Bringing eBlocks to The Classroom: The Next Step in Mathematical Education

1.  Introduction

 
During the history of education, mathematical education has changed to meet the needs of a changing society. The industrial revolution created a necessity for math, such as geometry, to be taught to young students entering the labor force. The creation of the United Nations after World War II caused the creation of the idea that mathematics was a universal knowledge and should be taught equally to all students independent of nationality [2].

 
Probably the largest change in society since WWII is the increasing importance and commonality of computers.  Working computers have become an active part of almost everybody’s daily life.  In order to function properly in society, people should be trained in the interacting with and understanding of computers. Therefore, the next change in mathematical education should be the addition of basic computer science concepts to current curriculum.  A great deal of research has been conducted to determine the best way of introducing computer science concepts.  


 In this paper, we propose a method of teaching computer science concepts to elementary school students.  In Section 2, we examine the current approaches being researched.  In Section 3, we explain our solution called “eBlocks in the Classroom”.  In Section 4, we define a proposal for how to bring our solution into classrooms.

1.    Current Approaches

There are many proposals regarding different ways to introduce computer science into the current mathematical curriculum.  In this section, we will introduces some of the proposals that we are aware of.

One common proposal is the straightforward and obvious approach of bringing software packages to the hands of children.  These software packages contain computer programs that interact with students to teach them a particular goal.  These software packages can teach a variety of subjects and create an interactive atmosphere with the child.  However, the software requires a particular system to run on.  Therefore, a system must be available for each student, which causes a large initial investment.

Dr. Resnick from MIT Media Lab suggests a more traditional but   not so obvious approach in [5].  Resnick suggests that the best approach is to rely on manipulatives much like those used in many kindergartens.  Manipulatives are objects that a child plays with and learns some idea through the interaction of playing.  For example, one red block may be the same length and as two blue blocks. Using the idea of mani                                                                  pulatives, Resnick has created Digital Manipulatives.  Students are able to play with beads, balls, and nametags that interact with each other.  From this interaction, students are able to learn about dynamic patterns. The only manipulatives must be programmed in order to determine how they will interact with other manipulatives or the environment.  This means that there is some initial setup and programming ability required.

Dr. Fagin from USAFA suggests a more direct approach in [3].  Fagin suggests that young programmers will be inspired if what they are programming is exciting. Fagin uses the programmable robots LEGO Mind storms as computer programming assignments.  Students are able to run programs on the robots to see if the programs produce the right output. Fagin has aimed this project at university students in the beginning of their university career. However, robots for each student would be pricey. Therefore, students can only program during lab periods causing most projects to not be completed in a timely manner.   

Wyeth from the University of Queensland places more importance on the principles rather than the programming in [6].  Wyeth uses Electronic Blocks, which consist of processors inside of LEGO Duplo Prima blocks.  If a user stacks the correct combination, the stacked system will produce the desired output.  Electronic Blocks are aimed at students between the age of 3 to 8 years old and display limitations for older students.

Kharma from Concordia College aims his proposal at older pre-university students in [4].  Kharma suggests Magic Blocks, pre-packaged blocks students plug into a board that produces power and ground.  Since Magic Blocks are aimed at an older more mature audience, the blocks are complex and may be confusing to younger, les experienced pupils.

2. eBlocks in The Classroom

In this section, we introduce the reader to our proposal of using eBlocks in the classroom.  We will discuss what eBlocks are, why we believe they can help improve current approaches, and describe what lessons eBlocks can teach.  

eBlocks are embedded system building blocks that give everyday people the ability to design and build basic electronic systems. The theory of eBlocks is best described in [1]. eBlocks offer many benefits over other electronic systems including versatility of blocks, ability to be used in real life, lack of necessity for a larger programming unit, and low price per unit.  

The benefits of eBlocks as electronic systems are also applicable when discussing the benefits of using eBlocks to introduce simple computer science concepts in the classroom.  The eBlocks are more versatile than other approaches.  eBlocks are useable by many different age groups and each group will gain an age appropriate lesson.   eBlocks are useable in real life.  Therefore, students have the opportunity to build systems that they can use in their life. Students will see their inventions as helpful tools and will be inspired to build and learn more.  The inspiration experienced an early age could also help the decreasing number of students interested in pursing an education in the engineering fields. Probably the greatest benefit of using eBlocks over other proposals is the cost.  eBlocks are low in price due to the simplicity of the design and the lack of necessity of purchasing a programming component.  Therefore, the school system does not have to spend a large initial investment.  The eBlock library can be built up over many years or the library can be successful with just the purchase of the beginning set.

We see that eBlocks can be beneficial for students of any age.  We have broken down students into five major age groups; 3 to 5 years is pre-school, 6 to 8 years is younger elementary, 9 to 12 years is older elementary, 13 to 18 years is pre-university, and 19 and up years is university students. In pre-school, students can learn key concepts of yes and no packets.  They will experience building small inventions and learn how sensor activation affects outputs.  In younger elementary, students work will be more guided and students will begin to build systems that serve a purpose.  Younger elementary is also a good time to introduce students to the concept of logic.  Students at this phase will work with one and two input logic blocks. Students in the older elementary group will already have a strong grasp of simple logic.  Therefore, they will be able to build larger systems containing more advanced logic blocks. In pre-university, students will learn programming hands on as they program a programmable block.  Students will able to live the program, run, and debug process as they test their programmable blocks within eBlock systems. Students in the university group will learn vital engineering skills as they build eBlock prototypes.  Students will have a chance to study layout, soldering, and prototyping.  Students can test their final product within eBlock systems.

3. How To Bring eBlocks to Classroom

The first step in bring eBlocks to the classroom is to create purchasable kits containing eBlocks.  We decided that the best way to design kits would be in small packages that could be added together or self-sufficient.  We decided that there should be a kit for every age group.

Current proposals that are aimed at pre-school students contain sensors that can see, be touched, or hear. Current proposals also offer output blocks such as light and sound.  We propose to create a pre-school packet that would have a button, a light sensor, a sound sensor, an LED output, and a beep output.  We also believe that a magnetic contact switch would be beneficial to students.  With a magnetic contact switch, students will be able to physically see two connections touching resulting in a yes and not touching resulting in a no.

Current proposals that are aimed at younger elementary students are similar to those aimed at pre-school.  We believe that students have developed enough between 3 and 5 to learn new skills at the age of 6.  Therefore, we propose an expansion kit for younger elementary students.  This expansion kit will contain more advanced blocks including motion sensor, light-beam switch, 1-input logic, 2-input logic, and various already introduced blocks. This kit will also come with a manual that will set up scenarios and problems that the students must build configurations to solve.

Proposals aimed at older elementary students center around the study of dynamic systems. We believe that students at this age can study dynamic systems while working on problem solving skills.  Therefore, the expansion kit aimed at older elementary students will contain a manual with more complex problems requiring one or more multi-input and discussions centering on the interactions of eBlocks in the environment. To solve these problems, the expansion kit will come with new blocks including water sensor, multi-input logic blocks, clock timer, 3-key entry, and electric lock along with various input and output blocks.

During the pre-university level, students will get involved in the working inside the eBlock.  The pre-university expansion kit will contain software, a programming device, a programmable block, an arithmetic block, and various already introduced input and output blocks.  The kit will also come with a user’s manual that will contain instructions on how to program programmable blocks, test programmable blocks, and various scenarios users should be able to solve.

Not very much research has been found regarding the teaching of electronic systems at the collegiate level.  Therefore, we propose that it would beneficial to university level students to learn skills that may be very valuable in the work force. Therefore, we propose that students experience the prototyping process behind building an eBlock. The university level expansion kit will contain parts needed to build an eBlock-compatible block, instructions on how to build a block on a lab-by-lab basis, and instructions on how to test the project. The building process will teach students how to read layout diagrams, meet design constraints, layout and soldering skills, and testing of a completed project.

Obviously the building of the eBlock kits requires a great deal of work if built on a prototype basis.  To eliminate time and effort, we propose to work in conjunction with a larger, better-equipped company.  Such pairing efforts can be seen in the result the LEGO Mind storm. A few companies that may be of interest for us to contact may be:

· Leapfrog’s Main Office, contact information available at www.leapfrog.com
· Mattel’s Main Office, contact information available at http://www.mattel.com/
Once the building blocks have been built, training manuals need to be written. The training manuals will include the instruction books that have been mentioned in the kits along with a training manual for instructors.  The instruction books will contain important instructions for students including safety alerts, planned scenarios that will provoke the design of certain systems, lessons explaining new blocks, and thought provoking questions to steer learning progression.  The instructor manuals will contain training for teachers, suggested lesson plans, and trouble shooting suggestions.  The instructor’s manual will also offer places to gather more information if question arise.  Information can be gathered from websites, online eBlock forums, or emailing the maker directly.  

Once the appropriate materials are created it will be very important to test the validity and usability of the materials.  The testing should take place in five parts were each specific age group is one part.  Before testing, each kit should be shown to a team of educational experts.  After investigating the materials, the team of experts should give any improvement suggestions.  After those improvements have been made, the kits should be tested in classrooms fitting the appropriate age range.  The students will have a chance to complete one or two tasks.  After completion, students will be asked to reflect on their experience by answering questions asked by the testers.  The results will be summarized and any necessary changes will be made to the kits or tests.  The kits will then be tested again until it is agreed upon the kits reach all the set goals.

4. eBlocks to Classroom Timeline

Figure 1 shows a task list that must be completed before eBlocks can be introduced to classrooms.  The time line of the Gant chart will be filled in after discussion involving respectable time lines for each task is completed. For now, it is sufficient that the reader understand that this list of tasks that must be completed before the project is completed.

Figure 1: eBlock To Classroom Timeline
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