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Abstract: The appropriate use of dynamic geometry computer software in teaching and learning geometrical
concepts is an essential factor of quality mathematics in secondary schools and TVET colleges. The aim of this study
is to measure learners’ Geometric Thinking (GT) according to van Hiele model. The study was conducted with pre
and posttest non-equivalent control group quasi-experimental method. The control group were taught by
conventional method while the experimental group learnt geometry through the use of Dynamic Geometry Computer
Software. Convenient and purposive sampling were used for participants’ selection. The sample of the study was 87
ninth grade learners. A GMAT on geometric thinking was used as the data collecting instrument. Data analysis was
done according to Van Hiele theory using ANOVA. The result showed that there was significant difference in the
GT levels of the experimental and control groups, but the GT points were the same. The indication means the use of
DGCS increase the learners’ GT. The improvement will enable learners in both secondary and technical colleges to
make informed decision and solve problem in various fields in the future. Since learners enroll to TVET colleges at
grade nine, the improvement will also help the learners when encountering problem in geometry in vocation
education training. Lack of sufficient geometry thinking in learning geometry, make learners to be deficient in
building foundational geometry thinking skills and problem solving which are useful in TVET colleges. This study
suggest that further study is necessary to extend the investigation to more topics across the mathematics curriculum
both in secondary and TVET colleges.
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1. Introduction

The appropriate use of technology in teaching and learning geometrical concepts is an essential factor of quality
mathematics in secondary schools and Technical and Vocational Education and Training (TVET) colleges (Yanik, 2013).
According to NCTM, (2000), technology is very crucial in teaching and learning mathematics; this influences
mathematics that is taught and enhances learners’ learnings. Technology facilitates mathematics teachers to construct
lessons resources that include a precise mathematical content and illustration. Also, technology gives a prospect for
learners to be launched to mathematical ideas and perception in some absolutely new ways (Clark-Wilson & Mostert,
2016). Mathematics is a science which the likeness can occasionally see directly as well as use to gain meaning in
someone’s life.

Therefore, mathematics, which affects lives, has great significance in secondary schools and TVET colleges as a
lesson. Hence, it is essential to teach mathematics’ subjects with technology which can be the way that will give learners
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the capability to solve factual problems (Tezer & Cumbhur, 2017). Geometry is one of the essential areas of mathematics
curriculum that deals with shapes and space. Geometry is a combining theme to the whole mathematics curriculum and
as such is a rich foundation of visualization for arithmetical, algebraic and statistical concepts (Choudhury & Das, 2012).
It is the background of technical subject. Geometry can be found in art, architecture, engineering, robotics, astronomy,
sculptures, space, nature, sports, machines, cars, and much more (Russell, 2018; Velichova, 2002). Geometrical tools
have been an important part of geometry teaching and learning. These tools have transformed from physical objects, such
as a compass and straightedge (ruler), to technological tools such as computer and handheld like graphing calculators and
iPad (Hollebrands & Stohl Lee, 2011). Learning geometry in school is very important especially in secondary schools
and TVET colleges. Geometry objects are used all the time at different workplace. For example, the architects and civil
engineers use a point to develop a plan for a building. In addition, a Computer Aided Designers (CAD) use a line segment
to draw mechanical parts of machine which are complex (Hollebrands & Stohl Lee, 2011).

Further, geometry is generally collected with study of abstract idea, such as points, that have no dimension or lines
of one dimension that go on without end. These objects can only be imagined in the mind. Geometry is a visual subject.
It is difficult to imagine thinking geometrically without sketch a picture or using some variety of visual to represent an
abstract geometric idea. For example, technician-engineer always sketch the intended project graphically for others to
reach them (Velichova, 2002). Learners often have difficulty reasoning about representation of different geometric
objects. Also, representation can sometimes difficult for learners to interpret (Hollebrands & Stohl Lee, 2011). Many
research studies confirmed that geometry as being too formal, too complex and also too hard to understand (Atebe &
Schéfer, 2010; Alex & Mammen, 2016).

Studies have also discovered that most learners enter secondary school geometry with a low Van Hiele level of
understanding. Also, most of the geometry taught before secondary school does not develop learners into higher level of
Geometry Thinking (GT). Geometric thinking is a form of mathematical thinking within a definite content domain. It is
underlying in the type of skills that teachers need to nurture in learners. The important part of GT is visualization where
learners can imagine rotating an object in mind and see the object from different angles (Dindyal, 2007; NTCM, 2000).
According to Fulton (2013) many geometry textbook problems are based on calculations such as “calculate the area,
circumference, perimeter and radius of a shape”. Textbooks problems concentrate too much on calculating and using
formulas which made learners result into memorizing the formulas, definitions and calculation. There was not enough
on analyzing and investigating figures and making conjectures about the properties of the shape and testing them (Fulton,
2013). Doodle (2017) claims that Van Hiele levels for learners are based around the idea that learners can understand
geometry visually at a younger age since learning geometry does not start from secondary schools. It starts from
elementary and middle schools. Then from there learners develop the concepts following the properties to the point that
can first just recognise, and then think more abstractly about the principles. Learners got to the point of analysing a figure
or shape. Eventually, they then advance to the point of making deductions.

In South Africa a new curriculum was released in 2003 where mathematics content bands Shape, Space and
Measurement were included. Since the released of the new curriculum, the researchers Moore-russo, Schroeder, Mudaly,
Ball, and Nutakki, (2010) reported that the shape, space and measurement (geometry) content has been difficult for
learners and teachers. The report from South Africa National Senior Certificate (SANSC) showed that, learners could not
do basic mathematics of lower grades such as grade 9 and also learners are poor in reasoning and thinking (South Africa.
Department of Basic Education, 2015 & 2016). The report from Annual National Assessment (ANA) for intermediate
phase learners showed that learners lacked geometry language, geometry terminology and geometry reasoning or thinking
skills (South Africa. Department of Basic Education, 2014). As a result, geometry remains problematic in the country.
The feasible way to help learners improve in learning geometry and to enhance their GT is to integrate technology in
teaching and learning mathematics environment. The integration of technology is very important in schools and technical
colleges in order to enhance teaching and learning practices, and make learners ready for the workplace where ICTs are
becoming more and more important. Technology helps learners to develop higher order of skills in the most effective
way. Technology also is used in creating learning environments and support is an ideal learning which was impossible
to achieve in the past (Chigona, Chigona, & Davids, 2014). Integration of technology in mathematics classroom
encourages constructive learning such that learners thinking can be developed in a more efficient way than traditional
teaching practices (Bester, & Brand, 2013).

Using technology inform of Dynamic Geometry Computer Software (DGCS) in teaching and learning geometry
assists in the preparation of learners by developing GT skills (Bester, & Brand, 2013; Chigona, Chigona, & Davids,
2014). In addition, DGCS provides fast and accurate feedback to learners (Becta, 2003). This research study focuses on
how DGCS enhances the GT of learners in geometry. Many educational environments have been created such as
Geometer Sketchpad, Cinderella, Cabri 3d and GeoGebra among others. In this research study GeoGebra is used as
DGCS. GeoGebra software is a free educational software developed for teaching and learning mathematics in primary
and secondary even up to tertiary level, technical colleges inclusive. The application software supports an extensive
ranging of mathematics from algebra and geometry construction to calculus and 3D. The software was developed by
Hohenwarter and Yves kreis in 2001 that incorporates multiple mathematics trends into one single, open-source and user-
friendly software.
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The software can be used for discovering mathematics since learners are able to arrange data and explore by
themselves, making learning more learner-centered as opposed to teacher-centered. The software can be used by the
teachers for preparing lesson materials in such a way that it could be used as a collaboration, communication and
illustration tool (Hohenwater, & Fuchs, 2004).

Considering the learners Geometric Thinking Levels (GTL), the van Hiele geometry theory with the help of (DGCS)
allows learners to move along the level. According to Kurniawati, Junaedi and Mariani, (2016) the theory is phased-
based using DGCS has positive effect to enhance the learners’ levels of GT which is characterized by visualization,
analysis and informal deduction. Kurniawati, et al, (2016) further explained that, teachers can give appropriate task to
the learners based on their levels. This will enable the learners to conjecture and develop to deductive reasoning.
Manizade and Manson (2010) encourage teachers to use DGCS to design an ideal dynamic activity for learners at different
levels of van Hiele in order to address the needs of each learner. The indication means, teachers can use DGCS to design
activities for learners in level 1, level 2 and level 3 by grouping them according to their levels. According to Olkun,
Sinoplu, and Deryakulu, (2003) using dynamic geometry application in the teaching geometry encourages learners to
move to higher levels of geometrical thinking instead of having to memorize a list of shape properties. In addition, the
theoretical approaches concerned with the development of the geometrical thinking of learners should be internalized by
the teachers so that they are able to provide a rich learning environment.

Therefore, the purpose of this research study is to investigate how the use of DGCS enhances learners’ geometry
thinking.
The study was informed by the following research questions:
e Is there any significant effect of using DGCS (GeoGebra) in learners’ GTL?
e Isthere any significant effect of using dynamic geometry computer software (GeoGebra) in learners’ geometric
thinking points (GTP)?

2. Methodology

A quantitative approach with the use of quasi experimental research design was employed in the study. A quasi
experimental, non-equivalent control group was used. The reason was that; it was not possible to assign the learners
randomly into two groups because of differences in the schools. Figure 1 illustrates the quasi experimental design.

GrowA Intervention

(Eperimental) |—p| Pretest L, N P,
Target
population
& selection

Group B

No Intervention
(Control) > Pretest > > Post-test

Figure 1: Quasi Experimental Design

2.1 Sample

The study was conducted in Tshwane South District Gauteng Province South Africa. Two schools were conveniently and
purposively selected because of the availability of computer laboratory. A total number of 87 grade nine learners from
two schools participated in the study.

2.2 Instrument and procedure

The control group was taught geometry by the teacher using conventional method while the experimental group was
taught geometry by the researcher through the use of dynamic geometry computer software. Prepared activities on
similarity and congruent triangles were given to the learners through the computer software. The Learners were guided
to learn and ensured their understanding on these aspects of geometry. The pre-test (geometry mathematics achievement
test on geometric thinking) was administered to both groups at the beginning of the experiment. The topics were very
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new to the learners at the commencement of the experiment, though, they might have the knowledge of such in their
lower grades. The geometry mathematics achievement test was administered to both experimental and control groups
again as post-test to compare learners’ geometric thinking. The study lasted for eight weeks.

Reliability of the instrument was established using Cronbach’s alpha coefficient which was 0.9. The distribution of
participants to experimental and control groups is illustrated in table 1 below.

Table 1- Number of learners in the study

Group Male Female Total
Experimental 12 25 37
Control 23 27 50
Total 35 52 87

The instrument used in this study was geometry mathematics achievement test for GT. The test was used as pre-test and
post-test to examine and compare learners’ GT in both experimental and control groups. The test was adopted from test
of Van Hiele geometry thinking level which consists of 15 items. The data collected from both groups was analysed using
Analysis of Variance (ANOVA) to find the improvement of learners in geometric thinking.

2.3 Data analysis

To determine learners’ geometric thinking in term of Van Hiele geometry theory, Van Hiele geometric thinking test
levels and points have to be analysed. Also, analysis of variance test (ANOVA) was performed for statistical analysis.
For that purpose, Microsoft Excel 2016 was used to observe whether there is significant difference between the two
groups. The significance of the difference between the mean scores of the groups interpreted as p< 0.05.

From the van Hiele theory, there were five levels of GT. In this present research study, the first three levels were
considered, that is, level one to level three. According to Usiskin, (1982). From the grading key, a learner can get
minimum 0, and maximum 31 points based on five levels. However, for this current study the maximum point is 7
according to the Usiskin grading key based on three levels. The administered Geometry Mathematics Achievement Test
(GMAT) contained 15 questions based on van Hiele geometry theory. The questions related to each level, descriptions
and points are in table 2 below.

Table 2- The GMATS’ questions numbers about the levels and the descriptions (Usiskin, 1982)

Level Number of questions Descriptions Points
Level 1 1-5 Visualization 1
Level 2 6-10 Analysis 2
Level 3 11-15 Informal/Abstract 4

Usiskins’ grading key for van Hiele geometric thinking test is as follows:

L If at least three questions (between 1 and 5) are answered correctly: 1 point
1L If at least three questions (between 6 and 10) are answered correctly: 2 points
I1I. If at least three questions (between 11 and 15) are answered correctly: 4 points.

If two of the questions among these groups are answered correctly: 0 point.

The understanding of the grading was that learners need to answer correctly at least three of previous level questions
in order to pass from one level to another. For instant, if a learner was able to answer three questions from 1 to 5 questions,
two questions from 6 to 10 and three questions from 11 to 15, such learner gets 1 point from level 1, 0 point from level
2 and 4 points from level 3, the total geometric thinking test points is 5 while the geometric thinking test level of such
learner is level 1. The total points for the GMAT questions 1 — 15 is 7 points.

3. Results

Geometry mathematics achievement test for GT was administered to the learners as pre-test and post-test. Analysing the
data obtained from both tests, learners GTLs were determined. The GTLs for experimental group are shown in table 3.
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Table 3- Experimental group learners’ van Hiele geometric thinking test levels

Pre-test Post test
Levels Frequency (%) Frequency (%)
Below level 1 17 45.95 13 35.14
Level 1 16 43.24 17 45.95
Level 2 4 10.81 5 13.51
Level 3 0 0 2 5.40
Total 37 100 37 100

According to table 3, the pre-test of the experimental group recorded 45.95% of the learners were below level 1, which
were not up to any level, 43.24% of the learners were in level 1 while 10.81% in level 2 and 0% in level 3. There was an
improvement in the post test. In the post test, the number of learners below level 1 reduced from 17 to 13 which means
10.81% of the learners has upgraded to level 1. There was a little increase in the percentage of learners in level 1 as
45.95% was recorded. The percentage of learners in level 2 and 3 were also increase as 13.51% and 5.4% were recorded
respectively. The GTLs for control group are shown in table 4.

Table 4- Control group learners’ van Hiele geometric thinking test levels

Pre-test Post test
Levels Frequency (%) Frequency (%)
Below level 1 31 62.0 24 48.0
Level 1 18 36.0 21 42.0
Level 2 1 2.0 5 10.0
Level 3 0 0 0 0.0
Total 50 100 50 100

According to table 4, the pre-test of the control group recorded 62% of the learners were below level 1, that is, they
were not up to any level, 36% of the learners were in level 1 while 2% in level 2 and 0% in level 3. There was an
achievement in the post-test also. In the post test of the control group, the number of learners below level 1 was reduced
to 24 with 48%. Learners in level 1 were21 with 42%. Also, 10% of the learners were now in level 2 while 0% of the
learners were in level 3.

Examining table 3 and 4, it is seen that the GTL of learners in experimental group are higher than the control group.
Two of the learners in the experimental group are in level 3, while there are no learners in the control group. To find the
significant effect of using DGCS in learners’ GTL, Analysis of variance (ANOVA) was performed. Table 5 shows the
ANOVA for percentage of the post-test of the geometric thinking levels of the experimental and control groups.

Table S5-Analysis of variance for percentage of post-test of the geometric thinking levels of the experimental and
control groups

Source of variation SS DF MS F P-value F critical

Between the points  2614.671 3 871.557 23.51 0.0l 9.28
Within treatment 45x10"% 1 45x10"° 1.2x107"
Error 111.231 3 37.08

Total 2725902 7

T-value significant at p < 0.05

It is understood from the ANOVA table that the percentage of the post-test of the geometric thinking levels of the
two groups shows the p-value 0.01 which is less than 0.05 of the significant level. Also, the F-value (23.51) is greater
than F-critical (9.28), therefore, there was a statistically significant effect on the learners’ geometric thinking levels using
DGCS. According to the result of the analysis of variance the learners’ GTLs of the experimental group is significantly
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different to the GTLs of learners in the control group. This finding reveals that DGCS did affect learners’ geometric
thinking levels.

3.3  Learners van Hiele geometric thinking points in both experimental and control
groups

emphasized before, no matter how the van Hiele GTPs are higher in order to upgrade the levels, learners must correctly
answer 3 questions of that level. Nevertheless, increasing rate of the points is very important for the intervention of DGCS
effects. As indicated in the data analysis, any learner can get minimum of 0 and maximum of 7 points (1+2+4) from the
GMAT. Analysing the data obtained from both tests, learners GTPs were also determined. The GTPs for experimental
group are shown in table 6.

Table 6- Experimental group learners’ van Hiele geometric thinking test points

Pre-test Post test
Points Frequency (%) Frequency (%)
0 point 17 45.95 4 10.81
1 point 15 40.54 11 29.72
2 points 1 2.70 1 2.7
3 points 4 10.81 5 13.51
4 points 0 0 6 16.22
5 points 0 0 6 16.22
6 points 0 0 2 5.41
7 points 0 0 2 5.41
Total 37 100 37 100

According to table 6, the pre-test of the experimental group recorded approximately 46% of the learners with no
point, 40.54% of the learners with 1 point while 2.7% with 2 points and 10% with 3 points. The result of post-test showed
the increase in the number of learners that get 3,4,5,6 and 7 points. There was reduction in the percentage of learners with
0 point from 45.95% to 10.81 and 1 point from 40.54% to 29.72%. Table 7 showed the geometric thinking points of the
control group.

According to table 7, the pre-test result showed that the maximum points that a learner got is 5 points, though there
were no learners that get 4 points. While the result of post-test showed the increase in the number of learners with 4 and
5 points. Examining table 6 and 7, it is seen that GTPs of learners in experimental group are higher than the control group.
There were learners who get 6 and 7 points in the experimental group and there was no learners that get 6 and 7 points
in the control group. To find the significant effect of using DGCS in learners” GTP, Analysis of variance (ANOVA) was
performed. Table 8 shows the ANOVA for percentage of the post-test of the geometric thinking points of the experimental
and control groups.

Table 7-Control group learners’ van Hiele geometric thinking test points

Pre-test Post test
Points Frequency (%) Frequency (%)
0 point 29 58 17 34
1 point 17 34 18 36
2 points 2 4 3 6
3 points 1 2 5 10
4 points 0 0 4 8
5 points 1 2 3 6
6 points 0 0 0 0
7 points 0 0 0 0
Total 50 100 50 100
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Table 8- Analysis of variance for percentage of post-test of the geometric thinking points of the experimental and
control groups

Source of variation SS DF MS F P-value F critical

Between the points 1547.169 7 221.024 3.7 0.05 3.7
Within treatment  2.2x 10" 1 22x10" 3.8x107"
Error 415488 7 59.355

Total 1962.658 15

T-value significant at p < 0.05

It is understood from the ANOVA table that the percentage of the post-test of the geometric thinking points of the
two groups shows the p-value 0.05 which is equal to 0.05 of the significant level. Also, the F-value (3.7) is equal to F-
critical (3.7), therefore, the statistically significant effect on the learners’ geometric thinking points using DGCS and
learners without computer software are the same. According to the result of the analysis of variance the learners’ GTPs
of the experimental group is the same to the GTPs of learners in the control group. This finding reveals that DGCS affect
learners’ geometric thinking points in the same way with the conventional method.

4. Discussion

The aim of this study was to investigate how the use of DGCS enhances grade nine learners GT as indicated that learners
lacked geometry reasoning and GT skills. As a result of analysis in this study, it is seen that GTL of learners taught using
conventional method is relatively lower than the GTL of learners taught using DGCS. The result also, showed that GTPs
of both groups are the same after the intervention of DGCS. Geometric thinking level of learners taught using DGCS
(GeoGebra) improved significantly more than the learners taught with textbook and chalkboard and this is a meaningful
improvement according to the analysis of variance. While the geometric thinking points of learners in both groups were
the same. The indication of these results is that DGCS enhances the GTL of learners more than their GTPs. The reason
is that learners who used DGCS could revisit the activity several times while the control group could not be able to do.
In the control group teaching was limited to few examples, because drawing geometry shapes on the chalkboard spent
time and space. Furthermore, not all teachers have the skill to illustrate good and excellence geometry shapes on the
chalkboard. Therefore, with DGCS drawing and outlines are well-ordered and precise. DGCS allowed learners in the
experimental group instantaneous exploration opportunities. The results in this study agreed with other conducted studies
by Manizade & Manson (2010); Driscoll, (2007); Idris, (2009); Kutluca, (2013); Battista (2002); Yildiz (2016); Al-
Migdady and Qatatsheh (2017) and Elvi & Nurjanah (2017) which show DGCS has improved learners GT in terms of
van Hiele theory.

This study has found that there is improvement in learners GT from level 1 to level 3 through the use of DGCS.
From the five geometric thinking levels of the Van Hiele theory geometric thought, learners were able to visualized,
analysed, and informal deducted geometry shape (similarities and congruency) using DGCS. The DGCS served as a
teaching medium, and sharing ideas among learners as the geometry shapes were dragging on the computer screen.
Dragging was a tool that learners used to discover the similarity and the congruency of two geometrical shapes on the
computer screen (Larios-Osorio 2007). The dynamic changes of the geometrical shape on the computer screen (dynamic
environment) made learners in experimental group think visually, analytically and deductively to solve problems on
similar and congruent triangles. On the other hand, the control only learnt in the static environment where dynamic nature
of geometrical could not be visualized. Van Hiele (1999) claimed that learners improve from lower level to higher level
of geometric thinking when an activity is carried out by the learners themselves. Therefore, the van Hiele theory through
the use of DGCS encouraged learners to build concrete geometric thinking.

Furthermore, learners went through all the five phases of learning which are: information; guided orientation;
explicitation; free orientation; and integration phases proposed by Van Hiele as they were progressed from one level to
another. Through the use of DGCS, learners were able to explain and express their observation on the object on the
computer screen. This also enabled the learners to solve more complex problems on similarities and congruencies of
triangle. The component found in the phases of learning through the use of DGCS assist the learners in improving the
geometric thinking. As a result, the use of DGCS has to be adjusted to learners’ level of geometric thinking. The use of
DGCS made learning processes of learners easier. Hence, the integration of technology makes learning mathematics
especially geometry faster and more enjoyable.
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The use of DGCS as technology and relevant geometrical tools in teaching and learning geometry has positive
contribution to learners’ geometric thinking. Thus, in order to move from one level to another great instruction as DGCS
is needed. Consequently, DGCS enhances the level of learners’ geometric thinking and help them to attain some adequate
measurements to accomplish in learning geometry. These were possible because learners are used to the visual, holistic
style of TV watching and computer gaming. In this regard, their thought was influenced and considerably reduced the
analytical constraint of the conventional method.

5. Conclusion

Finally, from the above results and discussion, conclusion can be made that the use of DGCS in learning geometry
augments the learners’ GT. Learners’ levels of GT can be improved from low level to higher level as learners’ progresses
in secondary schools by the help of DGCS in terms of van Hiele theory. There was specific instantaneous response in
dynamic form served as the function of improving learners reasoning and thinking during the activity. During the activity,
while dragging and manipulating the figure in DGCS environment, learners may have seen the concepts in action, unlike
the static form in the textbook. Learners worked in pairs and were encouraged to discuss their view and reflect the activity
answer together with others. Thus, this would have supported learning for the low thinking learners in the group. Hence,
learners progressed in the levels of GT. All the three levels; visualization and recognition; analysis; and abstraction and
relationship demonstrated during the course of the study helped learners in experimental group improved in GT more
than control group.

Using DGCS improves learners’ geometric thinking in order to make informed decision and solve problem.
Geometric thinking helps learners’ problem-solving skills with a series of techniques in both cognitive and behavioural
that can be applied in different fields such as art, architecture, engineering, robotics, astronomy, sculptures, space, nature,
sports, machines, cars, and much more. Lack of sufficient geometry thinking in learning geometry, make learners to be
deficient in building foundational geometry thinking skills such as logical reasoning, deductive reasoning, analytical
reasoning and problem solving which are useful in both secondary and TVET colleges. The result of this study is
applicable to and useful for learners in secondary schools and TVET colleges’ students. This study suggest that further
study is necessary to extend the investigation to more topics across the mathematics curriculum both in secondary schools
and TVET colleges.
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