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Background
Leonardo of Pisa (also known as Leonardo Fibonacci), the most prominent mathematician of his century, in his book “Liber Abacci” which was published in the year 1202, posed the following problem: How many pairs of rabbits will be produced in a year, beginning with a single pair, if every month each pair bears a new pair that becomes productive from the second month on? The total number of pairs, month by month, forms the sequence 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, and so on. Each new term is the sum of the previous two terms. This set of numbers is now called the Fibonacci sequence.

The Fibonacci sequence, just like Number Theory, has intrigued mathematicians for centuries and continues to provide a hot research area. This simple sequence has been  noticed to appear in many different situations in nature, often creating the beauty we admire, from the number of petals in various flowers to the number of scales along a spiral row in a pine cone,  the golden ratio, etc. They also arise in computer science, especially in sorting or organizing data. 

Among the many interesting topics that Fibonacci sequence originates one  could also the mention the Golden Ration, the Golden Rectangle and the Golden Triangles. In architect ture, the golden rectangle seems to appear throughout in history. From the Parthenon, the United Nations Building and even the burial chamber of Ramses IV. In Art, Greek art including urns, vases, statues and building frequently reveals the golden ratio and rectangle. There are numerous examples of art in many different forms and cultures where the golden ratio or golden rectangle appears. In Music, the most obvious place to begin looking is at the keys of a piano. The black keys are grouped in arraignments of 2's and 3's. An octave consists of 5 black keys and 8 white keys, for a total of 13 - all Fibonacci numbers.
The Fibonacci sequence shows itself in innumerable situations, both natural as well as technological ones. Its occurrence is so frequent that it is difficult to know where to begin the descriptions. One of the most interesting things about the Fibonacci sequence is the interplay between the numbers themselves; how they interrelate and their "behaviours." Some of the interactions are simple fun tricks, while some others move forward and demand more complex observations. For instance, the sum of any ten consecutive Fibonacci numbers is always evenly divisible by 11, while no two consecutive Fibonacci numbers have any common factors. Moreover, amazingly, the ratios of successive terms of the Fibonacci sequence get closer and closer to a specific number, often called the golden ratio. It can be calculated as (1 + √5)/2, or 1.6180339887.... For instance, the ratio 55/34 is 1.617647..., and the next ratio, 89/55, is 1.6181818....

With the use of a computer programming environment, students will generate the Fibonacci sequence, discuss arithmetic and geometric sequences, use problem solving and critical thinking skills to look for patterns and analyze the Fibonacci number sequences.   

Introduction

Knowledge domain 

The generation of Fibonacci number sequences using the computational environment of ToonTalk and the exploration of the many beautiful patterns in Fibonacci number sequences are among the core aims of this activity sequence. Starting with some simple and moving towards more complex sequences, students will explore the construction of number sequences, investigate and discuss sequences’ properties and share their ideas and models over the web. More specifically, students will work on and explore some of  properties  of the following sequences:
· 
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· (Fn = Fn-1 +Fn-2.)  

· Fk | Fnk (Fibonacci numbers) i.e F2 | F2n, F3|F3n, …
· (Fm| Fk)= F(m,k), i.e (F6| F9)= F(6,9) = F3
· The ratios of successive Fibonacci numbers Fn / Fn-1 approaches the golden ratio, as n approaches infinity
The exploration of these sequences is very powerful in a visual programming environment, like ToonTalk. Students are able to manipulate directly and observe the process of generating the sequences, making conjectures and “seeing” if they are right or wrong and “why”. Additionally, the implementation of a problem solving strategy in the rich environment of ToonTalk, arises opportunities for students to make effective use of the technology, to create their own models and try them out. Students reflect on their solutions and provide evidence. 

Among the core attitudes expected of students are the following (also connected with in elementary and secondary school mathematics standards) : 

1. Mathematics is useful

2. Doing mathematics is more than following rules (They participate actively in generating and exploring the sequences)

3. Doing mathematics is communicating and discussing 
Working on the Fibonacci sequence is connected to several Standards including:

 
- Algebra Standard (understand patterns, relations and functions)

  
- Connections Standard (recognize and apply mathematics in contexts outside of 
  mathematics)

  
- Representation Standard (use representations to model and interpret


  physical, social, and mathematical phenomena)

Setting

This activity sequence has been trialled in Cyprus, UK, Bulgaria and Portugal. In Cyprus, there are two classes of 10-15 pupils, in London there is one class of 10-12 children, in Sofia two classes of 15 students and in Lisbon there will be two classes with 25 students.  
In Cyprus, about forty 6th and 7th grade students have joined a “Using Computer Software (ToonTalk) in Mathematics Teaching” club since October 2002. We have hourly meetings twice a week. The club meetings take place in the Mathematics Computer Lab in the University of Cyprus. The children have access to computers individually or in pairs. The mathematics lab is equipped with 15 PIV PCs with 17’ monitors and a high speed (T1) internet connection. We have developed curriculum materials and we give students the opportunity to make explorations and investigations. Collaboration is encouraged between students in our club, but also with students from other countries participating in Weblabs project. Students are using effectively Plone tools to create their individual and group Webreports, in order to share their ideas, investigations and findings with other participants in the project. Both webreports and video conferencing have promoted discussion, exchange of ideas and explorations between children of different sites.

A typical session usually starts with an open question and students work alone or in pairs and they express their ideas. Discussion follows and tasks presentation by the researchers. Students explore the ToonTalk environment and make hypothesis, predictions and try out their ideas. Club discussion follows and researchers with students present to the others the findings. Students write the findings in their booklets and generate webreports. 

Aims of activity sequence

· To develop a non-algebraic language for describing, discussing and reasoning about polynomial (and maybe some non-polynomial) sequences. 

· To develop a deeper understanding of the generation of number sequences, the rules that sequences lie on and how that generation relates with the ToonTalk environment (robots, birds, etc).

· To motivate students use effectively technological tools to explore and investigate mathematical ideas. 

· To develop students’ ability to make conjectures, suggest more than one solution to solve a problematic situation, evaluate arguments and reasoning.

Moreover, 

· Students investigate Fibonacci sequence and Fibonacci number sequence’s divisibility patterns. We expect that students will generate Fibonacci sequences, starting from different numbers, explore divisibility patterns and formulas like Fk | Fnk, i.e F2 | F2n, F3|F3n, … and (Fm| Fk)= F(m,k), i.e (F6| F9)= F(6,9) = F3

· Students will make links to the beautiful patterns of Fibonacci numbers appear in nature. Exploration of these patterns will enable students to identify the amazing connection between the mathematics and the real world.  

Finally, 
· Using a computer visual environment like ToonTalk, we will have the possibility to study students’ ideas and find whether these activities help them pass any "didactic obstacles" they might have. The major point is to identify whether the activity and the computational environment help students organize and develop a well structured understanding of number sequences.

Role of collaboration

Group work

Students have gained in experience working effectively in groups, since they have been working on Weblabs project for two years now. As it is clearly mentioned in detailed activities, group work is a fundamental aspect of the activities.  
The idea of group work appears in many different perspectives. Students work in pairs or in teams of four in most of the activities. Group work results on sharing ideas, making conjectures, discussing strategies and reflecting on their and their peer’s ideas and recommended problem solving strategies. Quite often students are encouraged to review and make comments on other’s work, discuss in the whole class their findings and provide evidence to support their solutions. 
The role of Group work is getting more powerful with the collaboration between sites (UK, Cyprus, Bulgaria and Portugal). Group work by means of webreports, video conferencing, website bulletin notes and discussion forum will provide an active and rich framework for exploring the ideas and manipulating effectively the tools and reflecting on other sites’ solutions. Reviewing actively theirs and other’s work will give students the opportunity to develop strong reasoning and problem-solving skills. 
Webreports

Webreports mechanism is a major mean for collaborative work between sites. Students can have and update their personal reports, where they can create their own profile with their interests and any other information they would like to add. Personal reports will allow students to “meet online” students from other sites and find common and different things.     

The webreports based on the activities will be group work. Webreports can be posted on the web at the end of the activity sequence. The rationale behind this is that students will   have a holistic view of the activity and their own performance during the activity. This will result on concrete reports which will be really helpful for students in other sites. 

Webreports will also serve as a starting point for discussion and reviewing others’ solutions and ideas. A core point on webreports is communication or reasoning. Students will give evidence of reasoning by making conjectures and gathering evidence or building arguments.
Assessment 

Objectives
Students will:


· Appreciate that number sequences can be generated actively by means of expressing the rules behind the sequences. 

· Be able to generate Fibonacci number sequences.

· Explore properties of the sequences, like the following:

· Fk | Fnk (Fibonacci numbers) i.e F2 | F2n, F3|F3n, …
· (Fm| Fk)= F(m,k), i.e (F6| F9)= F(6,9) = F3
· The ratios of successive Fibonacci numbers Fn / Fn-1 approaches the golden ratio, as n approaches infinity
· Finding the differences between Fibonacci number pairs’ products 

Students will work on achieving the above learning objectives by:

1. Building web-based transparent module (TM) on Fibonacci number sequences, which will help in ways that make their workings visible, manipulable and accessible at one level or another to all students within Cyprus and across sites.
2. Sharing and collaborating through dynamic web reports. Using these reports they will interact with other students and researchers and reflect on their own and on other students’ ideas and work. 
Means of evaluation

The following principles will serve as guidelines for evaluation and assessment of the activities.

· Primary goal should be improvement of students learning. 

· Collecting data on students’ achievement, participation and communication should be an integral part of the instruction.

· Where it can be applied assessment should reflect the real world applications used in instruction. 

General
Most of the activities have an extension part, where students have to apply new knowledge and ideas in order to solve them. At the end of each session, students will be asked to write a detailed explanation and description of the activity for a “peer” who missed that activity. Furthermore in some activities students will be asked to pose similar activities for younger or older students and for peers in the other sites. With the use of webreports, this mean of evaluation will provide a clear view of students’ understanding on the aims of the activities. As it is stated above, students will be given written activities. Their responses in these activities will be collected periodically and analysed collectively. 
Descriptive analysis

Students’ responses in written activities will be analysed for:

· Understanding of the general problem

· Making appropriate conjectures, writing organized and well structured investigations. 

· Appropriate use of language

· Effective use of the provided tools in the software’s environment

· Effective implementation of the mathematical ideas in building their own tools. 

Webreports will be analysed for:

· Clear statement of the purpose of the activities and the core ideas behind them.

· Distinction between account of events and delineation of knowledge. 

· Highlighting of fundamental ideas.

Student’s notes on other students’ webreports will be analysed for:

· What proportion of students comment on others reports, and what proportion of reports are commented on?

· Are provided notes useful for students’ webreports? Do they use appropriate language? Do they provide evidence to support their findings?

· Do students (that have written webreports) reply to these notes?    
Communication and collaboration will be analysed for:

· Exchange of ideas and methods for solving a problem. How often students review on peer’s ideas and solutions? 

· How often and how many students participate in discussions within the class? Can all students provide evidence on the recommended solutions and the findings of their team? 

Interviews

A sample of students in each group will be interviewed informally while and after they have responded to the tasks. With the interviews researchers will obtain a deeper understanding on students’ ideas, the way they make conjectures, building an experiment and evaluate their results.  
Tests

Students will take short tests with open ended activities within the ToonTalk´s environment that require implementation of the mathematical ideas they have worked on in the activities. These tests will help us understand whether students can apply effectively the ideas in other settings.  
Overview of activity sequence
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Description of activities

Who is Fibonacci 

Objectives

· To experience the relationship between numbers in a sequence and the rule that defines the sequence.  

· To analyse and build simple and complex sequences. 

· To gain insights into the simple Fibonacci number sequence and to be able to apply the Fibonacci rule to generate other similar sequences. 

Description

Introduction
Matthew’s father is performing as a magician at the party. He took off this top hat and said, “Abracadabra.” He pulled one rabbit from his hat. He repeated, “Abracadabra.” One more rabbit was pulled from the hat. “This is going too slowly,” he said. I need a new magic word. This time he said, “Fibonacci,” as he pulled two rabbits out of his hat. The kids sat on the edge of their chairs. He tapped his top hat with his magic wand and repeated, “Fibonacci.” Three rabbits popped from the hat. The children begin to cheer. He repeated his previous motion and said, “Fibonacci.” This time five rabbits popped from his hat. Matthew’s mother said, “Honey I think you should stop.” Before she knew it there were eight rabbits hopping toward the door. 

At this point the teacher will stop and revisit the information that was shared with the students. Using the board she can write the number of rabbits as they appeared in order. (1,1,2,3,5,8. . .) 

The teacher can question the student to promote a discussion about the number. She can refer to the formula given if needed. The student should be able to recognize a pattern in the numbers. 

Students are investigating simple and more complex number sequences (i.e. 1,3,5,7,9,… and 1,3,7,15,31). One goal is to intrigue students in finding more complex patterns, trying to understand and analyse the rules and furthermore train robots in ToonTalk to execute these rules in generating number sequences. Another goal is to introduce students in a different approach in studying number sequences. While in most school textbooks number sequences are meaningless, students will find out that most sequences rely on very attractive formulas (i.e. Fibonacci sequence).  

The Fibonacci part’s goal of the activity is twofold: Explore the web to get information on Fibonacci, why Fibonacci number sequences is so important, the connections between Fibonacci sequences and nature and work in ToonTalk environment to build Fibonacci sequences and make observations on them, besides the fundamental rule (Fn = Fn-1 +Fn-2.)  

Collaboration points

· Compare and discuss different ways to obtain the rules in number sequences (within the team, the class and between sites, when publishing results on a webreport). 

· Share different approaches in robot programming, in order to build complex number sequences. 

· Share interesting findings discovered during investigation and game playing (guess my robot).

· Students will ‘swap’ sequences through the webreport mechanism. They will also create number sequences for older and younger students. 

· Students from different sites can contribute on a collaborative work on creating an article and a poster for Fibonacci (students can use the web or other resources).  

Assessment criteria

Are students able to determine rules for simple polynomial sequences?

How do students view robot(s) that they train to instantiate a rule for a sequence? As being ‘equivalent to’, or as a ‘proof of’ the rule?

· Do the students succeed in completing the number sequences?

· Do the students understand and interpret Fibonacci fundamental rule, in formal mathematical terms or in their own terms? 

· Can students analyse easily number sequences and find the rules that generate the sequences?

· Do students use the web effectively to obtain information regarding the Fibonacci project? (Is the project rich in context and media?)

· Are students capable to train robots in ToonTalk to generate number sequences? Are they using additional tools and objects to refine robot’s performance (trucks, birds, etc)?

Assessment tasks and tools

Students’ project on Fibonacci will be evaluated. Consideration will be given to information related to his number sequences, relation between Fibonacci sequences and nature, golden sector and the exploration of other patters in Fibonacci sequences. 

Task 1:

Christos, a student from our team went in a cocktail party last week. A lot of people have been there. While Christos was playing with his gameboy, he heard his father discussing with some other people. The question was: “How many hand shakings happened that night?” In the party there were 25 people. Can you find a strategy for solving this problem? You can start working with a number smaller than 25. Explain analytically how you can use ToonTalk and robots to solve the problem.  

Task 2:

In Marniko, a Caribbean island there is a very beautiful flower. This flower has many petals. On the inside circle of its petals there are 3 petals. On the second one there are 5 petals and on the third 8 petals. If we find a same flower with six circles of petals, how many petals do you expect to find in its last circle? Explain your answer. 

Task 3:
Consider the numbers, 2, 5 … 

Use the Fibonacci formula to find the next four numbers.
Beautiful patterns in Fibonacci number sequences

Objectives

· To experience the relationship between numbers in a Fibonacci sequence and their divisibility.

· To analyse and build complex Fibonacci number sequences.

· To gain insights into the divisibility patterns like Fk | Fnk, i.e F2 | F2n, F3|F3n, …
· Concerning on Greatest Common Divisor (GCD) students will explore the formula (Fm , Fk)= F(m,k) and use it effectively in solving problems.  

Description

Students are investigating simple Fibonacci number sequences with 12-15 numbers. They can use the “Fibonacci sequence” tool. They will find pairs of numbers in that sequence where the first can divide the second one, with no remainder. They will write these pairs of numbers and will try to find patterns in the numbers. 

Students will announce their findings to their friends in a following discussion and discuss them. Results will be posted in a web report in Weblabs website. One goal is to use a pair of Fibonacci numbers, where the first one is a divisor of the second (i.e. 2 ,8) to find other number(s) from the sequence that are divided with no remainder with 2. Students will extend their findings from the previous task to include more than 2 numbers. Another goal is to intrigue students in finding three or four numbers where the first divides the following with no remainder.

In a following activity, students will work with two numbers (i.e. 21 and 144) from the sequence and try to find their greatest common divisor, using paper and pencil. They can discuss the result with their friends. We will intrigue them to identify that the new number is a Fibonacci number itself. They can repeat the task, using other pair of numbers. They can use tools in Toontalk to perform the task, instead of using paper and pencil.  

Using the “Fibonacci rank” tool, students will assign rank labels to Fibonacci numbers. While working in pairs students will explore the relation between the rank of the numbers they used in previous task and their rank. In a following discussion students will announce their findings and discuss them with their friends. The club will post a web report with the findings and ask from friends in other sites to perform similar activity and have a discussion on it. 

Collaboration points

· Compare and discuss different ways to obtain the relations between Fibonacci numbers and their divisibility.

· Share different approaches in robot programming, in order to generate more complex Fibonacci number sequences.  
· Share interesting findings discovered during investigation and game playing (find teams of numbers where the 1st divides with no remainder the others).

· Students will ‘swap’ observations through the webreport mechanism.  
· Students can create a webreport on using formula (Fm , Fk)= F(m,k) in solving problems.  

Assessment criteria

· Do the students succeed in finding pairs of numbers in a Fibonacci number sequence, where the first divides the second with no remainder?  
· Do the students succeed in finding more than two numbers in a sequence, which can be divided with no remainder by a Fibonacci number?

· Do the students understand and interpret formula Fk | Fnk, i.e F2 | F2n, F3|F3n, … in formal mathematical terms or in their own terms? 

· Can students analyse easily given Fibonacci number sequences and build more complex ones? 
· Are students capable to use formula (Fm , Fk)= F(m,k) in solving problems on  Greatest Common Divisor with Fibonacci numbers?  
Assessment tasks and tools

Students’ solutions and findings will be evaluated. Consideration will be given to their approaches in finding Fibonacci numbers and explore their divisibility. Special concern will be given in their effectiveness in applying the formulas in solving problems.  

 Task 1:

Complete the following Fibonacci number sequence. 

1, 1, 2, □,□,□,□,□,□,□,□,□,□,□,□
Find the remainder of the division between the last number and the 5th one. Why do you find the remainder is equal to this number? Can you predict the remainder of other divisions? Can you write a rule for that?  
Task 2:

A gardener grows roses and tulips. This morning he collected 144 tulips and 21 roses. She wants to make similar bunches of flowers. How many tulips and roses she has to put in each bunch?  How many bunches she can make? 

 Task 3:

Look at the first four numbers in the sequence: 1, 1, 2, 3 . . .
Multiply the two outside numbers together and then multiply the two inside numbers together.  What is the difference?
Repeat this procedure on the four number sequences you created above in the Fibonacci sequence.   What do you notice?

Tools

	Tool
	Description
	Used in
	Defined in

	Natural Number generator
	Output the stream of natural numbers.
	Exploring number sequences.

Who is Fibonacci?
	TM Spec 4: 
Fibonacci Number Sequences

	Number sequences
	Output the stream of natural numbers and puts them in a sequence. 
	Exploring number sequences.

Who is Fibonacci?
	TM Spec 4: 

Fibonacci Number Sequences

	Divided by
	Checks whether two numbers are divided with a remainder or not.  
	Beautiful patterns in Fibonacci numbers 
	TM Spec 4: 

Fibonacci Number Sequences

	Is Prime?
	A tool that checks if a number is prime.
	Beautiful patterns in Fibonacci numbers
	TM Spec 4: 

Fibonacci Number Sequences

	Factor
	Using this tool, users can generate all the positive factors of a given number.  
	Beautiful patterns in Fibonacci numbers
	TM Spec 4: 

Fibonacci Number Sequences

	Fibonacci number sequences
	A tool that generates Fibonacci number sequences.
	Who is Fibonacci?
Exploring number sequences. 

Beautiful patterns in Fibonacci numbers
	TM Spec 4: 

Fibonacci Number Sequences

	Export to Excel
	Export numeric data to CSV, so that it can be imported to Excel.
	Exploring number sequences. 

Beautiful patterns in Fibonacci numbers
	TM Spec 4: 

Fibonacci Number Sequences


Natural Numbers generator

Overview

An introductory tool that generates a stream of natural numbers. It includes a team of a robot and a bird and a second bird that collects the numbers in its nest. To use it, you need to give a number to a bird to activate robot.  

Functional specification
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Figure 1: Natural Numbers Generator

The tool package consists of a box with:

1. A “read me” text pad, explaining how the users can use the tool.

2. A box with a bird, which gets from the user the first number of the stream.

3. The tool itself, which is named “Lab”.

4. A nest for the output stream of numbers.

High-level design

The tool “Lab” has a robot and a box with 2 holes on its back (there is a nest in each hole):

· The robot activates when it receives a 2-hole box with a number in its left hole.  

· When the tool starts there is only a nest in the left hole.  

· After activating the robot, the second bird collects all numbers in the nest named “Numbers” (see above). 

Natural Numbers Sequences

Overview

This tool takes the numbers provided with “Natural Number” tool and put them in a sequence. It can also receive the 1st number of the sequence and the difference and provide the sequence. 
Functional specification
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Figure 2: Natural Numbers Sequences

The tool package consists of a box with:

1. A “read me” text pad, explaining the usage of the tool.

2. A box with a bird, which gets the 1st number of the sequence.  

3. A box with a bird, which gets the difference of the sequence. 

4. The robot (which is actually the tool itself), which is named “seq 2”.

5. The box that the robot is going to work with. The box contains 3 holes. The first one contains only the nest for bird “1st number” the second the nest for “dif” bird and the third hole will receive the number sequence.

High-level design

The robot receives the box but doesn’t activate until the box is filled with the necessary numbers. Once the box matches with robots thought bubble, the robot starts generating the numbers for the sequence and puts them in different boxes, generating the number sequence.    

Factors

Overview

A more complex tool, which takes a number as an input and returns all its positive factors.  

Functional specification
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Figure 3: Factors

The tool package consists of a box with: 

1. A “read me” text pad, explaining the usage of the tool.

2. A box with a bird, which gets the input number from the user.  

3. A team of robots which generates the factors of the number.  

4. An input box for the team of robots. The box contains 4 holes. The first contains the nest for the input number and the second hole a nest where the divisors of the number will appear. The third hole has a nest, which collects the factors of the number. In the fourth hole there is a blank box.  

High-level design

There is a team with three robots, sharing an input box which contains the elements described in functional specification. The bird receives a number and takes it in the first two nests in the main box. The first hole represents the number and the second the divisor of the number. The first robot activates and does the division, using the mod function, which returns the remainder of the division and put it in the third hole. If the remainder is equal to 0, then a robot named “Yes” is activated. It takes the number from the “divisor” place and put it in the “factors” place (4th hole). Then it subtracts one from the divisor and removes the remainder, so the 1st robot will activate again. If the remainder of the division is different than 0, then another robot named “No” is activated. That robot removes the remainder and subtracts one from the divisor. The tool functions until the divisor reaches 0.    

Divided by 

Overview

A tool for examining whether two numbers are divided with no remainder or not.

This tool takes as input two numbers, the divided number and the divisor. It checks if the division has no remainder and returns “Yes” if the remainder is equal to 0 and “No” if the remainder is bigger than 0.  
Functional specification
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Figure 7: Divided by tool
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Figure 8: Divided by box

The tool package consists of a box with:

1. A “description” text pad, explaining the usage of the tool.

2. A bird used to supply the input divided number to the tool.

3. A bird used to supply the input divisor number to the tool.

4. A text pad with a question mark (contains the tool itself in its back).  

High-level design

The tool’s background is a team of three robots, which is set on the back of the “?” text pad. The two birds provide the necessary numbers to activate the team of robots. The first robot receives a box with the two numbers and executes the mod function to get the remainder of the division. If the remainder is equal to 0 then a robot named “Yes” is activated. The robot copies the response “Yes” from the responses box to answer box. This is a copy of the look sensor of the pad “?”. Same way, when the remainder is not 0, a robot named “No” is activated and copies a “No” from the responses to the answer box.  

Is prime? 

Overview

This complex tool is based partially in Divided by tool. The tool is going to be used with other tools, especially tools for generating prime numbers. The bird receives a number from the user and returns “Yes” if the number is prime and “No” if the number is not a prime.  
Functional specification
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Figure 9: Is Prime? Tool
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Figure 10: Is Prime? box

The tool package (Figure 9) consists of a box with:

1. A “description” text pad, explaining the usage of the tool.

2. A bird used to supply the input number to the tool.

3. The tool itself.

The tool accepts numbers as input brought in by the bird.  

High-level design

In the background of the text pad “?” there is a team of robots and a box (Figure 10). As it is shown in figure 10, part of the box is the Divided by tool. The team of robots consists of three robots. The “check me” bird gets the input number into the first hole on the box. The first robot gets the input and the current number and gives them to Divided by tool. If the tool returns “Yes” that means that the input number in not a prime. Then another robot, named “Not a prime” activates and returns “No” in “Is prime?” text pad’s look sensor. If the output of the Divided by tool is “No”, then the robot adds 1 to current number. If the procedure continues until the current number is equal to input number, then a third robot activates and returns “Yes” in the text pad “Is prime``. 

Fibonacci number Sequences 

Overview

The users can generate the Fibonacci number sequence 0, 1, 1, 2, 3, 5, 8 … by using this tool. They can also generate other Fibonacci sequences. The user constructs a box with the first two numbers of the sequence, and a robot constructs the sequence.  

Functional specification

The user is supplied with a rectangle box with three items. The first only is a text pad named “Instructions” which provides necessary information for the usage of the tool. The second item is a robot which generates a Fibonacci sequence based on the numbers provided by the user. The third item is the robot’s working box, which consists of two holes. The first one contains the first two numbers of the sequence and the second a blank box, which will include the number sequence.  

[image: image13.png]instructions Fibonacei ' Fibs box





Figure 11: Fibonacci Number Sequences tool

High-level design

The robot which generates the Fibonacci sequence performs the formula              Fn = Fn-1 +Fn-2. In other words the robot takes the first two numbers and adds them to generate the third one. To generate the 4th number the robot adds the 2nd and the 3rd number etc.  

Fibonacci Rank

Overview

This tool functions with the “Fibonacci number sequences” and with “divided by” tools. It “labels” numbers’ rank with labels f1, f2 etc, in Fibonacci number sequences and in other number sequences as well. The usage of the tool is to provide additional help to users to explore divisibility patterns in Fibonacci sequences that are dependent. 
Functional specification
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Figure 12: Fibonacci Rank 

The tool consists of a robot and a box, which labels the number sequence starting with f1 and adds 1 respectively. 

High-level design

One robot gets the number sequence generated with Fibonacci number sequence and types fn in text pads which are set in boxes, next to the numbers. Since the 1st number is labeled f1, the robot labels the others, by adding 1 to the first label to get f2 and so on. A sample output is shown in figure 12.   


[image: image15.png]rrrrrrrrrrrrerrrrrrrrrrrrrrr




Figure 13: Fibonacci Rank tool example 

CSV file output

Overview

This tool is used to export a stream of numbers to a csv file, which can later be imported into data-logging and  analyzing tools such as Microsoft Excel, Logotron’s “insight”, etc.

Functional specification
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Figure 14: CSV output tool

The tool consists of a text-pad and a bird. The name of the required file has to be typed onto the text pad. Data is sent to the file using the bird. The tool accepts two types of data: numbers and boxes of numbers. Unboxed numbers will be written to the file one a line. Boxed numbers will be separated by commas, and a new line will be started after each box.

The tool will also accept a special input for closing the file. Giving the bird a text pad with the word “end” will close the file and nullify the tool. After sending an “end” to the tool, all subsequent inputs will be ignored.

The tool does not handle reopening of existing files. Trying to use a single copy of the tool across TT sessions will result in an error msg. File names can either be short or full. Short filenames will be mapped to files under the current user city directory. Full filenames begin with a drive letter, colon, backslash (i.e. “C:\”, and refer to any location on the user disk.

High-level design

The text pad has a team of robots on its back:

· A file opener robot. Once the first input is given, this robot opens the file specified by the name on the text pad, and places a foreign bird to that file in the box for the rest of the robots to use.

· “Boxer” robots, which convert unboxed numbers to single-hole boxes with the numbers in them.

· File writer robots, to write the data, commas and new lines. 

· File closer robot to handle the special “end” input.
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What have we learnt on number sequences and special sequences, like the Fibonacci Number sequences?  





Web Report





Explore divisibility in Fibonacci numbers and patterns (like the greatest common divisor)





Beautiful patterns in Fibonacci sequences





Exploring Fibonacci number sequences and making observations on them. Programming a set of robots to build a Fibonacci sequence.








Who is Fibonacci?





Constructing and analyzing number sequences. Building robots to generate these sequences.  





Analyzing more complex sequences





Constructing special sequences Analyzing sequences and exploring properties 





Working with special complex sequences 





Exploring and generating simple number sequences. 








Exploring number sequences
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