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Abstract—Several researches examined students' mathemat-
ics learning using mobile phones, while very few researches
examined mathematics teaching using this new educational
tool. This research attempts to analyze in-service and pre-
service teachers' attitudes and decisions regarding mathe-
matics teaching with mobile phones using activity theory.
More specifically, three case studies are analyzed in this
research: One concerns an in-service teacher who used
mobile phones in her class, the second case study involves a
pre-service teacher who collaborated with the in-service
teacher to teach mathematics lessons using mobile phones,
and the third case study is about 15 pre-service teachers
who were observers of the experiment but did not use mo-
bile phones in their teaching. We held one-hour semi-
structured interviews with the in-service teacher, with the
leading pre-service teacher and with the group of other
observer pre-service teachers. This happened three times
during the academic year: at the beginning of the experi-
ment, after three months and after it ended.

The research findings indicate that different factors have an
impact on the attitudes and decisions of the teacher: history
of the teacher using technologies in teaching, perceptions of
the teacher using technologies in teaching, community’s
teacher, rules regulating the use of technologies in teaching
mathematics, and division of labor. For example, questions
as to who decides which technologies to use in the classroom
and who should prepare the learning material for the stu-
dents. Contradictions were identified in mathematics teach-
ers' activity when utilizing mobile phones in their teaching.
These contradictions hinder or slow such utilization. Com-
munity, especially its leading members, mediated and
helped overcome the activity contradictions that arose
throughout the experiment regarding the teaching processes
in and/or out of the mathematics classroom.

Index Terms—middle school, mobile phones, mathematics
teachers, teachers' attitudes, teachers' decisions.

L INTRODUCTION

Mobile and wireless devices, especially mobile phones,
have become increasingly common among young stu-
dents. This provides new possibilities, opportunities, and
challenges for education [1]. This is especially true for
mathematics education, where students can use technolo-
gies to assist them to conceive independently and/or with
the guide of the teacher mathematical concepts and rela-

tions. The possibilities and opportunities regarding the use
of mobile phones in mathematics education have been
reported in the past few years in the literature, specifically
regarding students' learning (see for example [2], [3]). We
have also conducted our own research on different aspects
of students’ learning of mathematics using mobile phones.
Specifically, we have studied different educational aspects
of mathematics learning related to the mobile phone envi-
ronment, where these aspects involved the behavioral
aspect of students’ learning ([4], [5]), the affective aspect
of students’ learning ([6], [7]; [8]), the social aspect ([9],
[10]), the cognitive aspect ([8], [5]) and the meta-
cognitive aspect of this learning [8].

In contrast to the substantial research conducted on stu-
dents’ learning with mobile phones (see for example the
above examples on such research), little research has been
done on issues related to teachers' instruction in a mobile
phone environment. The current research attempts to ad-
dress this issue by using activity theory as a conceptual
framework to examine the attitude of teachers who use
mobile phones in mathematics teaching. Three profession-
al groups participated in this study: an in-service mathe-
matics teacher; a leading pre-service teacher and a group
of pre-service teachers. Using the framework of activity
theory we try to understand what affects mathematics
teachers' attitudes and decisions regarding the use of mo-
bile phone in his/her instruction.

Though little research has been conducted on teaching
using mobile phones, some research was done on using
other mobile technologies in teaching. We describe some
of this research below.

II. LITERATURE REVIEW

We will here present a review of the literature that deals
with the educational aspects that concerns this research:
M-learning and activity theory.

A. M-learning

Different aspects of using mobile technologies in edu-
cation drew the attention of researchers who studied the
impact of these technologies on education. Some of these
issues are: the functions and advantages of using mobile
technologies in education, factors that influence the use of
mobile phones in education, constraints on using mobile
technologies in education, and teachers' acceptance of
these technologies.
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Researchers pointed out various advantages of using
mobile technologies in education: enabling mobility, ac-
tivity and interactivity, communicability, working mean-
ingful content, motivating students, etc. Ref. [11] said that
mobile technologies can improve the quality of education
for they allow location independence, time independence
and meaningful content. Furthermore, there is evidence
that learners from diverse backgrounds may benefit from
mobile technologies because of their emphasis on activity
and interactivity as well as communication potentialities
[12]. In addition, these technologies advance high-quality
experiential learning [13]. Specifically for teachers, the
communicational and the mobility facilities of the mobile
technologies help monitor and guide students' learning, as
well as facilitate group communication [14].

Ref. [14] described some of the mobile technologies'
advantages in the case of integrating wireless LAN, wire-
less mobile learning devices, an electronic whiteboard, an
interactive classroom server, and a resource and class
management server to build a wireless technology en-
hanced classroom (WITEC) that supports everyday activi-
ties unobtrusively and seamlessly in classroom contexts.
The actual use of WITEC revealed the advantages of the
electronic system that includes mobile components. For
example, in contrast with traditional classrooms, WITEC
enabled the teacher and students to concentrate on teach-
ing and learning itself rather than spend too much time
and effort on tedious tasks. Furthermore, it helped the
teacher to monitor each student’s learning easily, which
facilitated further guidance, as well as enabled engaging
students in learning activities and facilitating students’
group collaboration. We see then that wireless and mobile
technology helped maintain the classical functions of
computer technologies (for example facilitating compu-
ting tedious tasks) as well as providing more advanced
functions in communication and collaboration.

Advantages of using mobile technologies in education
encourage teachers' use of these technologies, where vari-
ous reasons encourage teachers to use mobile technologies
in their teaching [15]. Ref. [15] examined the reasons that
encourage teachers' involvement with mobile technolo-
gies. They found four main reasons that the participating
teachers mentioned as encouraging them to become in-
volved in the mobile learning program: (1) keeping up to
date with new technology and developing skills with tech-
nology; (2) using technology to motivate and engage stu-
dents to learn better; (3) using technology to improve their
teaching; and (4) having to be part of the program.

The use of mobile technologies in education is influ-
enced by constraints that may slow the success of mobile
technologies use in the classrooms [16], for example, the
screen small size. Below we describe in more details some
studies that treat teachers' use of mobile technologies.

Constraints on using mobile technologies in education
influence the acceptance of these technologies by teachers.
Ref. [11] conducted a study on the acceptance of mobile
phones for teaching and learning with a group of pre-
service teachers in Hong Kong. The study showed that the
majority of the respondents generally accepted the use of
mobile phones for teaching and learning. Specifically, the
participants somewhat agreed that mobile phones can
improve education quality. In addition, their curiosity to
use mobile phones for teaching and learning was high.
Moreover, the respondents were interested in seeing mo-
bile learning become part of their curriculum. Further-
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more, inhibiting factors perceived by the participants were
small screens, text input, slow connectivity, high expens-
es, and the difficulty of mobile phone use.

The findings of the previous researches regarding the
functions and advantages of using mobile technologies in
education encouraged us to suggest mobile phones as a
teaching tool to our mathematics pre-service teachers, as
well as to one training teacher in the school where our pre-
service teachers were trained. Doing so, we were interest-
ed in verifying their attitudes and decisions regarding
teaching mathematics with mobile phones. To analyze
these attitudes and decisions we will use the activity theo-
ry framework.

B.  Activity theory as conceptual framework

Activity theory is a cultural-historical theory of activity
which was initiated by a group of Russian psychologists in
the 1920s and 1930s. This approach was led by Lev
Vygotsky (1896-1934) and his colleagues A.N. Leont'ev
and A.R. Luria [17]. Ref. [18] says that activity theory, as
initiated by Vygotsky, is centered around the idea of me-
diation which is represented in a triangular model in
which the conditioned direct connection between stimulus
(S) and response (R) was transcended by a complex medi-
ated act, where Vygotsky’s idea of cultural mediation of
actions is commonly expressed as the triad of subject,
object, and mediating artifact (Figure 1)

Ref. [19] proposed a model (Figure 2) that conceptual-
izes all purposeful human activity as the interaction of the
elements: subject, object, tools, community, rules, and
division of labor.

In what follows, we present a description of the ele-
ments that constitute the activity system (Ref. [20]).

In the model, the subject refers to the individual or
group whose agency is chosen as the point of view in the
analysis. The object refers to the 'raw material' or 'problem
space' at which the activity is directed and which is in-
tended to be transformed into an outcome with helping
tools, where the tools can be physical and/or symbolic,
external and/or internal. The community comprises multi-
ple individuals and/or groups who share the same object
and who construct themselves as distinct from other
communities. The division of labor refers to both the hori-
zontal division of tasks between the members of the com-

Mediating artifact
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Figure 1. Vygotsky model of activity
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Figure 2. The structure of a human activity system
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munity and to the vertical division of power and status.
Finally, the rules refer to the explicit and implicit regula-
tions, norms and conventions that restrict actions and
interactions within the activity system. The outcome is the
result of the subject's involvement with the object of the
activity, and which is influenced by the activity different
elements. These elements of the activity theory fit the goal
of analyzing teachers' attitudes and decisions due to the
fact that they represent the conditions which influence
teachers' work, especially when introducing a new techno-
logical tool to the classroom. We describe below these
elements as related to our research.

The subject refers to the in-service teacher, the leading
pre-service teacher or the rest of the pre-service teachers
who were observers of teaching mathematics with mobile
phones. The object refers to the mathematical educational
environment (mathematics students, mathematics topic,
mathematical activities, inter alia) which were to be de-
veloped into a mobile mathematical one, i.e. an environ-
ment that suits using mobile phones to teach and learn
mathematics. The tool refers to the mobile phone which is
suggested as a learning instrument in and/or out of the
mathematics classroom. The community comprises the
school in which the in-service /pre-service teacher teach-
es/practices, as well as the college in which the pre-service
teacher learns, including the in-service /pre-service teach-
er herself. The division of labor refers to who should
teach, who should prepare the learning activities needed to
be used for learning mathematics with the mobile phone,
who decides which tools to use in the mathematics class-
room, who decides which mathematical material to cover
in an academic year, etc. The rules refer to the norms and
conventions regarding teaching/learning mathematics in
the middle school/college or in the specific school/college,
for example the question as to whether the computer or
mobile phones should be used in the classroom or whether
the in-service /pre-service teacher should prepare addi-
tional learning material for his/her students, inter alia. The
outcome is the participants' decisions and attitudes to-
wards mobile phone use in mathematics teaching.

C. Contradictions in activity theory

According to Ref. [21], as reported in Ref. [22], activity
theory uses the term 'contradiction' to indicate a misfit
within an element, between them, between different ac-
tivities, or between different developmental phases of a
single activity. For Ref. [19], if these contradictions are
handled constructively they will lead to development of
the activity, as well as to the learning outcome.

It is our intention to use activity theory to examine the
in-service and pre-service teachers' instructional attitudes
and decisions concerning the use of mobile phones in
mathematics teaching (accepting these tools for mathe-
matics teaching, when to use them, and how to use them).
Doing so, we agree with the claim of Ref. [23] that when
considering individual and institutional perspectives, as
well as the evolution of technology use over time, activity
theory and its contradictions provide a useful tool for
examining various aspects of educational technology use.
This claim is especially true when we consider teachers'
attitudes and decisions regarding the use of mobile phones
in the mathematics classroom because these attitudes and
decisions are influenced by various factors which activity
theory involves.

D. Activity theory as a tool for analyzing educational
processes

Activity theory was used by researchers to identify the
influences of the various aspects of an educational phe-
nomenon. For example, Ref. [22] used activity theory to
examine pedagogical, social, and technological issues in
ICT integration process in Turkish classrooms. They con-
cluded that the following aspects should be taken into
consideration when carrying out ICT integration process-
es: organizational culture, changing roles of teachers and
students with regards to ICT, inflexible time table curricu-
lum, support of the school administration, mediation of
the ICT coordinator, and collaboration among teachers.

Another research which examined a whole educational
phenomenon using activity theory framework is that of
Ref. [24] who used activity theory to study the potential
and actual interrelationships between the constituent ele-
ments that comprise the complex process of music educa-
tion. Welch concluded that there is much to be gained by
exploring the principles of activity theory and applying
them to the relationships and contributions between top-
down and bottom-up perspectives in an educational pro-
cess related to music.

Other researchers used one aspect of activity theory to
analyze an educational phenomenon. For example, Ref.
[25] attempted to explain how students’ learning outcome
evolved from their online learning experiences. The re-
searcher found that there were three levels of contradic-
tions that the students faced during their online learning:
conflicting-object contradictions, inter-activity contradic-
tions, and technology-related contradictions. He also
found that contradictions may be invisible to some mem-
bers who are part of the subject of the activity, but some
members may have the capacity to identify the contradic-
tion, yet they may not have the desire or motivation to
make necessary changes to further learning and develop-
ment within the activity. The researcher concluded that
contradictions might not be resolved although they are
visible.

Ref. [26] designed a qualitative collective case study to
investigate how students revised after writing center con-
ferences. To do the investigation, he used the activity
theory framework. The study suggested that the object of
the activity system of a writing conference should include
the situation definitions that students hold about how to
revise and how to participate in a writing conference.

Ref. [27], following Radford ([28], [29], [30]), analyzed
mathematical learning at pre-apprenticeship training class
for pipe-trades conducted at trade union run school in
British Columbia, Canada. More specifically, an appren-
tice’s thought processes in relation to reading a measuring
tape was analyzed, together with his interactions with the
researcher. This analysis, using Radford's approach to
activity theory, considered activity theory as a lens to
analyze individuals' activity and not only system's activity
as suggested by Ref. ([18], [19], [31]). We will follow
Ref. ([28], [29], [30])) and Ref. [27] in analyzing the atti-
tudes and decisions of middle school in-service and pre-
service teachers regarding the integration of mobile
phones into their mathematics teaching, i.e. we consider
the current research participants (the in-service teacher,
the leading pre-service teacher and each of the other pre-
service teachers) the individuals whose attitudes and deci-
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sions will be studied concerning mobile phone use in
mathematics teaching.

III. RESEARCH RATIONALE AND GOALS

Using mobile tools in mathematics education is increas-
ing, where this use changes the educational scene and
enables out-of-class mathematics learning and teaching
[32]. Researches who have studied the use of mobile tools
in mathematics education have focused on students’ learn-
ing rather than on teacher's instruction. This research at-
tempts to shed light on this issue. To do so, we utilize
activity theory as teacher's instruction is influenced by
various factors that activity theory involves, such as
school community and rules. In additions, activity theory
can explain teachers' decisions in the light of the contra-
dictions which they confront in their work.

The current research findings can help us establish in-
sight into teachers' attitudes towards the use of new and
mobile technologies in their instruction, as well as their
decisions regarding the integration of these technologies
into mathematics teaching.

IV. RESEARCH QUESTION

For the purpose of this research the following research
question was formulated:

How do the educational activity elements influence in-
service and pre-service teachers' instructional attitudes and
decisions concerning the use of mobile phones in mathe-
matics teaching?

V. RESEARCH DESIGN AND METHODOLOGY

A. Research setting and participants

This research formed part of a larger research project in
which we carried out an experiment that involved using
mobile phones in teaching and learning mathematics. We
carried out the project as an initiative in Al-Qasemi Aca-
demic College of Education, and obtained the approval of
the research center in the college to conduct research,
including interviewing the college pre-service teachers.
Participation in the research was voluntary, and the re-
spondents signed an informed consent.

The experiment took place in one middle school in
Nazareth in the framework of the practical training of
middle school pre-service teachers who majored in math-
ematics and computers in a teachers' college. The pre-
service teachers were in their third year of study and were
required to use various technological tools in their teach-
ing including the mobile phone. One pre-service teacher
was responsible at the training school of the other pre-
service teachers' use of technology in their instruction.
This responsibility meant three things: (1) the pre-service
teachers could consult him regarding their use of technol-
ogy in their instruction; (2) the leading pre-service teacher
collaborated with one in-service teacher in the training
school to prepare and teach lessons which integrated mo-
bile phones in mathematics lessons; and (3) the leading
pre-service teacher participated in the meetings held by
the researchers regarding the use of technology of tools,
namely, mobile phones, in the pre-service teachers' in-
struction. In the current research we call this pre-service
teacher the 'leading pre-service teacher'.

This article describes three case studies related to the
participants' instructional attitudes and decisions associat-
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ed with using mobile phones in mathematics teaching. The
first case study is about one in-service teacher who col-
laborated with the researchers and the leading pre-service
teacher to use mobile phones in her class. The second case
study concerns the leading pre-service teacher who col-
laborated with the in-service teacher and the researchers to
teach mathematics lessons using mobile phones, while the
third case study involves 15 pre-service teachers who
were experiment observers but did not use mobile phones
in their teaching. Those pre-service teachers could have
used mobile phones in their teaching but they were not
obliged to do so, because neither all the mobile phones of
those pre-service teachers nor those of the school students
had java which is needed to make midlets work.

B.  Mathematical sofiware and learning materials

The middle school students worked with mobile phone
software (midlets) that supports algebra and geometry
learning. The midlets can be downloaded from
Math4Mobile site of the Institute for Alternatives in Edu-
cation that operates within the Faculty of Education at the
University of Haifa [33]. To perform the activities as-
signed to them, the students used the algebraic midlets and
various tools and technologies embedded in their mobile
phones. The middle school students used mobile phones in
tasks related to the linear and quadratic function.

C. Data collecting tools

Interviews with the teachers: We held one-hour semi-
structured interviews with the in-service teacher, the lead-
ing pre-service teacher and with the group of the other
observer pre-service teachers. This happened three times
during the academic year: at the beginning of the experi-
ment, after three months and after it ended. The issues
discussed in the interviews were related to the activity
theory components and sub-issues associated with them,
for example personal history and perceptions (related to
the subject), the subject's perceptions of the conditions for
the success of teaching mathematics with mobile phones
(related to tool, rules, community and division of labor),
and decisions and attitudes towards use of mobile phones
in mathematics teaching (related to the object and out-
come of experimenting teaching mathematics with mobile
phones).

D. Data analysis

We used the constant comparison method [34] to arrive
at categories related to the activity theory components.
The constant comparison method is a process of inspec-
tion consisting of concept construction, through a constant
comparison of emergent codes and the development of
relationships among the concepts ([35], [36]). Here, it was
applied keeping in mind the activity theory components
and themes related to each of them. For example, we kept
comparing each participant's sentences (given in the inter-
view) which implied how division of labor and communi-
ty rules were represented and influenced the participants'
attitudes and decisions regarding the use of mobile phones
in mathematics education. Doing so, we arrived at the
themes related to the division of labor in our specific con-
text: who should teach, who should prepare learning activ-
ities needed to be used for learning mathematics using
mobile phones, who decides which tools to use in the
mathematics classroom, who decides which mathematical
material to cover in an academic year, etc. Furthermore,
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we looked for the values of the different themes in each
one of the three case studies.

E.  Relevance of the data analysis to the setting and
theme of the study

The goal of the current study was to describe an activity
theory model for teaching mathematics using mobile
phones. One way to do so was to use the constant compar-
ison method to arrive at themes and categories related to
activity theory components when teaching mathematics
with mobile phones. This analysis process has been fol-
lowed in previous researches for similar goals. For exam-
ple, Ref. [26] used it to analyze how students revised after
writing center conferences in activity theory terms. Fur-
thermore, Ref. [25] used it to explain how students’ learn-
ing outcomes evolved from their online learning experi-
ences, using activity theory contradictions. Moreover, Ref.
[36] analyzed two individual teachers' experience of
mathematics and explored, using activity theory, how
these experiences impacted their teaching. In the three
previous researches, as in the current one, the emphasis is
on the individual interacting with an educational situation.

VI. FINDINGS

At the beginning, we describe the activity system's ele-
ments regarding each of the three case studies in which
this research involves: the in-service teacher's case, the
leading pre-service teacher's case and the other observer
pre-service teachers' case.

A. The subject

Two factors distinguish the subject: his/her history and
his/her perceptions regarding the use of technology in
teaching mathematics. Below we describe these factors
regarding each subject in the current research.

The in-service teacher as subject

History: The in-service teacher has a history of using
mathematical software in teaching mathematics. This
history was not successful, for the students did have con-
ceptual knowledge of the mathematical topics they
learned, but they did not have appropriate procedural
knowledge of these topics; therefore, they had great prob-
lems when they advanced to high school where teachers
depended greatly on procedural knowledge.

Perceptions: The in-service teacher thinks that proce-
dural knowledge of mathematical topics is essential for
the students; thus, although she assumes that students
enjoy learning using computers she thinks that this should
not be done in every lesson or in the whole lesson. She
also thinks that it is difficult to integrate real life into
mathematics teaching and learning in middle or high
school.

Leading pre-service teacher as subject

History: The leading pre-service teacher took two
courses focusing on the use of technology in the class-
room, where one of them (didactics of teaching mathemat-
ics) focused on technology use in mathematics teaching.
More specifically, he performed different tasks on this
use, so he was aware of the advantages of using technolo-
gy in mathematics education. In addition, the leading pre-
service teacher participated in the meetings held between
the two researchers and in which they discussed the exper-
iment advancement, the activities that should be carried
out and students' learning using mobile phones.

Perceptions: The leading pre-service teacher thinks that
technology makes teachers' instruction and students' learn-
ing easier. Furthermore, he thinks that working with
mathematical software adds a visual aspect to students'
mathematical investigations, which assists the students in
arriving at mathematical relations, so technology should
be used in mathematics teaching. In addition, he argues
that the mobile phone is already in students' hands, and
they like working with it, so it would better be utilized as
a learning tool.

Observer pre-service teachers as the subject

History: The pre-service teachers' history is similar to
that of the leading pre-service teacher, but they did not
participate in the meetings with the researchers.

Perceptions: The observer pre-service teachers' percep-
tions regarding the use of technology in mathematics
education were similar to those of the leading pre-service
teacher, but they did not mention the idea of utilizing
mobile phones for its availability in students' hands.

B.  The object

The difference between the object as the in-service
teacher and the object as the pre-service teachers (includ-
ing the leading one) lies in the fact that the object of the
in-service teacher involved her own class, where she was
responsible of covering all the material in the mathematics
book, as well as of having a good level of students'
achievement in mathematics. On the other hand, the object
of the pre-service teachers was a classroom in which they
were being trained, where they did not have the responsi-
bilities that the in-service teacher had.

C. The tool

All the subjects emphasized the need that at least half of
the learners in a class should be equipped with mobile
phones. In addition, all the subjects pointed out that the
school administration should be flexible and allow stu-
dents to use mobile phones in mathematics classes.

D. The community

The community in the case of the in-service teacher as
the subject comprised the school in which the teacher
taught. It included the teacher herself, the principal of the
involved school, as well as the whole community of
teachers. The community in the case of the leading pre-
service teacher, as well as in the case of the observer pre-
service teachers consisted of the community of the pre-
service teachers in the college where they studied, the
instructor of the mathematics didactics course (the first
author of this article) and the supervisor of the pre-service
teachers in the college and the training school (the second
author of this article). In addition, this community consist-
ed of the in-service teacher who participated in the exper-
iment and the students’ school where the experiment was
carried out.

E.  Division of labor and community rules

In the case of the in-service teacher, the principal ex-
pected her to cover most of the mathematics book for
grade 9. More specifically she was expected to prepare her
students for the secondary school mathematics, as well as
to make her students have high achievement in mathemat-
ics.

It was not expected from the in-service teacher to pre-
pare additional learning materials for her students. It also
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was not expected from her to use computers or mobile
phones in her mathematics teaching. At the same time, the
school principal expected her to cooperate with the super-
visor and his pre-service teachers and start using mobile
phones in her teaching on Mondays, when they are present
in her lessons.

In the case of the leading pre-service teacher, the re-
searchers advised him to cooperate with the in-service
teacher to prepare learning materials that suit the mobile
phone environment. The researchers also advised him to
teach those learning materials to grade 9 students alone or
with the in-service teacher.

In the case of the observer pre-service teachers, it was
expected that they prepare additional learning materials
for the students. They also were required by their supervi-
sor to use electronic tools (for example videos, Power-
Point presentations, electronic spreadsheets, applets) in
their teaching, but not necessarily mobile phones.

The in-service teacher and the leading pre-service
teacher emphasized the need for appropriate mathematical
activities, so the students will be seriously involved in
learning mathematics and not distracted by mobile
phones.

F.  QOutcome

Tables 1, 2 and 3 describe the participants' attitudes to-
wards and decisions regarding the use the mobile phone in
mathematics teaching in the three cases. After having
analyzed the collected data using the constant comparison
method, we arrived at four themes that comprise the par-
ticipants' attitudes and decisions: Place of use, frequency
of use, target of use and role of the tool. The tables display
the values of the previous themes in the three research
cases. We chose this display format to present in-service
and pre-service teachers' attitudes and decisions more
clearly and neatly.

VII. DISCUSSION

Figure 3 shows the components of each element of the
activity system as related to teaching mathematics using
mobile phones.

Figure 3 indicates that two characteristics distinguish
the subject: his/her history and his/her perceptions. These
characteristics influence the outcome of subject's activity,
in our case the attitudes and decisions regarding the use of
mobile phones in mathematics teaching. This influence of
the history and perceptions of teachers is acknowledged in
the literature. For example Ref. [38] identified experience
(one facet of one's history) and sense of efficacy to im-
plement the innovation as influencing teachers' attitude.
Moreover, the educational history of the subject has been
identified as an important factor influencing the student
resistance to the use of new technological tools for learn-
ing (Ref. [39], as reported in Ref. [23]), but in our case it
influenced the teacher's attitudes and decisions regarding
mobile phone use in mathematics teaching. Furthermore,
the above findings agree with other studies' findings about
the factors that influence teachers' attitudes. For example,
Ref [40] identified teachers' perceptions of the importance
and difficulty of implementing innovations as influencing
teachers' attitude towards this implementation.

The community also influenced the participants' deci-
sions and attitudes towards integrating technology into the
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TABLE L.
ATTITUDES AND DECISIONS REGARDING MOBILE PHONE USE IN
MATHEMATICS TEACHING: THE CASE OF THE IN-SERVICE TEACHER

Aspect Attitudes and decisions

Place of use Inside the classroom

Frequency of use Not in every lesson and not in the whole lesson

To help students discover mathematical rela-

Target of use .
get of tions

Role of the tool It should be secondary to the role of teacher

TABLE II.
ATTITUDES AND DECISIONS REGARDING MOBILE PHONE USE IN THE
MATHEMATICS TEACHING: THE CASE OF LEADING PRE-SERVICE
TEACHER

Aspect Attitudes and decisions

Place of use Inside as well as outside the classroom

Frequency of use In every lesson

Introducing a new mathematics topic, investi-
gating and discovering mathematics relations

Target of use .. .
get of or summarizing with the students the conclu-
sions of their investigation
Role of the tool It has a main role like the teacher

TABLE III.
ATTITUDES AND DECISIONS REGARDING MOBILE PHONE USE IN THE
MATHEMATICS TEACHING: THE CASE OF OBSERVER PRE-SERVICE
TEACHERS.

Aspect Attitudes and decisions

Mostly inside the classroom, but sometimes

Place of use R
f outside the classroom

Frequency of use In every lesson

To introduce a new mathematical topic or to

Target of use .
summarize 1t

Role of the tool

it complements the teacher's role

mathematics classroom. Community is reported to influ-
ence the subject's activity in other researchers, where the
subject can be the students or the teachers. Ref. [32] found
that the involvement of the school principal influenced
students' learning with mobile phones. Ref. [41] found
that the need of leadership involvement could hinder the
integration of interactive boards into the classroom. In our
current experiment, the pre-service teachers were influ-
enced by their instructors' activity, so they had more fa-
vorable attitude towards mobile phone integration into
their teaching than that of the in-service teacher who was
not influenced as much as the pre-service teachers by the
researchers.

Rules and division of labor also are important factors
influencing the subjects' decisions and attitudes towards
mobile phone integration into their mathematics teaching.
Up to the time of our experiment, there were no declared
national rules in the Israeli schools that impose using
technology in the mathematics classroom, so teachers did
not find themselves obliged to perform such integration.
Furthermore, mathematics teachers were not expected to
prepare technology based learning materials for their
classrooms; especially mobile phone-based learning mate-
rials. This made them reluctant to integrate new technolo-
gy into their classrooms; an act that requires them to pre-
pare appropriate learning material.

Division of labor influence on the subject attitude, as
described above, is also mentioned by Ref. [42]. Moreo-



PAPER
IN-SERVICE AND PRE-SERVICE MIDDLE SCHOOL MATHEMATICS TEACHERS' ATTITUDES AND DECISIONS REGARDING ...

* Availability of mobile phones

Tools
Mobile phones:

* Features and characteristics of mobile phones
* Availability of appropriate math software in mobile phones
* appropriate activities for teaching math using mobile phones

Subject
In-service teacher, leading pre-service teacher,
observer pre-service teachers
* History: experience with integrating technolo-
gy into mathematics education
* Perceptions: perceptions of using technology
in mathematics education

S O T LN

Object
* Teaching mathematics using mobile phones
* Covering the materials in the whole mathematics book

* Helping students get good grades in mathematics

* Frequency of use
¢ Target of use
* Role of the tool

Rules Community Division of labor

* The norms/conventions regarding teaching * Subject of the activity system e Who teaches?
mathematics in the middle school * In-service/pre-service teachers * Who prepares the

* The norms/conventions regarding teaching ¢ Researchers s 10
mathematics in the specific school 4) ° Mathematics teachers s learning I.naterlal.

* The norms/conventions regarding the use of « Specific school principal, class * Who d.eCIdeS what tool
mobile phones in mathematics teaching in the students and their parents to use in the class-
middle school room?

Outcome
Attitudes and decisions regarding the use of mobile phones in
mathematics teaching
* Place of use «

Figure 3. Components of the activity system's elements as related to teaching mathematics using mobile phones.

ver, Ref. [43] argued that changing the division of labor
between the teacher and students would change their atti-
tudes towards their roles in the classroom. Here, the in-
service teacher changed her attitude towards mobile phone
use in mathematics teaching in spite of the traditional
rules and division of labor prevailing in her class. This
change happened due to the new experience of the in-
service teacher as a participant in an experiment which
considers mobile phones as teaching and learning tools in
the mathematics classroom. The change led to new divi-
sion of labor that the mobile phone helped attain because
it encouraged a more active role of the students (see for
example Ref. [44]).

As for the attitudes and teaching decisions of the sub-
jects at the end of the experiment, they differed among the
subjects in the four aspects: place of the educational use of
mobile phones, frequency of the mobile phone use in
mathematics teaching, target of mobile phone use and tool
role. Regarding the place of use, the leading pre-service
teacher thought that mobile phones should be used inside
the classroom as well as outside the classroom. This atti-
tude could have been developed as a consequence of his
several meetings with the researchers, where they empha-
sized the great potential of mobile phone in mathematics
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learning, especially outside the classroom, where the ideas
of the outside activities developed. The observer pre-
service teachers thought that mobile phones should be
used mostly inside the classroom, but sometimes outside
the classroom. This attitude could have been developed
because they witnessed the activities carried out by the
students outside the classroom, and saw their enthusiasm
to carry out such activities. At the same time, they were
not actually involved in developing these activities. This
lack of involvement affected their attitude towards mobile
phone use in education [45]. With regard to the in-service
teacher, she thought that mobile phones would better be
used inside the classroom. Probably, her responsibility for
covering the learning material discouraged her from con-
sidering the option of the outside use of mobile phones.
This attitude of the in-service teacher goes side by side
with the expectations of her community, specifically the
school principal and the parents of the students.

We find differences in the subjects' attitudes regarding
the frequency of use too. All the pre-service teachers,
including the leading one, thought that mobile phones
should be used in every mathematics lesson, while the in-
service teacher thought that such use should not be in
every lesson or in the whole lesson. Here too, the commu-

http://www.i-jim.org
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nity affected this difference in attitudes, where the pre-
service teachers were influenced by their instructors (the
researchers) whose instruction emphasized the role of
technology in mathematics education, while the in-service
teacher was influenced by her community, where this
community, as mentioned above, did not expect mobile
phones to be used in mathematics teaching. The subjects'
history also caused the difference in their attitudes towards
the frequency of mobile phone use in mathematics teach-
ing, which was described above.

As for the target of use, the in-service teacher was im-
pressed by the features and characteristics of mobile
phones that were made apparent during its use in the
mathematics teaching during the experiment. The features
included the illustration abilities enabled by the mobile
phone midlets, while the characteristics included the mo-
bile phone availability and its ease of use. Therefore, she
adopted the target of discovering mathematical relations
using mobile phones. On the other hand, the observer pre-
service teachers, who did not participate practically in
carrying out mobile phone activities, thought that mobile
phones could be used in the math lesson for just introduc-
tory and summary purposes. As for the leading pre-service
teacher, who carried out the actual activities with the stu-
dents, he could see the diverse advantages of mobile
phones, which convinced him of the varied teaching tar-
gets using it; i.e. introducing a new mathematics topic,
investigating and discovering mathematical relations or
summarizing with the students the results of their investi-
gation. This picture of the subjects' attitude towards the
target of using mobile phones in mathematics teaching
was also influenced by the subjects' history, rules, division
of labor, and community, as described above.

If we look at the subjects' attitudes towards the role of
mobile phones in mathematics teaching, we find different
attitudes, where the leading pre-service teacher had the
most favorable attitude regarding this role, saying that
mobile phones have a main role like the teacher, while the
in-service teacher had the least favorable attitude, saying
that they should be secondary to the role of teacher. The
observer pre-service teachers had an attitude between the
previous two attitudes, saying that mobile phones com-
plement the teacher's role. The previous three different
attitudes consider the role of teacher as a main one, which
agrees with previous studies. For example Ref. [46] de-
scribed the role of the teacher as critical when working
with technology in the classroom, while Ref. [47] empha-
sized the complementary nature of the role of technologies
in subject teaching.

The above influences indicate some contradictions
within the activity which hinder or slow the process of
meeting the objective of the activity; i.e. using mobile
phones in mathematics teaching. One contradiction was
between the subject and the tool in the case of the in-
service teacher. This contradiction occurred as a conse-
quence of the teacher's unsuccessful history in using tech-
nology in mathematics teaching. Another contradiction
occurred between division of labor and the subject, in the
case of the in-service teacher, because she was not ex-
pected by the school community to prepare learning mate-
rials for her classroom. Both of the previous two kinds of
contradictions were reported by Ref. [22] to slow the
integration of ICT into a Turkish school. Here too, they
could have slowed to the minimum the use of mobile
phones in mathematics teaching if the in-service teacher
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did not receive help from the researchers and the leading
pre-service teacher. In other words, these contradictions
were lessened by the collaboration of the in-service teach-
er with the researchers at the beginning, and afterwards
with the leading pre-service teacher. This collaboration
made the teacher aware of the possibilities of mobile
phone use in mathematics teaching for students' learning.
Thus, she came to realize the worthiness of preparing new
appropriate learning materials to make the students utilize
the potentialities of mobile phones in their mathematics
learning. Moreover, the new experience lessened the nega-
tive impact of the previous teaching experience of the in-
service teacher with technology.

Other contradictions can be found in the activity system
described above. One such contradiction is between the
community and the tool, where some members of the
community, in our case the principal, prohibit mobile
phone use in the school area including the classrooms.
This contradiction was solved from the beginning when
the researchers met the principal and discussed mobile
phone use as a learning tool in the 9th grade mathematics
classroom. Another contradiction is between the tool and
the object, where the in-service teacher and pre-service
mathematics teachers thought that using tools in the math-
ematics classrooms could slow the teaching process of the
mathematical topics, which made them reluctant to use
tools in their classroom. The contradiction in which the
tool is a component is reported in other researches but for
different reasons. For example, Ref. [48], reported a case
where the teacher considered the computer as suitable for
lower level cognitive skills, whereas he wanted to advance
higher levels of these skills. The contradiction in our re-
search in which the tool was involved was lessened when
the teacher and the pre-service teachers watched the re-
searchers utilize mobile phones successfully to introduce
complicated mathematical topics in relatively short time.

All the contradictions are shown in Figure 4, represent-
ed in the dashed lines, but it is important to note that the
two contradictions in the case of the subject (the in-service
teacher) were present more than in the other two cases.

These contradictions were solved primarily by the me-
diation of the community, especially by leading members
in the community (the researchers and the school princi-
pal), which indicates the importance of the role of the
leading members in the community in maintaining the
momentum throughout the experiment [49]. In our case,
the leading members mediated and overcame the educa-
tional contradictions that arose as a consequence of intro-
ducing new technological tool in teaching. In other words,
the attitudes and decisions of the leading members of the
community concerning mobile phone use in teaching
mathematic made them develop an initiative that influ-
enced in different ways, according to the specific condi-

Suhiect Oh-

Ontcome

Division of
labor

Rules =] Community [~

Figure 4. Contradictions in the case of in-service teacher.
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tions of the community, the participating in-service/pre-
service teachers' attitudes and decisions regarding mobile
phone use in teaching mathematics.

VIII. CONCLUSIONS

The research goal was to examined decisions and to-
ward teaching mathematics when using mobile phones. It
was found that the teacher's history related to using tech-
nologies in teaching had an impact on his/her attitude and
decisions regarding utilizing new technologies in teaching.
This makes it necessary to consider teachers' history in
implementing technology in teaching before asking them
to do so. It also means preparing these teachers for tech-
nology integration, so their attitudes and decisions regard-
ing teaching mathematics with the mobile phone are con-
sidered and treated. This could be done especially through
reflection on the participating teachers' experiences [50].
Mathematics teachers will not integrate successfully tech-
nology into their classes unless they change their historical
negative attitudes towards this integration, which could
also be done through the guidance of educational technol-
ogy experts [51].

Other factors which influenced the participants' atti-
tudes and decisions were: teachers' perceptions of using
technologies in teaching, teacher's community, rules of
using technologies in teaching mathematics and division
of labor, for example who decides which technologies to
use in teaching and who should prepare the learning mate-
rial for students. These factors were also described else-
where as influencing students' learning of mathematics
with mobile phones [32], where another theory of analyz-
ing data was used, namely, the grounded theory. This
emphasizes the prevalence of these factors as influencing
the integration of mobile phones (and we suppose tech-
nology in general) into the learning and teaching of math-
ematics.

As for the pre-service teachers who participated in the
research, it can be concluded that their history, together
with the characteristics of their school community made
them more apt to accept mobile phones as teaching tools.
They have been exposed in their preparation as future
teachers to new educational technologies and at the same
time were part of a community in which the leading mem-
bers initiated projects that utilized such technologies. They
also were required to utilize such technologies in the
classroom. So, history, community and rules made the
difference in the activity outcome related to the different
subjects. The community, especially its leading members,
also mediated and helped overcome the activity contradic-
tions that arose throughout the experiment regarding the
teaching processes in and/or out of the mathematics class-
room. This emphasizes that school conditions and school
leadership, manifested by the mobile phone project lead-
ership represented by the researchers, are key issues in
efforts to change instruction [52] and enrich it with new
technologies in our case.
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