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Abstract
We used a grounded theory approach to investigate and describe the learning of middle school students when they carry out mathematical activities (in and out of the classroom) and explore mathematical objects and relations using mobile phones. We found that a web of conditions and consequences can be related to the students’ learning when they utilize the features and qualities of the mobile phones to explore formal and meaningful mathematical relations individually or collaboratively in pairs or groups. The conditions include the involvement of principals and coordinating teachers, the themes and requirements of the activities, and the learning modes (in-class, out-of-class); the consequences include the students' control over their learning, the way in which they connect mathematics with real life, and the different perception they develop regarding the nature of mathematics.
Introduction

Despite the ubiquity of mobile phones in most aspects of our daily lives, taking advantage of mobile technologies in education is still new (Chen and Kinshuk, 2005) and in its infancy (Rismark et al., 2007). This is true for the use of mobile phones in education in general and especially for its use in teaching mathematics. At the same time, mobile and wireless devices, especially mobile phones, are becoming increasingly common among the young generation, creating new opportunities and challenges for the modern educational environment (Cobcroft et al., 2006).  Recent studies examining the use of mobile phones in learning mathematics among university pre-service teachers (Botzer and Yerushalmy, 2007) point to new opportunities for the integration of mobile phones in the mathematics classroom.

Roschelle and colleagues have conducted several experiments using mobile devices in the mathematics classroom.  For example, Tatar, Roschelle and others (2003) examined the use of mobile devices in mathematics and science learning. In this study, they implemented several activities that became possible owing to the availability of mobile devices, including: (1) distribution: sending the same document to all students, (2) differentiation: sending different parametric definitions to each student in a systematic way, (3) contribution: forwarding a function or mathematical data constructed by one student to a friend or teacher, (4) harvesting: following the collaborative work of several students, constructing a set of functions or data that are related to each other but are different; and (5) aggregation: combining functions or data that are in some way related and presenting it usually in public (anonymously or not). The study found that mobile learning promises access to applications that support learning anywhere and anytime, and that this type of learning supports both adults in the work-place and classroom learning. Roschelle and colleagues (2007) found that the use of mobile devices in the mathematics classroom made the class more (1) student centered, (2) assessment centered, (3) knowledge centered, and (4) community centered.  

In the last decade, several researchers have been following the integration of applets (which have populated the Internet) in the mathematics classroom. Applets usually help students study mathematics using a constructivist approach (e.g., Pesonen, 2003). As an extension to the use of these tools within the web environment, recently new mathematical applications have become available for mobile devices, and most recently for mobile phones. These applications are called midlets. Wikipedia defines a midlet as a Java program for embedded devices, and indicates that midlets are generally games and applications that run on a mobile phone (Wikipedia, 2008).

As applets replaced courseware and dedicated tools in computers, midlets replaced applets in mobile phones. But in addition to the midlets, the unique learning environment of mobile phones includes such features as the ability to take pictures, record video and audio, transfer information, use voice and text communication, forward screen content to learning mates, and send SMS (Short Message Service: a communication protocol allowing the interchange of short text messages between mobile telephone devices) and MMS (Multimedia Messaging Service: a mobile phone standard for sending messages that include multimedia objects as images, audio, video and rich text) messages. We believe that in addition to the availability, mobility, dynamics and accessibility of the mobile phones, these features will make a difference in the learning behavior of mathematics students.

Recent research on mobile learning using mobile phones and PDAs (Personal Digital Assistant, an electronic device that includes some of the functions of a computer, a mobile phone, a music player, and a camera) pointed out the following advantages: they expand learning to times and circumstances in which students are usually involved in other activities; they motivate the students because of their attraction; they enable communication anywhere, anytime; and they enable online learning and multitasking (Pettit and Kukulska-Hulme, 2007). 
At the same time, other studies pointed out the disadvantages of mobile learning using the same devices: small screen, limited memory, small keyboard buttons, short life of batteries, high expenses, high possibility of loss or theft of the small devices, and difficulty of using mobile devices in noisy environments (Vinci and Cucchi, 2007). 

Despite these disadvantages, which show among others that the mobile devices were not designed originally for educational purposes, by owning these devices users become accustomed with their features which can compensate for potential problems of usability when using the device for learning. Moreover, recent technological advances in mobile devices, such as larger and higher quality screens, larger memory size, advanced multimedia capabilities, and stronger batteries helped solve most of the usability issues. As a result, problems related to the use of mobile devices have shifted recently to problems of accessibility and availability of adequate content in the subject area (Kukulska-Hulme, 2007).

The use of mobile devices in education encouraged researchers to develop learning theories suitable for the modern mobile environment. Some of the theories view mobile learning as a dialogue and an activity, and have developed an activity theory to construct a learning model for the mobile environment (Sharples et al., 2005).  Sharples (2006) investigated mobile learning from different aspects: (1) mediation, where mobile learning occurs as mediation between mobile technological devices, (2) extension of e-learning, which uses mobile technologies, (3) non-formal learning that challenges formal learning or completes it, and (4) student centered, where it is the learner who is on the move and not necessarily the technology. In our research, we aim to develop a grounded theory of middle school students' learning and behavior when using mobile phones to learn mathematics.

Low and O'Connell (2006) pointed out the role of data connectivity and the communication aspects of the mobile devices in supporting social interaction, collaboration, and learning construction, and pointed out especially the following qualities of these devices: ability to exchange media by SMS and MMS, ability to connect to the internet synchronously and asynchronously, and the possibility of exchanging memory cards to share resources such as video clips.

Kukulska-Hulme et al. (2007) reported that the addition of mobility to distance learning enabled new learning processes based on user-generated activities that rely on daily real life experiences and events. They emphasized that these activities do not replace planned activities, but they affect their development. Educators should understand thoroughly the abilities of mobile devices and the opportunities and possibilities that they afford in the educational environment in order to design authentic, interesting, and exciting activities that point the users in the right direction.

Walker (2006) pointed out that the effectiveness of the learning process that occurred following visits to the botanic garden related positively with the planning of the assignments. Furthermore, he indicated that focusing on a specific subject and manageable data encourages collaborative learning using mobile devices. It seems that the use of mobile and wireless technologies can accelerate the rate of introduction of new methods for sharing learner-generated content and user-generated activities in the learning process.  It is clear that learning mathematics in an environment of mobile phones can facilitate collaboration between learners in non-linear learning through activities suitable for the unique environment of the mobile phones.     

We noted that several researchers emphasized the importance of the activities used in the learning in a mobile environment and in distance learning. An important question that was raised was whether the technology has an effect on the contribution of these activities to education in general and to the learning process in particular. Some maintained that information and communication technologies (ICT) do not contribute to the education by themselves, but it is the people, models, methodologies, and strategies that change as a result and eventually improve and affect learning. Moreover, they emphasized that no assignment or activity affects learning in a deep and final way, and that learning culture, with or without ICT, has the most significant effect on the learning process (Sánchez et al., 2006).  

At the same time, other researchers pointed out several components that affect the quality of collaborative learning in a distant synchronous learning environment: (1) the context, (2) the design of the learning environment, (3) the assignments, (4) the technology, and (5) the targeted group. In other words, they believe that activities and technologies affect the learning process and its quality (Münzer and Xiao, 2004). 

We agree with the last opinion and believe that learning activities based on suitable technologies can have a positive effect on learning processes and student behavior. In the present study we aim to characterize the learning behavior that occurs when a group of diversified learners collaborates to carry out mathematical activities in a mobile phone environment. 

Some researchers emphasized the effect of the online and mobile learning environments on the learning process in general. Therefore, we are interested in exploring how the use of mobile phones, which enables online and mobile learning at the same time, can encourage collaborative learning behavior of mathematics, facilitate individual learning, enable authentic learning situations, and support discovery and investigative learning processes.

We use the framework of grounded theory to examine the above-mentioned effects, more specifically the conditions and consequences for participants in this experiment of using mobile phones in learning activities. In addition to the above factors, the significance of the present research lies in the scarcity of studies that investigate the use of mobile phones in teaching and learning mathematics among middle school students, specifically studies that use grounded theory to characterize this learning. 
Research Goals
This research aims to examine (1) the mathematics learning of middle school students in a mobile phone environment, (2) what may influence this learning, and (3) the consequences of this learning.

Research method
Research setting  

The experiment took place in two middle schools in Israel. The first researcher, who works as a pedagogical mentor in a teachers training college, guided 20 pre-service teachers in the two middle schools for one year of practical training. These 20 pre-service teachers constitute the third year class of mathematics and computers major in the college. In each school, the mathematics in-service teachers selected a group of 25 ninth grade students to participate in the experiment. The selection was made based on student interest and the ownership of an appropriate mobile phone. The principals of both schools added one weekly lesson with a mathematics teacher for each group, but most of the teaching at these lessons was performed by the researchers and the pre-service teachers.   

The students used mathematical applications (midlets) from the Math4Mobile site of the Institute for Alternatives in Education that operates within the Faculty of Education at the University of Haifa, Israel (Yerushalmy and Weizman, 2007). The Math4Mobile environment provides a pedagogic rationale for using mobile phones in mathematics education, mathematical applications that were developed specifically for mathematics learning, examples of activities that could be used with the applications, and SMS center that allows forwarding screen content to learning mates. The 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.  After changing parameters in the algebraic form they could see the change in the corresponding straight line. They also had the opportunity to set points in a coordinate system and to check whether a straight line could connect all of them, indicating a linear relation. They also used several tools and technologies embedded in their mobile phones to carry out various activities in the school yard.
Data collection means and tools
We used the following means and tools to collect data about the middle school students' learning of mathematics with mobile phones: 

· Electronic forum: Students were required to comment on their mathematics learning using mobile phones in a forum hosted on the school's site, to suggest ideas for this use, and to inquire about anything they encounter in the experiment.

· Interviews with the students: We interviewed students for almost thirty minutes about their experience using mobile phones to learn mathematics, behavior and collaboration while performing the mathematical activities, and suggestions for improving the use of mobile phones. The interviews were semi-structured.

· Observations: We also collected data by observing the students' learning process. We asked the pre-service teachers who conducted the experiment to observe the learning process, take pictures of it, and record it with a video camera. Participating students also took pictures and recorded their activities using their own mobile phones. We collected all the pictures and videos to analyze the students’ learning of mathematics.

Data processing and analysis 

We used the grounded theory approach (Strauss and Corbin, 1998) to identify learning and collaboration behavior, and to categorize the participants' behavior during the experiment (and relations between them). The grounded theory approach has three stages:

· Open coding: Identification of repeated behavior that can be characterized. In this stage we divided each type of collected data into segments and examined the segments for similarities and differences. At this stage, the objective is to identify categories of behavior that occur within the community of participants, place similar behaviors in the same category, and characterize each category.  

· Axial coding: After identifying the categories and characterizing them, we examined the relations between the categories and their subcategories. We characterized the behaviors according to the context in which they occurred and according to the conditions of their occurrence. 

· Selective coding: After refining the categories, subcategories, and their characteristics and relations, we attempted to identify one or two main or core categories that could be used to connect the rest of the categories and to build a conceptual framework for the studied phenomenon, that is, middle school student learning of mathematics using the features and qualities of the mobile phone. Within the conceptual framework, the categories and subcategories are described from several points of view: (1) the phenomenon, that is, the central idea, event, or happening that a set of actions/interactions attempts to manage or handle; (2) causal conditions, which are the set of categories or properties that have led to the occurrence of other categories or properties; (3) contextual conditions, namely the specific set of properties that pertain to the phenomenon and constitute its setting; (4) intervening or broader conditions pertaining to the phenomenon and acting as either facilitators or constrainers of the action/interaction strategies pursued within a specific context; (5) strategic action/interaction aims for managing, handling, carrying out, and responding to a phenomenon as it exists within a context or under a specific set of perceived conditions; (6) consequences of the strategic actions/interactions performed in the course of a specific phenomenon and within a context, given a set of conditions. 

Our use of the grounded theory approach to identify characteristics of the mobile phone mathematics learning is supported by use of this theory by other researchers who studied educational processes that can be related to ours, for example, Yoong & Pauleen (2004), who collected and analyzed data of applied research about using modern and new technologies in education. The authors used grounded theory to study the nature of e-facilitation in face-to-face and distributed electronic meetings. In another study, Cartwright and Hammond (2007) described the complex decisions and actions taken regarding the use of ICT in a primary school in the UK.
Findings
During the open and axial coding phases of building a grounded theory about learning mathematics using mobile phone in the middle school, we identified the following categories and subcategories:
Learning modes
Students learned in two modes, in the classroom and outside of it. Alternatively, we can say that they learned by examining direct mathematical relations during the first stage and by investigating authentic real-life relations (phenomena) during the second. 

First mode - learning by examining direct mathematical relations in class:
The in-class learning mode was characterized by the following properties:

· Learning occurred inside the classroom.

· Every activity consisted of structured, semi-open questions, and every question examined mathematical relations and/or patterns that the students were required to discover using the midlets.

· Students discovered mathematical relations with the guidance of the researchers and the pre-service teachers. 

· Students used midlets in their mobile phones to discover and investigate mathematical relations.

· After the initial examination of mathematical relations, some students assumed the role of teacher, to show and discuss the mathematical relations they arrived at with the rest of the class.
Second mode - learning by examining authentic real-life relation (phenomena) out of class:
The out-of-class learning mode was characterized by the following properties: 

· Learning occurred outside the classroom, in the school yard.

· Every activity consisted of a description of an authentic real-life relation (phenomenon) and students were required to investigate its linearity.

· The researchers, pre-service teachers, and in-service teachers did not interfere in the performance of the activities, but they helped in explaining them to the students.

· Students used midlets in the mobile phones to examine the linearity of a set of points collected from the real-life phenomenon.

· Students took advantage of the mobility, dynamics, availability, and accessibility properties of the mobile phone, and used some of its features, such as the ability to take pictures, record video, record audio, measure time, transfer information, forward screen content to colleagues, and send SMS and MMS messages. 

Student behavior during the different phases of the experiment:

Student behavior depended first and foremost on the phase of the experiment. There were three such phases: preparation, activity, and after the activity. Behavior also depended on the contextual condition (place of activity): in-class or out-of-class.

Preparation phase:
· Inquiring about the new experiment.

· Downloading the mathematical midlets to the students' mobile phones.

· Helping other students download the mathematical midlets. 

· Suggesting alternative methods for downloading the midlets.

In-class activity phase:

· Using the midlets to examine the effect of changing the parameters in the algebraic form of a linear function on the properties of the corresponding straight line.

· Using a laptop and a projector to show the solution of a mathematical problem to the rest of the class.

· Discussing the solution of a mathematical problem with the rest of the class, the researchers, and the teacher.

After the in-class activity phase:

· Participating in an electronic forum hosted on the school's site, writing about their experiences during the in-class activities.

· Participating in the forum, suggesting mathematical concepts that could be learned using the mobile phone.

Out-of-class activity phase:

· Taking measurements required by the activity.

· Writing the results of the measurements on paper.

· Modeling the linearity of the real-life phenomenon using the midlets: entering the results of the measurements as points, drawing a straight line through the points (not necessarily through all of them), moving the axis, zooming, etc.

· Taking pictures of the activity.

· Recording the activity with a video camera.

After the out-of-class activity phase:

· Participating in the forum, writing about their experiences during the out-of-class activities.

· Uploading pictures, video clips, and presentations that describe the out-of-class activities to the forum.

· Participating in the forum, suggesting real-life relations (phenomena) whose linearity may be examined using the mobile phone.

· Discussing in the classroom the mathematical relations and generalizations investigated during the out-of-class activity. 
Collaboration between students
Preparation phase:
· The entire class collaborated to download the midlets using various methods of downloading that suit the equipment of each individual mobile phone.

· The students who figured out first how to download the midlets helped those who had difficulty doing so.

In-class activity phase:

· Students performed the activities individually or collaborated in pairs.
· Students determined whether to work on the activity individually or in pairs. In some cases they used both modes.

· Students who were first to master the midlets performed the activities fluently and usually worked individually, except when they were joined by other student who had difficulty using the midlets.

· At the end of each lesson, the entire class discussed the conclusions they reached.
Out-of-class activity phase:

· Students needed to work in groups in order to perform the activities.

· Students played different roles and performed various actions in the groups.

· Students determined who should play each role.

· The students’ actions supported each other, i.e., collaboration improved performance during the activity. The performance was enjoyable, quick, and effective. 

· Students who mastered the features of the mobile phone were the group leaders, played several roles, and enjoyed the participation in the activity. 

Behavior of pre-service teachers during the different phases of the experiment
Preparation phase:

The pre-service teachers participated in two preparation phases: their own preparation and that of the middle school students.

· During their own preparation, their behavior was similar to that of the middle school students during their preparation phase.

· During the middle school students’ preparation phase, the pre-service teachers helped the middle school students download the midlets to their mobile phones.

In-class activity phase:

· Watching the learning and teaching of mathematics using mobile phones.

· Taking pictures of the activities.

· Teaching mathematics with the mobile phones in two ways:

(1) Walking among the students and answering questions while students were working on the solution of the mathematical activities.

(2) Teaching the mathematics lesson.

After the in-class activity phase:

· Uploading pictures of in-class activity events to the forum of the training course.

· Commenting on in-class activity events on the same forum.

· Suggesting improvements in the mobile phone learning process and its conditions.

Before the out-of-class activity phase:

· Solving the out-of-class activities prepared by the researchers.

· Reporting their solutions on the forum of the training course.

· Suggesting additional out-of-class activities.
Out-of-class activity phase:

· Directing the students and helping them perform the activities.

· Carrying out some of the out-of-class activities together with the students.

· Watching the learning of mathematics using mobile phones.

· Taking pictures of the activity and recording it with a video camera.

After the out-of-class activity phase:

· Behavior was very similar to that of the pre-service teachers after the in-class activities.
· They added one more behavior: watching the in-class discussion that was held after the out-of-class activities to investigate and generalize the mathematical relations that the students uncovered.

Behavior of the two researchers during the different phases of the experiment
Preparation phase:

· Discussing the use of mobile phones in teaching mathematics to middle school students.

· Coordinating with middle school principals and obtaining permission to conduct the experiment in their schools.

· Describing the experiment to the pre-service teachers, the school principals, the in-service teachers, and the middle school students.

· Preparing activities for in-class and out-of-class learning.

Activity phase:

· Teaching in-class lessons.

· Watching the learning and teaching of mathematics using mobile phones.

· Directing students and helping them perform the activities.

· Carrying out some of the out-of-class activities together with the students.

· Directing the students in carrying out specific actions, for example, commenting on the school forum about their mobile phone learning.

After the activity phase:

· Discussing student performance of various activities and how the experiment should proceed.

· Discussing with the students, on the school forum, mathematics learning with mobile phones.

· Discussing with pre-service teachers, in their training course and on their forum, mathematics learning and teaching with mobile phones.

· Collaborating and communicating with members of the experiment community, for example, pre-service and coordinating teachers, students, and principals, in order to solve problems and coordinate the continuation of the experiment.

The principals' involvement
We carried out the experiment in two middle schools in which the principals promoted technological projects. Nevertheless, the principals differed in their personal involvement in the experiment. One of them directed a large school and his involvement was more in the area of logistics and problem solving, and could not invest the time to follow the flow of the experiment in person. The other principal directed a small school and could invest the time and effort to become involved with the experiment process. We noted that the students of the school where the principal was more involved showed greater motivation to carry out the activities than did the students of the less involved principal.

The coordinating teachers' involvement
In one of the schools, the first coordinating teacher selected was reluctant to participate in the experiment. When her students began to show signs of reluctance to participate, we suggested to the principal to change the coordinating teacher. The change was approved and carried out, and subsequently the students resumed their activity.

Discussion

During the selective coding phase we developed a conceptual framework of relations among the various categories and subcategories that we identified during the open and axial phases of coding. The framework is presented in Figure 1:


Figure 1: The conceptual framework of the studied phenomenon
Causal conditions
· Mobile phone features and qualities:
Mobile phone technology provided new features that made it possible to use the technology for our purposes. These included midlets, camera, video, voice recorder, timer, and a tool for communication. These features, together with the mobility, dynamics, availability, and accessibility of the mobile phone influenced its intended use by the researchers when they planned and formulated the student activities. 
· Activity theme and requirements:

The influence of mobile phone features and qualities was obvious in the themes and requirements of the activities, both in-class and especially out-of-class, which consequently affected the students' use of the mobile phones. For example, a real-life theme encouraged learning mathematics outside the classroom, and therefore students used certain features and qualities of the mobile phone, which made them experience unconventional ways of learning. 

· Researcher intentions:

The features and qualities of the mobile phone influenced from the outset the researchers’ intentions, especially their main objective of making students use mobile phones in mathematics learning. These intentions were obvious in the activity requirements and in the teaching and mentoring that took place inside and outside the classroom. 

Thus, the three interrelated causal conditions influenced the way in which the middle school students used mobile phones to learn mathematics.

The phenomenon resulting from the causal conditions
We found that the main category that other categories can be related to, and which could be related to all the students’ actions and interactions, both inside and outside the classroom, is the middle school students’ learning of mathematics using the features and qualities of the mobile phone. Below we will describe the web of these relations.

Contextual conditions
· Learning modes: in-class, out-of-class:
The learning mode affected student behavior, collaboration, involvement, and participation in the activities. In in-class mode they used only the midlets of the mobile phone to explore mathematical relations. Students worked individually or collaborated in pairs. In out-of-class activities they used various features of the mobile phone including the midlets, and they worked collaboratively in groups.

· Experiment phase: preparation, activity, after activity:
Each phase of the experiment required specific knowledge of mobile phone features. For example, the first phase required knowing how to download the midlets and activate them, the second phase required mastering the operation of the midlets and other features of the mobile phone, and the third phase required knowledge of transferring data using the mobile phone. The level of this knowledge affected the student behavior, collaboration, and learning process. Less knowledge led to less involvement, less collaboration, and difficulties in learning, whereas knowledgeable students led the activities and enjoyed participating in them. This finding about the relation between knowledge and learning is acknowledged in the literature. For example, Gijlers and Jong (2003) found that prior knowledge affects student conversations during a kinematics scientific discovery learning tasks. Cook (2006) found that prior knowledge not only influences but can determine the ease with which students perceive and interpret visual representations in working memory.
Intervening conditions

· The principals' involvement:
The principals' involvement was of vital importance to the motivation and involvement of the students in the experiment. The influence of the principals' involvement on the students' motivation was reported in several studies. Cianca and Brent (2002) studied the principals’ involvement in renovation projects, and reported that although the principals stated that their involvement was time consuming, they agreed that it was still well worth the effort. In the present case, the principals’ involvement was not time consuming but it still motivated the students to participate in the experiment, and motivated the coordinating teachers to follow it closely. Vavasseur and MacGregor (2008) reported that the teachers who participated in an online community of practice believed that their principal's involvement was of great importance to their success in the experience. 
· The coordinating teachers' involvement:
Another involvement that also affected the students’ motivation and involvement was the attitude of the coordination teachers.  This effect could be explained by the formal status that the coordinating teachers have in the students’ eyes. This finding is consistent with the conclusions drawn by Becker and Riel (2001), who found a substantial relationship between the teacher's professional involvement and the amount of constructivist computer use by the students. 
Strategic actions/interactions

· Student behavior, including collaboration:
Collaboration between students in performing the in-class activities and generalizing the discovered relations was similar to that reported by previous researchers who examined learning mathematics with technology tools (Roschelle, 1992; Dildine; 1999). But during in-class activities students were more than regular students because they also played the role of the teacher when they took charge in front of the class, using the laptop and projector, to show other students how to perform the activity. This collaboration, in which the students helped the teacher in teaching, could have motivated them to engage more deeply in the mathematical learning occurring in the classroom (Harris, 1991). 

In the out-of-class activities, the students carried out a wide variety of learning actions and social processes. These actions and processes motivated them to actively participate in the out-of-class activities, indicating their intention to use mobile phones effectively when learning mathematics in the future. 

· Pre-service teacher behavior:
The pre-service teachers played several roles in facilitating the students’ learning: they documented the students’ learning, assisted in their learning, prepared activities for them, taught them, and reflected on the learning and teaching of mathematics using mobile phones. The behavior of pre-service teachers, especially the assistance and teaching, may have encouraged the students and motivated them to engage more deeply in the activities. Moreover, the reflections of the pre-service teachers on the processes they observed helped the researchers modify some of the conditions of the experiment to better suit the students, for example, conducting the lessons during the schools day and not after school.

· Researcher behavior:

In addition to managing the experiment, the roles played by the researchers were similar to those of the pre-service teachers. This management was crucial for carrying out the experiment successfully, as when they succeeded in replacing the coordinating teacher in one of the schools. Had they not interfered in this manner, the experiment in that school could have failed.

 Consequences
· Student control of learning:
The students had some control over their learning in the in-class activities, and had complete control in the out-of-class activities, where they determined their roles in the working groups, performed measurements, and decided on the linearity of the mathematical relations they investigated. The positive effect of student control on effective learning was pointed out by Sharples (2000), who identified three characteristics of effective learning: construction, conversation, and control. We conclude, therefore, that the students' control over their learning in the present experiment indicates that the actions/interactions carried out by them could have led to effective learning.

· Students connecting mathematics with real life:

Garii, Silverman, & Barta (2008) pointed out that primary school teachers and students have difficulty connecting school mathematics with real-life practices. This difficulty was resolved in the present experiment when the students utilized mobile phone technology to investigate mathematical relations in real-life situations. More important, the investigation of real-life mathematics was carried out by collaboration between students.  

· Students developing a different perception of mathematics:
The middle school students were involved not only in formally examining mathematical relations and patterns but had an opportunity to go further and investigate meaningful mathematical relations in real-life phenomena. The experience provided students with a different perception of mathematics as a real-life modeling tool. This new perception may affect the students’ learning and raise their confidence when they do mathematics in the future (Nunes, Carraher, & Schliemann, 1993, as reported in Anku, 1996).
Conclusions
In the present study we investigated two modes of learning in which students are engaged in the study of mathematics using mobile phones. The first mode emphasized the role of the students as explorers of formal mathematical relations and patterns using mobile phone midlets. In this mode, students worked individually or in pairs and took command during the final stage of the exploration to conclude and generalize their findings. The second mode emphasized collaboration between students working in groups to carry out various actions to explore meaningful mathematical relations in real-life situations. In this mode, the students utilized various features and qualities of the mobile phone and controlled their own learning.

The learning of the students in both modes was influenced by various types of local and global conditions. Their learning developed through their strategic actions/interactions and produced learners who controlled their learning, connected mathematics with real life, and developed their perception of mathematics as a more realistic and authentic science.  

Little research has been done regarding the integration of mobile phones in the learning of mathematics outside the classroom (one such research, among university pre-service teachers, is Botzer & Yerushalmy, 2007). In our experiment, this integration was performed with middle school students who experienced a different type of mathematics learning by utilizing new technological means in two learning modes.
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Consequences:


Student control of learning.


Students connecting mathematics with real life.


Students developing a different perception of mathematics.





Strategic actions/interactions:


Student behavior, including collaboration.


Pre-service teacher behavior.


Researcher behavior.





Phenomenon: 


Middle school students' learning of mathematics using the features and qualities of the mobile phone.





Intervening conditions:


The principals' involvement.


The coordinating teachers' involvement.














Causal conditions:


Mobile phone features and qualities.


Activity theme and requirements.


Researcher intentions.








Contextual conditions:


Learning modes: in-class, out-of-class.


Experiment phase: preparation, activity, after activity.








PAGE  
31

