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Abstract—The aim of this study was to investigate how the implementation
of GeoGebra by teachers who had recently attended a GeoGebra training
course, impacts on learner experience and achievement. The study was
conducted in four disadvantaged and under resourced schools situated in rural
areas of the Mpumalanga Province of South Africa. Despite the curriculum’s
encouragement to use educational technology in the mathematics classroom,
and evidence of the benefits of such use, literature indicates that most
mathematics teachers still struggle with effective technology integration into
their classrooms. Within the non-equivalent quasi-experimental design of this
study, a quantitative approach was used. The conceptual framework involved
the first two levels of Kirkpatrick’s (1996) four level framework. Four Grade 10
classes comprising of 165 learners participated in this research. Data collection
involved a questionnaire administered to the experimental group, as well as pre-
and post-tests assessing the achievement of the learners regarding the properties
of quadrilaterals administered to both the experimental and control groups.
Results from the quantitative data analysis showed a significant difference in
the mean scores with a mean difference of 6.5 in favour of learners taught with
GeoGebra compared to a chalk and talk method. Implementation of and
enthusiasm about GeoGebra had a positive influence on learner achievement.
Analysis of the questionnaire responses indicated a positive reaction towards
the use of GeoGebra in learning about quadrilaterals. Based on the results, it
was concluded that GeoGebra as a pedagogical tool can work effectively in
deep rural schools where geometry is hardly taught.

Keywords—GeoGebra; Kirkpatrick's four level evaluation framework;
geometry; quadrilaterals, disadvantaged rural schools.

1 Introduction and the Background

The education system in South Africa has experienced many changes since 1994,
when South Africa became a democracy. Changes to the Grades 10 -12 mathematics
curriculum [1] include the introduction of new concepts and topics in the curriculum.
For example, Euclidean geometry became a compulsory section in the Grade 12 final
examination and was examined in Paper 2 from 2014 onwards. In the previous
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curriculum, Euclidean geometry was an optional topic, and Paper 3, in which it was
examined, was not compulsory for Grade 12 learners.

Although introductory geometry has always been compulsory in the General
Education and Training (GET) phase (Grade R-9), most teachers teaching
mathematics in the Further Education and Training (FET) phase (Grades 10-12) [1, p.
10] have not taught geometry because it was seen as difficult [2] and was often
ignored, particularly in deep rural areas, which are often not on par with urban centres
[3]. The inclusion of Euclidean geometry into the new curriculum [1] in the FET-band
has also been a challenge to a number of mathematics teachers [4], [5], because they
were not taught geometry while they were learners themselves, and because their
tertiary training for the most part did not include geometry. Many teachers continue to
feel uncomfortable in teaching Euclidean geometry content [6] and feel that more
training on content is needed.

In order to overcome or at least ameliorate the concerns about the teaching of
geometry, a strategy that may be considered is the use of educational technology like
GeoGebra. Literature indicates that a different approach in teaching and learning
which includes use of ICT among others [7]-[10] is not only viable, but highly
recommended [11].

2 Problem Statement

The latest South African curriculum encourages the use of technology in
mathematics classrooms (DBE, 2011). Research has shown that effective teaching in
schools through the use of technology has the potential to improve learner
achievement and learning [11]-[16]. Studies conducted by several researchers have
concluded that most mathematics teachers still struggle with effective technology
integration into their classrooms [17]-[20]. The use of educational technology in
some schools in disadvantaged rural areas is almost non-existent, despite the fact that
the government has supplied schools with computer laboratories and software, but
there is usually no access to the Internet. However, access to GeoGebra in rural
schools is not a problem since it can be used offline, but a lack of training and
competence in its use may well be the problem. In spite of the challenges, increasing
the effective use of dynamic tools and resources has been a national goal in South
Africa since 2012. Consequently, this study investigates how the implementation of
GeoGebra by teachers who had recently attended a GeoGebra training course, impacts
on learner experience and achievement.

3 Literature Review

Although technology has been incorporated into many urban schools,
unfortunately, the same cannot be assumed about their counterparts in rural areas [21],
[22]. In spite of benefits such as increased learner engagement, academic
performance, motivation and so forth, identified by Delen and Bulut (2011) and
Gilakjani (2017), rural schools have huge challenges in this regard. In practice, the
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usual mathematics teaching and curriculum approaches still remain essentially
unaltered in many South African schools, both urban and rural, regardless of state
encouragement for the use of modern educational technologies [25].

Several studies investigated the effectiveness of using GeoGebra to improve
learners™ understanding of basic geometric concepts and academic achievement [26]—
[33]. For instance, Bakar et al. (2015) investigated the impact of using GeoGebra on
learners’ mathematics performance in a Malaysian secondary school. Results from the
post-test indicated that learners taught with GeoGebra achieved higher marks
compared to the group where GeoGebra was not used. Bhagat and Chang (2015)
conducted a similar study in India. GeoGebra was found to have a positive effect on
the performance of learners. In another study conducted in Turkey, [34] it was found
that teaching triangles with GeoGebra increased the academic performance of Grade 8
learners. Kushwaha, Chaurasia and Singhal (2014) found similar results. Dogan and
Icel (2011), also looking at the use of GeoGebra in teaching about triangles, found
statistically significant differences in teaching with GeoGebra and without, favouring
GeoGebra. Overall results from all the above studies demonstrate that implementing
GeoGebra can improve performance of learners [37]. Consequently, GeoGebra
supported teaching methods can be recommended in the classroom because they
motivate learners to learn and eventually promote an increase in their academic
marks. GeoGebra can enhance learners’ effective understanding of geometrical
concepts, hence it has a positive impact on mathematics education [38].

Despite the favourable results discussed in the literature above [39], [40], Freiman
et al. (2010) and Dikovi (2009) state that there is still a need to investigate the use of
such technology in the classroom as a pedagogical tool. Guided by these
recommendations, it is important to conduct similar studies in the South African
context focusing more specifically on how the use of GeoGebra can change learner
achievement when implemented by newly trained teachers in rural disadvantaged
schools.

4 Theoretical Framework

This study adopted Kirkpatrick's four-level model of training evaluation as the
theoretical framework. According to the four levels of training evaluation by
Kirkpatrick and Kirkpatrick (2010), training should be analysed and evaluated using
four sequentially ordered and interrelated learning levels namely: Reaction; Learning;
Behaviour and Results [41], [42]. Reaction focuses on the evaluation of learners’
perceptions (reactions) or how they feel about the program and its effectiveness. As
such, reaction may be described as how well learners like instruction and the training
material used or parts thereof. Learning is concerned with the extent to which the
learners acquire or gain the intended knowledge, skills and attitudes, as well as their
commitment and confidence, based on their involvement in the learning process.
Behaviour is viewed as the extent to which change in behaviour has occurred and how
well learners can implement what they learnt from the training program. And finally,
Results mainly focuses on achieving organisational goals that are mostly well
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understood by top management and executives hence, results are rarely relevant in
educational contexts [43]. In terms of the scope of this study, only the first two levels
were considered relevant and were therefore used.

5 Design / Method

A non-equivalent quasi experimental design was chosen involving learners from
four disadvantaged rural schools. Learners were divided into two groups, namely the
control group and the experimental group. Learners in Group 1 (control group) were
taught the properties of quadrilaterals without GeoGebra, while learners in Group 2
(experimental group) were taught the properties of quadrilaterals with GeoGebra. The
focus in both groups was on the following concepts: Properties of a square, Properties
of a rectangle, Properties of a rhombus, Properties of a parallelogram and Properties
of a kite. Learners in the experimental group started each lesson by investigating the
properties on paper in pairs before the teacher demonstrated the properties of the
geometrical shape using GeoGebra. Most of the lessons in this study were presented
in the afternoons and some on Saturdays. This arrangement was agreed upon to avoid
disruption of normal classes. Addition of a non-randomised control group minimised
threats to internal validity.

5.1 Research procedure

As shown in Figure 1, learners in both groups were given a test before the
intervention [44]. In this study, the intervention was the use of GeoGebra as an
instructional tool in the classroom: after the pre-test, newly trained teachers in the use
of GeoGebra taught their learners in the experimental group using GeoGebra. The
participants in the control group were taught the same content using the traditional
method (without GeoGebra). All the learners from both groups then wrote post-tests
in order to establish their immediate retention and understanding of the content. After
all the lessons, learners from the experimental group also completed a reflection
questionnaire to gather information on how they felt about learning geometric
concepts with GeoGebra thus relating the data to Level 1 of Kirkpatrick's evaluation
framework. With the objective of protecting the anonymity of all the people who
participated in this study as well as respecting their moral and cultural values, ethical
protocols were followed during all the stages. Figure 1 presents a summary of the
research procedure.
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Fig. 1. The Research Procedure

52  Sampling

Learners of four Grade 10 classes in disadvantaged rural schools were sampled to
participate in the quantitative phase of the study. A total of 165 learners from all four
schools participated in the study. Two schools comprising 89 learners formed the
experimental group (Group 2) and 76 learners from the other two schools formed the
control group (Group 1).

5.3  Data collection instruments

Two data collection instruments namely pre- and post-tests and a questionnaire
were used in this study, and are discussed as they relate to the first two levels of the
Kirkpatrick model.

Pre- and post-tests: Before the intervention (learning with GeoGebra), all learners
from both experimental and control groups wrote a pre-test consisting of 20 questions.
The test consisted of a mixture of multiple choice questions, Yes or No questions and
column-matching questions covering all the cognitive levels related to quadrilaterals
as prescribed by the curriculum [1]. The purpose of the pre-test was to test the ability
levels of all learners before receiving the intervention and to determine whether the
two group were comparable. After the intervention, the same pre-test items were used
in the post-test in both the experimental and the control groups. However, all the pre-
test questions were rearranged to make the post-test a little different from the pre-test.
The purpose of the post-test was to determine the treatment effects of the intervention
in order to determine whether learning in terms of the Kirkpatrick model took place.
The instrument used for measuring learner achievement was evaluated by two
independent experts, four colleagues in the mathematics department and the external
facilitator who had prepared the training material for the teachers and activities for the
learners. An internal reliability analysis was then performed using results of the pre-
and post-tests to check the reliability in terms of Cronbach's alpha. The Cronbach’s
alpha test showed an overall score of a = .83, showing a good internal reliability.

Questionnaire: All the learners from the experimental group also completed a
reflection questionnaire. The purpose of this questionnaire was to gather information
on how learners felt about learning geometric concepts with GeoGebra (Kirkpatrick
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Level 1). The learner questionnaire consisted of 19 items with responses given on a
Likert-scale with three options namely; Yes, Not sure and No. The questionnaire was
also used to assess their attitude, confidence and commitment towards learning with
GeoGebra. More specifically, items in the questionnaire focused on evaluating how
learners reacted to the GeoGebra instruction in the classroom. The learner
questionnaire was initially evaluated by two independent experts and pilot tested with
a group of 11 learners in Grade 10. A reliability analysis was then performed to check
the reliability of 19 items in the questionnaire using Cronbach's alpha. Cronbach’s
alpha test showed an overall score of a = .78 indicating that the questionnaire
achieved an acceptable reliability level.

Data analysis: The Statistical Package for Social Sciences (SPSS) version 25 was
used in the analysis of the data which consisted of the results from the pre- and post-
tests and the questionnaire. Descriptive and inferential statistics were utilised. Since
the data consisted of one dependent variable (GeoGebra instruction) and one
independent variable (test scores), t-tests (independent t-test and paired t-test) were
used to perform statistical analysis for predictions. These tests were used to measure
whether the mean differences between the scores within and across the two different
groups were statistically significant.

6 Results and Discussions

6.1 Learners’ reactions to GeoGebra instruction: Kirkpatrick's Level 1

Before learners were given a post-test to write, they were requested to complete a
reflection questionnaire about their reactions to the use of GeoGebra as an
instructional tool and how they felt about GeoGebra usage in learning the properties
of quadrilaterals. Table 1 presents the results.

Table 1. Learners’ reactions to GeoGebra usage in the learning of quadrilaterals

No Question n =89
Responses ( )
Yes | Not | No | Didnot |Total
(%) | sure | (%) | complete | %
(%) (%)
1 | am more excited about learning geometry through 100 0 0 0 100
GeoGebra than pencil and paper.
I learnt and understood a lot more about geometric concepts | 85 15 0 0 100
2 [taught using GeoGebra than those taught using paper and
pencil.
3 | prefer all geometry lessons with the GeoGebra, not with 68 25 7 0 100
pencil and paper from now onwards.
| felt confident doing activities on geometric concepts 92 7 0 1 100
4 linvolving triangles or quadrilaterals after learning these
through GeoGebra.
5 | enjoyed learning geometric concepts taught using 97 3 0 0 100
GeoGebra rather than pencil and paper.
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GeoGebra’s visual graphics window simplified difficult 100
6 - - 79 11 9 1
geometric concepts compared to paper and pencil method.
7 | was able to visualise and answer the questions after each 93 7 0 0 100
activity.
| was more engaged in the learning process using GeoGebra 100
8 . ; 85 14 0 1
than using paper and pencil.
I am now able to make logical assumptions and justifications 100
9 |when attempting to prove riders after taking the geometry 37 63 0 0
lessons taught using GeoGebra.
10 I am now able to form better connections between previous 9 3 3 2 100
knowledge and new knowledge taught using GeoGebra.
1 I now believe | can do well in Euclidean geometry tasks 86 1 1 2 100
(including tests) especially concepts taught using GeoGebra.
GeoGebra has helped me to improve my understanding of 100
12 - - 92 7 0 1
geometric concepts explored after taking the lessons.
13 GeoGebra has enabled me to make connections between 82 13 3 2 100
abstract geometric concepts and real-life situations.
The teacher stimulated interest better in all lessons taught 100
14 . . 93 1 3 3
using GeoGebra than paper and pencil lessons.
15 GeoGebra usage has enhanced my understanding of the 85 9 1 5 100
topics explored after taking the lessons.
| have overall appreciated the usage of GeoGebra as 100
16 |compared to paper and pencil in learning geometrical 75 21 3 1
concepts after taking the lessons.
Average % 83 14 2 1 100

Item 1 shows that all the learners (100%) were excited about learning geometry
through GeoGebra instruction. 97% (Item 5) of the learners revealed that they enjoyed
learning through GeoGebra and 92% (Item 4) confirmed that they managed to do the
activities with confidence after they were exposed to GeoGebra lessons. 85% of the
learners pointed out that they learnt and understood more regarding the geometric
concepts involving properties of quadrilaterals. On the other hand, it was established
that a few learners (25%) were still not sure about the continued use of GeoGebra in
their lessons in place of the traditional pencil and paper method. In essence, the
majority of learners expressed satisfaction with the teaching and learning method used
and the content learnt.

On average, 83% of the learners indicated that GeoGebra had enhanced their
understanding regarding the properties of quadrilaterals as compared to a traditional
chalk and talk method and 14% were not sure. This result indicates that the
participants reacted favourably to the intervention (GeoGebra instruction) in terms of
Kirkpatrick’s Level 1. Overall, responses from the learners showed that learners’
confidence was boosted and they were excited about learning through GeoGebra in
comparison to the traditional chalk and talk method. Analysis of the questionnaire
responses indicates a positive reaction towards the use of GeoGebra in learning about
quadrilaterals.
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6.2  Learners’ pre and post-tests results: kirkpatrick's level 2

Table 2 presents the descriptive statistics for the pre and post-tests scores for the
two groups.

Table 2. Groups® pre and post-test scores

N Pre-test scores Post-test scores
Group Mean Std. dev Mean Std. dev
Control 76 7.07 2.42 7.22 2.39
Experimental 89 6.76 2.77 13.72 2.50

Table 2 results show that the mean score (u = 7.07, 6 = 2.42) of the control group
was slightly higher than the mean score (un = 6.76, 6 = 2.77) of the experimental
group. In order to establish whether the two groups were similar, Levene’s test and
independent samples t - test were performed. The results are displayed in Table 3.

Table 3. Levene’s test and Independent Samples test for pre-test scores of quadrilaterals

Levene's Test for .
Equality of Variances t-test for Equality of Means
95%
. Confidence
F |[Sig.| t df S'gl' (2- _fl\;lean St(fjf Error | nterval of the
tailed) | Difference | Difference Difference
Lower| Upper
Pre-test scores Equal 16 | 69| -72| 163 | 47 | 275 38 | -1.03| .48
variances assumed
Equal variances not assumed -72 |157.61| .47 -2.75 .38 -1.03 | .48

The result of this test (see Table 3) indicate that there was no significant difference
in the means t(163) = -0.72 and p = .47. These results suggest that for the learners in
the group with GeoGebra (n = 6.76, ¢ = 2.77) and the group without GeoGebra (p =
7.07, 6 = 2.42) conditions were the same. The independent t-test for the equality of
means indicates that the difference in the means was not significant, given their
respective deviations and p = .16.

An independent samples t -test was conducted to establish if the mean of the
experimental group differed from the mean of the control group. The null hypothesis
and alternative hypothesis tested were:

The null hypothesis was that there was no statistically significant difference
between the means of the experimental group and the control group.

The alternative hypothesis was that there was a statistically significant difference
between the means of the experimental group and the control group.

The result is shown in Table 4.
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Table 4. Levene's and Independent Samples Test for post-test scores

Levene's '\I'/est_ for Equality of t-test for Equality of Means
ariances
95%
. Confidence
Folosio |t | o | TR | Difference |Difference| Merval of the
Difference
Lower | Upper
Post-test Equal
\variances 1.50 22 17.00 | 163 .000 6.50 .38 574 | 7.25
assumed
Equal variances 17.06 [160.89| .000 6.50 38 574 | 7.25
not assumed

It appears from Table 4 that the results of this test indicate that there was a
statistically significant difference, at the 5% level between the mean score in the two
groups, so the data suggests that the mean post-test scores were different (since the p-
value < 0.05). The effect size for this analysis (d = 2.66) is found to be more than
Cohen’s (1988) convention for a large sample (d = .80). The null hypothesis was
rejected in support of the alternative hypothesis and it is concluded that the learners in
the experimental group outperformed those from the control group in geometry
understanding. This result indicated that the learners™ level of knowledge and skills
improved due to their exposure to GeoGebra instruction used by their newly trained
teachers, implying that meaningful learning occurred (Kirkpatrick's Level 2).

7 Conclusion

In this study it was found that learners taught with GeoGebra performed better than
those taught without GeoGebra in these four rural, disadvantaged schools. Results
from this study have shown that GeoGebra instruction can work effectively in deep
rural schools where geometry is hardly taught by most teachers. These findings are
consistent with the findings of similar studies in different contexts, as discussed in the
literature review. In fact, the implementation of digital technology tools in the
classroom can be described as pivotal [45]. Learners who experience deficiencies in
the teaching of geometry in their school classrooms, may augment such teaching by
using the Internet. However, this possibility does not exist for learners who live in
deep rural, disadvantaged areas where the Internet is not available. GeoGebra can
enhance geometry teaching and learning in rural schools, where it can be accessed
without connecting to the Internet. This study alludes to the possibility that the issue
here may indeed be the lack of training and competence in the use of GeoGebra by
teachers in disadvantaged rural schools. A recommendation flowing from this study is
that training courses be provided for such teachers in the workplace.
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