CREATIVITY AND ON/OFF-LINE PRE-SERVICE PRIMARY MATHEMATICS TEACHER TRAINING
Elba Cristina Sequera Guerra                        Joaquim Gimenez    y    Jordi  Servat                                                     Universidad de Carabobo- Venezuela                    Universitat de Barcelona     

SUMMARY
We describe the making and unfurling of a teacher- training project for pre-service primary teachers specializing in musical education, foreign language and physical education. The project includes performing tasks on a partly on-line basis as guided practice activities. We analyze the creative potential and the process through classroom research methodology. From the recording of the sessions and interviews to the tutor and students we analyze and review the student’s work and we assess the process. Among the cognitive benefits, we observed that not only contents are represented, but discussions are proposed where creation takes place, mathematics are produced, and professional development is embodied. We noticed that on/off-line work gives the would-be teachers the opportunity to manage their own time. A good technical development and a slight improvement regarding the mathematical knowledge of the students were achieved. 
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1. INTRODUCTION

Recent research has shown that the capacity to be creative in a given professional area is not related only to personal qualities more or less stimulated or worked upon, but that it is greatly linked to the environment and to some degree of knowledge of the specific field. In a case study we show elements accounting for a creative teaching professional, as well as some difficulties met in short training processes.  

Joining globalized training fields, like European university training, leads to various new demands, and partly on-line training programs among them. To train creatively in mathematics implies a complex process. Indeed, creation might even seem incompatible with the teaching of mathematics and –to some authors- has no direct bearing on teacher training (Meissner, 2002). Sometimes the traditional ways of working do not foster creative activities. Students often find basic academic subjects threatening or hard, and they rather put their minds to a creative use in activities related to, say, the issuing of a student news sheet or belonging to the local theater group or music band. If we want the next generation to face the future with pleasure and self-confidence, we ought to educate the students to be both original and competent. And there is no doubt that in order to have creative and self-confident students we must first produce creative and self-confident teachers, capable of imparting knowledge and procedures, but also capable of helping the development of their students’ abilities to use their knowledge and react properly to the changing conditions of their world  (Kubinova et al 1999).

Technology allows for the development of an increasingly professional guidance in teacher training. But training to teach mathematics in some specific programs for teacher training, like primary teacher training with a major in physical education or a foreign language is scant. In the curriculum of the case under study, it is reduced to a single subject accounting for 6 credits. We wondered about the possibility to induce creativeness in a training program with a partly on-line project through ICT, to rouse both the professional competences required by the European guidelines, and a training which would stimulate professional development and action.
Is it possible to tell, from a tutor’s point of view, a creative mathematics learning environment from an equally quality non-creative one? Is it possible to foster creation in future teachers who specialize in music or physical education, but who might have to teach mathematics in school, when they usually have a weak mathematics background? What we are presenting here is part of an ongoing research called “Creativity and Professional Teaching Development in Mathematics for Elementary School Education”. Our general objective is to characterize a creative potential learning environment for the training of would-be elementary school mathematics teachers. The research comprises three phases: We start by analyzing the role of creativity in the training of teachers in unfavourable conditions. The second part is an environmental analysis in the training of pre-service teachers through the observation of tasks, class activities and other pre-service teachers' achievements. In the third part, we observed a group of three students during their professional practice: their class planning, methodology and students achievements. We believe that creativity is not just one more ingredient added to the processes of teachers’ studies, but part of the same process of forming mathematics teachers. This means not only proposing challenging problems for the future teachers, but also offering many different tasks like: poster elaboration, observation and video analysis in class, class projects, construction of teaching materials, advantages and disadvantages in using certain teaching materials, etc.

In view of this, we thought of making and carrying out a training dossier-site, which supports a partly on-line tasks project on the net, as guided practice, and we analyze some aspects about their creative potential, their carrying out, and some achievements. Our main hypothesis are: (a) if we confront the future teachers with rich experiences, these experiences will have an impact on their mathematics knowledge, (b) their repertoire will widen when shown a great variety of examples and challenges in learning scenarios, (c) an analysis based on professional content components, as well as aspects or levels of creations may enable us to assess the effects of the experience.  

2. THEORETICAL BACKGROUND
We think it is important to analyze teachers’ role in the creation of propitious environments for the creative teaching of mathematics. While the literature on creativity referring to the teaching of such subjects as arts abounds, it is scarce on teaching mathematics creatively (Higginson 2000) and even scarcer on teacher training in that sense. 

In this research we understand creativity in education as the group of elements that help include mathematics within the education process as something that develops a flexible thought, that motivates the construction of problems and situations, that promotes the solution of problems in real context and that improves imagination, all of it in an environment where both teacher and student enjoy mathematics; and where the students feel free to make mistakes and to learn from them. In this sense, for us, to mathematically train teachers in a creative way means to foster the ability to solve problems that allow the development of structures, recognizing their generation, besides identifying and communicating sagaciously the learners’ acquisition conflicts, in order to encourage future teachers in both mathematics production and difficulty confrontation. 
If the teachers have no experience whatsoever in any kind of creative work, how can they be able to inspire, guide, produce, help, or even recognize creative activity among their students? (Polya 1954). The development of this kind of creativity is part of the professional task of teachers, who are strongly influenced by the way in which they lived their own school mathematics. It is therefore necessary to influence their attitudes and the range of teaching methods during teacher training. It might be the only way to break the vicious circle (Kubinóva et al. 1999). That is why we intend to analyze the unfolding of the process, and see to what point the proposed tasks are creative experiences.
In the course of our research we considered and designed learning environment on five basic components (Jonassen y Roher-Murphy 1999):  problem-project space, case narratives and ICT resources, cognitive tools, and formation tools. We analyzed the unfolding of the lessons from a situated perspective. We tried to contrast not only the innovating design, but acknowledge professional progress among the students in specific areas  regarding three components in mathematics professional contents –mathematical (epistemologic), didactic (strategic-professional), and  attitudinal (Bairral 2003). In order to analyze the creative potential of tasks, we based our criteria on five components: originality, flexibility, fluidity, elaboration (Guilford 1970) and depth of knowledge. For an analysis of creative achievement, we introduced among the above basic indicators some specific aspects such as: interpretiveness, resolution of problems, problem proposal, presentation or communicative action, and, regarding context, cooperative work, etc.

3. METHODOLOGY

Our study comprises three parts: (a) analysis of 17 geometry tasks on the electronic  dossier (environment) supported by a written text guide (Codina et al 2003), from the creative potential and the perspective of partly on-line work from the theoretical background above (b) Interpretive observation of the achievements of both groups of 25 students, through a multiple case analysis. All of them are future primary teachers specializing in foreign language and physical education teaching at the University of Barcelona. 

About the situation and training tasks. The course called Basis for the Teaching of Mathematics, as part of the initial training for schoolteachers at the School of Teacher Training (Facultad de Formación del Profesorado) at the University of Barcelona. The course comprises 7,5 credits in 60 hours of classes that add up a total 150 effective hours of work that pre-school teachers have to accomplish according to the European guidelines. The subject aims at giving the basic elements to teach mathematics in elementary school. The course is divided in three big parts: general elements, arithmetic and geometry. The material includes, among other things, the development of on-line activities as guided practical activities. This site shows the problems that the pre-service teachers have, interactive tasks with basic mathematics and simulated situations of didactic preparation. The tutor helps and orients the complementary work which is considered adequate for a mastery of the subject.
Practical activities are performed individually or in class, without a specific control on the part of the tutor, whose role at this stage is to answer doubts. Communicative elements on-line are put forward, over which we won’t get into detail in this presentation. Then some results are explained through examples, in relation to: (a) creative potential of tasks, development and achievements. There are no specific activities to develop the attitude content.

4. CREATIVE POTENTIAL OF THE TASKS.
Of the 17 activities analyzed in the geometry block, 12 are of mathematics content and 5 of didactic content. The most frequent flexibility indicators are: observation stimuli, stimuli to use the environment as an element for mathematic knowledge, and fostering the relation of mathematics with other fields. See some remarks on an activity where students are asked to observe the sun movement in their own homes.

As for fluidity, we considered: motivation to use imagination and realism in the activity, fostering the making of comparisons, establishing similarities and differences, different types of representation, courage to express and communicate ideas, the promotion of discovery against a listing of contents, fostering the use of environment as an element for mathematics knowledge. We observed key elements in the curriculum from class situations and synthesis is encouraged. Determining the cardinal points takes the students to review geography and astronomy knowledge. Besides, we introduced a cultural component, by speaking of lunar calendars among Semites.

Through these remarks on the tasks we pointed at a number of creative aspects in the five components, which we cannot go into detail here for want of space.


5.  CREATIVE ACHIEVEMENTS AMONG THE STUDENTS
To observe creative traces in the responses of the future teachers in their job, we have chosen one task where students are proposed to prepare a class about measurements and problem solving including the provoking element tomato juice. This task was chosen due to the following reasons:

1.- It is a complete task: includes class planning, materials to use, contents explanation and even writing a possible dialogue that may occur during the class.

2.- The topic to develop is very concrete and simple.

3.- We work with the teacher’s didactic knowledge.

4.- One way in which the students make sense of mathematics and create is by giving their own examples. Students activate their own energies when they express their own generalizations, or specialize in building certain mathematical objects which possess certain properties and not others, characterize certain types of problems, identify learning styles for students of different ages, etc. (Mason 1999). We proposed a planning and positioning task to the future teachers. They had to prepare, and teach, a group of 9 and 10 year olds, on measures and problem resolution. The provoking element had to be tomato juice. The student-teachers had to imagine a beginning, write a possible dialogue, and what they would say as final synthesis to provoke reflection. 
TASK: Learning to be a teacher
Now you are a teacher by the end of elementary school years (9-10 years old). (a) You have to prepare a class about measurements and problem solution, and you want the provoking element to be tomato juice. (b) Explain the concrete contents that you are going to work with during the first 20 minutes of class. And do not forget to mention the didactic materials you need!! (c) Describe the phrase you would begin the class with. (d) Imagine and write a possible dialogue -among others- that you believe that will be produced during the class. (e) Explain a possible phrase that you would remark to provoke reflection and synthesis by the end of the class.

The responses of two groups of students was observed. Each group was formed by 25 learners who delivered a pack of activities by e-mail to each of their professors. On one hand, we chose to analyze the response of one of the students: Carolina, because this person, according to the observation instrument demonstrated almost a 90% in the creativity indicators. On the other hand, we made a multiple case design to analyze the response of several students that we considered showed high creative potential.

To observe the creative potential of the students’ responses at work, we used the following creativity indicators: originality, flexibility and fluency. In accordance to the description of the elements we elaborated the following measuring instrument that allowed us to recognize creative traces, Fig. 1.

	DETECTING TRAITS OF CREATIVITY

	Indicator
	Creative Traces

	Originality
	Stimulates the use of innovative materials.

Invents challenging problems.

Permits the creative use of the surroundings.

Applies procedure contents with practical and everyday proposals.

	Flexibility
	Can take advantage of a work object for different mathematic contents (in this case, uses tomato juice efficiently)
Encourages discovering

Asks divergent questions.

Stimulates observation.

Promotes relations with other study fields.

Provokes debates, discrepancy and idea discussions.

Takes into account knowledge applications.

Stimulates inductive reasoning.

Facilitates collaborative learning.

Permits different difficulty levels in different areas.

	Fluency
	The student elaborated the explanation of the activities to accomplish in class.

Uses different teaching techniques.

Motivates the use of imagination in the activities.

Presents different kinds of exercises and activities for one concept.

Uses different types of representation: graphic, oral and written.

Helps making comparisons, establishing similarities and differences.

Helps establishing relations among concepts.

Incites expressing and communicating ideas.


Fig. 1
6. CAROLINA’S CASE

Carolina is a student at the Language Teacher Diploma course in the Magisterio (the school of Education). Studies the basic subjects for the Mathematics Teaching for the first time. She assists regularly to class. She is attentive in class, participates in the activities and contributes frequently in class. In the following section we will analyze three examples of her response in which we identified marks of creativity, Fig. 2. 
	CAROLINA’S CASE

	Response
	Trace
	Explanation

	Do you think we could live without using measures?
	Originality:

Makes divergent questions to open debate and discussion in class.
	This kind of questions are considered divergent because they incite students to imagine uncommon or unconventional situations.

	I propose you an exercise: try to make a list during a whole day, of all the measurably things you use: from the milk you drink for breakfast, to the points at a basketball game.

The next day try to imagine what would it happen if we did not measure all the things in the list. And then, write in another piece of paper the possible consequences to comment about it  the next class, ok?
	Flexibility:

Recognizes observation as a principal didactic value in teaching tasks.

Relates mathematics with the surroundings in constructing innovative tasks.
	With this activity the student-teacher stimulates her students to observe their environment.

Besides, she is not only thinking in one kind of measurements, but in several.

Maybe the most important of this strategy is that she fosters the divergent thought and imagination. Also values the importance of mathematics in everyday life.

	Example: Let’s imagine that we are going to buy tomato juice and that when we arrive to the supermarket we see:

Tomato juice     tomato juice

1.5 Euros          2.5 Euros

1000 ml.           2000 ml

Which of the two has a better price in relation with the content?


	Flexibility:

Recognizes observation as a principal didactic value in teaching tasks.

Relates mathematics with the surroundings and everyday life.

Detects meanings to formulate problems in different contexts.


	In this problem, the student-teacher stimulates the students to perform several operations: multiplications, additions and subtractions.

The problem is related to everyday life. How many times people buying in the markets need to perform this kind of operations?

She also works observations and comparisons. The graphic representations of  the cans is peculiar because the one containing more juice is smaller than the other. This may incite some discussion in class in relation with the answer to this problem.


Fig.2
7. CONCLUSION

The implementation of the site-dossier as a partly on-line experience allows to provide interactive ways for some well elaborated material, personalize work with a minimum of additional cost, support a great variability of problems, overcome obstacles: person/institution/material and authorization/ institution, with original formulae. Besides, it offers the opportunity for the student to build joint knowledge, even outside of class time, as they can deepen in their professional development with mediating elements provided to them. Future teachers have faced rich experiences which they have overcome, not only in didactic component, but also in mathematics and attitude. The overall positive results with creative traits in the answers show us the success of the experience and the need for  reflection time and well-defined tasks in different domains in professional content. Even so, it is not easy to obtain a creative thought generating unique mathematical products by transforming existing ones.
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