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Abstract: The present study investigated the use of mobile learning on students’ (with different initial mathematical
performance), understanding in geometry. The sample of the study was consisted of 162 5" grade students at secondary
education (16-17 years old) who were divided into experimental and control group. For the mobile learning the Euclidea
app was installed by the experimental group in their smart phones and it was used at the teaching of specific geometrical
concepts. Emphasis was given on students’ experiences. Although there were not any statistically significant differences
between the two main groups concerning their performance, further analyses of the characteristics of the experimental
group indicated that the mobile learning method was more efficient for students with low or medium performance than
those with high initial performance on mathematics, The results highlight that there is not any “ideal” method in the
teaching of mathematics, as there is need for differentiation derived by inter-individual differences. Implications about the
use of mobile learning in mathematics education are discussed, as the use of short term intervention programs cannot fulfil
the goals of changing significantly the students’ mathematical performance.
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1. Introduction

The National Council of the Teachers of Mathematics, an organisation with decisions which influences the
stakeholders in mathematics education worldwide, many years ago through the publication of mathematical standards
underlined the necessity to use technology as a tool which can accelerate the development of mathematical thinking, in
order to take advantage of the significant role it already has on students’ life (NCTM, 2000). Today we are not talking only
about the technology oriented generation, but about the generation of students who are surrounded by digital technology
since their born. Mobile phones are part of daily student lives, both inside and outside the classroom ' and consequently
are part of their informal education. According to UNESCO by the end of 2012 the number of mobile devices was
estimated to exceed the world’s population *. Mobile technology has been recognized as one of the most important
innovations that influenced teaching and learning "' and there is an increased research interest on the introduction and
implementation of mobile learning at the context of formal education ',

Mobile learning processes have been used in authentic environment places such as museums "', zoo ' and parks ",
Designing effective mobile learning interventions requires holistic understanding of how people use and view any type of
technology . Although the mobile devices have increasingly power and they transformed the ways people communicate
and work with data of various forms, in the education context, mobiles are often seen as a threat to the “serious” work of
school ™.

Although in Cyprus the New Curriculum in Mathematics (2015) highlights the necessity to use technology in
teaching, there is still a discussion about the availability of wifi at school, the rules about the use of mobile phones at school
and other similar concerns which do not allow mobile learning methods to be used in the expected level. Undoubtedly the
adaptation of mobile learning presupposes the development of appropriate planning for the use of teaching processes for
the development of relevant learning strategies .

The present study examines the use of mobile devices as teaching and learning tools at the mathematics education of
Cyprus, a country with a centralized educational system which has recently developed new Curriculum at many different
subjects, as a part of an attempt for educational reform. It emphasizes at the same time the use of inquiry-based teaching
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processes which activate students’ curiosity, creativity and problem solving skills. Especially in the case of geometry, the
use of technology is proposed in order to facilitate the examination or investigation of mathematical concepts. For example
it is easier to examine the relation of the radius and the area of a circle by using technological tools of dynamic geometry
(such as Euclidraw or Sketchpad) rather than the traditional teaching tools. At the same time the use of technology leads to
direct feedback which activates students’ self-regulatory strategies in the case of a mistake """, while traditional methods
lack immediate feedback and reduce students’ interest in learning !'").

The aim of the present study was to examine the effectiveness of using the mobile learning in the teaching of
mathematics at secondary education. The aim concentrated on students’ perspective during the implementation of the
intervention program and the possible diversity of the effectiveness based on their initial differences on mathematical
performance. Many times the same interventions are used for all the students, although the curriculum underlines the
need for diversity and the fact that there are inter-individual differences based on personality, cognitive performance and
previous experiences. We believe that the inter-individual differences may have a predominant role on the accountability
of any intervention. For example the initial students’ ability of information processing contributes significantly on
their mathematical performance and their metacognitive behaviour during problem solving "*\. In the case of the
secondary education we believe that students’ different mathematical performance has to be examined further as a
factor of differentiation concerning the effectiveness of using the mobile learning as a teaching tool for understanding
the mathematical concepts. The posed research question which is examined at the present paper is a part of a project
on students’ beliefs, self-efficacy beliefs, motivations, skills and knowledge on using the mobile learning as tools for
understanding the geometrical concepts.

2. Theoretical framework

Mobile learning was difficult to be defined at the beginning of the new century. It was posed as something new
which was difficult to be conceptualized and discussed "*'. It is “any educational provision where the sole or dominant
technologies are handheld or palmtop devices” (p. 262). Mobile learning is the admixture of distance learning method and
electronic learning or it is the next generation of e-leaning "', The use of portable equipment such as mobile phones, ipads,
personal digital assistants and tablet makes the mobile learning having no place and time limitations. The availability of the
mobile technologies is probably the strongest argument for its use. It is unique that it can be accommodate both formal and
informal learning in collaborative or individual learning modes, and within almost any context "'

2.1 Mobile learning in education

There are studies about the use of mobile technology at different educational levels, at different courses and based on
the teaching or the learning perspective. For example """ examined the religious teachers’ readiness to use mobile phones
as teaching tools, while ' examined the use of mobile learning in the teaching of Biology. There are a rising number of
conferences about mobile learning and relevant organizations foresee that mobile technology will soon become common
place in both formal and informal education ',

With the increase of the availability of mobile devices there is a concomitant rise in the level of interest on examining
the purpose and extent of mobile learning in education. The majority of the studies about the use of mobile phones took
place in formal education, and mainly in the field of science education "'¥. In the case of Greece, Kalogiannakis and
Papadakis developed a teaching intervention in the context of an environmental education program "”. In the case of
mathematics education there are references derived by generalized conferences on mobile learning and by conferences on
the use of technology in education. At the same time most studies concentrated on primary education and higher education
in the case of prospective teachers. It seems that secondary school teachers are less likely than elementary school teachers
to ask their students to use technology frequently, and when they do it they prefer to be in language courses and social
studies >

Researchers found several problems concerning mobile teaching and learning such as (a) the change of traditional
teaching curriculum and materials into digital contents, (b) the design of appropriate mobile devices and teaching methods,
(c) the development of interactive functions on mobile programs and the teachers’ education or training on using mobile
teaching methods . Similar problems or difficulties were found in higher education *", as instructors feel more confident
to use the face-to-face teaching which has been traditionally used as relevant for many decades. In secondary education
more practical difficulties concerning the implementation of mobile learning have been identified such as the lack of
resources due to financial limitations, the lack of effective educational policy in order to have the relevant permission to use
it; the lack of skilled instructors for effective implementation and the reservations of parents due to the perceptions about
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the use of mobile devices . We believe that the difficulties and teaching obstacles which are identified about a subject or
domain are in most cases similar at other domains as well. It seems that the investigation of technology in education, either
by traditional means or by mobile devices, face obstacles that lies mainly on teachers’ knowledge, skills and experiences .
2.2 The teaching and learning framework for the use of mobile learning in education

Kearney and Mabher’s review indicated that research studies have attempted to examine mobile learning through
identified theoretical perspectives and frameworks such as activity based approaches, authentic learning, action learning
and experiential learning . However Crompton et al. indicated that 40% of the time researchers designed mobile learning
activities which are characterized by the behaviorist approach to learning !'¥. Mobile technologies are supposed to support
constructivist learning through active learning activities . Although many studies have found that mobile teaching has
positive impact on learning, the developed mobile learning programs are very “different in terms of course design, target
group, learning methods and implementation environment” (p. 22) ©' .

Even in the case that both pre-service and in-service teachers have a positive belief in integrating mobile teaching
tools in order to promote student learning, it is important how they integrate them “”, whether there are related with
collaborative learning and the emphasis is on the concept of a community of learners **. Teachers need to be educated on
the benefits of incorporating mobile technology into their classrooms and then trained on how to integrate it effectively .
Mobile learning is often approached as an innovative method to teach, but quite often without the proper understanding of
the implications on the pedagogy of the learning process in this setting ™. Therefore mobile technology has ascended as
a top priority of training programs around the world "', It is become an urgent matter to propose pedagogical approaches
appropriate in respect to the complex educational dynamics .

Mobile devices can be effective educational platform, due to the fact that mobile devices are easily accessible and
help in making the students’ learning more interesting, interactive, widely available and flexible "*. They list a number
of benefits of using the mobile learning: anytime access to content, anywhere access to content, enhance student-centered
learning, support differentiation of student learning needs and personalized learning, and enhance interaction between and
among the students and instructors. They underline the necessity to use the mobile technologies for self-evaluation and
reflection throughout the learning process.

Fabian, et al. investigated the effects of using mobile technologies to students’ attitudes and achievement **', Their
results indicated that the use of mobile technologies elicit positive responses from students both in terms of how they
perceive the mobile activities and how it improved their performance. Taleb, et al. highlighted the opportunity for diversity
of training methods of mathematics and indicated that there is a positive and significant relation between using mobile
learning and students’ participation in mathematics . Mobile devices allow students to explore their environment and
in the case of “trigonometry, measurement and geometry there can be used to analyze the notion of a moving object that
appears in a digital video” (p. 575)"". It seems that mobile device use increases the learners’ tendency to engage in self-

directed learning and it stimulates curiosity beyond the classrooms "'

2.3 The use of mobile learning in mathematics education

We cannot find yet too many studies about the effectiveness of using mathematical applications at the different
educational levels. The review of Soykan and Uzunboylu indicated that only 2% of the studies were about the use of
mobile learning in mathematics ®'". Few of them are in primary education ** and most of them in secondary education
31 Most of them had positive results [33] and few of them neutral effects **. Ariyanto, et al. ™' examined the role of the
use of mobile phone applications in mathematics learning. Students’ learning results indicated significant improvement
and students showed an interest in using the specific application. In the case of geometry, Chang et al. (2016) suggest the
use of mobile learning for geometrical figure apprehension "%, while Supandi et al. "' suggest if for the understanding
of trigonometry. One of the major presuppositions for the use of mobile learning in the teaching of mathematics is its
acceptance as a tool for investigation and exploration of mathematical concepts *’.

The most usual applications which are used for the teaching of Geometry are Euclidraw, Cabri, Sketchpad and
Geogebra (some of them were used mainly the previous years). Their major characteristic is the dynamic perspective of
examining the geometrical concepts. For example students are able to understand easily the relationship between the radius
and the diameter of a circle by transforming the circle size. The use of mobile applications facilitates the establishment of
an interactive learning environment for the understanding of difficult geometrical concepts .

Alkhateeb and Al-Duwairi propose the integration of mobile applications of Geogebra dnd Sketchpad at the teaching
of geometry at the university level **. Their study showed that both applications have positive effects on students’
achievements. Especially in the case of Geometry the MobileMath was created by Wijers et al. in 2008 in order to help
students experience mathematical concepts in the physical world, and the MobiMath was created by Tanjney et al. in
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2010 in order to facilitate the teaching of difficult geometrical concepts ™. The use MobiMath indicated that it enhanced
collaborative learning experiences and communication between the members of the groups who had to solve a problem.
The use of Euclidea app

Euclidea is the application that was used in the present study. It was developed by the Russian Horis International
Limited, which specializes in apps with a strong math background. The main emphasis of the specific application is to
solve geometric problems by using a compass and straightedge constructions. Examples of such problems are to bisect a
given angle or construct the perpendicular bisector to a segment. The main advantage of the application is that it is free and
it can be easily installed at smart phones.

The application offers direct feedback and it is characterized by many strengths. It highlights in yellow a construction,
to indicate that it is correct and shows a reward pop-up message. Its use is extremely easy and friendly, as at the initial
stage the user has to use only two tools, a compass and a straightedge. Some of the constructions you have to make are
particularly significant, and after you make them they are added as shortcuts to the toolbox. The additional tools allow you
to make common operations without explicitly doing all the steps. An important and useful feature is that the constructions
are inherently dynamic. By selecting an arbitrary point of your construction and move your finger on the display, the
construction reshapes, helping you to verify that it works in general.

This application includes various levels and each one is consisted of certain tasks. There is an increase at the level of
task’s difficulty in relation to the increase of the level. Solving the task of one level, the app automatically “unlocks” the
next one, based on the specific hierarchical structure.

3. Methodology

3.1 Experiment design

To evaluate the effectiveness of mobile learning in the teaching of geometry at secondary education, an experiment
was conducted and consequently pre and post tests were used for the comparison. The purpose of the experiment was to
compare the students’ of the experimental group learning achievements, after their participation in learning activities based
on the use of a smart phone app called Euclidea, with the respective achievements of the control group (traditional teaching
approach was followed based on the guidelines of the curriculum)

3.2 Participants

The sample was consisted of 162 Cypriot high school students from 8 classes of 2 lyceums. They were at the 5" grade
at secondary education (mean age of 16 years old) and they attended extra hours on Maths, as it was selected by them as
one of their major courses. An equal number of students (81) constituted the two groups: the experimental group (EG) and
the control group (CG). Actually their classes were posed randomly as part of the experimental or the control group.

Six math teachers taught mathematics at the 8 classes during the implementation of the intervention. Three teachers
taught the specific geometrical concepts at the Control group (CG) and they used the traditional teaching approach
according to the guidelines and processes of the National Curriculum. The other three teachers used the Euclidea app in
order to teach the same geometrical concepts at the experimental group of students. The last group of teachers attended
previously a training offered by the researchers. During the experiment their teaching processes and practices were
videotaped in order to ensure the validity of their practices in relation to the given guidelines. The sample of the teachers
and the respective sample of students were not representative as researchers based on teachers’ voluntary contribution due
to teachers’ difficulties with the relation of time allocation and the quantity of the concepts they have to teach.

3.3 Research process

The schedule and the whole research process which was followed are presented at Figure 1. Firstly during the first
45-minute meeting, the pre-test was used in order to measure the participants’ van Hiele level of geometrical thinking.

Then, an intervention programme was developed and implemented by using the mobile learning for the experimental
group, about the teaching of the geometrical concepts which are presented at the school textbook. In the case of Cyprus,
there is a common Curriculum, common textbooks for all the students and teacher guide with the expected teaching
processes and learning outcomes. The CG class students were taught based on the traditional teaching approach which is
presented at the teacher guide, according to which for the geometric constructions, both the teacher and the students used
geometric instruments (a ruler and a compass). Teaching the same concepts in the EG, their teachers asked them to use the
Euclidea app which they had already installed on their smart phone. Both groups performed the same activities as well as
finding the solution of the same problems from the school textbook in order to examine the impact of the different teaching
methods. During, the sixth and final 45-minute session all students from both groups (CG and EG) were given a common
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test relevant to the covered mathematical content.

Pictures 1 and 2 present the work of the experimental group during the intervention. Students after getting acquainted
with the application tools for a few minutes, their teacher presented them on the board how they could investigate a
statement and construct a relevant proof. The teacher had in their disposal a smart device-in this case an iPad- which was

connected to a video projector. Students had the opportunity to dynamically reshape the construction in order to verify that
the construction can work under any circumstances. They were able to continue their work whenever they wanted and they
could work on the following up stages if they had the time and the respective wish or will to do it.

Picture 1. Teaching processes for the control group Picture 2. Learning Activities of the experimental group

After the experience of the intervention program, the participants of the experimental group completed a
questionnaire, in order to examine their conceptions and impressions derived from the use of the mobile learning devices at
the learning process. Finally, personal semi-structured interviews were conducted by a number of EG students, targeting in
the confirmation of the questionnaire’s results concerning their “Views and Impressions” as well as the valid interpretation
of these results. The research process, which was used, is presented briefly at Figure 1. The present study is a part of a
project which examined students’ performance, motivation, collaboration during the activities and teachers’ teaching
behaviour. At the present paper we examine only the aspects which are related with the previously presented research aim.

8 classes of grade 5

[ Experimental Group ] [ Control Group ]
¥ v
[ Pre — test: Geometric thought ]
]
Use of smart phones Traditional Teaching
v v
[ Post —test: (Diagnostic Test) ]

v

Questionnaire

&= A group of students

Interview

Figure 1. The research process
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3.4 Research instruments

Geometrical thinking thought Pre-test: The VHGT (van Hiele Geometry Test) was used as pre-test in order to identify
students’ van Hiele levels. It consisted of 25 multiple choice tasks. Questions 1 through 5 represent Level 1, questions
6 through 10 represent Level 2, and so on. The correct correspondence at least three tasks of each level was a sufficient
indication that the student achieved to have the characteristics of the specific level. The construction of the test by van
Hiele, was based on the assumption that by this procedure each student can be enlisted in the highest level according to his/
her abilities without being able to skip any hierarchical level of the geometrical thinking ability.

Geometric performance post-test: Researchers constructed a test relevant to the topics covered during the teaching
of the unit. The content validity of the test was examined by the 6 maths teachers who took part at the research. Then the
appropriate correction guide was constructed so that all teachers would be able to grade the tests based on the same criteria.
The lowest grade could be 1 and the highest could be 20.

Post questionnaire on the students’ conceptions about the experience: It was answered only by the EG students after
completing the intervention. The questionnaire was consisted of 15 five-point Likert scale items (1="strongly disagree”,
5=“strongly agree”). Items were adapted from two different questionnaires that were used in the past for similar purposes.
The first questionnaire was constructed by Hwang et al.  and the second one by Chu et al. ©.

4. Results

4.1 The effect of the intervention on students’ performance

To evaluate the effectiveness of using the mobile devices for the teaching of a unit in geometry we have examined the
differences on the students’ performance between the experimental and the control group. Firstly, a descriptive statistical
analysis was conducted for the examination of the respective means and standard deviations (Table 1). As it was expected
the means for the EG during the post-test was higher than the respective mean of the CG . To be more specific, the low-
level students on geometrical thinking based on van Hiele’s model (1 and 2) of the experimental group presented a higher
mean than the respective students of the control group . The results were similar in the case of the students of the medium
level (EG: . Only in the case of the students of the high level the performance of the experimental group ( was slightly
lower in relation to the equivalent performance of the control group .

In other words, it is clear that the experimental process helped the lower and medium level students to acquire a
higher mean compared to the equivalent students of the control group. On the other hand, the already high-level students
had minimum improvement changes compared to the respective since they were already at a high level, with possibly
minimum chances for improvement.

Table 1. Students’ of control and experimental group performance at the post test in respect to their initial levels of geometrical thinking

Geometrical performance

Levels of geometrical CG EG
thinking M.O. TA. M.O TA
Low 4.87 2.66 5.92 2.09
Medium 12.80 2.54 13.50 2.95
High 18.84 1.34 18.60 1.43
Total 11.09 6.02 12.23 5.45

A two-way ANOVA was conducted in order to examine the effect of teaching group and van Hiele level of each one,
on students’ performance in geometry post-test. Simple main effects analysis showed that there were not any statistically
significant differences between the two groups of students). As it was expected the classification of students based on
the van Hiele’s level of geometrical thinking seemed to have significant main effect. Their initial geometrical differences
remained after the short term intervention indicating that short term interventions cannot permit us to face the students’
inter-individual differences based on their initial performance.

Finally, there was not any statistically significant interaction between the effects of teaching group and van Hiele’s
level of geometrical thinking on students’ performance. There is a tendency to expect statistically significant changes after
an intervention program and probably statistically significant differences between the experimental and the control group.
In the specific case it is important to identify that a short term intervention can have positive effects on few students or few
specific dimensions, however it is not enough in order to achieve significant effects.
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4.2 Students’ conceptions and experiences

To investigate the students’ conceptions after the experiences of the implementation of the intervention program, the
analysis of the questionnaire and the analysis of the interviews were conducted. Results of the descriptive analysis of the
statements of the questionnaire are presented in Table 2. It seems that the vast majority of students seem to have positive
views on both this application as well as the teaching method of using mobile learning at the teaching of mathematics in
general. Specifically all the questions (5) related to the application presented mean > 3.5. More specifically, 72% of the
students agreed or strongly agreed with the statement that the application was used easily, while almost 70% of the students
mentioned that it did not take them much time to learn how to use it. Additionally, an almost equal percentage of students
found the functions of the app quite useful for the achievement of their learning goals.

During the personal interviews, a girl mentioned how much she liked being able to test various possible solutions, fast
and without much effort, without needing to erase and rewrite the shapes again and again. A boy said that he liked being
able to create circles so easily, as he found it rather difficult and boring to keep using the compass.

As far as the feedback provided by the use of the app, a student mentioned that it was really important that they had
a direct feedback on their construction, as the colour turned to yellow. However a different student disagreed and he said
that the shape turning yellow wasn’t particularly helpful for him, since he would rather get a message that would give him
some clue on how to make it right. He wanted a qualitative type of individual feedback in order to know how to react.

Based on the results presented at Table 2 it seems that the students’ conceptions about using the specific learning
method were actually quite positive since 6 out of 7 questions related to the specific topic appear to have mean = 4. It is
worth mentioning that 80% of the students either agreed or strongly agreed with the statement that the use of smartphones
has made the learning activities by far more interesting, while the same percentage said that they would prefer to apply this
approach to other subjects as well. Additionally, 75% of the students either agreed or strongly agreed with the statement
that learning through the use of a smartphone is far more interesting and it is, at the same time, a lot more challenging
compared to traditional teaching.

Table 2. Students’ conceptions about the use of mobile learning after the experience

Views / Impressions

A Application M S.D Negative Neutral Positive

1 The application can easily be used. 4.17 0.84 0% 27.8% 72.2%

5 It only took me a short time to fully understand how to use the 4.11 0.92 2.8% 27.8% 69.4%

application.

3 Using the feedback provided by the application enabled me to concentrate 386 0.87 56% 27.8% 66.7%
on the processes.

4 The functions provided by the application were useful. 3.83 0.91 5.6% 25.0% 69.4%

5 The feedback provided by the application was useful to face few of my 361 0.93 8.3% 44.4% 47.0%
misconceptions.

B Teaching approach

6 I like to learn new uses of my smart phone. 4.11 0.98 5.6% 16.7% 77.8%

7 I wish this innovative approach could be applied to other courses as well. ~ 4.17 0.97 5.6% 13.9% 80.5%

] I would like to acquire new knov%g?ljirgee by using my smart phone in the 4.17 1.03 56% 19.4% 75.0%

9 The use of smart phone makes learning activities more interesting. 4.14 1.02 8.4% 11.1% 80.5%

10 This way of learning is interesting and challenging. 4.08 1.13 8.4% 16.7% 75.0%

11 During the learning activities I engaged myself in the learning tasks. 3.64 1.10 13.9% 25.0% 61.1%

12 I would recommend the use of this learning approach in peers. 4.00 0.92 5.6% 16.7% 77.8%

It is also noteworthy, that the students who had come to the first lesson without having installed the app on their
phones in advance, mainly due to lack of space on their device, after seeing their classmates using it, they decided to delete
other applications or data from their phones in order to install that particular app. The teachers were also impressed by the
fact that students who had previously felt bored and without any motivations in the lesson, they were next showing a lot
more interest and wanted to be more involved in the learning activities.

The majority of students clearly showed their enthusiasm of the processes during the personal interviews. More
specifically, a student said that it was unbelievable when the teacher asked them to take up their phones to do the lesson,
as he had never thought that the day would come when they would be using their smartphones in class. Another student
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admitted that he had been feeling bored during the maths lesson lately, but the teacher had made that particular lesson a
lot more interesting due to the use of app. He also stated that from now on, he would be paying more attention in class and
study harder at home. Finally, there was even one pupil who said that his friends from other classes would definitely feel
jealous, once they were told how the new lesson was conducted.

On the other hand, some negative feelings or conceptions had been expressed by certain students, but this can be
attributed to the fact that they had not been adequately prepared or ready to work by this different way. More specifically,
a girl stated that she had felt very stressed and wished they would not be tested on the specific unit. She continued by
saying that they did not have proper lessons the other days; instead they would just play on their phones. This shows us,
that there is a group of students who have been so attached to the traditional teaching approach that anything beyond this is
not considered an “actual lesson”. The most impressive result which has to be examined further was that students who had
those types of conceptions, they had at the same time high performance in mathematics.

5. Discussion

Undoubtedly mobile learning methods based on the advantage of the flexible access at any time and place “". It is
unique in that “it can accommodate both formal and informal learning in collaborative or individual learning modes and
within almost any context” ). When we suggest the use of technology in education we have to be aware of the continuous
technological change that is taking place *'". The present study aimed to examine the role of the use of mobile learning in
students’ understanding of geometrical concepts and the impact of short term teaching method of using it as teaching tool.

The results of the present study indicate that mobile learning has a positive effect on motivating students towards
mathematics. However it seems that results are not the same for all the students. Students with high performance in
mathematics indicated that they had a stronger resistance in reacting positively in different teaching methods. This is
mainly due to the fact that those students had already developed learning strategies which were successful for them and
they were not able to understand the reasons for trying something different *”. Those students have to try a new method
for longer duration and relate its probable positive effects with the already developed strategies based on their learning
style.

Students with higher initial performance based on the van Hiele’s geometrical levels had the highest performance after
the intervention. The inter-individual differences remained the same. It was important the indication of a tendency for an
increase on students’ of the medium and low level performance on geometry, although the difference was not statistically
significant.. It would be naive to believe that such a short-term intervention could change dramatically the students’
initial differences and actually this was not the aim of the study. The differences based on their initial performance could
indicate an indirect relation, while the direct relation could be based on their self-efficacy beliefs on solving mathematical
tasks. It seems that results would be probably better and more stable in the case of using similar methods for a longer
time and probably in different contexts. Students’ positive experiences are important and hopeful messages for enforcing
the following up steps. The use of mobile technology provides education with the opportunity to reimagine teaching and
learning processes and framework “%. In-service teachers’ training programs have to be developed and implemented in
order to face initial concerns and worries and in order to develop their skills, knowledge and abilities to face the teaching
obstacles .

The present study concentrates on the specific domain of geometry, however it is obvious the tendency to incorporate
the mobile learning methods for the exploration, investigation and understanding of many different mathematical concepts.
We have always to keep in mind that it is a teaching tool in order to facilitate the understanding and the construction of the
concepts. It cannot be used without a clear pedagogical framework and it cannot be suggested as a method appropriate for
all the students. We are not trying to find any ideal methods. There are always inter-individual differences which lead to a
necessity of diversity. A future study could concentrate on the evaluation of the use of mobile learning methods for students
with different cognitive styles, learning styles and initial conceptions and efficacy beliefs about the use of technological
tools as facilitators of the learning process. At the same time a future study has to overcome the administrative obstacles
of the centralized educational system and implement an intervention program of using the mobile teaching methods in
geometry for a longer time. Finally a future study could examine teachers’ knowledge, skills, beliefs, self-efficacy beliefs
and practices on using the mobile learning as teaching tool at secondary education in order to fulfil the goals of geometry
education in particular and mathematics education in general.
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