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In this report we explore the implications of some challenging pattern problem solving 
tasks in the development of mathematical ability and creativity of students (future 
teachers). Solving challenging tasks usually requires creative thinking and our recent 
work in a project about patterns in the teaching and learning of mathematics showed 
that patterns can give a positive contribution to the development of mathematical 
ability and creativity for all students. So our main concern is to analyze, through some 
elementary classroom episodes, the contribution of pattern tasks to promote creative 
solutions by students. 
 

INTRODUCTION 
The major purpose of teachers is that students develop an increasing mathematical 
ability that allows them to solve the different problems they face inside and outside 
school. Innovation and creativity play an important role, being a dynamic 
characteristic that students must develop. Creativity begins with curiosity and engages 
students in exploration and experimentation tasks where they can translate their 
imagination and originality (Barbeau & Taylor, 2005). Research findings show that 
mathematical problem solving and problem posing are closely related to creativity (e.g. 
Pehkonen, 1997; Silver, 1997). So, learning environments with problem 
solving/posing activity should be used in our classes in order to develop students’ 
creativity. Challenging tasks usually require creative thinking and our recent work in a 
project about patterns in the teaching and learning of Mathematics showed that 
patterns can contribute to the development of mathematical ability and creativity of 
students. So our purpose as mathematics educators is to provide all students (including 
future teachers) creative approaches for solving any problems and to think 
independently and critically. This way, future teachers should themselves develop 
these skills and go through the same type of tasks that they will offer their students. 
 

THEORETICAL FRAMEWORK 
Creativity, problem solving and patterns 
Mathematical creativity is a rather complex phenomenon. Mann (2006), in an 
examination of the research about how to define mathematical creativity, found that 
there is a lack of an accepted definition for mathematical creativity since there are 
numerous ways to express it. But we can notice that there are some commonalities in 
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the different attempts to define creativity that are: (1) it involves divergent and 
convergent thinking; (2) it has mainly three components/dimensions that are fluency, 
flexibility, and originality (novelty); and (3) it is related to problem solving and 
problem posing (including elaboration and generalization).  
(1) Divergent and convergent thinking are both important aspects of intelligence, 
problem solving and critical thinking. Convergent thinking is a way of thinking 
oriented to obtain a single response to a situation. The solver is good at bringing 
material from a variety of sources to bear on a problem, in such a way as to produce the 
"correct" answer. It usually involves a thinking process that follows some set of rules 
or logic, while divergent thinking looks towards the problem, analyzing all the possible 
solutions and seeking the best solution to the problem. Here the solver is in broadly 
creative elaboration of ideas prompted by a stimulus. It is the opposite of convergent 
thinking, a creative process that involves trying to imagine as many possible solutions 
as one can. In contrast to convergent thinking, divergent thinking is usually more 
spontaneous and free-flow. People who have divergent thinking try to keep their mind 
open to any possibilities that are presented to them. The more possibilities they come 
up with, the better their divergent thinking is. Divergence is usually indicated by the 
ability to generate many, or more complex or complicated, ideas from one idea 
(Hudson, 1967).  
(2) Components of Creativity: fluency, flexibility and originality. Fluency is the ability 
to generate a great number of ideas and refers to the continuity of those ideas, flow of 
associations, and use of basic knowledge. Silver (1997) defines it as apparent shifts in 
approaches taken when generating responses. Flexibility is the ability to produce 
different categories or perceptions whereby there is a variety of different ideas about 
the same problem or thing. It reflects when students show the capacity of changing 
ideas among solutions. Originality is the ability to create fresh, unique, unusual, totally 
new, or extremely different ideas or products. It refers to a unique way of thinking. 
With regard to mathematics classrooms, originality may be manifested when a student 
analyzes many solutions to a problem, methods or answers, and then creates another 
one different.  
(3) Research has shown that the formulation and solution of problems in mathematics 
are closely related to creativity (Barbeau & Taylor, 2005; Silver, 1997). Tasks that can 
promote the above dimensions must be open-ended and ill structured, assuming the 
form of problem solving, problem posing (including elaboration and generalization) 
and mathematical explorations and investigations. Rather than closed problems with a 
single solution, students should be provided open-ended problems with a range of 
alternative solution methods (Fouche, 1993, as cited in Mann, 2006). Problem posing 
can be a powerful strategy to develop problem solving skills and to have good problem 
solvers; on the other hand, to formulate meaningful mathematical problems, it is 
necessary to be a good problem solver. 
Patterns are a powerful tool in the mathematics classroom and can suggest several 
approaches, as well as they permeate all mathematics, and their study makes possible 
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to get powerful mathematical ideas as generalization 
and algebraic thinking, where visualization can play an 
important role. Indeed, according to several authors, 
patterning tasks have creative potential as they may be 
open-ended, allow a depth and variety of connections 
with all topics of mathematics, both to prepare students 
for further learning and to develop skills of problem 
solving and posing, as well as communication (NCTM, 
2000; Orton, 1999). Figure 1 summarized the ideas 
above. 

Figure 1: A path to creativity 
Teachers and creativity 
Learning heavily depends on teachers. One of the major obstacles to reforms is 
teachers’ lack of familiarity with innovative instructional practices and tools. Teachers 
must have an in-depth understanding of fundamental mathematics and of the 
mathematical thinking of their students to support the development of their 
mathematical competence (Hiebert et al., 2007; Ma, 1999). The basic purpose of a 
math class is that students learn something about a particular topic that was planned by 
the teacher. Teachers must interpret the curriculum and select good curricular materials 
and strategies to use in the classroom. To achieve this, teachers should propose tasks 
involving students in a creative form, and also be mathematically competent to analyze 
their students’ resolutions. Research shows that what students learn is greatly 
influenced by the tasks they are given (e.g. Doyle, 1988, Stein & Smith, 2009). 
Therefore, it is important to have good mathematical tasks. A task is good when it 
serves to introduce fundamental mathematical ideas, is an intellectual challenge for 
students and allows different approaches (NCTM, 2000). Tasks must develop new 
approaches and creative ideas, so they must provide multiple solutions in order to raise 
the student flow of mathematical ideas, flexibility of thought and originality in the 
responses. Teachers must encourage students to create, share and solve their own 
problems, as this is a very rich learning environment for the development of their 
ability to solve problems and their mathematical knowledge. Creativity is a dynamic 
characteristic that students can develop if teachers provide them appropriate learning 
opportunities (e.g. Leikin, 2009). Creativity is a topic that is often neglected within 
their mathematics teaching usually because they didn't realize its importance in 
mathematics and mathematics education. Creativity should be an intrinsic part of 
mathematics for all programs (Pehkonen, 1997). 

METHODOLOGY 
We adopted a qualitative exploratory approach with elementary pre-service teachers, 
to understand in what way a didactical experience through challenging tasks, grounded 
on figural pattern problems, is a suitable context for promoting creativity in students 
solutions, in particular in getting creativity ways of expression of generalization. This 
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proposal emphasizes the figurative contexts of patterning as a way to reach 
generalization, through meaningful representations, in particular the algebraic (or 
numeric) expressions. The aim of this exploratory study is to note some of the 
diversified views from the perspectives of pre-service mathematics teachers on 
improving the creative thinking in solving patterning tasks, in figurative problem 
solving contexts. Our two main questions were: Did the pattern tasks in figurative 
contexts promote multiple solutions? How can we characterize creativity when 
students solve challenge pattern tasks in figurative contexts? The participants in the 
study were twenty-three elementary mathematics pre-service teachers during the 
didactics of mathematics classes of the 3rd academic year. The pattern didactical 
proposal has a sequence of tasks: counting, repeating and growing patterns, and pattern 
problems. However, in this paper we will only analyze the counting and growing 
pattern tasks. The data collected in a holistic, descriptive and interpretive way includes 
classroom observations, notes and documents (e.g. worksheets, tests, individual 
works).  
The major difficulty that we found was how to measure creativity. As we are 
uncomfortable yet with a psychometric evaluation in this first approach, we chose to follow the 
basic ideas of the authors (Conway, 1999; Silver, 1997) without assigning a score to each 
student but making a global analysis. We followed the suggestion to measure creativity of 
students through the three dimensions according to Silver (1997) and Conway (1999). 
They suggested that fluency can be measured by the number of correct responses, 
solutions, obtained by the student to the same task in a process that Silver (1997) 
describes as multiple solution task. Flexibility can be measured with the number of 
different solutions that the student can produce organized in different categories or 
perceptions, whereby there are a variety of different ideas about the same problem or 
thing; that is, analyzing the number of different categories. And originality can be 
measured analyzing the number of responses in the categories that were identified as 
original, by comparison with the percentage of students in the same group that could 
produce the same solution. This mean can be assessed, as is the statistical infrequency 
of responses in relation to peer group responses. It is rather difficult to measure mainly 
the component of originality, which is for many authors the dimension that should 
out-top (Besemer & O’Quin, 1999). As these authors refer, this category can be 
highlighted by asking, “how often would this solution be found?” To overcome this 
difficulty where suggested to hear the opinion from a peer about the resolution. In this 
exploratory study we didn’t measure the solutions but only analyzed them globally: the 
most common and the most original according to the frequency of the responses. 
 

RESULTS AND DISCUSSION 
During the didactical experience several tasks of different kinds were used. We present 
here three of those pattern tasks that require producing various and different responses. 
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In this paper, we shall highlight the creative responses of the group of students 
involved in the modeling tasks. The description of the tasks is in Figure 2. 
Task 1 - The shells 
The sea girl 
organized the shells  
she caught yesterday 
like the figure shows.  
Can you find a quick 
process to count 
them? Discover as 
much ways as you can. 

Task 2- Squares 
Observe the growing pattern. 

 
 
 
 
 

1. Draw the next figure. 
2. Write the expression of the nth term. 
 Task 3 - Dots 

Observe the dots in the figure.  
1. Imagine that this is the 1st term of a sequence. Draw the next terms. 
2. Write a numerical expression translating a way to calculate the nth number term of 
the sequence.  
3. Imagine that the sequence you draw began with the 2nd term. Draw the 1st term. 

Figure 2: Pattern tasks 
Task 1. This type of task requires students to see the arrangement in different ways 
connecting previous knowledge about numbers relationships and their connections 
with basic geometric concepts. There are different ways to count the arrangement of 
the shells and each counting can be respectively written through a numerical 
expression that translates the students’ thinking and seeing. Figure 3 illustrates the 
summary of the most common resolutions, with the expressions corresponding to each 
way of “seeing”. 

    
4+4+6+6+6+6+4+4  

(20) 
2x4+2x6+2x6+2x4 

(16) 
10 x (2x2) 

(10) 
4x2+6x2+6x2+4x2 

(9) 

Figure 3: Summary of students’ most common responses on task1 
These expressions can be verbalized as the following: “I see the shells in horizontal 
rows each one with 4, 4, 6, 6, 6, 4 and 4 shells” or “One rectangle of 2 by 4, another 
rectangle of 2 by 6, another of 2 by 6 and a last one of 2 by 4” or “I see ten squares of 2 
by 2”. It is important that teachers allow students to discover that each expression 
illustrates one way of seeing but they are all equivalent and correspond to the same 
number of shells, 40. Figure 4 illustrates the most original responses. 
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(4X4)+4+4+ (4X4)        (4) 4x4+6x4                    (2) 3x(4x4) – (4+4)           (2) 10 x 4                      (1) 

Figure 4: Summary of students’ most original responses on task1 
Our expectations of students’ creativity in this task lay in the different original ways of 
seeing/counting the number of shells. In this class we considered that these four 
students present the most original solutions, as has the statistical infrequency of 
responses in relation to peer group of responses. We claim that a previous work with 
counting tasks in figurative settings can be a particularly good way to develop skills of 
seeing (identification, decomposition, rearrangement) to facilitate similar processes in 
growing pattern tasks (Vale & Pimentel, 2011). 
Task 2. We intended that students look for a pattern in a figurative sequence, describe it, 
and produce arguments to validate it using different representations. The previous 
work with visual counting may help to see a visual arrangement that changes in a 
predictable form and write numerical expressions translating the way of seeing, in 
order to make possible the generalization to distant terms. Students use different 
representations, more or less formal, to solve this task. They achieve a general rule 
through schemes and drawings or tables, but mainly using functional reasoning that 
allowed them to accomplish far generalization. We will regard only to the different 
ways of seeing the pattern to get far generalization, as we are convinced that is the most 
important aspect of solving this tasks in which students can be creative. Figure 5  
illustrates different ways of seeing the 3rd term of the sequence. 

   
 

nxn+4        
(10) 

nxn+4x(n+2)    
(3) 

nxn+4x2+4xn 
(3) 

(n+4)2–4x(n+2)   
(1) 

Figure 5: Summary of students’ responses on task2 
The same criterion of the previous task was used to analyze the students’ work. The 
first solution was the most common and to get the general rule students used other 
representations, mainly a table to relate the number of the figure in the sequence and 
the number of squares, according to the way they saw the pattern. The last way was 
used only by one student, that applied deconstructive reasoning (Rivera, 2009). 
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Task 3. This task has the same objectives of the others but also formulating additional 
data, according to the solution presented for each student. Figure 6 synthesizes all the 
answers. 

 

 
3+1+(n-1)x2                                   (8) 4+(n-1)x2                                              (7) 

  
 (n+1) (n+2)/2                                 (1) 2+ n2                                                                           (1) 

Figure 6: Summary of students’ responses on task3 
This task wasn’t completely solved by all the students. The table includes only 17 
answers (n=21), from the students who completed the task. It was difficult for them not 
to invent the next terms starting from the given term, but they worked backwards to 
discover the new first term. The last two solutions were the most original since only 
two students presented them.  

CONCLUDING REMARKS 
Creativity is a field that we are just beginning to explore but this allowed us to 
experience the construction of some tasks that, in addition to the mathematical 
concepts and processes they involve, mainly generalization, allow students multiple 
solutions. We observed that two of the components of creativity, fluency and 
flexibility, were largely identified mainly in the counting tasks. Each task is 
intentionally not designed to assess only one component of mathematical creativity 
although, in some cases, one of the components is more relevant. We must look for 
ways to improve originality that in this class not had high results. Students need to be 
encouraged to seek unusual and original responses, since this strategy represents a way 
to get solutions to difficult problems or a path to creative solutions. The most 
successful problem solver is the individual who can apply diverse approaches 
(Conway, 1999). It is important that future teachers become themselves creative 
thinkers and they must be aware to act in the same way with their own students. They 
need to recognize that both flexibility and originality encourage divergent thinking, 
which promotes higher-level thinking. Classroom teachers should examine their 
teaching practices and seek out appropriate curricular materials to develop 
mathematical creativity. The challenge is to provide an environment of practice and 
problem solving that stimulates creativity that will enable the development of 
mathematically competence in all students. Our concern was not to categorize students 
but to identify potentialities in the tasks to develop creativity in students, detecting 
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their mathematical strengths or weaknesses. This work obviously aimed also to 
identify potentially creative students.  
References  
Barbeau, E.  & Taylor, P. (2005). Challenging mathematics in and beyond the classroom. 

Discussion document of the ICMI Study 16. http://www.amt.edu.au/icmis16.html 
Besemer, S. P.& Quin, K. (1987). Creative product analysis. Testing a model by developing a 

judging instrument.. In S. G. Isaksen (Ed.), Frontiers of creativity research. Buffalo, NY: 
Bearly. 

Conway, K. (1999). Assessing open-ended problems. Mathematics Teaching in the Middle 
School, 4, 8, 510-514. 

Doyle, W. (1988). Work in mathematics classes: The context of students’ thinking during 
instruction. Educational Psycologist, 23, 167-80. 

Hiebert, J., Morris, A, Berk, D. & Jansen, A. (2007) Preparing Teachers to Learn from 
Teaching, Journal of Teacher Education, 58, 1, 47-61. 

Hudson, L (1967). Contrary Imaginations; a psychological study of the English Schoolboy 
Harmondsworth: Penguin. 

Leikin, R. (2009). Exploring mathematical creativity using multiple solution tasks. In R. 
Leikin, A. Berman and B. Koichu (Eds.), Creativity in mathematics and the education of 
gifted students. (pp. 129-145).  Rotterdam, Netherlands: Sense Publishers. 

Ma, L. (1999). Knowing and teaching mathematics: Teachers' understanding of fundamental 
mathematics in China and the United States. Mahwah, NJ: Lawrence Erlbaum.  

Mann, E.  (2006). Creativity: The Essence of Mathematics, Journal for the Education of the 
Gifted, 30, 2, 236-260 . 

NCTM. (2000). Principles and standards for school mathematics. Reston, VA: National 
Council of Teacher of Mathematics. 

Orton, A. (1999). Pattern in Teaching and Learning of Mathematics. 
London: Cassel. 

Pehkonen, E. (1997). The State-of-Art in Mathematical Creativity, ZDM, 29, 3, electronic 
edition. 

Rivera, F. (2009). Visuoalphanumeric mechanisms that support pattern generalization. In I. 
Vale & A. Barbosa (Orgs.), Patterns: Multiple perspectives and contexts in mathematics 
education (pp.123-136). Viana do Castelo: Escola Superior de Educação. 

Silver, E. (1997). Fostering creativity through instruction rich in mathematical problem 
solving and problem posing. ZDM, 3, 75-80. 

Stein, M., & Smith, M. (2009). Tarefas Matemáticas como quadro para a reflexão. Educação 
e Matemática, 22-28. 

Vale, I. & Pimentel, T. (2011). Mathematical challenging tasks in elementary grades, In M. 
Pytlak, T. Rowland & E. Swoboda, Proceedings of the Seventh Congress of the European Society 
for Research in Mathematics Education, pp.1154-1164. Rzeszow: ERME. 

http://www.amt.edu.au/icmis16.html

	Fundamental Ideas: A Means to Provide focus and Identity in Didactics of Mathematics as a Scientific Discipline?
	Introduction
	Theories in didactics of Mathematics
	Fundamental Ideas
	Towards a definition of fundamental ideas

	An Example
	Further applications of Fundamental Ideas
	Epilog
	References


	"THE MAIEUTICAL DOGGY": A WORKSHOP FOR TEACHERS
	BACKGROUND
	THEORETICAL AND INTERPRETIVE FRAMEWORK
	Mc activities in the Math classroom. A classification
	Maieutics: "giving birth to truth"

	THE "MAIEUTICAL DOGGY": A WORKSHOP FOR TEACHERS
	About the design of the workshop and its application
	Empirical results encountered in the Workshop

	FINAL CONSIDERATIONS
	References


	First Grade Students’ Early Patterning Competence: Cross-Country Comparisons Between Hongkong and the United States10F
	Context of the Study
	Methodology
	Description of Data Analysis And Summary Tables
	Results
	Discussion
	References


	ENRICA’S EXPLANATION: MULTIMODALity and gesture
	Introduction
	Theoretical Frame: Multimodality & Gesture
	MEthods
	DATA: Enrica’s Explanation
	Analysis of Enrica’s DISCOURSE
	Discussion
	References


	Heuristics in the problem solving processes of fifth graders
	background
	Design of the study
	Methodology
	Results
	Discussion and conclusions
	References


	dynamic geometry, implication and abduction: a case study
	Introduction
	theoretical remarks
	research context
	Case study
	Conclusions
	References


	the teacher’s oral communication during whole-class Discussions
	Introduction
	Theoretical Framework
	Methodology
	Results
	Dynamics
	Focus
	Pedagogical direction and intention

	Conclusions
	References


	EFFECTS OF TREATING MULTIPLE SOLUTIONS WHILE SOLVING MODELLING PROBLEMS ON STUDENTS’ SELF-REGULATION, SELF-EFFICACY EXPECTATIONS AND VALUE
	Introduction
	Theoretical background
	Self-regulation, self-efficacy expectations and value
	Multiple solutions while problem solving
	Multiple solutions and modelling
	Learning environments for treating modelling

	Research questions
	Method
	Design and sample
	Treatment
	Measures

	Results and Discussion
	Research question 1
	Research question 2
	Research question 3
	References


	Constructing the percent concept through integrative Modelling Activities based on the realistic   approach
	Theoretical Background
	Method
	Findings
	Reorganizing the existing knowledge
	Constructing the New Knowledge- Percent Concept

	Discussion
	Reference


	Emergence of Students’ values in the Process of solving the socially open-ended problem
	Background of research
	literature review on values in mathematics education
	Mathematical values
	Social (human) values
	Personal values

	Research Objective and Methodology
	Analysis and conclusions of Teaching
	future issues
	References


	CHaracterizing the reification Phase of variables in functional relation through a teaching experiment in a sixth grade classroom
	Theoretical perspectiveS
	MethodoLogy
	A teaching experiment in a sixth grade classroom
	Epistemological orientation towards instructional design
	Instructional tasks and aims
	Describing the actual classroom activities
	Characterizing students’ conceptions in classroom activities

	Final Remarks
	References


	TEACHERS' PERCEPTIONS OF  MATHEMATICAL CREATIVITY AND ITS NURTURE
	INTRODUCTION
	LITERATURE BACKGROUND
	THE STUDY
	RESULTS AND DISCUSSION
	SUMMARY AND IMPLICATIONS
	References


	Equivalence of rational expressions: Articulating syntactic and numeric perspectives
	INTRODUCTION AND BRIEF LITERATURE REVIEW
	THEORETICAL FRAMEWORK
	METHODOLOGICAL CONSIDERATIONS
	ANALYSIS
	DISCUSSION
	References


	FROM EUCLID TO GPS :  designing aN innovative Spatial coordination activity with mobile technologies
	Introduction
	research objective
	Design research as a methodological framework
	affordances as an instrument for collaborative design
	Bricolage of pure mathematics and modern psychology
	Figure 1: Illustration of Proposition 22 in Book 1 of Euclid’s Elements.

	Design of the activity
	Figure 3: Distribution of points for the tasks (unit: meter).
	Figure 4: Picture from the outdoor activity and the display of the mobile device

	learning trajectories and affordances
	References


	“ways of looking” at QUOTIENT SPACES in linear algebra. HOW TO GO BEYOND THE MODERN DEFINITION?
	MOTIVATION AND FRAMEWORK
	THE MODERN DEFINITION. WHAT IS NEEDED TO UNDERSTAND IT?
	Different conceptions and representations of qvs in LA
	QVS in Ausdehnungslehre of 1844 by Hermann Grassmann
	QVS in Algèbre Linéaire et géometrie Élementaire by Dieudonné.
	QVS in Finite- dimensional vector spaces by Halmos.
	Other conceptions of quotients in and BEYOND LA

	DISCUSSION
	Acknowledgements
	References


	comparing realistic geometric Pictures
	Introduction
	Pictures

	Realistic geometric pictures
	To what extent do realistic (geometric) pictures resemble each other?
	Case (i)
	Case (ii)
	When is it appropriate to say that one picture is more realistic than another?
	Realistic Representation

	Summary and Conclusions
	References


	a Regional survey of taiwan students performance in geometric construction
	INTRODUCTION
	Conceptual framework
	Method
	results
	conclusion and disscusion
	References


	USING LARGE-SCALE ASSESSMENT DATA TO GLEAN TEACHER CHARACTERISTICS THAT PREDICT MATHEMATICS ACHIEVEMENT in Latinos/ESL5F
	iNTRODUCTION
	Research questions:
	BACKGROUND LITERATURE
	Data
	References


	aspects that play an Important role in the solution of complex algebraic problems
	INTRODUCTION
	THEORETICAL FRAMEWORK
	METHODOLOGY
	RESULTS AND DISCUSSION
	CONCLUSIONS
	References


	Children’s Development of Multiplicative Reasoning: A Schemes and Tasks Framework
	Introduction
	Conceptual Framework
	A Framework of Multiplicative Schemes and Tasks
	Tasks for Fostering Multiplicative Schemes
	A Six-Scheme Developmental Framework

	Discussion
	References


	ARGUMENTATION IN UNDERGRADUATE MATH COURSES :A STUDY ON PROOF GENERATION
	INTRODUCTION
	theoretıcal framework
	The Toulmin Model
	Argumentation in  Classroom Proving Process

	METHODOLOGY
	CONCLUSIONs
	References


	pattern PRoblem Solving Tasks As a MEan to foster creativity in Mathematics
	Introduction
	THEORETICAL FRAMEWORK
	Creativity, problem solving and patterns


	Teachers and creativity
	METHODOLOGY

	The major difficulty that we found was how to measure creativity. As we are uncomfortable yet with a psychometric evaluation in this first approach, we chose to follow the basic ideas of the authors (Conway, 1999; Silver, 1997) without assigning a sco...
	results and discussion

	During the didactical experience several tasks of different kinds were used. We present here three of those pattern tasks that require producing various and different responses. In this paper, we shall highlight the creative responses of the group of ...
	Task 1. This type of task requires students to see the arrangement in different ways connecting previous knowledge about numbers relationships and their connections with basic geometric concepts. There are different ways to count the arrangement of th...
	These expressions can be verbalized as the following: “I see the shells in horizontal rows each one with 4, 4, 6, 6, 6, 4 and 4 shells” or “One rectangle of 2 by 4, another rectangle of 2 by 6, another of 2 by 6 and a last one of 2 by 4” or “I see ten...
	CONCLUDING REMARKS
	References


	how students understand Aspects of linearity: searching for obstacles in representational flexibility
	theoretical and empirical background
	METHOD
	RESULTS
	CONCLUSIONS AND DISCUSSION
	REFERENCES

	Searching for a whole number bias in secondary school students – a reaction time study on fraction comparison
	theoretical and empirical background
	The whole number bias in comparing fractions
	Intuitive and analytic processes in mathematical problem solving
	Research questions and hypotheses

	METHOD
	RESULTS
	Accuracy
	Reaction times

	CONCLUSIONS AND DISCUSSION
	REFERENCES

	MATHEMATICAL COMMUNICATION IN THIRD-GRADERS’ DRAWINGS IN CHILE AND FINLAND
	PUPILS’ DRAWINGS AS A RESEARCH OBJECT
	The focus of the study

	METHODS
	Participants and data gathering

	RESULTS
	Comparison of primary education in Chile and Finland
	Results from the Finnish drawings
	Results from the Chilean drawings
	Comparison of results

	CONCLUSION
	References


	Teaching Children to Solve Mathematical Word Problems in an Imported Language
	THEORETICAL FRAMEWORK
	METHODOLOGY
	Interview Assessments
	Pedagogical Intervention

	Results
	Children’s difficulties
	Intervention outcomes

	DISCUSSION
	Children’s difficulties
	Intervention outcomes

	GENERAL DISCUSSION AND IMPLICATIONS
	References


	comparison of mathematical language-related teaching competence of future teacHers from taiwan and the united states
	Introduction
	Research mEthod
	Conceptual framework
	Participants
	Design and instrument
	Data processing

	Research Findings
	Percent corrects of TR and CE
	In-depth analysis of TR and CE

	Conclusion
	References


	An Investigation on the Project-based Learning of Mathematically gifted Elementary Students
	Introduction
	Literature Review
	Research Methods
	Research Subjects
	The Course Structure and Its Implementation
	Data Collection

	Results & Discussion
	Conclusion & Suggestion
	REFERENCE


	Designing professional learning tasks for mathematics learning trajectories
	Introduction
	Background
	Theoretical Perspectives
	TEACHER LEARNING and professional learning tasks
	Learning Trajectory Professional Learning Tasks
	An Example
	Conclusion
	Note: This report is based upon work supported by the National Science Foundation under grant number DRL-1008364. Any opinions, findings, and conclusions or recommendations expressed in this report are those of the authors and do not necessarily refle...

	References

	UNIVERSAL AND EXISTENTIAL QUANTIFIERS REVISITED
	Introduction
	THE THEORETICAL FRAMEWORK/METHODOLGY
	TEACHING EXPERIMENT
	ANALYSIS OF THE INTERVIEWS
	Missing Integration
	Impact of the natural language on student understanding

	CONCLUSIONS
	State of student knowledge
	Appendix: The instrument of assessment
	References


	Recognizing texts in undergraduate mathematics
	References

	VIDEO AS RESOURCE FOR MATHEMATICAL VISUALIZATION
	References

	Assessing young children’s understanding of multiplication
	References

	Three quality components of epistemic processes
	Reference

	use of different symbolic representations                   in the teaching of combinatorics
	Acknowledgements: This research was partially financed by the Fundação de Amparo à Ciência e Tecnologia do Estado de Pernambuco (Facepe – APQ 1095-7.08/08) and by the Conselho Nacional de Desenvolvimento Científico e Tecnológico (MCT/CNPq – 476665/200...
	References

	developing statistical literacy:  a design experiment APPROACH to probabilities applied in natural sciences1
	References

	The mathematics inquiry-based classroom practice OF CELIA8F
	References

	Mental computation with rational numbers: an experience with grade 5 STUDENTS
	References

	Meaning of the PART-WHOLE RELATION AND THE CONCEPT OF FRACTION FOR PRIMARY TEACHERS
	Acknowledgement
	References

	Do teachers with different religious beliefs hold different values in math and math TEaching?
	References

	Enumeration and magnitude comparison as indicators of mathematics difficulties
	Introduction
	Method
	Results and Discussion
	References

	COLOR EFFECTs IN READING GEOMETRY PROOFS: EVIDENCE FROM EYE MOVEMENTS AND RECALL TESTs
	References

	On Students’ Cognition in Proportional Computation
	References

	What Affect The Change From Additive To Multiplicative Reasoning
	References

	THE DIFFERENCES OF 2ND TO 6TH GRADERS’ ABILITY OF FINDING HIDDEN PROBLEM FROM TWO-STEP PROBLEMS
	Acknowledgements
	References

	The process of conjecturing a conditional proposition in dynamics geometry setting
	Reference

	students’ mathematical interactions in                      whole group work
	Acknowledgments
	References

	Exploring Students’ learning motivation toward mathematics under a conjecturing-based teaching context
	Reference

	the influence of conjecturing-centred inquiry teaching on vocational high school students’ mathematical learning achievements
	References

	Making SENSE OF MATHEMATICS THROUGH PERCEPTION, OPERATION & Reason: The case of trigonometric Functions
	Reference

	Develoment of Covariational Reasoning ability In a LOGO-BASED Javamal Microworld
	Acknowledgement
	References

	FORMAL AND INFORMAL reasoning processes in comparing and ordering raTionaL NUMBERS9F
	References

	university Students’ incoherent Concept definition images of continuity and asymptotes
	References

	HOW DO TEACHER EDUCATORS AND INDIGENOUS TEACHERS, JOINTLY, CONTRIBUTE FOR THE REVITALIZATION OF A NATIVE LANGUAGE?
	References

	which qualities did aspiring teachers value in their ‘best’ mathematics teachers?
	References

	using dynamic geometry to gain fresh insight into how students visualise 2-dimensional shapes
	References

	An analysis of mathematical modelling in swedish textbooks in upper secondary school
	Reference

	Content Analysis of the New First Year Secondary Mathematics Textbook from Teachers’ Perspective
	References

	Can Students learn PROBLEM SOLVING with a DynamiC Geometry Environment (DGE)?
	References

	Assessing Learning and Specific Mathematical Teaching Practices in Advanced Algebra Classrooms
	young students learning order within formal algebraic notation
	References

	knowledge of Assessment AMONG novice ELEMENTARY mathematics, Their behavior and the linkage
	Theoretical Background
	Methodology and Some Research Findings
	References

	Substantial Learning Environments                                      in pre-service teacher training
	References

	equal signs in Taiwanese elementary mathematics textbooks
	References

	the types and implementation of mathematics tasks in three teachers’ mathematics teaching
	Reference

	Opportunities to become Aware of values and The significance of learning Mathematics
	References

	LESSON STUDY BASED PROFESSIONAL DEVELOPMENT :         A CASE STUDY OF SCHOOL PROJECT IN THAILAND
	References

	Teachers’ reflections on a mathematical task of teaching: teachers’ knowledge when figuring out non-standard students’ work
	References

	Gifted Students’ constructing pre-formal probabilistic language
	References

	Developing Algebraic Structure Sense: A Study to Support Instruction and inform theory
	References

	Secondary inservice teachers’ knowledge of students’ thinking in pattern generalization
	References

	Changing Thai teachers’ values about teaching mathematics in pilot schools implementing Lesson Study and Open Approach
	References

	Lessons on Angles in Korean and U.S. Elementary Mathematics Curricula
	Measuring professional Competencies of Primary School Mathematics Teachers
	References

	Intuitive Rules in Descriptive Statistics Reasoning
	References

	One teacher's struggle to teach equivalent fractions with meaning making
	References

	Applying theoretical knowledge to reflect professional development in elementary school mathematics instruction using a learner-centered approach
	STUDENT generated examples as a pedaogoical TOOL: the case of algebraic expression
	References

	A Study on Parents Attending Math Study Group Designed by Grade One Elementary School Class Teacher
	References

	A Survey Study on Parental Involvement in Mathematics Learning for Elementary School Children
	References

	Facilitating Prospective Secondary Mathematics Teachers’ Learning through iMovies and games
	Methods and Results

	The Differences of mental number line representation between students with and without math learning disabilities
	References

	Using non-prototype examples to help students explore quadrilaterals: an action research
	References

	The relationship of mathematics ability and achievement emotions
	Reference

	Professional learning of pedegogical leaders
	References

	‘NOT NORMAL’ CLASSROOM NORMS
	Reference

	EMERGING DEVELOPMENT of ELEMENTARY SCHOOL MATHEMATICS TEACHER LEADERS
	References

	“we percieve two minutes to be a fast achievement whyle for robots this presents a life time”: ANALYSING MATHEMATICS LEARNING FROM A SITUATED PERSPECTIVE
	References

	DEVELOPING MATHEMATICAL REASONING WITH REAL NUMBERS: A STUDY WITH GRADE 9 PUPILS
	References

	Framing children practices in science and mathematics in a free open learning site
	References

	Isometries and Patterns – a creative approach
	References

	Instructors’ Practical Rationality in  community college trigonometry
	References

	DIALOGUE IN LANDSCAPE OF INVESTIGATION: ACCEPTANCE AND RESISTANCE
	References

	conceptualizations of slope as outlined in the u.s. common core state standards initiative
	References

	A MODELLING OF MISCONCEPTION IN MATHEMATICs LEARNING: THE CASE OF the LAW OF SMALL NUMBERs
	References

	AN INSTRUMENTAL APPROACH TO Pattern Generalisation IN SPREADSHEET ENVIRONMENT
	References

	An analysis of The Contingency dimension of the knowledge quartet in Korean Elementary mathematics Instruction
	Reference

	A Comparison of treatment of probability in high school mathematics textbooks BETWEEN China and Sweden
	References

	A Comparison of values in effective mathematics LESSONS in middle schools BETWEEN China and Sweden
	References

	pre-service teachers’ Financial Literacy
	References

	Summative and formative assessment: a difficult dialogue
	References

	learning objects, real numbers and the number line model
	References

	PROFESSIONAL Reflection AND DEVELOPMENT: BECOMING A TEACHER
	References

	Comparing Containers and The  understanding of Volume in 3rd grade
	References

	A collaborative research project on probability
	References

	The road not taken – empirical research at the beginning of new math
	Reference

	pisa as an eye opner for teachers:                                              a case with apples task
	Effects of online training courses from the participants´ perspective
	References

	Teaching and Learning for Construction and Share of Metacognition in Mathematics Education: Advantage to Extension of Metacognition
	References

	STUDENTS’ LOGICAL STRUCTURE FROM EXPLORING TO PROVING
	References

	interweave of cognition and emotion in small-group mathematical communication
	Keywords: Cognition, Emotion, Small-group Mathematical Communication, Triad feedback, Cognitive evaluation
	Acknowledgment: This research is supported by the Centre of Excellence in Mathematics, the Commission on Higher Education, Thailand and Center for Research in Mathematics Education, Khon Kaen University, Thailand.
	References

	analysing mathematical practices of A six-year logitude study for developing reasoning NORMS
	References

	SHAPE COMPOSITION IN EARLY CHILDHOOD
	References

	THE BEST CLASS i HAVE EVER GIVEN, WAS WHEN I DID NOT GIVE CLASS
	References

	the answer pattern of japanese students in pisa2003 mathematical literacy
	References

	Examining the effects of three instructional strategies for learning area concept in a digital learning environment
	References
	References

	The role of specific transformation process of solver's problem representation during problem solving: A case of Abstraction/Concretization
	References

	The Relationship BETWEEN PRICE and                        mental number line
	References

	Development of Mathematical Literacy Test for secondary school students in Taiwan
	Introduction
	Methodology
	Conclusions
	Main References

	Learning quantitative syntax in reading Chinese texts and graphical illustrations
	References

	the development of teachers’ thinking about “teaching area”
	Reference

	teachers’ beliefs and problem solving pegagogies for students with learning difficulties
	References

	Young Children’s Approach to Solve OPEN-ENDED PROBLEMS
	References

	Students’ Understanding Of Inverse Relation Between Addition And Subtraction At Primary Levels
	AN ANALYSIS OF STUDENT'S COGNITION TO THE MEANING OF MULTIPLICATION BY A DECIMAL
	References

	TEACHER’S GENDER RELATED BELIEFS ABOUT MATHEMATICS
	References




