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Lesson 7 

Community Routes: Final Projects 

Overview 

Time: ~10 hours 

This project should be tailored to fit with a curriculum unit, project, or event happening in the classroom 

so that it meets the goals of the teachers and the interests of the students and teachers. Students work 

together to build and program a robot to demonstrate their understandings and ideas related to the 

robotics and programming curriculum as well as the content of the project theme or topic. During the 

course of the final project, students put to use all the concepts learned during the previous lessons but 

transfer them to a new context. When possible, teachers should encourage the use of crafts and 

recycled materials.  

Individual/pair work: 

a. Students plan their robot and program in a design journal (see Appendix D). 

b. Students build a robot and decorate it with LEGOs® and crafts and recycled materials. 

c. Students program their vehicles to exhibit a behavior representing an aspect of the project’s 

theme. 

d. Students articulate the goal of their robot and its program and how they accomplished it. 

(Teachers can document and print children’s responses to these questions to go along with the 

design journals.) 

e. Students practice how they will present their creations at the final exhibition. 

 

Presentations: Students share : 

a. the vehicle they made, 

b. why they chose the features they did for their robot,  

c. the goal of their program and why they wanted it to do that / what it represents, 

d. the final program they built, and 

e. anything that was hard, easy, surprising, interesting, etc about the process. 

Materials / resources:  

 Large icons for games and reference displays 

 Robotic parts (RCXs, motors, wheels, sliders, wires, lights, sensors, and batteries) for each child 

or pair to make a robot, plus extras 

 Crafts and recycles materials for robots and for building an environment for them to run in 

 Computers with CHERP software, webcams, IR towers, programming blocks 

 Design journals, small icons for cutting and taping/gluing in the design journals 
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Assessment for Lesson 7     Student’s name: _____________________ 

Level 6: Expert 
 
Part 1: Assess each child along these scales when they have finished their final project. 
 

5 4 3 2 1 0 

Complete 
Achievement 
of goal/task/ 
understanding 

Mostly 
Complete 
Achievement 
of goal/task/ 
understanding 

Partially 
Complete 
Achievement 
of goal/task/ 
understanding 

Very 
Incomplete 
Achievement 
of goal/task/ 
understanding 

Did Not 
Complete 
goal/task/ 
understanding 

Did not 
attempt/Other 

 
 
 

1. Has a goal for the project. 5   4   3   2   1  0  NA 

2. Selects the right instructions to accomplish the goal. 5   4   3   2   1  0  NA 

3. Arranges instructions in the correct order to accomplish the goal. 5   4   3   2   1  0  NA 

4. Knows how and when to use Repeats. 5   4   3   2   1  0  NA 

5. Knows how and when to use number parameters. 5   4   3   2   1  0  NA 

6. Knows how to use sensors and what they are for. 5   4   3   2   1  0  NA 

7. Knows how and when to use sensor parameters with Repeats. 5   4   3   2   1  0  NA 

8. Knows how and when to use Ifs with sensor parameters. 5   4   3   2   1  0  NA 

 

Notes:  

 

 

 

 

Overall Debugging: 

1. A. Recognizes incorrect instructions or order by reading the program or 
watching the robot run the program. 

5   4   3   2   1  0  NA 

2. B. Keeps original goal. 5   4   3   2   1  0  NA 

3. C. Has a hypothesis of the cause of the problem. 5   4   3   2   1  0  NA 

4. D. Attempts to solve the problem. 5   4   3   2   1  0  NA 

 
Notes: 
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Assessment for Lesson 7     Student’s name: ____________________ 

Level 6: Expert, cont. 
 

Part 2: Ask each child these questions to supplement the students’ journals and the teachers’ 
observations of and conversations with students during work and sharing times.  

 What does your program tell your robot to do? How did you choose those instructions? 

 What parts does your robot have (robotic and/or aesthetic)? Why did you choose them? 
 
Mark the students’ level of understanding of how to program a robot along the following criteria. 
 

  Units: Understands the function of individual robot parts and individual programming 
instructions, but not how to choose and assemble them to make a functional robot 
or program that accomplishes a given goal.  

 Connections: Chooses appropriate parts for the robot and instructions for the program. Puts 
parts together correctly and instructions in the right order. Understands that 
putting the parts together in certain ways creates an overall outcome. Does not see 
the connection between the whole program and then accomplishment of the 
chosen goal. 

 Context: Understands the function of each element and that the order they are put in results 
in a specific overall outcome. Is able to purposefully put the right instructions in the 
right order for the program to achieve the given goal. 
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Robotics across Themes 
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Robotics across Themes 

This robotics and programming curriculum can be used within the context of study on a wide 

variety of topics. The challenges presented in this curriculum relate to particular themes, but the 

challenges and the basic ideas can be reconfigured to make sense with many other topics commonly 

studied in early childhood settings. Below are some suggestions for such contexts. These ideas may also 

help children focus in choosing what kind of robot to make if the curriculum uses an open-ended theme 

such as “communities.” 

 Person who lives in the community 

 Person who works in the community 

 Responsive or interactive building or structure 

 Vehicles and road-related structures (traffic lights, drawbridges, etc) 

 Nature (plants, animals, landscape, weather) 

 Safety (alarms, crossing signals) 

 Places and structures for entertainment, fun, or commerce 

 Basic needs (food, housing) 

 

The activities in this curriculum can easily be adapted to fit other themes. Use your imagination to 

find a story context for each powerful idea. For instance, if this curriculum were to accompany a unit on 

the study of animals, the activities might look like these: 

Lesson 1: (Study building) Build a sturdy animal that can move like its real-life counterpart. 

Lesson2: (What Is a Robot?) Build a robotic animal. (It can have wheels like a vehicle and use crafts 

or recycled materials to give it the appearance of the chosen animal.) 

Lesson 3: (Hokey-Pokey) This song (or another of your choosing) is a fun and concrete way to start 

the unit regardless of the theme. 

Lesson 4: (Robot Trips) Program animals (maybe at a zoo) to visit each other along different paths. 

Lesson 5: (Through the Tunnel) Animals have many senses just like people do, so this activity can be 

adapted in all sorts of ways. As examples, animals might do an action until (or when) someone pets 

them (touch sensor) or when someone gives them food (the food might cover a light sensor to 

make it dark). 

Lesson 6: (The Robot Chooses) The activities for this can stem from those chosen for Lesson 5. 
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Songs and Games  
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Songs and Games 

Many common songs and games can be used to support children’s understandings of robots 

and programming concepts. For instance, Simon Says is a way to internalize instructions and understand 

them in a more complete way, both kinesthetically and verbally. Here are some other suggestions for 

songs and games to reinforce various concepts from the curriculum. Teachers may think of many more! 

  Simon Says, traditional style: emphasizes ways our own bodies move, but without having kids 

sit out for mistakes, 

 Simon Says w/ icons cards: helps students learn new programming icons’ symbols, spoken 

name, and kinesthetic action. Variation: Kids pick icons/strings for peers to act out,Head, 

Shoulders, Knees, and Toes:  emphasizes peoples’ body parts vs. robot parts, 

 Act out blocks and programs or ‘program’ a friend to move along a line on the floor, 

 ‘Memory’ card game or other matching game with icons: spurs use of instruction icons’ names. 

When a child finds a match, they name and act out the icon. 

 ‘The Wheels on the bus.’ Variation: Sing with programming instructions, 

 Programming Charades:  Mentor shows a child a program made from block icons. The child acts 

out the program. The other children identify what icons made up the program. 

 Walk-Through Progams. Make large programming icons that can be placed on the floor. Children 

literally walk through the program step by step and carry out the actions to internalize how the 

robot processes its programs. This can be especially helpful when working with “Repeats” and 

“Ifs.” 
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The Engineering Design Process 

When working with young children and robotics, there are some interesting challenges around 

helping children structure their problem-solving processes. Marina Bers, in her Blocks to Robots’ book 

(2008), talks about the role of the engineering design process. 

“On the one hand, we want to help them [the children] follow their ideas, but we do not 

want them to become frustrated to the point they quit the work. On the other hand, we do 

not want their success to be scripted, too easy, or without failure.  One of the approaches 

for how to handle this is by helping them understand and follow the design process. This is 

similar to what engineers or software developers do in their own work. They identify a 

problem. They do research to understand better the problem and to address it. They 

brainstorm different potential solutions and evaluate the pros and cons. They choose the 

best possible solution and plan in advance how to implement it. They create a prototype 

and they implement it. They test it and redesign it based on feedback. This happens many, 

many times. And finally, they share their solutions with others. This cycle is repeated 

multiple times.” 

 

The following diagram, Figure 1, shows one of many possible simplified versions of the engineering 

design process. One suggestion for using this graphic is to give each child or pair a small copy of it along 

with a token, similar to a playing piece in a board game. Children can move their token around the 

diagram to reinforce the steps of the process. Figures 2-5 show individual steps of the engineering 

design process to facilitate making a large poster of the whole process for the class to see from 

anywhere around the room. 
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Figure 4: Engineering Design Process step 3: Choose one solution and plan out how to do it in detail. 
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Figure 5: Engineering Design Process step 4: Create a prototype or working version of your plan.
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Design Journals 

Providing children with a design journal and with many opportunities to talk about their ideas 

throughout the process can be helpful. However, before working with design journals it is useful to be 

aware of different approaches to the design and problem-solving processes. Following is an excerpt from 

Marina Bers’ book Blocks to Robots. 

“As children work on their projects, many iterations and revisions will be done. Design 

journals make transparent to the children themselves, as well as teachers and parents, their 

own thinking and the project evolution. […] Some children might choose to avoid using 

design journals or follow a systematic design process. They do not like to plan in advance. 

They might belong to a group of learners that Papert and Turkle have characterized as 

tinkerers and bricoleurs (Turkle & Papert, 1992). They engage in dialogues and negotiations 

with the technology, their ideas happen as they design, build and program.  As Papert and 

Turkle write, “The bricoleur resembles the painter who stands back between brushstrokes, 

looks at the canvas, and only after this contemplation, decides what to do next” (Turkle & 

Papert, 1992). 

“Constructionist learning environments allow for different epistemological styles, or ways of 

knowing, to flourish. Some children want and need constraints and top-down planning 

because they know what they want to make. Others enjoy working bottom-up and messing 

around with the materials to come up with ideas. Some methods of teaching robotics and 

programming, directly derived from engineering and computer sciences, provide structured 

paths for children to navigate the process from idea to product. For example, the formal 

steps of the engineering design process presented earlier are laid out in a design journal 

consisting of teacher made worksheets.  This approach might or might not work, depending 

on the child, the way the learning environment is set up and the educational goals. In this 

book I advocate both pathways: design journals with a directive focus, in the forms of 

questions and design journals with lots of white pages, for those children that might want to 

invent their own strategies. Tinkerers and planners complement each other and can also 

learn from each other. Constructionist environments should be inviting and supportive to 

little engineers who thrive working with constraints and making advanced plans, and little 

tinkerers who create in dialogue with the materials.” 

Taking these ideas into consideration, a sample design journal follows. 
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We are going to build: 

 

It is a(n) ________________________ 

Its name is _______________________ 

 

It will look like this because 

________________________________

________________________________

________________________________ 
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We will tell the robot to do this: 

 

It will do that to show       
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This is a picture of me and my partner 

with our final robot: 

 

 

 

 

 

 

 

 

 

We made it like this because 

________________________________

________________________________

________________________________



  59 

We told the robot to do this: 

 

It did that to show        
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Appendix E 

A Sample Engineer’s License 
*Thanks to Jared Matas and Nehama Libman for this idea and example. 
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___________’s Engineer’s License 

Level 1 – Sturdy Builder 

   

 

Level 2 – Robot Builder 

  

 

Level 3 – Programmer I 

 

  

 

Level 4 – Programmer II 

  

 

  Level 5 – Programmer III  

 

Level 6 –  Expert 

 

 

Figure 8: Sample Engineer’s License
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Engineer’s License: Key 

Level 1: Builder 

 

Robot stays intact. 

 

Robot moves. 

Level 2: Robot Builder 

 

Robot has all attached parts 

 

Child uses tangible / graphical interface to 

upload a program to the robot. 

Level 3: Programmer I 

 

Child picks right icons. 

 

Child puts icons in order. 

Level 4: Programmer II 

   
Child knows when to use / not use repeats. 

 

Child knows what sensors are for and how to 

use them. 

 

Child knows when & how to use sensor 

parameters. 

Level 5: Programmer III 

   
Child understands Ifs and how to use them. 

Level 6: Expert 

   

See criteria for assessing final projects and 

overall levels of understandings. 

 
Figure 9: Key to the icons on the sample Engineer’s License
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Working with CHERP and the LEGO® RCX  

Note: More information can be found in The CHERP Documentation 

http://ase.tufts.edu/DevTech/tangiblek/research/Cherp%20Documentation.pdf 

Testing a Robot’s Motors: 

It is necessary to test a newly built robot to make sure that its motors turn as expected when 

programmed with a Forward instruction (or another instruction with an easily verifiable outcome, e.g. 

NOT Shake or Spin). The wires can attach to the RCX or motors parts in four directions. Two directions 

will make the motors turn clockwise; the other two will make the motors turn counterclockwise. 

Turning a wire connection 180 will always reverse the direction the motor spins; turning it 90 does not 

guarantee a direction change. See Appendix G, picture (f) for an example of an orientation that works. 

Once you have this orientation, you can place the motors to make any side of the RCX the “front” of the 

robot. 

Setting up the Tangible Programming Materials 

The spacing between the computer’s webcam and the tangible programming blocks is 

important for the computer vision to work properly. The webcam must have a direct line of sight to the 

blocks, the blocks should be at least 18 inches from the webcam, and the whole program must fit in the 

camera’s field of view. To test your set-up, upload tangible programs and check the photo that appears 

on the screen and the graphical version of the program that the computer saw in that picture. Some 

helpful hints: Mark where to place blocks relative to the webcam. This could mean placing labeled 

notecards, paper strips, or tape on the surfaces where you know the set-up works. Or, have 18-inch 

strings or paper strips available for students to measure (and mark) the distance between their webcam 

and blocks. Best yet, experiment with how far left and right the end of a program can go without 

leaving the webcam’s field of view and mark those edges on paper strips taped to the work surface. The 

more of this spacing that can be pre-marked, the quicker students can get to work during the activities 

if the equipment is not already set up. 

It is also important the all the blocks be in one straight line, which is usually only tricky with the 

magnet parameters, which can be twisted, or children might not place them in view of the webcam, and 

the roped Repeat and If blocks, whose cords can block the webcam’s view or misalign the blocks (if the 

cord is underneath them). 

Using the IR Tower 

 The IR receiver port on the RCX (the smooth black rectangle on one end of it) must be aligned 

with the IR tower’s transmitter. It is best to place the RCX as close as possible to the tower so the RCX 

does not accidentally pick up a program sent by a different tower. However, the RCX’s IR port should be 

lined up near the green light on the tower that turns on while it transmits. This means you might have to 

prop up or hold the RXC to be lined up properly. 

http://ase.tufts.edu/DevTech/tangiblek/research/Cherp%20Documentation.pdf
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Starter Ideas for Mobile Robot Designs 
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Starter Ideas for Mobile Robot Designs 

There are many ways to put together a mobile LEGO® robot, but starting out can be confusing for 

children and adults alike. Here are some ideas, intended to inspire the exploration of different designs. 

 Watch out that the wires don’t rub the tires and that the wheel or tire does not rub on other parts 

of the robot. This will slow the motor down or prevent the wheel from turning properly. 

 With some designs, you can wrap the wire back between the motors toward the back of the RCX 

and up onto the ports (see example (a) below). 

 Use a “slider” instead of a wheel on the front “leg(s)” of the robot. This is simpler and it allows the 

robot to turn smoothly. A tire in front will cause a lot of friction while the robot turns. 

 Try wheels of different sizes. Try using other round parts, like LEGO® gears as wheels. 

 Make sure all the robot’s parts and other LEGO® and crafts or recycled pieces are connected 

STURDILY. It can be frustrating and time-consuming to rebuild a robot over and over! 

 Keep the IR port (“ear”) unobstructed so the robot can receive programs. 

 

             
(a) Motor attachment             (b) Reinforcement of motors          (c) Reinforcement of motors           

       
(d) Reinforcement of motors          (e) Wrapping the wire.                      (f) Orienting the wire ends 

 

       
(g) Front leg with “slider”       (h) Front legs with “sliders”           (i) Different possible wheels 

Figure 8: Possible mobile robot designs 
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List of Materials 
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List of Materials 

Robotics materials 

 1 set of robot parts for each child or pair, plus extras of each part: RCX “computer brain” brick, 2 

motors, 3+ wires (2+ short and 1+ long), a variety of different-sized wheels,  LEGO® light bulb piece; 

touch sensor and light sensor. 

 LEGO® “slider” pieces, assortment of LEGOs® and recycled materials; 

 Batteries (each RCX runs on 6 AA batteries). 

Programming materials:  

 Computers with CHERP installed, webcam, IR tower (1 set for each student or pair who will be 

working at one time); 

 1 set of tangible programming blocks for at least every two students, regardless of whether they are 

working together or separately. 

Teaching materials: 

 Posters showing robot parts, the uploading processes; 

 Chart and images for “Is It a Robot?”; 

 Large icons for display / reference programs. They could be magnetic or felt-backed for magnetic 

whiteboards or felt-boards. Use whatever display surfaces are readily available; 

 Design journals for final project and icons on paper for students to cut and tape / glue into their 

design journals; 

 Assessment forms for each student. 
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Figure 11: Parts of a LEGO® Mindstorms™ Robot 
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