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Abstract—This research reports an experiment which took
place in an Arab middle school in Israel. The experiment
was led by three pre-service teachers who were carrying out
their final project in the field of teaching mathematics using
mobile phones. The pre-service teachers worked with 32
eighth grade students to carry out authentic real life out-
door activities in the nature. We used discourse analysis and
grounded theory to analyze the perceptions of the students
regarding their mathematics learning using mobile phones.
We found that the novelty of the experiment and the use of
mobile phones in mathematics learning were the main char-
acteristics perceived by the students as influencing their
decision to join the experiment. Furthermore, the students
perceived various qualities of the mathematics learning that
were enabled by the use of mobile phones: (1) exploring
mathematics independently (2) learning mathematics
through collaboration and team work; where the collabora-
tion is on equal terms (3) learning mathematics in a socie-
tal and humanistic environment (4) learning mathematics
in authentic real life situations (5) visualizing mathematics
and investigating it dynamically (6) carrying out diversified
mathematical actions using new and advanced technologies
(7) learning mathematics easily and efficiently. In the over-
all, the students were positively impressed by the potentiali-
ties and capabilities of the mobile phones used in the mathe-
matics learning process. This indicates that mathematics
education could benefit form utilizing these new technologi-
cal tools.

Index Terms—Mobile learning, mathematics education,
middle school students, pre-service teachers, new technolo-
gies, mobile phones, perceptions of mathematics learning.

1. INTRODUCTION

A.  Mathematics mobile education

In spite of the burst of mobile phones in most of our
daily lives aspects, the utilization of these devices in edu-
cation is still new [1] and in its infancy [2]. This is true for
the use of mobile phones in education in general and es-
pecially for its use in teaching mathematics. On the other
hand, we are aware recently of the increasing common-
ness of mobile and wireless devices, especially mobile
phones, amongst the young generation. This provides new
possibilities, opportunities and challenges for the educa-
tional environment [3]. Furthermore, some recent studies
examined the use of mobile phones in learning mathemat-
ics amongst university pre-service teachers ([4], [5]). This
implies new era for mobile phone integration in the
mathematics class in which the diversified mobile features
are utilized to build mathematical knowledge.

Ref. [5] studied learning processes and experiences
within a mobile phone learning environment. Doing so
they aimed to examine how socio-cultural and situated
learning aspects were reflected in these processes and ex-
periences. They found that the contribution of the mobile
phone environment "lies not only in making dynamic
mathematical application more available, but also in sup-
porting the execution of tasks that are closer to the stu-
dents’ experiences and more relevant to them, which has
the potential to enhance experiential learning." In addition
the participants' learning experiences contributed to per-
sonal learning processes, which may motivate the partici-
pant learning.

B.  Students' perceptions of their learning

Ref. [6] says, "Understanding students’ perceptions of
accounting is an important first step in the effort to attract
the best to the accounting profession." We think that un-
derstanding students' perception of mathematics learning
using mobile phones is an important step to understand
how to attract middle school students to learn mathematics
in this new environment. This understanding would help
us know what factors influence students' learning of
mathematics using mobile phones and how to motivate
them to do this learning successfully and with enjoyment.

Ref. [7] studied students' perceptions of online and dis-
tance learning and found that students perceive online
learning to have a significant relative advantage to tradi-
tional learning. These advantages include saving their
time, fitting better in their schedules, and enabling them to
take more courses. The students did not believe that they
learn more in online learning courses. In additions, they
had some concerns related to being able to contribute to
the forum discussions.

C. Authentic learning

Ref. [8] claims that students better understand and ap-
ply studied materials when they are engaged in real world
issues and situations. Ref. [9] points out that authentic
situations and scenarios provide a stimulus for students'
learning and thus create greater motivation and excitement
for this process. This ref. also states that representing and
simulating real-world problems, provides an important
context for students' thinking. Regarding the contribution
of online education to authentic learning, [10] asserts that
technology and online instruction can facilitate learning
by providing simulation of real-life context in order to
simplify and illustrate it for the learners who face solving
complex authentic problems. Regarding using mobile de-
vices in authentic learning, [11] declares that mobile de-
vices extend the learning environment in which the stu-
dents work, and integrate it in real life situations where
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learning can occur in authentic contexts. Ref. [12] says,
"Mobile learning can guide a learner to an authentic learn-
ing context and incorporate the field objects with closely
related information in the handheld device to initiate the
process of knowledge acquisition." In our research, we
want to study the students' perceptions of mathematics
learning when their knowledge acquisition is initiated by
authentic activities during which they use mobile phone
features in real-life situations.

Little research has been done regarding students'
mathematical learning using mobile phones, especially
research that involves middle school students. Our re-
search aims to understand how middle school students
perceive such learning.

D. Research questions

e What characteristics of the mobile phone environ-
ment do middle school students perceive as important
for their positive decision to join an experiment in-
volving mathematics learning using mobile phones?

e What characteristics of the mobile phone environ-
ment do middle school students perceive during and
after they learn mathematics in authentic learning
context using mobile phones?

e What qualities of mathematics learning do students
perceive as being enabled by the use of the mobile
phones in the learning process?

II.  RESEARCH METHODOLOGY

A. Research setting

The experiment took place in an Arab middle school in
the city of Umelfahm in Israel, and was led by three pre-
service teachers who were carrying out their final project
in the field of teaching mathematics using mobile phones.
This project was part of their tasks in a mathematics di-
dactics seminar. The pre-service teachers selected 32
eighth grade students to participate in the experiment. The
selection was done based on the interest of the students
and the ownership of appropriate cellular phone. The
learning was done by carrying out outdoor activities that
involved exploring and investigating mathematics con-
cepts and relations of real-life phenomena. The students
utilized various features and qualities of the mobile phone
to do such exploration and investigation.

The students used mathematical midlets from the site of
the Institute for Alternatives in Education that operates
within the Faculty of Education at the University of Haifa,
Israel: www.math4mobile.com. These midlets support the
learning of algebra and geometry. In our experiment, the
students used the algebraic midlets that enabled them to
see the graphs of several templates of linear functions.
They could see the change in the corresponding straight
line as the result of changing parameters in the algebraic
form. They also had the opportunity to set points in a
coordinate system and to check if a straight line could
connect all of them; indicating a linear relation in the real-
life phenomenon.

Carrying out the activities the students exploited the
mobility, dynamics, availability and accessibility proper-
ties of the cellular phones and used various tools and tech-
nologies embedded in them, such as: taking pictures, re-
cording video, recording audio, measuring time, transfer-
ring of information, voice and text communication, for-

1JIM — Volume 3, Special Issue 1: "IMCL2009", July 2009

warding screen content to learning mates and sending
SMS or MMS messages to them.

B. Data collecting means and tool:

The pre-service teachers used the following means and
tools to collect data regarding the participants’ learning of
mathematics using mobile phones:

Blog: the students were required to comment on and
document their mathematics learning using mobile
phones. They used a pre-constructed blog in order to sug-
gest ideas regarding the use of mobile phones in the
mathematics learning process and to inquire about this
use.

The blog started with a welcoming text, written by one
of the pre-service teachers who led the experiment. The
pre-service teacher informed the students that they could
ask questions in the blog, add remarks, add feedback,
comment, document events and actions and write about
their feelings regarding the experiment. The pre-service
teacher also asked the students to write about their expec-
tations and the activities that they would like to be en-
gaged with.

After the first post of the teacher and before the stu-
dents contributed to the blog, some visitors inquired about
the experiment, requesting information about it. In addi-
tion, throughout the experiment, several visitors gave re-
marks and inquired about it in the blog.

Interviews with the students: The pre-service teachers
interviewed each participant for thirty minutes about
her/his mathematics learning using mobile phones. The
interviews were semi structured.

We used the interviews that the pre-service teachers
held with the students and the blog in which the students
remarked on, documented and discussed their mathemat-
ics learning using mobile phones to analyze and character-
ize the students' perceptions of this learning.

C. Data processing and analysis

We used discourse analysis [13] and the grounded the-
ory approach [14] to identify the students' perceptions
regarding the mathematics learning using mobile phones.

Ref. [15] describes discourse analysis as an "analysis
which studies practices of producing knowledge and
meanings in concrete contexts and institutions", and adds:
"Discourse analysis systematizes different ways of talking
in order to make visible the perspectives and starting
points on the basis of which knowledge and meanings are
produced in a particular historical moment. It pays atten-
tion to the way in which discourses produce and transform
social reality, and makes it possible to evaluate the practi-
cal consequences of different ways of approaching a par-
ticular phenomenon."

We used discourse analysis to analyze the students'
writing regarding the way in which they perceived the
mathematics learning using mobile phones.

In general, the grounded theory approach has three
stages:

=  Open coding: ldentification of repeated behaviors that
can be characterized. This is done by dividing each
type of the gathered data into segments and examining
these segments for similarity and difference. At this
stage, the target is to identify categories of behaviors
that occur among the mobile phone mathematics learn-


http://www.math4mobile.com/�

LEARNING MATHEMATICS IN AN AUTHENTIC MOBILE ENVIRONMENT: THE PERCEPTIONS OF STUDENTS

ing community. This stage concludes with putting the
similar behaviors in the same category and characteriz-
ing each category.

»  Axial coding: after identifying the categories and char-
acterizing them, we examine the relations among these
categories and their subcategories. Here we character-
ize the behaviors according to the context in which
they occur and according to the conditions of their oc-
currence.

»  Selective coding: After refining the categories, sub-
categories and their characteristics and relations, we
try to identify one or two main or core categories that
could be used to connect the rest of the categories with
them, and to build a conceptual frame of the studied
phenomenon: characteristics of the mobile phone
mathematics learning community.

We used only the first two stages of the grounded the-
ory to arrive at the various characteristics of the mathe-
matics learning using mobile phones perceived by the
students.

III. FINDINGS

We used discourse analysis to describe the students'
perceptions at the beginning of the experiment and after
carrying out some activities. This analysis was based on
the students' comments in the blog. Then, we used open
and axial coding to categorize the students' perceptions of
the mathematics learning qualities and the characteristics
of the learning environment when the learning took place
in the mobile phone environment. This coding was done
based on the students' comments in the blog and in the
interviews.

A. Perceptions of the students at the beginning of the
experiment

At the beginning of the experiment, the students per-
ceived various qualities of the mathematics learning using
mobile phones as reasons for liking this learning and ex-
pecting the success of the experiment. For most of the
students, these qualities were equally important for them
as reasons to like the learning process and to identify with
the experiment. One of the students (let us call her Alaa)
was the first to respond to one of the visitors (let us call
him Salem) after experiencing the first activity led by the
pre-service teacher inside the class:

"Welcome Salem. We thank you for your interest in the
experiment.

I'm Alaa from Umelfahem, a member in this experi-
ment and a student in the eighth grade in Elgazali school.
A simple description of the experiment: The experiment in
which I participate is about learning mathematics using
the mobile phone. There are various programs for drawing
functions that could be downloaded from the internet to
the mobile.

My opinion about this is that I am astonished that we
are able to learn mathematics using the mobile phone. I
enjoyed this experiment, though we are still at the begin-
ning and though the experiment is a learning one, but we
have fun. They also promised us to go in trips so that we
discover by ourselves mathematical relations.

We had problems downloading the programs but our
overly enthusiasm made us curious and made us want to
proceed with the experiment. We downloaded the pro-

grams using special cable, and my friend helped me. I
operated the graphing programs and liked working with
them.

I also had a difficulty writing my remarks in this blog,
because I forgot my email, so I had to open a new one.

I will write my remarks in this blog because I am
pleased with it."

The first question that could be asked here is: "whom
the student is responding to?" To the visitor who requested
more information about the experiment, or to the pre-
service teacher who requested the students to write feed-
back about their experience in the blog? It seems that
when the student started her response she had the visitor in
her mind because she approached him by his name. This
could be an indicator that the student feels belonging to
the experiment, and she is proud to be part of it. She em-
phasizes initially that she is a member of the experiment,
and then she mentions her school. Identifying herself with
the experiment is also obvious in her statement "The ex-
periment in which I participate" which came after the first
statement "a member in this experiment". She has not felt
proud only, but she was also enthusiastic towards proceed-
ing with the experiment in spite of difficulties that she
faced at the beginning of it. It seems that the difficulties
she faced downloading the programs were forgotten when
she started to discover them. This also encouraged her to
proceed with the experiment.

Alaa faced difficulties not only when preparing for the
experiment but also in writing remarks about it in the
blog. This difficulty too does not make her reluctant to
write remarks, because she likes the new experience of
writing in a blog. Alaa finds herself in a new learning en-
vironment with new means of communication, so she gets
enthusiastic and wants to experience this new environment
fully, despite some difficulties that come in her way. It is
not only the novelty of the tools, which she works with
that make her enthusiastic, but also other characteristics of
the learning environment. One important characteristic
that also other students mentioned is going outside the
classroom to study mathematics. Alaa has not experienced
yet this outdoor learning, for it is a future one; a promised
one. Therefore, what made Alaa enthusiastic about her
new learning was not only what she experienced already,
but also what she was going to experience - something
that was promised. Alaa also enjoys the experiment,
though she is aware that it is a learning experiment, as if
she did not expect that one could enjoy learning. This en-
joyment could be another reason why she is enthusiastic
about using mobile phones in mathematics leaning, and
why she identifies herself with the experiment. Figure 1 is
a relational map illustrating this student's perception.

This student perceives the environment of mathematics
learning using mobile phones as having different charac-
teristics than the traditional one. These characteristics en-
rich her learning and make it more enjoyable. Other stu-
dents had a similar perception, though the characteristics
of the experiment considered by them to be beneficial
were partially different. For example, one student identi-
fied herself with the experiment because it makes learning
mathematics easier, simpler, and collaborative.

It should be noted that we consider the novelty of the
experiment to be the main reason for the student's aston-
ishment, because many students mentioned this novelty in
the blog.
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ment in the mo-
bile phone
Enthusiasm
Coping with difficul-
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Figure 1. relational map of the student's perception at the beginning of

the experiment

B.  Perceiving the teacher's characteristics as reasons
for liking the experiment and identifying with it

Other students perceived the characteristics of the pre-
service teachers and some learning qualities as reasons for
liking mathematics learning using mobile phones and
identifying with the experiment. One such student, let us
call her Sawsan, wrote:

"Hi, my name is Sawsan. I am a student in the eighth
grade in Elgazali School, from the town of Umelfahem. I
am a member of the experiment too. When the teacher
Fatima described the experiment for us, it attracted my
attention, because it is strange, because it involves, for the
first time, learning mathematics using the mobile phone. I
expect that this experiment will succeed because it is new
and it is the first time that I hear about it, so we are very
eager to do such an experiment. I will be glad if we really
learn mathematics through the mobile phone, and graph
functions. Fatima encouraged us to participate in the ex-
periment and promised to help us all the way."

Whereas the first student identifies herself with the ex-
periment more than with the school, we see that this stu-
dent identifies herself with the school more than with the
experiment, mentioning first that she belongs to a specific
school.

Talking about the experiment, Sawsan mentions only
one pre-service teacher of the three managers of the ex-
periment. At the end of the text, she mentions the pre-
service teacher by her first name only, which a non-formal
approach indicating feeling of closeness towards her
teacher. We followed the texts of this student in the blog
to find out if and how she mentions the same pre-service
teacher. We noted that she admires this pre-service
teacher, describing her with very nice words: friendly,
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Figure 2. relational map of the teacher's characteristics as influencing

the student's perception

charming, smart, and humorous. Therefore, we can say
that this student is influenced by some characteristics of
the pre-serve teacher. This student thinks also that the
novelty of the experiment is sufficient for making the ex-
periment succeed. Figure 2 is a relational map illustrating
this student's perception.

This student perceives the experiment through her rela-
tion with her teacher. Though she was aware of some ex-
periment characteristics that contributed to her liking and
identification with the experiment, such as its novelty and
the use of graphing programs, the main reason for her
liking and identification was her closeness to the pre-
service teacher.

C. Perceptions of the students after experiencing some
activities
Many students perceived the characteristics of the
learning environment and qualities of the learning process
as reasons for liking mathematics learning using mobile
phones and identifying with the experiment. One such
student, let us call him Ahmad, wrote:

"At the beginning I hesitated to participate in the ex-
periment because I thought the experiment was a learning
one. [ was astonished to hear that I would learn mathemat-
ics using the mobile phone. At the beginning, I did not
conceive this idea because I use the mobile phone for
communication, sending messages, hearing music, or
playing but not for learning.

I liked the programs that we downloaded from the
internet. I explored them by myself, playing with the but-
tons to discover their functions.

My hopes from the experiment are to spend a good
time, to learn new things and to benefit from this experi-
ment. I expect that we will arrive at wonderful things.
Today I became confident that the experiment would suc-
ceed because we carried out two activities that I was so
pleased to carry out. I used the programs in my mobile
phone, measured time using it and took pictures. All these
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actions are fun. This is the first time that I learn in a fun
environment."

Ahmad hesitated to join the experiment when he
thought it is about learning. It seems that he decided to try
it for its innovation. He was astonished to know that there
is such a thing like learning using the mobile phone.

Ahmad did not expect that mobile phones could be
tools for learning. He perceived them as communication
and fun tools only. He did not mention having difficulties
downloading the programs, operating them and discover-
ing their functions, on the contrary, he reported that he had
fun doing so. This enjoyment was even reported by stu-
dents who had some difficulties downloading the pro-
grams at the beginning, but afterwards found them very
interesting and easy to operate.

Ahmad agrees with Alaa in his expectations from the
experiment. He expects to enjoy it and to learn new inter-
esting and wonderful things. However, more importantly,
Ahmad, as many other students, confirms his expectation
immediately after the first two experiences. This confir-
mation comes because of his positive perception of the
qualities of the learning process and the features of the
mobile phone used in the learning environment. These
qualities and features include easy to use programs
(midlets), accessibility to his personal mobile phone, in-
teresting and fun features of the mobile phone. These
qualities and features made the environment of learning
mathematics using mobile phones a fun one. Figure 3 is a
relational map illustrating the students' perceptions when
they started to carry out mathematical activities using the
mobile phone.

Novel ex-
perience:
Leammg Expecting the experi-
mathematlcs ment environment to
using the [y
mobile
phone
y
Finding the
experiment
astonishing
Liking the learning
and identifying
l oneself with the
¥ experiment
Deciding to
try the ex-
periment
Finding the

mobile phone
environment to
be fun

A 4

The experiment will succeed: it
will involve wonderful things

Figure 3. relational map of students' perceptions when they started to
carry out mathematical activities using the mobile phone

10

We can see that the novelty of the experiment is a main
factor for the students' participation and involvement. The
non-regularity and informality of the experiment made the
students curios and consequently they perceived it as
strange and astonishing one. It seems that this factor influ-
enced the students' participations and involvement posi-
tively. Moreover, the students expected the experiment to
be enjoyable and a fun one, and this expectation was real-
ized because of the interesting learning qualities and the
mobile phone features. These fun feelings motivated the
students making them like the experiment and identify
with it, and consequently believe in its success.

D. Characteristics of the environment of mathematics
learning using mobile phones as perceived by the
students in the experiment:

We used open and axial coding to categorize the char-
acteristics of the environment of mathematics learning
using mobile phones, which were perceived by the stu-
dents according to their comments in the blog and in the
interviews. We present these characteristics together with
selected quotations of the students' comments as evidence
for their perceptions.

It introduces novel learning that breaks the routine:

o It makes us break the routine of learning. It is not a
learning that is done in the classroom with a chalk
and a blackboard.

o [t makes us enthusiastic because it is new.
o It makes us use a new technology.

It enables independent learning:

o [t enables us to do mathematics alone.

o It enables us to work without the teacher.

o [t gives the students an active role over their learning.
We decide who does what.

It encourages collaborative learning:

e [t encourages collaborative learning.

o [t encourages working side by side with our teachers.

e [t encourages assisting each other carrying out the ac-
tivities given to us.

It is a societal and humanistic environment:

e It is a societal experiment: it teaches us patience,
competition, initiation and leadership.

e It is a humanistic experiment. It makes the students
equal, to the teacher too.

e Working outdoors make us learn and have fun at the
same time.

o It makes learning fun because we joke all the time.

e When doing the activities, we felt we belong to the
group and want to collaborate to succeed in the activ-
ity. When we discussed the results, we felt that all the
groups collaborate to explore mathematics together.

It enables exploration of mathematics:

o It enables us to explore mathematics.

e It is interesting to learn the mathematics of our bod-
ies, for example the relation of our weights and
heights, the relation between our weights and the
time it takes us to go upstairs.

It enables outdoor mathematics:
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e [t enables us to explore mathematics in the nature,
mathematics of trees and rocks and mathematics of
walking.

o [t makes learning fun because we learn mathematics
in the nature.

e [t enables us to do applied mathematics, for example,
applying mathematics to describe the movement of a
thrown ball.

It enables learning mathematics visually or/and dy-
namically.

e [t involves learning mathematics visually when we
use the midlets and see the graphs of functions.

e [t involves learning mathematics dynamically with
the midlets.

It engages the mathematics student in various mathe-
matical actions:

e [t enables us to do various learning actions, like
measuring, assigning points, drawing functions, mak-
ing conjectures and modifying them until we arrive at
something that seems reasonable.

e We can do different actions in different activities, for
example in one activity I do the measuring, while in
another activity I work with the midlet to find the
mathematical relation. Sometimes I do two different
actions in the same activity.

It makes learning mathematics easy and takes less time:

e Working with midlets to learn mathematics is so
easy.

e [earning mathematics with midlets is faster than with
paper and pen.

It is important to notice that the success of the experi-
ment was dramatically affected by two main factors: tak-
ing the decision to participate in the experiment and ac-
tively engaging with carrying out the activities. In the
following two tables, we describe the characteristics of the
environment of mathematics learning using mobile phones
that motivated the students to participate in the experi-
ment, and the qualities of this untraditional mathematics
learning that kept them engaged with the experiment, as
perceived by the students themselves. These characteris-
tics and qualities were mentioned by the students in the
blog and the interviews, and were categorized using open
and axial coding of the grounded theory approach. The
percentages in the tables were calculated using the number
of the students that mentioned a specific characteristic or
quality out of the 32 students who participated in the ex-
periment.

We see from table 1 that the novelty of the experiment
encouraged half of the students to participate in it, and the
use of mobile phones was actually the leading characteris-
tic of the environment that motivated the students to par-
ticipation in the experiment.

We see from table 2 that what attracted the attention of
the students mostly was their ability to learn mathematics
outdoors. Moreover, they emphasized their collaboration
and the dynamic and visualization that the mobile phones
provide, as important qualities of the mathematics learn-
ing using mobile phones that kept them engaged with car-
rying out the activities.
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TABLE L.
CHARACTERISTICS OF THE ENVIRONMENT OF THE MATHEMATICS
LEARNING USING MOBILE PHONES WHICH MOTIVATED THE STUDENTS TO
PARTICIPATE IN THE EXPERIMENT (N=32)

The characteristic %
The novelty of the experiment 50
The use of the mobile phones in the experiment 62.5
The strangeness of the experiment 375
The explanations and characteristics of the teachers 25
The enthusiasm towards the experiment 375
Breaking the routine 15.63

TABLE IL
QUALITIES OF THE MATHEMATICS LEARNING USING MOBILE PHONES
WHICH KEPT THE STUDENTS ENGAGED WITH THE EXPERIMENT (N=32)

The quality %
Independent learning 15.63
Collaborative learning 50
Learning in a societal and humanistic environment 18.75
Learning mathematics through exploration 15.63
Learning mathematics outdoors 75
Learning mathematics visually or/and dynamically 50
Enggging the mathematics student in various mathe- 125
matical actions

Learning mathematics easily and in less time 43.75

IV. DISCUSSION

We notice from the findings that most of the students
perceived specific characteristics of the environment of
the mathematics learning using mobile phones that moti-
vated them to participate in the experiment. The most
common perceived characteristics were: Planned outdoors
learning of mathematics, planned use of mobile phones in
mathematics learning, the characteristics and explanation
of the teacher. These special characteristics attracted the
students' attention because they were not used to them in
the traditional class. These characteristics made the stu-
dents consider the experiment novel, untraditional and
even strange. Consequently, the students got enthusiastic
towards the experiment and took the decision to partici-
pate in it. Figure 4 shows the relational map of these char-
acteristics.

We see from figure 4 that the basic properties of the ex-
periment which influenced the students' decision to join it
are: (1) Outdoors learning of mathematics (2) Use of mo-
bile phones in mathematics learning (3) The characteris-
tics and explanation of the teacher. Moreover, the novelty
of the experiment and the use of the mobile phone in
mathematics learning were the most mentioned character-
istics by the students as influencing their decision to join
the experiment. The influence of the novelty of the tech-
nology on students' motivation to use it in the learning
process is acknowledged in the literature (for example
[16]). On the other hand, the use of the mobile phone is
perceived through its playful nature when used as a multi-
functional device. Ref. [16] pointed that novelty and play-
ful nature of podcasting could be utilized to foster strong
pedagogical principles. We can say the same about using
mobile phones for learning mathematics. In fact, this is
what happened in the experiment itself, where students
discovered and described the benefits of exploring
mathematics visually and dynamically, and emphasized
the fun of doing so authentically and in the nature.
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Y

Deciding to participate in the experiment

Figure 4. relational map of the factors that influenced the students'
decision to participate in the experiment of mathematics learning using
mobile phones.

In addition to the playful nature of the mobile phone
which made the students enthusiastic to participate in the
experiment, another feature of the mobile phone could
have influenced the students' enthusiasm: the fact that
mobile phones are prohibited in the schools, i.e. prohibited
for learning.

Regarding the students' perception of mathematics
learning using mobile phones as a result of carrying out
the outdoor activities, the students perceived various as-
pects of their learning experience as presented in table 2.
Below we categorize these various aspects into different
categories:

o The relation among the students: is it a relation of
equality? Is it a relation of collaboration? Is it a so-
cietal relation? Is it a humanistic relation? Etc.

o The relation between the students and the teacher: is
it a relation of equality? Is it a relation of depend-
ence? Is it a relation of collaboration? Is it a societal
relation? Is it a humanistic relation? Etc.

o The relation between the students and the learning
material: how does the student learn it? (Does the
student read it from a book? Get it from the teacher?
Explore it? Etc.) How does the student represent it?
(Visually? Dynamically? Etc.) Where does the stu-
dent learn it? (Indoors? Outdoors?) How is the learn-
ing process? (Easy? Simple? Difficult? Etc.) What
actions does the student carry out to learn it?

A. The relation among the students:

The students liked that they collaborate to learn mathe-
matics and that this collaboration is on equal terms. These
equal terms were possible because the students performed
different actions in different activities, sometimes differ-
ent actions in the same activity. Probably this made them
value the need of the different actions and that no one of
them can be spared. These equal relations were of com-
petitive nature too, as one of the students wrote: "We work
in a group. We help each other and collaborate to carry
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out the activity. We discuss the activity ... every one lis-
tens to the other and respects him, even if he was not right.
At the same time every one of us has his own mobile
phone and uses it to find the mathematical relation. Some-
times we do not graph the right function, so we try again
and again. This teaches us patience. Sometimes we get
disappointed but we go on and on till we find the right
relation and graph. Carrying the activity teaches us to be
leaders too. We compete with each other to be the leader
of our group; a leader who leads and helps his group".
These different opportunities and capabilities, which the
mobile phone provided, attracted the attention of the stu-
dents and probably made them motivated to be actively
engaged in the experiment and enthusiastic to explore
mathematical relations. These opportunities can also give
the students sense of belonging to the learning group [17].
This is actually what happened in this experiment, for
example, the students reported their feeling of belonging
to the group when carrying out the activities, and to the
whole class when discussing the mathematical relations.

B. The relation between the students and the teacher:

The students were impressed from the fact that the rela-
tion between them and their teachers was a social and
equal relation. One of the students said: "what impressed
me is the collaboration between us and our teachers. We
did not consider them as teachers because the environment
was that of collaboration and fun". In our opinion, what
influenced this relation to be more collaborative and of
equal nature is that the mathematical activities were car-
ried out outdoors, i.e. out of the formal order between the
teacher and the students in the typical setting of the class-
room. We can say that in the mobile phone outdoor set-
ting, the teacher is a facilitator, because facilitating im-
plies equal relations between the teacher and the students
[18].

C. The relation between the students and the learning
material:

The students valued the fact that they explored mathe-
matics and did not learn it only from the teacher. They
knew that they could do so, because they used the mobile
phone midlets which enable representing mathematics
visually and dynamically. This way of representation of
mathematical relations helps the learner to feel the de-
pendencies between the mathematical phenomenon pa-
rameters or relations [19]. This feeling also makes the
arriving at mathematical relations easier and takes less
time.

The students were also interested in where they learn
the mathematical material, because: (1) they enjoy learn-
ing outdoors (2) outdoor learning answers children’s natu-
ral curiosity and enthusiasm [20] (3) Learning outdoors
was a novel experience for them. Furthermore, learning
outdoors is learning with fun and learning about real life,
about the nature and about oneself. Students are always
enthusiastic to learn about themselves and their environ-
ment (see for example [21]). Learning with fun encour-
aged them to learn, bettered their performance and
changed the view that some of them had of mathematics
as a difficult science. Ref. [22] reported that playing
games to learn mathematics provided a less threatening
environment for the students than the typical mathematics
classroom environment. The unthreatening environment is
one reason for the change in how students look at mathe-
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matics. Other reasons for the change in the way students
perceive mathematics are related to: (1) the way in which
the students learn mathematics, which, in our case, was
through exploration (2) the way in which the students rep-
resent mathematics, which, in our case, was visually and
dynamically (3) the easiness with which the students learn
mathematics, which was pointed out by the students in our
case. The mobile phone environment provided the stu-
dents with various opportunities and capabilities that en-
abled them to perform diversified mathematical actions,
thus influencing the way they perceive mathematics.

V. CONCLUSIONS:

e The novelty of the experiment and the use of mobile
phones in the mathematics learning were the main
characteristics perceived by the students as influenc-
ing their decision to join the experiment.

e Regarding the students' perception of mathematics
learning using mobile phones as a result of carrying
out the outdoor activities, the students perceived the
following aspects of their learning experience: The
relation among the students, the relation between the
students and the teacher, and the relation between the
student and the learning material. Regarding each as-
pect the students perceived different characteristics
of it.

e The students perceived various qualities of the
mathematics learning that were enabled by the use of
mobile phones: (1) exploring mathematics independ-
ently (2) learning mathematics through collaboration
and team work; where the collaboration is on equal
terms (3) learning mathematics in a societal and hu-
manistic environment (4) learning mathematics in au-
thentic real life situations (5) visualizing mathematics
and investigating it dynamically (6) performing di-
versified mathematical actions using new and ad-
vanced technologies (7) learning mathematics easily
and efficiently.

VL

After experiencing this novel use of mobile phones in
mathematics learning, we strongly believe that a lot of
opportunities and potentials are yet to be realized. We are
still at the beginning of exploring this promising use in the
educational environment. In spite of the disruption that
these devices could cause in the classrooms, we believe
that banning them from schools is not the solution. We
should keep studying the pedagogy behind the use of mo-
bile phones in the actual educational environment, and
develop appropriate activities that utilize these devices
efficiently and profitably in the learning process.
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