video tutorials using special software [32].

3. VISUAL LEARNING GEOMETRY KITS
(VLGEO-KITS)

The researchers proposed a learning method called
VLGeo-Kits, that integrates non-digital and digital
technology. It consists of four tools: a module, 3D blocks,
screencast video and SketchUp Make.

3.1. VLGeo-Kits Module

The module is following chapter 7 of the form 3
mathematics, Plans and Elevations, designed for two
learning objectives: Orthogonal projections and Plans,
and Elevations. The first objective for this topic requires
students to draw orthogonal projections and compare and
contrast between objects and the corresponding
orthogonal projections. In contrast, the second objective
requires them to draw the plan and elevations of an object
to scale. Van Hiele learning phase is selected as a
framework in the module, for teachers to utilize van
Hiele’s theory in their teaching. The module is designed
based on five phases of van Hiele learning phase:
Information (Phase 1), Guided Orientation (Phase 2),
Explicitation (Phase 3), Free Orientation (Phase 4) and
Integration (Phase 5). The explanation for each phase is
asbelow: (i)  Phase 1 - Provide information about the
learning objective and the level of vHGT. (ii)  Phase
2 - The concept of the orthogonal projections will be
introduced. The 3D blocks will be provided for students
to arrange the blocks to form a composite block and
figure out if there are any hidden lines from different
angles. Then, they will hands-on use SketchUp Make, to
check their answers. The screencast video is provided to
help them to understand the steps when using tools in
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SketchUp Make. (iii)  Phase 3 - Students will express
their opinion about what they have learned. (iv) Phase
4 - Students are free to choose any digital objects given
in the exercises, to test their understanding of the concept.
(v) Phase 5 - Students will conclude what they have
learned after completing the exercise.

3.2. 3D Blocks

The blocks are made of acrylic Perspex. This special
material is chosen to assist students in visualizing the
hidden lines from top, front and side views. Students are
required to arrange the blocks according to the exercise
given in the module. Figure 1 shows the image of the 3D
blocks that is used in the exercise.

Figure 1 The 3D Blocks

3.3. Screencast Video and DGS

The screencast video consists of a special technique
that can capture steps in using tools in the software.
Moreover, the special effects were embedded in the video
to guide the students in drawing the orthogonal
projections, plans and elevations of the solid objects.
Figure 2 shows an example of a special effect, where a
wide arrow complete with text is used to show the
viewers the position of ‘section cut’ tool in the software.

Figure 2 First step In screencast video
icon for ‘Section Cut’ tool

L O

at shows the

While Figure 3 demos the step to place the cutter on
the selected surface of the 3D block.

Make sure the
“section plane” is

I taken to the section
cL

Figure 3. Second step in screencast video that shows
how to cut the surface of the object using Section Cut
tool
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Figure 4 shows the effect of using the section cut tool.
Students can view the hidden lines in the solid object.
This will help them to comprehend the reason to draw
dashed line for the plan.
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Figure 4 Third step in screencast video that shows the
hidden lines in the object

SketchUp Make is the DGS, which is free,
downloadable from the internet. Figure 5 shows the
flowchart process of learning strategy using VLGeo-Kits.

Van Hiele

Video
Tutorial Learning
Phase
Activity 1 ]—>[ Block 1 ]->[ Video 1 ]~

Objective 1 7 —
[ Activity 3 ]—>[ Block 3 ]—>[ Video 3 ]

Learning | Activity | |3DB]0tk
Objective

Guided Orientation

M| Activity s |-> Block 5 é
Learning i Activity 6 H Block 6 ].> Video 6

Objective 2

Explicitation

Free Orientation

i

Activity 7 )—)l Block 7 ]—;[ Video 7 ]

Figure 5 Flowchart of VLGeo-Kits

Integration

4. THE PURPOSE OF THE STUDY

This study is only focusing on VHGT level. Thus,
this study was conducted to assess if VLGeo-Kits
effectively develop level of vHGT. Therefore, the
research question specifically asks; Is there a significant
difference between the level of vHGT of students before
and after learning using VLGeo-Kits.

5. METHODOLOGY AND FINDINGS

5.1. Methodology

This study was conducted using quantitative research.
This study was carried out for 5 weeks through a quasi-
experimental design approach that involves single group
with pre and post data collection. This study involved 54
high achievers’ students, 29 female and 25 males from a
secondary school in Malaysia. Pre-test was conducted
before the intervention and post data collection was
carried out after the students attended the activities that
were developed in the module. The instrument used was
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VHGT test. The Cronbach Alpha value for the reliability
of the test was .75 [33]. It comprises of 25 multiple-
choice questions. Each level will have five questions. To
proceed to the next level, the student needs to score at
least three of the five questions in one level. The scores
given for the first, second, third, fourth and fifth levels
are 1 point, 3 points, 7 points, 15 points, and 31 points,
respectively.

5.2. Findings

Table 1 showed positive development of vHGT level
whereby after learning via VLGeo-Kits, there were no
longer students at the analysis level and the majority
belongs in the informal deductive level, which represents
59.26% of the students while the most favorable outcome
is that 6 of them were identified at the level of the formal
deductive level.

Table 1. Pre-post-test on level of vVHGT

Test L1 L2 L3 L4 Total
Pre 29 11 11 3 54
Post 0 16 32 6 54

Table 2 showed the differences of VHGT level before
and after learning via VLGeo-KITS. The Wilcoxon
Signed Rank test was conducted. Referring to rank
testing in Table 3, all of the students are in the Positive
Rank +22.00. This means that students’ vVHGT level after
learning via VLGeo-KITS is higher than prior.

Table 2. Positive and Negative Ranks for level of vVHGT
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Table 4. Criteria for effect size

Value of d Criteria
0<d<0.2 Small
02<d<05 Medium

05<d<0.8 Large
d>0.8 Very large

N Mean Sum of
Rank Ranks
Post Negative 02 .00 .00
- pre Ranks
Positive Ranks 43b 22.00 946.00
Ties 11¢
Total 54

While Table 3 shows the value of Z obtained is -5.
982 with p (Asymp. Sig. 2-tailed) <0.05 with median
score for Pre = 1 and Post = 3. This confirms that there is
a significant difference before and after in students’
VHGT level after learning using VLGeo-Kits.

Table 3. The output for Wilcoxon Signed Test

Wilcoxon Signed rank
Post - Pre
z -5.982
Asymp. Sig. (2-tailed) .000

Table 4 shows the value of effect size as suggested by
[34]. In addition, based on the calculation of effect size
of 0.58 and a reference to [34] , explains that the
difference of level of vHGT before and after learning to
use VLGeo-Kits is moderate.

6. DISCUSSION

The findings showed that students’ level of vHGT after
learning via VLGeo-KITS is higher than before using the
Kits. There may be several reasons explaining this effect.
The combination of screencast video with DGS is needed
in teaching Geometry, especially for low achievers.
Similar results were found by Turgut and Urgan [7), that
showed the students were facing difficulties in using the
tools in SketchUp Make. Thus, screencast video
provides solution for this problem [31], [27]. Besides
that, the DGS can positively affect students’ learning in
drawing the orthogonal projections, plans and elevations.
Firstly, using orbit tool, they will able to see the edges of
the solid object to decide the numbers of normal lines
needed in drawing orthogonal projection. Secondly,
students can easily view the angles inside the object
clearly to confirm the number of edges on the object.
Thirdly, students can see the transformation from 2D to
3D or form 3D to 2D of the solid object to decide the
images for the plans and elevations before drawing them.
Lastly, using cut tool, the students can cut the surface of
the object to view any hidden lines inside the object.
Then, they will decide when to use solid lines and dashed
lines in their drawing. Thus, DGS could increase the level
of vHGT. These findings are supported by other studies
[13], [34]. Furthermore, the activities in the module
which is based on the levels of van Hiele geometrical
thinking also affect students’ learning in Geometry.
These findings are also supported by previous studies [5],
[35], [36]. Besides that, the blocks used as the concrete
manipulative object also had impact on students learning.
This finding is supported by [37]. Hence, this learning
kits has a good potential to support students’
visualization for topic Geometry.

7. CONCLUSION

The purpose of the study is to examine the effectiveness
of the learning strategy using VLGeo-Kits to increase
students’ level of geometrical thinking. The findings
showed that VLGeo-Kits is an effective learning strategy
that assists students in visualizing the concepts in
Geometry. The combination of the concrete manipulative
object, screencast video and dynamic software as a mode
learning should be embedded in the current curriculum of
mathematics in secondary school for topic Plans and
Elevations. Hence, MOE should introduce proper
training and workshops to teachers, in order to integrate
the teaching mode in their lesson. Besides that, MOE
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should provide students with learning facilities required
to assist students in learning using technology. Teachers
should encourage students to engage in hands-on
activities to help them visualise the 2D and 3D concepts
in Geometry. On the other hand, students must set minds-
on attitude when using tools in the software to be able to
construct the concepts of Geometry on their own. Further
research should be conducted using the same approach
for other 3D topics in Geometry.
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