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Abstract—This paper describes the perceptions of middle
school students regarding learning mathematics with
cellular phones and web applets, their perceptions
regarding the differences between these two electronic
devices and their preferences regarding using the devices in
learning mathematics. To analyze these perceptions | used
the grounded theory approach which involves: open coding,
axial coding, and selective coding, where the unit of analysis
was the sentence in each of the interviews. The research
findings imply that the participants perceived different
aspects of both of the electronic devices: the availability of
the device, the collaborative aspect, the communication
aspect, the size of the device, and the usability of the device.
These aspects influenced the participants’ decisions when,
where and how to use each of the devices for the learning of
mathematics. More participants preferred the cellular
phone over the applet primarily for its small size which
makes easy its portability as well as for its communication
facilities.

Index Terms—Mobile leaning, cellular phones, learning with
applets, learning mathematics, perceptions of students.

I. INTRODUCTION

A. The Research Goal

The research goal was to find how middle school
students respond to learning mathematics using cellular
phones, what there perceptions are of this learning and of
the differences between learning mathematics with
cellular phones and learning mathematics with applets.

B. Rationale

In a conference in 2006, the chairman of Motorola
admitted that in the mid-1980s the mobile phone industry
estimated that by the year 2000, there would be a market
for about 900,000 mobile phones worldwide. When we
reached the mentioned year, 900,000 phones were being
sold every 19 hours [1]. We wetness an acceleration in
this rate, and the research firm Informa Telecoms and
Media predicted that in the year 2007 the total number of
subscribers will reach over three billions for the first time,
almost half of the world's population (according to [1]).
Actually, by the year 2007 the statistics of the
International Telecommunication Union reported that 47
persons of each 100 worldwide own mobile phone. These
numbers will continue to increase especially with the
embedding of new technologies in these phones. Most of
the mobile phones today come with: MP3 player, high
resolution camera and a variety of complex games. As
technology continues to get smaller, memory cheaper and
software more sophisticated, more and more features will
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be packed into these digital Swiss army knives [1]. Even
though, some people still think of their mobile phones as
just a chatting device, we see that these phones become
really our new small PC [1]. This increase in the owners
of mobile phones is worldwide and isn't restricted to
industrialized countries, though the increase is not
uniform.

Despite the facts mentioned above, the use of mobile
technology in education is rather new [2] and is still in its
infancy [3]. This is especially true in the case of cellular
phones and particularly in the case of mathematics, but
this technology is starting to be the setting, primarily in
universities. Ref. [4] says that opportunities and
challenges are emerging for learners from the increasing
availability of mobile and wireless devices. It seems time
for cellular phones to go to the mathematics classroom in
middle schools, for their various potentialities to the
learning of mathematics.

How would middle school students perceive the
learning of mathematics with this new device and how
would they perceive the difference between it and
working with web applets? Knowing students’ perceptions
of learning with cellular phones and web applets would
certainly help teachers prepare appropriate activities for
each of the devices and help designers design new
generations of the devices.

C. Background

Electronic media and tools are spreading in educational
contexts, among which is mathematics teaching and
learning. Applets are used in mathematics education for
almost a decade now, where educational sites use them to
offer tools with which users are expected to work in order
to learn new mathematical topics or solve mathematical
tasks and problems. Cellular phones are rather new as
devices that students learn mathematics with. Cellular
phones use educational software programs called midlets
which are similar, in their interface and some of their
functions, to applets, but differ from applets in that they
enable users to communicate their working screen to other
users. Researchers have investigated the use of applets in
the mathematics classroom (for example [5], [6], [7]), but
few researches have been done regarding the use of
cellular phones in mathematics education (some are [8],
[9]), though some research was done on using cellular
phones in education (for example [10], [11]).

Ref. [12] describes some advantages of mobile
learning: mobile devices can engage individuals in
learning at times they would have been doing something
else; mobile devices motivate learners because of their
attractiveness; they enable communication from
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anywhere; formal learning can suit existing patterns of self
publishing and online participation; mobile learning
enables multitasking. Ref. [13] describes the following
disadvantages of mobile devices that affect mobile
learning: small screen size, limited memory size, small
keyboards, limited battery life, high costs, possibility for
mobile devices to be misplaced or stolen, and difficulty to
use mobile devices in noisy environments. Ref. [14]
describes some advantages and disadvantages of web
applets: They are freely and easily found on the web and
offer students visualization and interactivity, but they are
not accompanied with detailed documentation and
activities to guide students’ use and have problems
regarding their portability.

It’s the goal of this research, to find how middle school
students perceive cellular phone and web applets learning,
their advantages and disadvantages, and how these
perceptions influence the students’ attitudes, their future
actions and methods of learning mathematics using
cellular phones or web applets.

Il. RESEARCH DESIGN

A. The Learning Setting

The researcher met the participants face to face to
introduce them to learning mathematics with cellular
phones and learning mathematics with web applets. He
accompanied the students’ learning of mathematical topics
with cellular phones and web applets. At the end of the
project the researcher interviewed the participants
inquiring about their perceptions of learning mathematics
with the devices.

B. Participantss

The participants were fifteen ninth grade students from
three middle schools in the same area; nine males and six
females, who volunteered to study mathematics outside
their school using cellular phones and web applets. All of
these students were considered by their math teachers to
be strong students in math, but none of them had
experienced learning mathematics using web applets or
cellular phones.

C. Learning Tasks

The learning tasks given to the students participating in
the research included mathematical exercises and word
problems which were similar to exercises and word
problems that were part of their usual math curriculum.

D. The Mathematical Software

The participants worked with cellular phone software
(midlets) which they downloaded from *‘Math4Mobile’
site with the help of each other and the help of the
researcher. They used three methods to do that: (1) going
to the Math4Mobile site directly from their phones and
downloading the midlets (2) downloading the midlets to
their computers and then using the phone’s connectivity
software and a cable or an infra-red link to copy the
downloaded midlets to their phones (3) sending the
downloaded midlet, using the Bluetooth to other students
The midlets support the learning of algebra and geometry.
In order to perform the activities assigned to them, the
students needed to use the algebraic midlets and various
tools and technologies embedded in their mobile phones.
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The mostly used midlet by the participants was
"Graph2Go" which enabled the students to draw graphs of
functions and to transform these functions. Another midlet
which was used by the participants is "Fit2Go" which
enables the user to draw specified points and then to fit a
linear or a quadratic function for them.

The participants used the web applets from the “Visual
Math: Functions’ site. The web applets which the students
used in the experiment dealt with linear and quadratic
functions. The mostly used applet by the participant was
"Representation of Functions" which does nearly the same
as the midlet "Graph2Go". They also used the applet
"Representation of Points" which is quite similar to the
midlet "Fit2Go", but with the applet the user tries several
functions to find out which one fits the points.

E. The cellular phones

The minimum requirements for the phones which
enable working with the midlets were: (1) Java Enabled
(J2ME) Phone - Profile/MIDP-2.0 Configuration/CLDC-
1.1 (2) Screen Resolution: 128 x 96. The cellular phones
used by the participants were 3™ generation phones that
had 105x 46x 15 mm or similar screen's dimensions like
99 x 53 x 21mm. The internal memory of the phones
varied from 35 MB to 160 MB. The screen's colors varied
from 256 K colors to 16 M colors.

F. Interviews

Each of the participants was interviewed for 45 minutes
about her or his perceptions of learning mathematics using
cellular phones and web applets, and the differences
between learning mathematics with cellular phones and
learning mathematics with web applets. The interviews
were semi-structured. All the interviews were tape
recorded and afterwards transcribed verbatim.

The students participating in the research were asked
about the following issues regarding their learning
mathematics with cellular phones and with web applets:
(1) whether and what they think they benefited from
learning mathematics using cellular phones or web
applets, (2) when and where they prefer to use cellular
phones or web applets to learn mathematics, (3) whether
and why they would use cellular phones or applets in
learning mathematics in the future, (4) the differences
between using cellular phones and using web applets in
learning mathematics, and (5) which device they prefer to
use when coming to learn mathematics.

G. Data Analysis

The analysis followed the grounded theory approach
[15] which involves: open coding, axial coding, and
selective coding, where the unit of analysis was the
sentence in each of the interviews.

I1l. FINDINGS

The students’ perceptions of learning mathematics
using cellular phones or web applets are described below.
This will be done for each of the issues that were
mentioned above and which were raised in the interviews
with the participants.
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A. Benefits of using cellular phones and web applets in
learning mathematics

The participants highlighted the following aspects as
characterizing the benefits of learning mathematics with
cellular phones and applets: (1) visualizing mathematical
problems, (2) solving mathematical problems in short
time, (3) solving mathematical problems without much
effort, (4) solving precisely, (5) making students
participate more actively in their learning, and (6)
ensuring the correctness of paper and pencil solutions.

B. Benefits of using cellular phones in learning
mathematics

The participants highlighted the following aspects as
characterizing the benefits of learning mathematics with
cellular phones (in addition to the aspects mentioned for
both of the devices): (1) collaborating in solving
mathematical problems in the classroom, by working
together, usually in pairs using the same phone, and from
distance, by sending SMS and MMS messages to each
other in order to solve difficult mathematical problems,
and (2) learning anytime and not just in the lesson time.

C. Benefits of using applets in learning mathematics

The participants highlighted the following aspects as
characterizing the benefits of learning mathematics with
applets (in addition to the aspects mentioned for both of
the devices): (1) working with software which has a wide
interface, and (2) the possibility of learning various
mathematical topics and subjects with applets.

D. Place and time of using cellular phones or applets in
learning mathematics

Some participants said they would use both cellular
phones and applets when learning mathematics in the
classroom and when solving their mathematical tasks at
home, while others said they would use applets in the
classroom and cellular phones at home. There were some
students who said that they would use cellular phones
anytime they solve ‘hard” mathematical problems to
collaborate on solving such problems.

Those who said they would use cellular phones in the
classroom gave reasons like “We can study using cellular
phones in our own classroom and not in the computer lab
where there aren’t enough computers for all of us”,
“sometimes we don’t have internet in the computer lab,
and so we can’t use applets to study mathematics at
school”.

Those who said they would use applets rather than
cellular phones in the classroom gave reasons like “The
applet’s interface is bigger than the cellular phone’s
interface”, “I used my father’s cellular phone at home, but
I don’t have one of my own to bring to the school”. Those
who said they wouldn’t use applets when learning
mathematics at home gave a similar reason: “sometimes
we don’t have internet at home”.

Some participants thought that we shouldn’t use applets
and cellular phones in the mathematics class all the time
because this may endanger the functionality of the teacher
in the classroom, for example one participant said: “If we
use cellular phones whenever we study math in the
classroom the mobile will replace the teacher”.
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E. Using cellular phones or applets in learning
mathematics in the future

All the participants emphasized that they would use
cellular phones and applets in the future. Some of them
perceived both of the devices as not appropriate for
recognizing the mathematical subject, but as devices with
which they solve mathematical problems after they are
introduced to the mathematical subject, and with which
they do their homework at home. Other participants said
that both of the devices can be used in the classroom to
learn difficult mathematical topics which are otherwise
difficult to grasp, for example one student said: “If | don’t
understand what the teacher taught I can use the mobile to
help me overcome this difficulty”. Others perceived both
of the devices as devices which add fun or competition to
learning mathematics: “we can use the devices once a
week to change the atmosphere in the mathematics lesson
and have some fun”.

Some participants, when talking about their future use
of cellular phones in learning mathematics, emphasized
that they would use it for collaborating on solving hard
mathematical problems, by sending SMS and MMS
messages to each other, no matter where or when they do
that.

The participants justified their future use of applets and
cellular phones in learning mathematics by mentioning the
following reasons:

1. The novelty of this kind of learning.

2. The relevance of the learning device to the age in
which we live, which is an electronic and digital age.

3. How much one finds learning with or without the
device enjoyable, for example one of the participants
said: “Learning mathematics without applets is dry
and boring”.

In the case of cellular phones, they also pointed at:

1. The availability, in terms of place, of cellular phones:
“With cellular phones 1 can study mathematics
anywhere”.

2. The collaborative aspect of learning mathematics
with cellular phones: “If we want to solve a
mathematical problem together from distance,
cellular phones help us do so by sending SMS and
MMS messages to each other with the beginning of a
possible solution or suggestions for a solution”.

Some students suggested adding supplements for the
cellular phone in order to use it: “I would use the cellular
but with some supplements, for example an amplifier for
its monitor. This will enable me to see well, because the
cellular then will have clearer images. Imagine that | solve
mathematical tasks with the cellular, cool”.

F. The difference between using the cellular phone or
the web applet in learning mathematics

The participants identified eight issues which
differentiate between cellular phones and applets in
leaning mathematics:

1. The interface size of the computer program with
which the user works.

2. The availability of the device.
3. The portability of the device.
4. The easiness of carrying the device.
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5. The availability of mathematical computer programs
which suit the device.

6. The distance collaborative aspect of the device.

7. The usability aspect of the device: the easiness and
speed with which the user works with the device.

8. The size of the device.

G. Causes given for preferring one of the devices

When asked about the device that they prefer to use for
learning mathematics, some participants used one or more
of the previously described eight issues, used to
distinguish one of the devices from the other, to argue
why they prefer one device over the other. For example,
one participant preferred learning mathematics with
applets because he has sight problems, so applets which
have a bigger interface enable him to learn mathematics
more easily.

Some participants emphasized that the devices are
similar, but preferred one over the other for one of its
aspects, for example one of the participants said: “there is
no big difference between the devices, but the cellular
accompanies me everywhere and all the time, so | prefer
using it”.

Other participants described the difficulty of choosing
between the devices: “It’s difficult to decide. From one
side the mobile is available to everyone, but, from the
other side, applets deal with more mathematical subjects”.
Some participants looked at the similar aspects of both of
the devices to say that they don’t prefer any one of them,
for example one participant said: “For me, both of the
devices help to solve mathematical problems easily. I
would use both of them”. One participant talked about
applets as being portable as the cellular phone: “For me
there is no big difference between the devices. | have a
laptop with internet, which | bring with me to the school,
so both of the devices accompany me all the time. Why
should I prefer one of them over the other?”

Eight of the fifteen participants preferred the cellular
phone over applets as a device to learn mathematics with,
three participants preferred applets over the cellular phone
and four said the devices were similar.

IV. DISCUSSION

When talking about the benefits of learning
mathematics with cellular phones and applets, the
participants realized a wide variety of similarities and
differences between these couple of devices. This can be
explained by the participants’ familiarity with the internet
and the cellular phone environment, though they didn’t
have any previous experience learning mathematics with
web applets or cellular phones. The participants’
mentioning of the common benefits of the devices and the
special benefits of each one imply that the devices
enriched their mathematical learning. This also shows that
students living in this electronic and digital age can work
with novel mathematical educational devices and benefit
from them.

To decide where and when to use cellular phones and
web applets in the mathematics classroom, the participants
looked at the following aspects: the availability of the
device, the infrastructure on which the device depends, the
distance collaborative aspect of the device, and the size of
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the device’s interface. | discuss below each one of these
factors.

The availability of the device:

Though many researchers mentioned the popularity of
cellular phones, among school students’ too (Look for
example at [16]), cellular phones aren’t yet available to
all, and part of schools still lack internet or large enough
computer labs. These conditions may hinder or make
difficult learning with cellular phones or web applets.

The collaborative aspect of the device:

When mentioning the collaborative aspect of the
cellular phone, the participants emphasized two issues:
collaborating to solve difficult mathematical problems and
collaborating from distance. This means that the cellular
learning environment answered some of the learning
needs of the students, which are communicating to learn,
collaborating to learn and the need to collaborate anytime
and everywhere. It seems that the participants didn’t
experience the collaboration, using the cellular phones, on
‘easy’ mathematical problems, or that they didn’t value
such collaboration as when collaborating to solve ‘hard’
mathematical problems. This emphasis on collaboration to
solve ‘hard’ mathematical problems agrees with the claim
of [17] that mobile learning will be adopted by students
and teachers depending on how efficient and necessary
they consider their services and features.

The screen size of the device:

The small screen size of mobile devices has been
mentioned by past researches (for example [18]) as a
factor that limits these devices for learning. The
participants in this research too mentioned the size of the
cellular phone as limiting in certain cases its use as
educational device. Though the size of the cellular phone
screen is now far better that in the past, nevertheless it’s
still smaller than the computer screen. The future of
cellular phone screen is to become bigger, for it is
designated for video and augmented reality applications.
What push towards this trend too are the growing
educational applications using cellular phones. This means
that cellular phones will be used in the future more and
more in educational settings.

Deciding about using the cellular phone and web
applets in the future, the participants mentioned different
reasons which reflect different perceptions of the devices:
(1) the cellular phone's ability to be a device for
collaboration from distance on hard mathematical
problems (2) the devices' potential to be used to practice
newly learned mathematical materials (3) the devices'
potential to facilitate grasping the hard mathematical
material and thus they are worth learning with when the
student has a problem with understanding mathematics (4)
both of the devices are innovative and thus add fun or
different flavor or competition to the traditional setting of
the classroom.

To argue why they would use cellular phones and web
applets in the future or not, the participants considered the
affective aspects of the devices, like encouraging the
learning of mathematics, or their novelty and enjoyment
aspects, or the devices additional or extra aspects, like the
ability of the user to carry them easily anywhere or like
the collaborative aspect.

Describing the differences between the devices, the
participants perceived different aspects of the devices as

http://www.i-jet.org



STUDENTS’ PERCEPTIONS OF LEARNING MATHEMATICS WITH CELLULAR PHONES AND APPLETS

devices for learning mathematics: the size of the device.
The participants talked about the small size of the cellular
phone as a positive and negative aspect: It’s positive
because it allows them to carry the cellular phone
anywhere and all the time, which makes the learning with
the device possible whenever and wherever they decide to
do that, while it’s negative because it doesn’t allow a wide
midlet's interface, which may make the learning with the
device somehow difficult. So the participants connected
the size of the device with its easiness of portability and
its difficulty to present an interface which is clear or
obvious. When talking about the size aspect they preferred
the cellular phone because it’s (1) portable (2) easier to
carry than other mobile devices like the laptop, while they
preferred the web applets, because, having a wider
interface, they have clearer images, which makes working
with them easier. This effect of the screen size agrees with
other findings in the literature, for example [19] who say
that the small size of the screen limits the use of PDAS in
certain scenarios. Another aspect which the participants
talked about is the availability aspect. Here, what
interested the participants are three types of availability:
(1) physical availability: the student should own a suitable
cellular phone in order to learn with it, or there should be
internet in the school computer lab or the student house in
order to learn mathematics with applets. (2) place and
time availability: because of its small size, the cellular
phone is likely to be available wherever the learner goes
and it accompanies her all the time; on the condition that
she owns it. The use of the Internet is widespread in
numerous fields and domains and such is the access to it,
but still it’s not available in every household or it still
suffers from disconnections, in schools or households,
from time to time. (3) mathematical software availability:
the participants mentioned that web applets deal with
more mathematical topics than cellular phone midlets.

When the participants used the availability aspect to
decide between the cellular phone and the web applets
when coming to learn mathematics, they preferred the
cellular phone for its wider physical and place/ time
availability, while they preferred the web applets for their
wider mathematical software availability.

A different aspect which the participants mentioned,
when comparing between the cellular phone and web
applets, is the distance collaborative aspect, where the
cellular built-in facilities and the mathematical software
options enable collaboration when learning a
mathematical topic. The participants found these facilities
and options practical and helpful, because they enabled
them to send SMS and MMS messages to consult each
other about the solution of hard mathematical problems,
so some of them preferred it for this property.

The last aspect that the participants used to decide
between the devices is the usability of working with the
device because of its ease of use and speed of input. It
seems that the participants’ greater acquaintance with the
cellular made them feel that working with the midlets is
easier and faster than working with the applets. Another
possible reason for this claim could be because of the
physical actions involved with working with every one of
the devices: working with the midlets of the cellular phone
involves working with only the keys of the cellular phone,
while working with the web applets involves using the key
board and the mouse and alternating between them.
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Few students preferred the web applets over the cellular
phone. This situation could be explained by [20]'s words
about this age’s students: “they prefer devices that are
convenient and comfortable and fit their mobile lifestyle”.

V. CONCLUSIONS

The participants perceived varied characteristics of both
of the devices. They perceived their general characteristics
that make them appropriate for learning mathematics in
general, as enabling visualization of the mathematical
phenomenon or problem, and their special characteristics
that make them appropriate for learning mathematics in
special occasions, as collaborating, using the cellular
phone, to solve hard mathematical problems. These
special characteristics may hinder or encourage the use of
the devices for learning mathematics, as the relatively
small screen of the cellular phone which hinders its use by
students who have sight problems. This perception of the
characteristics of the devices and the participants’
willingness to use them in the future enable us to conclude
that middle school students are ready to learn mathematics
with new technologies like the cellular phone and web
applets, and from the other side, these devices possess the
potentialities that make them efficient devices for learning
mathematics in the classroom and outside it. These
devices may need improvements or additions, but starting
teaching and learning with them would benefit students’
learning, from one side, and from the other side, would
encourage improving them.

V1. RECOMMENDATIONS

The participants in this research were middle school
students who volunteered to study mathematics outside
their schools using cellular phones and web applets.
Cellular phones and web applets could be used in whole
class contexts too. The use of cellular phones in whole
class' contexts may overcome the problems of availability
of up-to-date computers. Furthering this research could be
done by examining the perceptions of school students
regarding learning mathematics with cellular phones in
whole class contexts. Another important issue regarding
perceptions is the students’ perceptions regarding
mathematics itself when they work in cellular phones
environment.
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