
STUDENT WORKSHEET: IDENTIFYING LEGO PARTS

Name______________________________________  Date____________

Match the Lego part with its picture.

a. bricks e. motor cable i. bushings
b. beams f. wheels j. pegs
c. motors g. gears k. axles
d. sensors h. RCX l. plates
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	INTRODUCTION
	This document contains a series of lessons and activities that teach applied math, science, and t...

	LESSON ORGANIZATION
	Activities are grouped into units. Depending on the allotted time, instructors may choose to do a...
	The different units are:
	• Introductory Lessons: In these lessons, students build the basic mobile robot chassis and learn...
	• Sensors: In these lessons, students learn why robots need sensors and modify the basic robot ch...
	• Mechanics: In these lessons, students learn concepts from applied physics including gears, torq...
	• Programming: In these lessons, students learn advanced programming concepts beyond the basic on...

	The hands-on portion of the activities in each unit are based upon the same basic robot design. T...

	LESSON CONTENTS
	Each learning activity contains the following:
	• Description of the learning objective.
	• An outline of the lesson plan.
	• Background material for the teacher that can be used to explain the concepts of the lesson to t...
	• Building instructions for the robot that is used for the learning activity.
	• Programming instructions for the robot that is used for the learning activity.
	• The procedure for the students for the learning activity. This includes a description of the ex...
	• Trouble shooting and debugging tips.
	• Solutions to all worksheet problems.


	HARDWARE AND SOFTWARE
	The hardware that is used in all learning activities is the Lego‰ Mindstorms‰ kit. The Lego‰ Mind...
	The software package that is used in all learning activities is RoboLab‰. RoboLab‰ is an icon-bas...
	There are a number of books and other reference materials available about Lego‰ Mindstorms‰ and R...

	SUGGESTIONS FROM TEACHERS FOR DIFFERENT GRADE LEVELS
	Introducing Robotics to 5th grade.
	Carol <Put Last Name Here>
	For this grade, everything must be “hands on” first, then programming to follow. To introduce rob...
	Next, I would show a model of a Lego robot and give it a command. Once they have seen it in actio...
	I would explain that each time we would work, for the time being, we would be working as teams. E...
	Then each team would begin to organize their kits making sure everything had a neat home. This wo...
	As time allowed, I would ask the students to being creating a robot of their choice. Again, follo...
	Students at this level are very curious and more than ready to “please” the people around them. W...
	From this point on, the possibilities are endless. We would work with creating certain goals for ...
	When the fifth graders begin to feel success, I will then begin working with the 6th graders in t...
	From all this, continued research, sketches and designs would begin to develop and higher interes...

	Integrating Robots Into the 6th Grade DASH Science Program
	Linda Bechtol
	My 6th grade Science curriculum, DASH, is a hands-on, inquiry-based program out of the University...
	To introduce robotics into my curriculum, I would have to start with the basics:
	1. A short introduction to the history of robotics would lead to a discussion of how robots are u...
	2. Introduce the LEGO building kit to the students and give them the proper names for the pieces:...
	3. Show the students a completed and programmed robot. Demonstrate what the robot can do accordin...
	4. The next to be introduced would be the Robolab programming tool. Show the students each of the...
	5. Take the students back to the pilot levels of Robolab. This would show the students the basics...
	6. After this demonstration, allow the teams to take the robots and program them to do the tasks ...
	7. Introduce the students to the Inventor’s levels. Begin by explaining the Functions palette tha...
	8. Students would next be given the task to build a robot. The basic design from the Unit 1 Intro...
	9. Teams would be set up. A discussion would be held as to what a team is and how it should funct...
	10. Next, each team would be given its own very basic program to write and transmit to its robot....
	11. Each team would then be given the same challenge and asked to design a robot, write a program...
	12. Once students have become familiar with the robots and the use of Robolab, it would be time t...
	A. In the weather cluster, the robot could be programmed to take the temperature outside daily. S...
	B. The final activity of the year with the 6th grade program is to build a biosphere and to put i...
	C. In addition, light sources are needed. Robots could be programmed to provide light at work sit...
	D. Students build balances. The robots could be programmed to pick up and bring items to the area...
	E. Students would be encouraged throughout the year to come up with ways that robots could be put...
	From http://www.occdsb.on.ca/~proj4632/openingmitjj.htm

	Leaping Across the Curriculum with Robotics in Elementary
	Janis Kam
	During the last year, I have had the pleasure of using robotics kits with many children and I hav...
	Good afternoon ladies and gentlemen, I would like to take this opportunity to thank MIT Media Lab...
	I strongly believe that I am a very lucky individual to be to work in the Ottawa-Carleton Catholi...
	Kids today are truly being prepared for a future of dreams. If they can imagine it, they will be ...
	observing the way in which a robot moves, inferring the way a certain robot should behave, classi...
	I could easily argue that the use of these kits could be integrated across the curriculum. For ex...
	In one class, I held up this bumper car and I told the kids that today we are going to build this...
	Can you guess what the kids wanted to do when they built their bumper car? They wanted to play SM...
	I have found that the kids go through a few stages in the whole process of using the kit. I have ...
	Jenni and I have also created a website where we have posted the details of our lesson planning a...

	Robotics in Education
	Jenni Quartermain
	Picture this: 30 previously active, talkative and energetic 9 year olds hunched over in small gro...
	Good afternoon ladies and gentlemen, my name is Jenni McNally. I would like to take the opportuni...
	So, what does this have to do with robotics? The school board has started up an initiative called...
	I decided that our morning might run much smoother with assigned tasks. I thought that assigning ...
	I found that the more structured our workshops with the kids were, the more smoothly they ran. I ...
	There are many benefits of using robotics in the classroom such as science/ tech skills, math ski...
	In terms of male/female interaction, we purposely had mixed groups. The teachers had arranged the...
	Constructing the robots seemed to carry with it an element of competition. The groups who finishe...
	Programming was also introduced to the kids at an introductory level. The Robolab programming is ...
	The kids absolutely loved the challenge of building these Robots. There was such pride in their e...
	My experience using Robotics in elementary schools has been extremely positive. The kids are very...

	Science Standards Met by Using Robotics in the Classroom
	Reinforcement of Grade 4 Standards
	Introduction and Application of Grade 7 Standards

	Unifying Themes
	3.1.4 A Know that natural and human-made objects are made up of parts.
	• Identify and describe what parts make up a system.
	• Describe the purpose of analyzing systems

	3.1.7A Explain the parts of a simple system and their relationships to each other.
	• Describe a system as a group of related parts that work together to achieve a desired result.
	• Explain the importance of order in a system.
	• Distinguish between system inputs, system processes and system outputs.
	• Distinguish between open loop and closed loop systems.
	• Apply systems analysis to solve problems.

	3.1.4B Know models as useful simplifications of objects or processes.
	• Apply appropriate simple modeling tools and techniques.

	3.1.7B Describe the use of models as an application of scientific or technological concepts.
	• Explain systems by outlining a system’s relevant parts and its purpose and/or designing a model...

	3.1.7C Identify patterns as repeated processes or recurring elements in science and technology.
	• Identify repeating structure patterns.
	• Identify and describe patterns that occur in physical systems (e.g., construction, manufacturin...

	3.1.4D Know that scale is an important attribute of natural and human-made objects, events and ph...
	• Describe scale as a ratio (e.g., pipe fittings).

	3.1.7 D Explain scale as a way of relating concepts and ideas to one another by some measure.
	• Apply various applications of size and dimensions of scale to scientific, mathematical, and tec...
	• Describe scale as a form of ratio and apply to a life situation.

	3.1.4 E Recognize change in natural and physical systems.
	• Recognize change as fundamental to science and technology concepts.
	• Describe relative motion.

	3.1.7E Identify change as a variable in describing natural and physical systems.
	• Describe fundamental science and technology concepts that could solve practical problems.
	• Explain how ratio is used to describe change.
	• Describe the effect of making a change in one part of a system on the system as a whole.


	Inquiry and Design
	3.2.4A Identify and use the nature of scientific and technological knowledge.
	• Provide clear explanations that account for observations and results.
	• Relate how new information can change existing perceptions.

	3.2.7A Explain and apply scientific and technological knowledge.
	• Answer “What if” questions based on observation, inference or prior knowledge or experience.
	• Explain how new information may change existing theories and practice.

	3.2.4B Describe objects in the world using the five senses.
	• Recognize observational descriptors from each of the five senses.
	• Use observations to develop a descriptive vocabulary.

	3.2.7 B Apply process knowledge to make and interpret observations.
	• Measure materials using a variety of scales.
	• Describe relationships by making inferences and predictions.
	• Communicate, use space/time relationships, define operationally, raise questions, and formulate...
	• Design controlled experiments, recognize variables, and manipulate variables.
	• Interpret data, formulate models, design models, and produce solutions.

	3.2.4C Recognize and use the elements of scientific inquiry to solve problems.
	• Generate questions about objects, organisms and/or events that can be answered through scientif...
	• Design an investigation.
	• Conduct an experiment.
	• State a conclusion that is consistent with the information.

	3.2.7C Identify and use the elements of scientific inquiry to solve problems.
	• Generate questions about objects, organisms and/or events that can be answered through scientif...
	• Evaluate the appropriateness of questions.
	• Design an investigation with limited variables to investigate a question.
	• Conduct a two-part experiment.
	• Judge the significance of experimental information in answering the question.
	• Communicate appropriate conclusions from the experiment.

	3.2.4D Recognize and use the technological design process to solve problems.
	• Recognize and explain basic problems.
	• Identify possible solutions and their course of action.
	• Try a solution.
	• Describe the solution, identify its impacts and modify if necessary.
	• Show the steps taken and the results.

	3.2.7D Know and use the technological design process to solve problems.
	• Define different types of problems. Define all aspects of the problem, necessary information an...
	• Define all aspects of the problem, necessary information and questions that must be answered.
	• Propose the best solution.
	• Design and propose alternative methods to achieve solutions.
	• Apply a solution.
	• Explain the results, present improvements, identify and infer the impacts of the solution.


	Physical Science, Chemistry and Physics
	3.4.4B Know basic energy types, sources and conversions.
	• Identify energy forms and examples.

	3.4.7B Relate energy sources and transfers to heat and temperature.
	• Identify and describe sound changes in moving objects.

	3.4.4C Observe and describe different types of force and motion.
	• Describe various types of motions.
	• Compare the relative movement of objects and describe types of motion that are evident.
	• Describe the position of an object by locating it relative to another object or the background.

	3.4.7C Identify and explain the principles of force and motion.
	• Describe the motion of an object based on its position, direction and speed.


	Technology
	3.6.4B Know that technologies involve encoding, transmitting, receiving, storing, retrieving and ...
	• Identify electronic communication methods that exist in the community.
	• Demonstrate the ability to communicate an idea by applying basic sketching and drawing techniques.

	3.6.7 B Explain information technologies of encoding, transmitting, receiving, storing, retrievin...
	• Analyze and evaluate the effectiveness of a graphic object designed and produced to communicate...
	• Apply basic technical drawing techniques to communicate an idea or solution to a problem.
	• Apply the appropriate method of communications technology to communicate a thought.

	3.6.4C Know physical technologies of structural design, analysis and engineering, finance, produc...
	• Identify and group a variety of construction tasks.
	• Know skills used in construction.
	• Identify examples of manufactured goods present in the home and school.
	• Identify basic component operations in a specific manufacturing enterprise (e.g., cutting, shap...
	• Explain and demonstrate the concept of manufacturing.
	• Identify transportation technologies of propelling, structuring, suspending, guiding, controlli...
	• Identify and experiment with simple machines used in transportation systems.
	• Explain how improved transportation systems have changed society.

	3.6.7C Explain physical technologies of structural design, analysis and engineering, personnel re...
	• Evaluate a construction activity by specifying task analyses and necessary resources.
	• Explain transportation technologies of propelling, structuring, suspending, guiding, controllin...
	• Identify and explain the workings of several mechanical power systems.
	• Model and explain examples of vehicular propulsion, control, guidance, structure and suspension...


	Technological Devices
	3.7.4A Explore the use of basic tools, simple materials and techniques to safely solve problems.
	• Group tools and machines by their function.
	• Select and safely apply appropriate tools and materials to solve simple problems.

	3.7.7A Describe the safe and appropriate use of tools, materials and techniques to answer questio...
	• Identify uses of tools, machines, materials, information, people, money, energy and time that m...
	• Describe safe procedures for using tools and materials.
	• Assess materials for appropriateness of use.

	3.7.4B Select appropriate instruments to study materials.
	• Explain appropriate instrument selection for specific tasks.

	3.7.7 B Use appropriate instruments and apparatus to study materials.
	• Apply knowledge of different measurement systems to measure and record objects’ properties.

	3.7.4 C Identify basic computer operations and concepts.
	• Identify the major parts necessary for a computer to input and output data.
	• Explain and demonstrate the basic use of input and output devices (e.g., keyboard, monitor, pri...

	3.7.7C Explain and demonstrate basic computer operations and concepts.
	• Know specialized computer applications used in the community.
	• Describe the function of advanced input and output devices (e.g., scanners, video images, plott...
	• Demonstrate age appropriate keyboarding skills and techniques.

	3.7.4D Use basic computer software.
	• Apply operating system skills to perform basic computer tasks.
	• Apply basic word processing skills.
	• Identify and use simple graphic and presentation graphic materials generated by the computer.
	• Apply specific instructional software.

	3.7.7 D Apply computer software to solve specific problems.
	• Identify software designed to meet specific needs.
	• Identify and solve basic software problems relevant to specific software applications.
	• Identify basic multimedia applications.
	• Demonstrate a basic knowledge of desktop publishing applications.
	• Apply intermediate skills in utilizing word processing, database, and spreadsheet software.
	• Apply basic graphic manipulation techniques.

	3.7.4E Identify basic computer communications systems.
	• Apply a web browser.
	• Apply basic electronic mail functions.
	• Use on-line searches to answer age appropriate questions.

	3.7.7E Explain basic computer communications systems.
	• Describe the organization and functions of the basic parts that make up the World Wide Web.
	• Apply basic on-line research techniques to solve a specific problem.


	Science, Technology and Human Endeavors
	3.8.4A Know that people select, create and use science and technology and is limited by social an...
	• Identify and describe positive and negative impacts that influence or result from new tool and ...
	• Identify how physical technology (e.g., construction, manufacturing, transportation), informati...
	• Describe how scientific discoveries and technological advancements are related.
	• Identify interrelationships among technology, people, and their world.
	• Apply the technological design process to solve a simple problem.

	3.8.7 A Explain how sciences and technologies are limited in their effects and influences on soci...
	• Identify and describe the unavoidable constraints of technological design.
	• Identify changes in society as a result of a technological development.
	• Identify and explain improvements in transportation, health, sanitation and communications as a...

	3.8.4B Know how human ingenuity and technological resources satisfy specific human needs and impr...
	• Describe a technological invention and the resources that were used to develop it.

	3.8.7 B Explain how human ingenuity and technological resources satisfy specific human needs and ...
	• Identify interrelationships between systems and resources.
	• Identify and describe the resources necessary to solve a selected problem in a community and im...

	3.8.4 C Know the pros and cons of possible solutions to scientific and technological problems in ...
	• Compare the positive and negative expected and unexpected impacts of technological change.
	• Identify and discuss examples of technological change in the community that have both positive ...

	3.8.7C Identify the pros and cons of applying technological and scientific solutions to address p...
	• Describe the positive and negative expected and unexpected effects of specific technological de...
	• Describe ways technology extends and enhances human abilities.


	PA Language Arts Standards Met by Using Robots in the Classroom
	Reinforcement of Grade 5 Standards
	Introduction and Application of Grade 8 Standards

	Learning to Read Independently
	1.1.5A Establish the purpose for reading a type of text (literature, information) before reading.
	1.1.8A Locate appropriate texts (literature, information, documents) for an assigned purpose befo...
	1.1.8B Identify and use common organizational structures and graphic features to comprehend infor...
	1.1.5C Use knowledge of phonics, syllabication, prefixes, suffixes, the dictionary or context clu...
	1.1.8C Use knowledge of root words as well as context clues and glossaries to understand speciali...
	1.1.5F Understand the meaning of and use correctly key vocabulary from various subject areas.
	1.1.8F Understand the meaning of and apply key vocabulary across the various subject areas.
	1.1.5G Demonstrate after reading understanding and interpretation of both fiction and nonfiction ...
	• Summarize the major ideas, themes or procedures of the text.
	• Relate new information or ideas from the text to that learned through additional reading and me...
	• Clarify ideas and understandings through rereading and discussion.
	• Make responsible assertions about the ideas from the text by citing evidence.
	• Extend ideas found in the text.

	1.1.8G Demonstrate after reading understanding and interpretation of both fiction and nonfiction ...
	• Make, and support with evidence, assertions about texts.
	• Compare and contrast texts using themes, setting, characters and ideas.
	• Make extensions to related ideas, topics or information.
	• Describe the context of a document.
	• Analyze the positions, arguments and evidence in public documents.


	Reading Critically in All Content Areas
	1.2.5A Read and understand essential content of informational texts and documents in all academic...
	• Differentiate fact from opinion across texts.

	1.2.8A Read and understand essential content of informational texts and documents in all academic...
	• Differentiate fact from opinion utilizing resources that go beyond traditional text (e.g., news...
	• Draw inferences based on a variety of information sources.

	1.2.5B Use and understand a variety of media and evaluate the quality of material produced.
	• Use established criteria to design and develop a media project for a targeted audience.

	1.2.8B Use and understand a variety of media and evaluate the quality of material produced.
	• Compare and analyze how different media offer a unique perspective on the information presented.
	• Use, design, and develop a media project that expands understanding.


	Types of Writing
	1.4.5B Writing multi-paragraph informational pieces.
	• Develop a problem and solution when appropriate to the topic.
	• Use relevant graphics.

	1.4.8B Write multi-paragraph informational pieces.
	• Include cause and effect.
	• Develop a problem and solution when appropriate to the topic.
	• Use relevant graphics.
	• Use primary and secondary sources.

	1.4.8D Maintain a written record of activities, course work, experience, honors and interests.

	Quality of Writing
	1.1.5A Write with a sharp, distinct focus identifying topic, task and audience.
	1.5.8A Write with a sharp distinct focus.
	• Identify topic, task and audience.
	• Establish a single point of view.

	1.5.5B Write using well-developed content appropriate for the topic.
	• Gather, organize and select the most effective information appropriate for the topic task and a...
	• Write paragraphs that have a topic sentence and supporting details.

	1.5.8B Write using well-developed content appropriate for the topic.
	• Gather, determine validity and reliability of and organize information.
	• Employ the most effective format for purpose and audience.
	• Write paragraphs that have details and information specific to the topic and relevant to the fo...

	1.5.5E Revise writing to improve and organization and word choice; check the logic, order of idea...
	1.5.8E Revise writing after rethinking logic of organization and rechecking central idea, content...
	1.5.5F Edit writing using the conventions of language.
	• Spell common, frequently used words correctly.
	• Use capital letters correctly.
	• Punctuate correctly (periods, exclamation points, question marks, commas, quotation marks, apos...
	• Use nouns, pronouns, verbs, adjectives, adverbs, conjunctions, prepositions and interjections p...
	• Use complete sentences.

	1.5.8F Edit writing using the conventions of language (see above).

	Speaking and Listening
	1.6.5A Listen to others.
	• Ask pertinent questions.
	• Distinguish relevant information, ideas and opinions from those that are irrelevant.
	• Take notes when prompted.

	1.6.8A Listen to others.
	• Ask probing questions.
	• Analyze information, ideas and opinions to determine relevancy.
	• Take notes when needed.

	1.6.5C Speak using skills appropriate to formal speech situations.
	• Use complete sentences.
	• Pronounce words correctly.
	• Use appropriate volume.
	• Pace speech so that it is understandable.
	• Adjust content for different audiences (e.g., fellow classmates, parents).
	• Speak with a purpose in mind.

	1.6.8C Speak using skills appropriate to formal speech situations.
	• Use complete sentences.
	• Pronounce words correctly.
	• Adjust volume to purpose and audience.
	• Adjust pace to convey meaning.
	• Add stress (emphasis) and inflection to enhance meaning.

	16.5D Contribute to discussions.
	• Ask relevant questions.
	• Respond with relevant information or opinions to questions asked.
	• Listen to and acknowledge the contributions of others.
	• Adjust involvement to encourage equitable participation.
	• Give reasons for opinions.
	• Summarize, when prompted.

	1.6.8D Contribute to discussions.
	• Ask relevant, probing questions.
	• Respond with relevant information, ideas or reasons in support of opinions expressed.
	• Listen to and acknowledge the contributions of others.
	• Adjust tone and involvement to encourage equitable participation.
	• Clarify, illustrate or expand on a response when asked.
	• Present support for opinions.
	• Paraphrase and summarize, when prompted.

	1.6.5E Participate in small and large group discussions and presentations
	• Participate in everyday conversation.
	• Present an oral reading.
	• Deliver research reports.
	• Conduct interviews.
	• Plan and participate in group presentations.
	• Contribute to informal debates.

	1.6.8E Participate in small and large group discussions and presentation.
	• Initiate everyday conversation.
	• Select a topic and present an oral reading.
	• Conduct interviews as part of the research process.
	• Organize and participate in informal debates.

	1.6.5F Use media for learning purposes.
	• Compare information received on television with that received on radio or in the newspapers.
	• Access information on Internet.
	• Discuss the reliability of information received on Internet sources.
	• Explain how film can represent either accurate versions or fictional versions of the same event.
	• Use a variety of images and sounds to create an effective presentation on a topic.

	1.6.8F Use media for learning purposes.
	• Describe how the media provides information that is sometimes accurate, sometimes biased based ...
	• Create a multimedia presentation for display or transmission.


	Characteristics and functions of the English Language
	1.7.5C Identify word meanings that have changed over time (e.g., cool, mouse).
	1.7.8C Identify new words that have been added to the English language over time.

	Research
	1.8.5A Select and refine a topic for research.
	1.8.6A Select and refine a topic for research.
	1.8.5B Locate information using appropriate sources and strategies.
	• Evaluate the usefulness and qualities of the sources.
	• Select appropriate sources.
	• Use tables of contents, indices, key words, cross-references and appendices.
	• Use traditional and electronic search tools.

	1.8.8B Locate information using appropriate sources and strategies.
	• Determine valid resources for researching the topic, including primary and secondary sources.
	• Evaluate the importance and quality of the sources.
	• Select essential sources.
	• Use tables of contents, indices, key words, cross-references and appendices.
	• Use traditional and electronic search tools.

	1.8.5C Organize and present the main ideas from research.
	• Take notes from sources using a structured format.
	• Present the topic using relevant information.
	• Credit sources using a structured format.

	1.8.8C Organize, summarize and present the main ideas from research.
	• Identify the steps necessary to carry out a research project.
	• Take relevant notes from sources.
	• Develop a thesis statement based on research.
	• Give precise, formal credit for others' ideas, images or information using a standard method of...
	• Use formatting techniques to create an understandable presentation for a designated audience.


	PA Math Standards Met by Using Robotics in the Classroom
	Reinforcement of Grade 5 Standards
	Introduction and Application of Grade 8 Standards

	Numbers, Number Systems and Number Relationships
	2.1.8A Represent and use numbers in equivalent forms (e.g., integers, fractions, decimals, percen...
	2.1.5D Use models to represent fractions and decimals.
	2.1.8D Apply ration and proportion to mathematical problem situations involving distance, rate, t...

	Computation and Estimation
	2.2.5B Develop and apply algorithms to solve word problems that involve addition, subtraction, an...
	2.2.8B Add, subtract, multiply and divide different kinds and forms of rational numbers including...
	2.2.5C Develop and apply algorithms to solve word problems that involve addition, subtraction, an...
	2.2.8D Estimate amount of tips and discounts using ratios, proportions and percents.
	2.2.5E Determine through estimations the reasonableness of answers to problems involving addition...
	2.2.8E Determine the appropriateness of overestimating or underestimating in computation.
	2.2.5F Demonstrate skills for using fraction calculators to verify conjectures, confirm computati...
	2.2.8F Identify the difference between exact value and approximation and determine which is appro...
	2.2.5I Select a method for computation and explain why it is appropriate.

	Measurement and Estimation
	2.3.5A Select and use appropriate instruments and units for measuring quantities (e.g., perimeter...
	2.3.8A Develop formulas and procedures for determining measurements (e.g., area, volume distance).
	2.3.5B Select and use standard tools to measure the size of figures with specified accuracy, incl...
	2.3.8C Measure angles in degrees and determine relations of angles.
	2.3.5D Convert linear measurements within the same system.
	2.3.8D Estimate, use and describe measures of distance, rate, perimeter, area, volume, weight, ma...
	2.3.5E Add and subtract measurements.
	2.3.8F Use scale measurements to interpret maps or drawings.
	2.3.8G Create and use scale models.

	Mathematical Reasoning and Connections
	2.4.8A Make conjectures based on logical reasoning and test conjectures by using counter-examples.
	2.4.5B Use models, number facts, properties and relationships to check and verify predictions and...
	2.4.8B Combine numeric relationships to arrive at a conclusion.
	2.4.5C Draw inductive and deductive conclusions within mathematical contexts.
	2.4.8C Use if…then statements to construct simple, valid arguments.
	2.4.5D Distinguish between relevant and irrelevant information in a mathematical problem.
	2.4.8D Construct, use and explain algorithmic procedures for computing and estimating with whole ...
	2.4.5E Interpret statements made with precise language of logic (e.g., "all", "or", "every", "non...
	2.4.8E Distinguish between inductive and deductive reasoning.

	Mathematical Problem Solving and Communication
	2.5.5A Develop a plan to analyze a problem, identify the information needed to solve the problem,...
	2.5.8A Invent, select, use and justify the appropriate methods, materials and strategies to solve...
	2.5.5B Use appropriate mathematical terms, vocabulary, language symbols and graphs to explain cle...
	2.5.8B Verify and interpret results using precise mathematical language, notation and representat...
	2.5.5C Show ideas in a variety of ways, including words, numbers, symbols, pictures, charts, grap...
	2.5.8C Justify strategies and defend approaches used and conclusions reached.
	2.5.5D Connect, extend and generalize problem solutions to other concepts, problems and circumsta...
	2.5.8D Determine pertinent information in problem situations and whether any further information ...
	2.5.5E Select, use and justify the methods, materials and strategies used to solve problems.
	2.5.5F Use appropriate problem-solving strategies (e.g., solving a simpler problem, drawing a pic...

	Statistics and Data Analysis
	2.6.5A Organize and display data using pictures, tallies, tables, charts, bar graphs and circle g...

	Algebra and Functions
	2.8.5E Explain the use of combinations of symbols and numbers in expressions, equations and inequ...

	Geometry
	2.9.5C Identify and measure circles, their diameters and their radii.
	2.9.5E construct two-and three-dimensional shapes and figures using manipulatives, geoboards and ...

	Trigonometry
	2.10.5A Identify and compare parts of right triangles, including right angles, acute angles, hypo...
	2.10.5B Create right triangles on a geoboard.

	Concepts of Calculus
	2.11.5A Make comparisons of numbers (e.g., more, less, same, least, most, greater than, less than).
	2.11.5C Identify maximum and minimum.
	2.11.5D Describe the relationship between rates of change and time.

	UNIT 1:
	INTRODUCTORY
	LESSONS

	UNIT 1: INTRODUCTORY LESSONS
	These lessons are designed to be an introduction to the basics of the Lego‰ hardware and RoboLab‰...

	TABLE OF CONTENTS
	• Getting Started
	Ideas and advice on how to introduce robotics to your class.
	• Lesson: Identifying Lego‰ Parts and Building the Basic Robot

	This lesson has the students become familiar with the Lego‰ kits and build the mobile robot chass...
	• Lesson: Introduction to RoboLab‰ and 5 Basic Programming Challenges

	This lesson introduces the students to the RoboLab‰ software package and they program their robot...
	• Lesson: RoboLab‰ Continued and 5 Advanced Programming Challenges

	This lesson continues with learning the RoboLab software package and introduces the concepts of m...

	GETTING STARTED
	GETTING STARTED
	There is a fascination with robots that no child can resist. When they see a seemingly intelligen...
	The following sections offer some general advice for getting started and introducing a class to t...

	INTRODUCTORY DISCUSSION SUGGESTIONS
	Before building the robots, the instructor can lead the class in a discussion of the following to...
	• Different robots from television shows and movies.
	• Jobs that would be good and bad for robots to do.
	• Real-world robots. Some examples of real world robots that have been developed by Carnegie Mell...
	• Capabilities of current robots.

	Web sites that provide information about different robots are given in Appendix A.

	INTERDISCIPLINARY CONNECTIONS
	Robotics, by its very nature, covers many different disciplines. Below are suggestions for how to...
	Language Arts - Creative Writing
	• Research information on a real-world robot and write a report. Discuss what the robot does, why...
	• Write an essay on a situation in which using robots would be beneficial.
	• Discuss what is and is not possible with robots today.

	Social Studies
	• Research who invented the first robots and why they were invented.
	• Discuss the impact of robots on society and its possible effects on the class system.

	Math
	• Discuss the relationship between math and robotic design. Discuss calculations for speed, area,...

	Science
	• Discuss how the scientific method could be applied to solving problems with robots.
	• Discuss the human senses and compare and contrast them to sensors on a robot.

	Computer
	• Use the Internet for background research and references on various real- world robots. A list o...
	• Search for pictures of different robots to use in student reports and essays.


	TEAM ROLES
	For all lessons, the class will be divided into teams. Learning how to work together in teams is ...
	• Project Manager: The team leader in charge of making sure the work is completed and gets done o...
	• Engineer: Physically builds the robots (others may assist).
	• Programmer: Writes the programs and downloads them to the robot (others may assist).
	• Materials Specialist: Gathers all necessary pieces and materials and assists the engineer in bu...
	• Communications Specialist: Records all necessary information, documents the work, and prepares ...
	• Information Specialist: Retrieves any information necessary to complete the assigned task.


	STUDENT CHECKLIST FOR ROBOTICS ACTIVITIES
	Names__________________________________________ Date_______
	Check off and date each requirement as your team completes it.
	Construction of robot -- has all needed components.
	RCX _______________
	Motors _______________
	Wheels / treads _______________
	Gears _______________
	Sensors (list the ones used) _______________
	Programming - has all icons needed to perform the assigned task(s).
	Motors _______________
	Timers _______________
	Loops / jumps _______________
	Modifiers _______________
	Stops _______________
	Sensors (list ones used) _______________
	Documentation - folder contains the following:
	Sketches _______________
	Final program _______________
	Power point presentation _______________
	Completed worksheets _______________
	Remember that the Bonus deals with creativity. Let your imaginations take you somewhere new - thi...

	SUGGESTED STUDENT ASSESSMENT RUBRIC
	Note: This is a generic rubric for student assessment. Instructors may modify it or replace it de...

	LESSON:
	IDENTIFYING LEGO‰ PARTS AND BUILDING THE BASIC ROBOT

	LEARNING OBJECTIVE
	In this lesson, students are introduced to the Lego‰ hardware. They will learn the roles of the d...

	LESSON PLAN
	• Students are formed into teams and each is assigned a specific team role.
	• The Lego‰ kits are distributed to each team.
	• The instructor presents the information on the different pieces of the kit. Students organize t...
	• Students are instructed to build the basic robot chassis following the given building instructi...
	• Students complete the associated worksheet and hand it in.
	• If the Lego‰ microprocessor (RCX) is already pre-programmed to turn on the motors, students can...

	BACKGROUND MATERIAL
	The following pages contain information about the basic Lego‰ parts. They can be copied or used t...

	LEGO‰ PARTS: BEAMS
	• Beams are structural components.
	• They are named by the number of Lego‰ “bumps” on the top.
	• Beams have holes. Axles or pegs can be placed in the holes.

	LEGO‰ PARTS: PLATES AND BRICKS
	• Plates are flat.
	• Plates can have holes.
	• Plates and bricks are named by the number of Lego‰ “bumps” on each side.
	• Bricks are rectangular pieces.
	• Bricks are used for structural support.

	LEGO‰ PARTS: AXLES
	12 10 8 6 5 4 3 2
	• Axles are used to attach wheels and gears.
	• Axles are named by how long they are in Lego‰ “bumps.” For example, a #8 axle is the same lengt...


	LEGO‰ PARTS: WHEELS
	• Wheels come in a variety of sizes.
	• Large wheels make your robot go fast. Small wheels make your robot go slow.
	• There are two types of tires. Tractor tires have a checker-board tread. Regular tires have a wi...
	• Treads can be used for tank robots.

	LEGO‰ PARTS: GEARS
	• Gears are wheels with teeth that mesh together.
	• Gears are used to change the speed and strength of your robot.
	• They are named by the number of teeth they have.

	LEGO‰ PARTS: BUSHINGS AND PEGS
	• Pegs are used to connect beams together.
	• Bushings are used to hold wheels or gears on their axles.

	LEGO‰ PARTS: MOTORS
	• Motors are what make your robot move.
	• Motors can run forward or backward and at different power levels.
	• Motors are connected to the microprocessor with motor cables.
	• Motor mounts can be used to securely attach the motor to the robot. Slide them into the grooves...

	LEGO‰ PARTS: SENSORS
	• Sensors give your robot information about itself and its environment.
	• The touch sensor detects if the robot has run into something.
	• The light sensor measures the amount of light in the room.
	• The rotational sensor measures how many times the robot’s wheels have turned.

	LEGO‰ PARTS: RCX
	• The RCX is the “brain” of your robot.
	• The RCX runs your robot’s program. It reads sensors and controls motors.
	• Motors are connected to Output ports A, B and C.
	• Sensors are connected to Input ports 1, 2 and 3.

	BUILDING INSTRUCTIONS
	BASIC ROBOT CHASSIS
	Parts List
	A (1) RCX B (2) Motors
	C (4) #6 axles (6 Lego‰ bumps long) D (4) 40 tooth gears
	E (2) Medium white hubs and tires F (2) Short motor cables
	G (2) 8 tooth gears H (4) Full bushings
	I (8) 2x2 plates J (1) 1x8 beams
	K (4) 2x8 plates (holes optional) L (2) Large tires with yellow hubs
	M (8) 1x2 beams N (2) 2x4 plates (holes optional)
	O (8) 1x2 motor mount clips P (8) 1x2 plates
	1 2 3 4
	5 (make 4 of these) 6 7
	8 9 10
	insert axles and gears like this
	make sure each axle can spin freely
	11 12 13
	14 15
	repeat for all 4 corners
	16 17 18
	19 20
	21 22 (do same on both sides)
	23 24 25
	attach motor cables as shown do on both sides

	STUDENT WORKSHEET: IDENTIFYING LEGO‰ PARTS
	Name______________________________________ Date____________
	Match the Lego part with its picture.
	a. bricks e. motor cable i. bushings
	b. beams f. wheels j. pegs
	c. motors g. gears k. axles
	d. sensors h. RCX l. plates

	TROUBLE SHOOTING TIPS
	• Do not press the bushings or the gears too tightly against the beams. If they are squeezed toge...
	• When testing to see if the wheels can spin freely, make sure the RCX is off. The motors cannot ...
	• Make sure the motor cables are connected to the RCX exactly as shown in the building instructio...

	SOLUTIONS TO STUDENT WORKSHEET
	Name______________________________________ Date____________
	Match the Lego part with its picture.
	a. bricks e. motor cable i. bushings
	b. beam f. wheels j. pegs
	c. motors g. gears k. axles
	d. sensors h. RCX l. plates
	LESSON:
	INTRODUCTION TO
	ROBOLAB‰ AND 5
	BASIC PROGRAMMING
	CHALLENGES

	LEARNING OBJECTIVE
	In this lesson, students are introduced to the RoboLab‰ software. They will learn how to write an...

	LESSON PLAN
	• The instructor gives a presentation about the basics of RoboLab‰. Students are shown how to sta...
	• Students also learn about some of the different tools available in RoboLab‰.
	• Students are instructed how to download the program to their robots.
	• Students then work on the 5 basic programming challenges. They should fill in the worksheet by ...
	• Students also complete the associated RoboLab‰ worksheet(s) and hand it (them) in.

	BACKGROUND MATERIAL
	The following pages contain information on how to start the RoboLab‰ application, how to write a ...

	WHAT IS ROBOLAB?
	• RoboLab is the programming language that you will use to tell your robots what to do.
	• RoboLab uses icons (pictures) to represent different functions. You string the icons together i...
	• You write a program on your desktop computer and then download it to your robot using the Infra...

	STARTING ROBOLAB
	• Start RoboLab by double clicking on the RoboLab shortcut on your desktop. You should see this w...

	STARTING A NEW PROGRAM
	• Click on the button that says Programmer. This window should appear.

	A NEW PROGRAM
	• Double click on the word Inventor 4. A new program window should appear with a green stop light...

	THE FUNCTION PALETTE
	• This is the Functions Palette. It contains all of the icons that you will use in your programs.
	• This window should appear automatically. If it doesn’t, you can open the Functions Palette by c...

	WRITING A PROGRAM
	• Let’s start by writing a program that makes the robot go forward for 6 seconds, then stop.
	• All programs need a green light at the beginning. That is the start of the program.

	TURNING ON MOTORS
	• The next thing we need is an icon that turns on Motor A in the forward direction. Motor A contr...
	• Using the mouse, click and hold to drag the Motor A icon. Place the icon next to the green ligh...
	• The white arrow shows the direction of the motor. The letter shows which motor will be turned on.

	TURNING ON MOTORS
	• We also need to turn on Motor C in the forward direction. Motor C controls the right wheel of y...
	• Click on the Motor C icon in the Functions Palette and drag it next to the Motor A icon.
	• Your program should look like the one shown above.

	ADDING A TIME DELAY
	• The next thing we need is a way to turn on the motors for 6 seconds.
	• In the Functions Palette, click on the icon that looks like a watch. The Wait for sub- palette ...

	ADDING A TIME DELAY
	• Click on the watch icon that says 6s and drag it next to the Motor C icon.
	• This means “wait for 6 seconds.”
	• Your program should look like the one shown above.

	TURNING OFF MOTORS
	• Finally, we need to turn off the motors after waiting for 6 seconds.
	• Click on the icon that looks like a stop sign with the letters ABC and drag it next to the 6s w...
	• This means stop all motors connected to ports A, B, and C.
	• Your program should look like the one shown above.

	THE WIRE TOOL
	• Now we need to wire the icons together. To do this, we need the Wire Tool. It is on the Tools P...
	• To get the Tools Palette, select the Windows menu and then select Show Tools Palette.

	THE WIRE TOOL
	• This is the Tools Palette.
	• This is the Wire Tool. Click on the picture of a spool of wire to wire up your program’s icons.

	WIRING THE ICONS
	• Move the cursor to the upper right corner of the green light icon. It should begin to blink. Yo...
	• Click the mouse once.

	WIRING THE ICONS
	• Now move the cursor to the upper left corner of the Motor A icon. It should start to blink.
	• Click on the mouse once.
	• A solid pink wire should appear between the two icons.

	BAD WIRES
	• If you have wired up the icons incorrectly, a black and white striped wire will appear. This is...
	• To remove bad wires, go to the Edit menu and select Remove Bad Wires. Or type Ctrl-B.

	WIRING THE ICONS
	• Continue to wire up all of the icons in the same way. All of the wires should be solid pink.
	• Your program should look like the one shown above.

	DELETING ICONS
	• To delete an icon, use the Select Tool in the Tools Palette.
	• Click on the icon you want to delete, and press the Delete key on your keyboard.
	• You can also delete bad wires using this tool.

	DOWNLOADING THE PROGRAM
	• We will now transfer, or download, the program to the RCX. Place your robot so the RCX is facin...
	• Turn the RCX on by pressing the red On- Off button.

	DOWNLOADING THE PROGRAM
	• Click the button with the arrow. This begins the downloading process.
	• When the downloading is complete, the RCX will play a rising sweep sound.

	BROKEN DOWNLOAD ARROW
	• If the arrow is broken, that means you have a problem with your program.
	• Most likely it is a missing wire or a bad wire.
	• In this case, there is no wire between the Stop Sign icon and the red stop light.

	RUNNING THE PROGRAM
	• To run the program, press the Run button on the RCX. Place your robot on the floor before runni...
	• To stop the program, press the Run button again.

	BASIC PROGRAMMING CHALLENGES WORKSHEET
	NAME_______________________________________ DATE_________
	Draw a picture of each of your working programs under each challenge description.
	1. Turn motors A and C on in the forward direction for 6 seconds, then stop. (ALREADY DONE IN EXA...
	2. Turn on motors A and C in the reverse direction for 6 seconds, then stop.
	3. Turn on just motor A in the forward direction for 6 seconds, then stop. Which direction does t...
	4. Turn on just motor C in the forward direction for 6 seconds, then stop. Which direction does t...
	5. Make the robot spin by turning on one motor in the forward direction, and the other motor in t...

	BASIC ROBOLAB WORKSHEET
	NAME_______________________________________ DATE_________
	1. What is the RCX?
	2. What is the InfraRed tower?
	3. What does the term download mean?
	4. What tool do you need to wire icons in your program?
	5. How do you run your program?
	6. What do the green and red traffic lights mean?

	BASIC ROBOLAB ICONS MATCHING WORKSHEET
	NAME_______________________________________ DATE_________
	Match the RoboLab icons with their descriptions.
	BASIC ROBOLAB ICONS DESCRIPTION WORKSHEET
	NAME_______________________________________ DATE_________
	Write a description of what each RoboLab icon does.

	TROUBLE SHOOTING TIPS
	If you are having problems downloading the program
	• Make sure the InfraRed Tower is connected to the serial port on your desktop computer.
	•
	• Make sure the RCX is turned on.
	•
	• Make sure the 9 volt battery in the InfraRed Tower is not dead.
	•
	• Make sure the RCX is close enough to the InfraRed tower and facing the right way.

	If you see this window
	• This probably means there is a bad wire somewhere in the program. Click on the error and click ...
	• Make sure the motors are connected to ports A and C and in the orientation shown in the buildin...


	SOLUTIONS TO BASIC PROGRAMMING CHALLENGES WORKSHEET
	1. Turn motors A and C on in the forward direction for 6 seconds, then stop. (ALREADY DONE IN EXA...
	2. Turn on motors A and C in the reverse direction for 6 seconds, then stop.
	3. Turn on just motor A in the forward direction for 6 seconds, then stop. Which direction does t...
	4. Turn on just motor C in the forward direction for 6 seconds, then stop. Which direction does t...
	5. Make the robot spin by turning on one motor in the forward direction, and the other motor in t...

	SOLUTIONS TO BASIC ROBOLAB WORKSHEET
	NAME_______________________________________ DATE_________
	1. What is the RCX?
	The RCX is the “brain” of your robot. It reads sensors and controls motors. It runs the programs ...
	2. What is the InfraRed tower?
	The InfraRed tower lets you download a program to the RCX.
	3. What does the term download mean?
	Download means to transfer your program from the computer to the RCX.
	4. What tool do you need to wire icons in your program?
	The Wire tool.
	5. How do you run your program?
	Press the Run button on the RCX.
	6. What do the green and red traffic lights mean?
	The green traffic light is the start of your program. The red traffic light is the end of your pr...

	BASIC ROBOLAB ICONS MATCHING WORKSHEET
	NAME_______________________________________ DATE_________
	Match the RoboLab icons with their descriptions.
	BASIC ROBOLAB ICONS DESCRIPTION WORKSHEET
	NAME_______________________________________ DATE_________
	Write a description of what each RoboLab icon does.
	ROBOLAB‰ CONTINUED AND 5 ADVANCED
	PROGRAMMING
	CHALLENGES

	LEARNING OBJECTIVE
	In this lesson, students will continue to learn about the different functions of the RoboLab‰ sof...

	LESSON PLAN
	• The instructor gives the presentation about the slightly more advanced capabilities of RoboLab‰...
	• Students also learn about additional tools and help menus available in RoboLab‰.
	• Students then work on the 5 more advanced programming challenges. They should fill in the works...
	• Students also complete the associated RoboLab‰ worksheet(s) and hand it (them) in.

	BACKGROUND MATERIAL
	The following pages contain information on how to use modifiers, how to play sounds, and how to u...

	HELP WINDOW
	• The Help Window is very useful for getting information about the different icons.
	• Click on the Help menu, then select Show Help.

	HELP WINDOW
	• The Help Window will appear as a separate window on your screen.
	• When you place the cursor over any icon, information about that icon will appear in the Help Wi...

	MODIFIERS
	• Modifiers are used to specify information about an icon.
	• They are found in the Modifiers sub-palette.

	POWER LEVEL MODIFIERS
	• We will use a Power Level modifier to change the power of the robot’s motors. If you don’t use ...
	• First, write the program that turns on both motors for 6 seconds, then stops.
	• Drag the Power Level 2 modifier icon from the Modifiers sub-palette and place it under the moto...

	POWER LEVEL MODIFIERS
	• Select the Wire tool and click on the top of the Power Level 2 modifier. It should begin to blink.
	• Connect the wire to the bottom right corner of the motor A icon. The words Power Level should a...

	POWER LEVEL MODIFIERS
	• Wire the same Power Level 2 modifier to the Motor C icon.
	• Download this program to your robot and observe what happens. Does the robot move faster or slo...

	SOUNDS
	• You can have your robot play sounds.
	• Sounds are useful for letting you know what your robot is doing.
	• The Play Sound icon is found on the Functions Palette.

	SOUNDS
	• Let’s make your robot play a sound right before it turns off its motors.
	• Delete the wire between the 6 second delay icon and the stop sign. Make room between them to pl...
	• Drag a sound icon between the 6 second delay and the stop sign.
	• Rewire the program and download to your robot. Does your robot play a sound?

	SOUNDS AND NUMERIC CONSTANTS
	• Your robot can play 6 different sounds. You can specify which sound to play by using a Numeric ...
	• 1) Key click
	• 2) Beep Beep
	• 3) Descending Sweep
	• 4) Rising Sweep
	• 5) Buzz
	• 6) Fast Rising Sweep

	SOUNDS AND NUMERIC CONSTANTS
	• Drag a Numeric Constant modifier below the sound icon. Type the number 2.
	• Wire the Numeric Constant modifier to the bottom of the sound icon.
	• Download the program to the robot and run. What type of sound does the robot make?

	TEXT TOOL
	• We can change the number in the Numeric Constant modifier by using the Text Tool.
	• The Text Tool is the letter A symbol on the Tools Palette.

	TEXT TOOL
	• Select the Text Tool.
	• Highlight the number 2 in the Numeric Constant modifier by clicking and dragging the cursor ove...
	• Type the number 4. This changes the sound from sound 2 to sound 4.
	• Download and run the program on your robot. Now what kind of sound does the robot make?

	REPLACE TOOL
	• The Replace Tool lets you replace icons without having to delete and rewire them.
	• The Replace Tool is in the middle of the Tools Palette.

	REPLACE TOOL
	• Let’s replace the 6 second delay with a 2 second delay.
	• Select the Replace Tool and click on the 6 second delay icon.
	• Select Replace from the menu. A Functions Palette should appear.

	REPLACE TOOL
	• Select the Wait For sub-palette.
	• Click on the 2 second delay icon.

	REPLACE TOOL
	• The 6 second time delay icon is now replaced with a 2 second delay.

	LOOPS
	• Loops are a way to make your program repeat for a certain number of times.
	• Loops are found in the Structures sub- palette.

	LOOPS
	• Loops repeat anything between the loop start and loop end icons.
	• You can specify how many loops there should be by using a Numeric Constant modifier in the Modi...
	• Add a loop to your program. Have it loop 3 times.
	• Download the program to your robot and run it.

	JUMPS AND LANDS
	• Jumps and lands are another type of loop.
	• They are also found in the Structures sub-palette.

	JUMPS AND LANDS
	• Whenever your program reaches a Jump icon, the program will jump to the matching Land icon.
	• Replace the loop in the last program with a Jump and Land. This will make your program run fore...
	• Download and run this program on your robot.

	ADVANCED PROGRAMMING CHALLENGES WORKSHEET
	NAME_______________________________________ DATE_________
	Draw a picture of each of your working programs under each challenge description.
	1. Have the robot play a sound, then move forward for 6 seconds and stop. When it stops, it shoul...
	2. Have the robot go forward for 4 seconds, stop for 2 seconds, then go in reverse for 4 seconds ...
	3. Have the robot go forward for 4 seconds at power level 4, stop for 2 seconds, then go in rever...
	4. Turn on motor A at power level 5 and motor C at power level 3, both in the forward direction. ...
	5. Have the robot go forward for 4 seconds, stop for 2 seconds, then go in reverse for 4 seconds ...

	ADVANCED ROBOLAB WORKSHEET
	NAME_______________________________________ DATE_________
	1. What is the difference between a Loop and a Jump and Land?
	2. How do you get the Help Window?
	3. What is a modifier? Give an example.
	4. Explain how you can replace an icon without rewiring?
	5. What is an advantage of using a loop?

	ADVANCED ROBOLAB ICONS MATCHING WORKSHEET
	NAME_______________________________________ DATE_________
	Match the RoboLab icons with their descriptions.
	BASIC ROBOLAB ICONS DESCRIPTION WORKSHEET
	NAME_______________________________________ DATE_________
	Write a description of what each RoboLab icon does.

	TROUBLE SHOOTING TIPS
	• Refer to Trouble Shooting Tips from the introductory RoboLab lesson for the basics on downloadi...
	• Some icons can have more than one modifier. Make sure the correct modifier is wired to the corr...

	SOLUTIONS TO ADVANCED PROGRAMMING CHALLENGES WORKSHEET
	NAME_______________________________________ DATE_________
	Draw a picture of each of your working programs under each challenge description.
	1. Have the robot play a sound, then move forward for 6 seconds and stop. When it stops, it shoul...
	2. Have the robot go forward for 4 seconds, stop for 2 seconds, then go in reverse for 4 seconds ...
	3. Have the robot go forward for 4 seconds at power level 4, stop for 2 seconds, then go in rever...
	4. Turn on motor A at power level 5 and motor C at power level 3, both in the forward direction. ...
	5. Have the robot go forward for 4 seconds, stop for 2 seconds, then go in reverse for 4 seconds ...

	SOLUTIONS TO ADVANCED ROBOLAB WORKSHEET
	NAME_______________________________________ DATE_________
	1. What is the difference between a Loop and a Jump and Land?
	A Loop repeats the same part of a program for some number of times. A Jump and Land has the progr...
	2. How do you get the Help Window?
	Click on the Help menu and select Show Help.
	3. What is a modifier? Give an example.
	A modifier provides information to an icon. Examples are the power level modifier for motors, or ...
	4. Explain how you can replace an icon without rewiring?
	Use the Replace Tool. Click on the icon, select Replace, and then select the icon you want from t...
	5. What is an advantage of using a loop?
	By using a loop, you don’t have to make copies of the same program. This is useful if you need to...

	ADVANCED ROBOLAB ICONS MATCHING WORKSHEET
	NAME_______________________________________ DATE_________
	Match the RoboLab icons with their descriptions.
	BASIC ROBOLAB ICONS DESCRIPTION WORKSHEET
	NAME_______________________________________ DATE_________
	Write a description of what each RoboLab icon does.

	UNIT 2:
	SENSORS

	UNIT 2: SENSORS
	In this unit, students build and program robots that can intelligently make decisions by using va...

	TABLE OF CONTENTS
	• Lesson: Introduction to Touch Sensors
	An introduction to the concept of a “sensor” by using the simplest Lego‰ sensor, the touch sensor.
	• Lesson: Introduction to Light Sensors

	This lesson introduces another type of sensor, the light sensor, which measures the amount of lig...
	• Lesson: Introduction to Rotational Sensors

	This lesson introduces the rotational sensor and shows how it can be used to measure how far the ...
	LESSON:
	INTRODUCTION TO TOUCH SENSORS

	LEARNING OBJECTIVE
	In this lesson, students are introduced to the concept of a “sensor” and understand why robotic m...

	LESSON PLAN
	• The instructor leads the class in a discussion on sensors, what they are, and why robots need t...
	• Students will start with the basic mobile robot chassis. If necessary, they rebuild it followin...
	• Students follow the building instructions for the Touch Sensor Bumper.
	• With the instructor’s guidance, students follow the touch sensor programming example in the bac...
	• The main programming assignment is explained to the students.
	• A class-wide brainstorming session is led generating ideas on how to solve the programming prob...
	• Students program their robot, demonstrate the working solution, and complete and hand in the ac...

	BACKGROUND MATERIAL
	The following pages contain information on basic sensors, the Lego‰ touch sensor, and how to prog...

	WHAT IS A SENSOR?
	• A sensor is a device that gives information to the robot about its world.
	• Sensors help the robot make decisions about what to do.
	• What are the 5 human senses? What information do they provide?

	TOUCH SENSOR
	• The touch sensor is a sensor in your Lego kit.
	• It has a button that can be pressed in. Normally, it is out.
	• It can sense if your robot has run into something.
	• Find a touch sensor and short motor cable in your kit.

	CONNECTING YOUR TOUCH SENSOR
	• Connect the motor cable to the top of your touch sensor. Make sure it is connected properly as ...
	• Build the touch sensor bumper following the Touch Sensor Bumper building instructions.

	PROGRAMMING A TOUCH SENSOR
	• We will now write a simple program that uses the touch sensor to control the motors of your robot.
	• Open RoboLab and start a new program window.
	• Add icons to turn on motors A and C in the forward direction. Your program should look like the...

	PROGRAMMING A TOUCH SENSOR
	• In the Wait for sub-palette, find the icon that looks like a touch sensor with an arrow pointin...
	• This icon means “Wait until the touch sensor is pressed.”
	• In the Modifiers sub-palette, put an Input 1 icon under the “Wait for press” icon.
	• This means the touch sensor is connected to Input 1 of the RCX.
	• Your program should look like the one shown above.

	PROGRAMMING A TOUCH SENSOR
	• Add a stop sign icon to stop motors A and C.
	• Use the Wire Tool to wire your program together.
	• Download your program to your robot.
	• Hold the robot in the air and press the touch sensor bumper. What do the motors do?

	PROGRAMMING A TOUCH SENSOR
	• You can also tell your program what to do when the touch sensor is released.
	• In the Wait for sub-palette, find the icon that looks like a touch sensor with an arrow pointin...
	• Remove the wire between the stop sign and the stop light.
	• Drag the “Wait for release” icon next to the stop sign. Put an Input 1 modifier underneath it a...

	PROGRAMMING A TOUCH SENSOR
	• Drag a Play Sound icon next to the “Wait for release” icon.
	• Wire up all icons. Your program should look like the one shown above.
	• Download the program to your robot and observe what happens when you run it.

	BUILDING INSTRUCTIONS
	TOUCH SENSOR BUMPER BUILDING INSTRUCTIONS
	Parts List
	A (1) Short motor cable B (1) White belt
	C (1) 1x8 beam D (1) Touch sensor
	E (1) Gray “L” connector plate F (2) Gray tee connectors
	G (5) Full bushings H (3) Half bushings (small pulleys)
	I (2) Gray elbow connectors J (2) Yellow angle beams
	K (2) Axle pegs L (2) Black connector pegs
	M (4) Gray connector plates N (3) #4 Axles (4 Lego‰ bumps long)
	O (2) #6 Axles (6 Lego‰ bumps long)

	TOUCH SENSOR BUMPER
	PROGRAMMING ASSIGNMENT
	Write a program that does the following
	• The robot drives forward until it senses that it has run into a wall.
	• When it runs into a wall, the robot should stop.
	• The robot should then back up for 1 second, and turn either to the left or right (your choice) ...
	• The robot should then continue to drive forward.
	• The robot should do this forever.
	• Optional: Have your robot play a sound when it hits the wall.


	STUDENT WORKSHEET: TOUCH SENSOR BUMPER
	Name______________________________________ Date____________
	1. What is a touch sensor? What information does it provide?
	2. Why does your robot need a touch sensor?
	3. Where is the touch sensor located on your robot? Why?
	4. Draw your program in the space below and explain what it does.
	5. Explain how you made your program loop forever.

	TROUBLE SHOOTING TIPS
	• Make sure the port that the touch sensor is connected to on the RCX, and the port that is speci...
	• Make sure the cable on the touch sensor is connected to the touch sensor properly.
	• Make sure the RoboLab program has no bad wires.
	• Make sure students did not mix up the “Wait for press” and “Wait for release” icons.

	SOLUTIONS TO STUDENT WORKSHEET
	Name______________________________________ Date____________
	1. What is a touch sensor? What information does it provide?
	A touch sensor is a type of sensor that robots use to gather information about their environment....
	2. Why does your robot need a touch sensor?
	If the robot did not have a touch sensor, then it would not know when it has run into a wall and ...
	3. Where is the touch sensor located on your robot? Why?
	The touch sensor bumper is on the front of the robot. It is on the front because the robot drives...
	4. Draw your program in the space below and explain what it does.
	See solution to programming assignment on next page.
	5. What are some other ways that you can use a touch sensor on your robot?
	Another touch sensor bumper could be put on the back of the robot so it knows if it has run into ...
	Two touch sensor “antennae” could be used, one to detect contact on the left, the other on the ri...

	TOUCH SENSOR PROGRAMMING ASSIGNMENT SOLUTION
	Program Description
	A) Begin program.
	B) This is the Red Land. When used with the Red Jump at the end of the program, this makes the pr...
	C) Turn on Motor A in the forward direction.
	D) Turn on Motor C in the forward direction. These icons make the robot drive forward.
	E) Wait for the touch sensor, on Input 1, to be pressed.
	F) Stop all motors.
	G) Play a sound (optional).
	H) Turn on Motor A in the reverse direction.
	I) Turn on Motor C in the reverse direction. These icons make the robot drive backwards.
	J) Wait for 1 second.
	K) Stop all motors.
	L) Turn on Motor A in the forward direction.
	M) Turn on Motor C in the reverse direction. These icons make the robot turn to the right. (Putti...
	N) Wait for 1 second.
	O) Red Jump. This makes the program jump back to the Red Land, where it will repeat the program.
	P) End program. (Note: The program never actually gets here, but RoboLab requires that you have t...
	LESSON:
	INTRODUCTION TO
	LIGHT SENSORS

	LEARNING OBJECTIVE
	In this lesson, students are introduced to another sensor that is available in the Lego kit -- th...

	LESSON PLAN
	• The instructor continues the discussion on sensors. A topic of discussion could include types o...
	• Students will start with the basic mobile robot chassis. If necessary, they rebuild it followin...
	• Students follow the building instructions for the Light Sensor attachment.
	• With the instructor’s guidance, students follow the light sensor programming example in the bac...
	• The main programming assignment is explained to the students.
	• A class-wide brainstorming session is led generating ideas on how to solve the programming prob...
	• Students program their robot, demonstrate the working solution, and complete and hand in the ac...

	BACKGROUND MATERIAL
	The following pages contain information on the Lego‰ light sensor, and how to program it.

	LIGHT SENSOR
	• This is a light sensor.
	• A light sensor measures the amount of light that it sees.
	• It reads the light level as a number between 0 (total darkness) and 100 (very bright).

	READING A LIGHT SENSOR
	• Find a light sensor and attach it to Input 2.
	• Start RoboLab and write the program shown above and download it to your robot.
	• The light sensor icon is found in the Wait for sub-palette.
	• Make sure you specify Input 2 as the port.

	READING A LIGHT SENSOR
	• Run the program.
	• Press the View button on the RCX until you see what number the light sensor is reading on Input 2.
	• Move the light sensor around. Aim it at a bright light. Aim it at a dark surface. Does the numb...

	SEEING DIFFERENT COLORS
	• The light sensor can tell the difference between a white surface and a black surface.
	• Move your light sensor over a white piece of paper. Write down the number that it reads.
	• Now move your light sensor over a black piece of paper. Write down the number that it reads.

	PROGRAMMING A LIGHT SENSOR
	• You can use a light sensor in your programs to control the robot’s motors.
	• The program shown above waits until the light sensor sees a value that is greater than 40. Then...
	• Use a Numeric Constant modifier to specify the value that the light should be greater than.

	PROGRAMMING A LIGHT SENSOR
	• This program waits until the light sensor sees a value that is less than 40. Then it turns on i...
	• Use a Numeric Constant modifier to specify the value that the light should be less than.

	FOR THE TEACHER: EXAMPLES OF SENSORS
	• Automatic door opener at grocery store.
	• Sensors in stores that stop shop lifters.
	• Buried wires in the road to detect a car has approached to trigger traffic lights.
	• Price scanner at a grocery store.
	• Light sensors to turn on lights automatically when it gets dark.
	• Motion detectors for burgular alarm systems.
	• Temperature sensor in thermostat.
	• Invisible electric fence for a dog.
	• Touch sensor in shoes that light up when you walk.
	• Computer keyboard contains many touch sensors.
	• Video game controllers.
	• Smoke detectors (detect particles in smoke).

	BUILDING INSTRUCTIONS
	LIGHT SENSOR ATTACHMENT BUILDING INSTRUCTIONS
	Parts List
	A (2) 2x2 green plates B (1) 2x6 plate
	C (1) 2x8 green plate D (1) Light sensor
	E (1) 2x2 “L” plate

	LIGHT SENSOR PROGRAMMING ASSIGNMENT
	MATERIALS
	White posterboard with a square made up of thick black lines. Black magic marker or black electri...
	Write a program that does the following
	• The robot starts in the middle of the square facing any direction.
	• The robot drives forward until it sees the black line.
	• When it sees a black line, the robot should stop.
	• The robot should then back up for 1 second, and turn either to the left or right (your choice) ...
	• The robot should then continue to drive forward.
	• The robot should do this forever.
	• Optional: Have your robot play a sound when it sees the black line.


	STUDENT WORKSHEET: LIGHT SENSOR
	Name______________________________________ Date____________
	1. What is a light sensor? What type of information does it provide?
	2. Why would your robot need a light sensor?
	3. Explain how you would change your program if you robot was on a black surface in a square with...
	4. Draw your robot’s program in the space below. Explain what it does.

	TROUBLE SHOOTING TIPS
	• Make sure the light sensor is physically connected to the same Input as specified in the progra...
	• The values that the light sensor reads for the white surface and black lines may vary depending...
	• The light sensor attachment might interfere with downloading the program. If you are having tro...

	SOLUTIONS TO LIGHT SENSOR WORKSHEET
	Name______________________________________ Date____________
	1. What is a light sensor? What type of information does it provide?
	A light sensor is a sensor that measures the amount of light that it sees. It reads this as a val...
	2. Why would your robot need a light sensor?
	In the exercise, the robot needed a light sensor to see the black lines in order to stay inside t...
	3. Explain how you would change your program if you robot was on a black surface in a square with...
	You would need to use a “Wait for Light” RoboLab icon rather than a “Wait for Dark”, since the bo...
	4. Draw your robot’s program in the space below. Explain what it does.
	See the solution to the programming assignment on the next page.

	LIGHT SENSOR PROGRAMMING ASSIGNMENT
	SOLUTION
	Program Description
	A) Begin program.
	B) This is the Red Land. When used with the Red Jump at the end of the program, this makes the pr...
	C) Turn on Motor A in the forward direction.
	D) Turn on Motor C in the forward direction. These icons make the robot drive forward.
	E) Wait for the light sensor, on Input 2, to read a value that’s darker than 40. (Note: Your ligh...
	F) Stop all motors.
	G) Play a sound (optional).
	H) Turn on Motor A in the reverse direction.
	I) Turn on Motor C in the reverse direction. These icons make the robot drive backwards.
	J) Wait for 1 second.
	K) Stop all motors.
	L) Turn on Motor A in the forward direction.
	M) Turn on Motor C in the reverse direction. These icons make the robot turn to the right. (Putti...
	N) Wait for 1 second.
	O) Red Jump. This makes the program jump back to the Red Land, where it will repeat the program.
	P) End program. (Note: The program never actually gets here, but RoboLab requires that you have t...
	LESSON:
	INTRODUCTION TO
	ROTATIONAL SENSORS

	LEARNING OBJECTIVE
	In this lesson, students are introduced to the rotational sensor, a sensor that measures the rota...

	LESSON PLAN
	• The instructor leads the class in a discussion on the rotational sensor and how to program it. ...
	• Students will start with the basic mobile robot chassis. If necessary, they rebuild it followin...
	• Students follow the building instructions for the Rotational Sensor Modification to add a rotat...
	• With the instructor’s guidance, students follow the rotational sensor programming example in th...
	• Students complete and hand in the accompanying worksheet.

	BACKGROUND MATERIAL
	The following pages contain information on the rotational sensor and how to program it. It also i...

	ROTATIONAL SENSOR
	• The rotational sensor is a sensor in your Lego kit.
	• It measures how much an axle rotates.
	• When the axle starts rotating, the rotational sensor starts counting.
	• There are 16 counts in 1 complete revolution of the axle.

	READING THE ROTATIONAL SENSOR
	• We can see what the rotational sensor is counting.
	• Add a rotational sensor to your robot by following the Building Instructions.
	• Start RoboLab, write the program shown above, download it to your robot and run it.
	• Use the View button to select Input 3. Turn the wheel forward. Is the rotational sensor countin...

	MEASURING DISTANCE
	• You can use a rotational sensor to measure and control how far your robot moves.

	DIAMETER AND CIRCUMFERENCE
	• When your robot’s wheel makes one full rotation, the robot travels one circumference of the wheel.
	• The circumference is the wheel’s diameter mulitplied by pi.
	• Pi is a number that is equal to 3.14.

	PROGRAMMING A ROTATIONAL SENSOR
	• You can use a rotational sensor in your programs to control the robot’s motors.
	• The program shown above turns on the motors and then waits until the rotational sensor has coun...
	• Use a Numeric Constant modifier to specify the number of counts to wait for.

	BUILDING INSTRUCTIONS
	ROTATIONAL SENSOR BUILDING INSTRUCTIONS
	Parts List
	A (1) Rotational sensor B (2) 2x8 plates
	C (2) 2x2 blue plates D (1) 2x4 plate
	E (1) #8 Axle (8 Lego‰ bumps long)

	ROTATIONAL SENSOR WORKSHEET
	Name______________________________________ Date____________
	PROBLEM
	How does a rotational sensor measure how far the robot moves?
	ADDITIONAL MATERIALS
	• Ruler or tape measure
	• Masking tape
	• Additional Lego pieces

	A) (4) Large Wheels
	B) (2) Axle couplers
	C) (2) #2 Axles (2 Lego bumps long)
	PROCEDURE
	1) Write a RoboLab program to have your robot move forward for exactly 1 wheel rotation. How many...
	2) Measure the diameter (in centimeters) of the rear wheels on your robot. Fill in the data table...
	3) Calculate the circumference of the wheel and enter it into the data table?
	4) Download the program to your robot.
	5) Mark the floor in front of the robot with a piece of masking tape.
	6) Run the program. The robot should move forward.
	7) When the robot stops, mark the floor in front of the robot with another piece of masking tape.
	8) Measure the distance between the tape marks and enter that value into the data table.
	9) Change the wheels on your robot to the large wheels. Measure their diameter and circumference ...
	10) Run the program and measure the distance the robot travels.
	11) Modify your program to have the robot move forward for exactly 2 wheel rotations. Run this pr...
	DATA TABLE
	QUESTIONS
	1. What is a rotational sensor? What type of information does it provide?
	2. Why does your robot need a rotational sensor?
	3. In Trials 1 and 2, did the distance that the robot traveled change? Explain why.
	4. What is the relationship between the circumference and the distance traveled in Trials 1 and 2...
	5. What is the relationship between the circumference and the distance traveled in Trials 3 and 4...
	6. For the robot with the smaller wheels, if you wanted your robot to travel exactly 1 meter, how...
	7. For the robot with the larger wheels, if you wanted your robot to travel exactly 1 meter, how ...

	TROUBLE SHOOTING TIPS
	• Make sure the Input that the rotational sensor is connected to on the RCX, and the port that is...
	• Make sure the RoboLab program has no bad wires.
	• Make sure students did not mix up the “Wait for rotation” and “Wait for angle” icons.

	SOLUTIONS TO ROTATIONAL SENSOR WORKSHEET
	Name______________________________________ Date____________
	PROBLEM
	How does a rotational sensor measure how far the robot moves?
	ADDITIONAL MATERIALS
	• Ruler or tape measure
	• Masking tape
	• Additional Lego pieces

	A) (4) Large Wheels
	B) (2) Axle couplers
	C) (2) #2 Axles (2 Lego bumps long)
	PROCEDURE
	1) Write a RoboLab program to have your robot move forward for exactly 1 wheel rotation. How many...
	2) Measure the diameter (in centimeters) of the rear wheels on your robot. Fill in the data table...
	3) Calculate the circumference of the wheel and enter it into the data table?
	4) Download the program to your robot.
	5) Mark the floor in front of the robot with a piece of masking tape.
	6) Run the program. The robot should move forward.
	7) When the robot stops, mark the floor in front of the robot with another piece of masking tape.
	8) Measure the distance between the tape marks and enter that value into the data table.
	9) Change the wheels on your robot to the large wheels. Measure their diameter and circumference ...
	10) Run the program and measure the distance the robot travels.
	11) Modify your program to have the robot move forward for exactly 2 wheel rotations. Run this pr...
	DATA TABLE
	QUESTIONS
	1. What is a rotational sensor? What type of information does it provide?
	A rotational sensor is a sensor that measures how much an axle rotates. It provides the informati...
	2. Why does your robot need a rotational sensor?
	The rotational sensor can precisely measure and control how far the robot moves.
	3. In Trials 1 and 2, did the distance that the robot traveled change? Explain why.
	Yes, the distance changed. The reason is the different sized wheels had different diameters, ther...
	4. What is the relationship between the circumference and the distance traveled in Trials 1 and 2...
	They should be the same (or pretty close). The reason is the robot was programmed to travel for e...
	5. What is the relationship between the circumference and the distance traveled in Trials 3 and 4...
	The distance traveled should be twice the circumference (or pretty close). The reason is the robo...
	6. For the robot with the smaller wheels, if you wanted your robot to travel exactly 1 meter, how...
	1 meter = 100 centimeters
	Small wheel circumference = 15.7 centimeters
	100 / 15.7 = 6.4 circumferences = 6.4 wheel rotations
	6.4 rotations x 16 counts per rotation = 102 counts
	7. For the robot with the larger wheels, if you wanted your robot to travel exactly 1 meter, how ...
	1 meter = 100 centimeters
	Large wheel circumference = 25.1 centimeters
	100 / 25.1 = 4.0 circumferences = 4.0 wheel rotations
	4.0 rotations x 16 counts per rotation = 64 counts

	UNIT 3:
	MECHANICS

	UNIT 3: MECHANICS
	The lessons in this unit demonstrate applied math and physics concepts by exploring different Leg...

	TABLE OF CONTENTS
	• Lesson: Gears and Speed
	This lesson shows how connecting gears of different sizes affects the speed of the robot.
	LESSON:
	GEARS AND SPEED

	LEARNING OBJECTIVE
	In this lesson, students will learn how different gears affect the speed of the robot.

	LESSON PLAN
	• The instructor presents the background material on gears and how gears affect the speed of rota...
	• Students begin the lesson with the basic robot chassis that was constructed in the introductory...
	• Students follow the procedure in their worksheets. They first write the RoboLab‰ program that i...
	• Students run the experiment and fill in their data tables.
	• Students modify their robots by changing the gears as instructed in the building instructions f...
	• Students run the same experiment with their modified robot and fill in their data tables.
	• Students complete the questions on their worksheet and hand it in.

	ADDITIONAL MATERIALS
	• Masking tape
	• Tape measure or meter stick (ideally, metric units should be used)

	BACKGROUND MATERIAL
	The following pages contain information on gears, gear ratios, and how different combinations of ...

	WHAT IS A GEAR?
	• Gears are wheels with teeth that mesh together.
	• Gears change both the speed and force of rotating axles.
	• Think about things that you have seen that have gears.

	GEAR RATIO
	• The gear ratio is the ratio of the number of teeth on each gear.
	• Here is a gear with 8 teeth meshed with a gear with 40 teeth.
	• The gear ratio is 8 to 40 or we can simplify the ratio to 1 to 5.

	HOW DOES THE GEAR RATIO AFFECT ROTATIONAL SPEED?
	• Since there are 5 times as many teeth on the 40 tooth gear than on the 8 tooth gear, the 8 toot...
	• This makes the 40 tooth gear rotate 5 times slower than the 8 tooth gear.
	• Build this pair of gears with your Lego pieces and try it for yourself. Count the number of tim...

	COMPUTING SPEED
	• For this assignment, you will be asked to measure the distance that the robot travels and compu...
	• To compute the robot’s average speed, divide the distance that it traveled by the time that it ...

	BUILDING INSTRUCTIONS
	GEARS AND SPEED
	Parts List
	A (4) 24 tooth spur gerars B (2) 24 tooth bevel gears
	C (2) Full bushings

	PROGRAMMING INSTRUCTIONS
	Open RoboLab and write and download this program to your robot.
	Description:
	Write a program to turn on motors A and C in the forward direction at power level 5 for 2 seconds...

	STUDENT WORKSHEET: GEARS AND SPEED
	Name_____________________________________ Date_____________

	PROCEDURE
	1) Start with the basic robot that is built using the Basic Chassis building instructions.
	2) Write the program that is specified in the programming instructions and download it to your ro...
	3) Mark a starting line with a piece of masking tape.
	4) Align the front of the robot with the tape.
	5) Run the program.
	6) Place another piece of masking tape where the robot stopped that is aligned with the front of ...
	7) Measure the distance in centimeters from the 2 pieces of masking tape. Make sure you measure f...
	8) Fill in your data table for Trial 1.
	9) Modify your robot according to the building instructions titled Gears and Speed.
	10) Repeat steps 4 through 7.
	11) Fill in your data table for Trial 2.
	12) Answer the questions and turn in the worksheet.

	STUDENT WORKSHEET: GEARS AND SPEED
	Name_____________________________________ Date_____________

	DATA TABLE
	QUESTIONS
	In which trial did your robot move faster?________________
	In which trial did your robot move slower?_________________
	In Trial 1, how many times does the motor need to go around for the wheel to go around once?_____...
	In Trial 2, how many times does the motor need to go around for the wheel to go around once?_____...
	Write a fraction comparing the speed in Trial 2 to the speed in Trial 1._________________. Conver...
	Round this fraction to the nearest whole number. ____________________
	How many times slower is the robot in Trial 1 than in Trial 2?___________
	Name_____________________________________ Date_____________
	What is the relationship between the gear ratios in Trial 1 and Trial 2?

	CONCLUSIONS
	Explain how the gear ratio affects the speed of the robot.
	Explain the method for calculating the speed of the robot.
	Does putting a large gear on the wheel and a small gear on the motor make the robot go faster or ...

	SOLUTIONS TO STUDENT WORKSHEET: GEARS AND SPEED
	Name_____________________________________ Date_____________

	DATA TABLE
	QUESTIONS
	In which trial did your robot move faster?____Trial 2_______
	In which trial did your robot move slower?___Trial 1_______
	In Trial 1, how many times does the motor need to go around for the wheel to go around once?_____...
	It is the gear ratio. The gear ratio is 1 to 5. That is, 5 motor revolutions = 1 wheel revolution.
	In Trial 2, how many times does the motor need to go around for the wheel to go around once?_____...
	Write a fraction comparing the speed in Trial 2 to the speed in Trial 1.____55.0 / 11.6___. Conve...
	Round this fraction to the nearest whole number. ________5__________
	How many times slower is the robot in Trial 1 than in Trial 2?___about 5__
	What is the relationship between the gear ratios in Trial 1 and Trial 2?
	The gear ratio in Trial 1 is 1 to 5. The gear ratio in Trial 2 is 1 to 1. Therefore the gear rati...

	CONCLUSIONS
	Explain how the gear ratio affects the speed of the robot.
	In Trial 1, the motor had to go around 5 times for the wheel to go around once. The gear ratio te...
	Explain the method for calculating the speed of the robot.
	Divide the distance the robot moved by the time the robot was moving.
	Does putting a large gear on the wheel and a small gear on the motor make the robot go faster or ...
	Putting a large gear on the wheel and a small gear on the motor makes the robot go slower when co...
	APPENDIX A

	LEGO REFERENCE BOOKS
	Recommended
	Dave Baum’s Definitive Guide to Lego Mindstorms by Dave Baum
	$23.96
	Creative Projects with Lego Mindstorms by Benjamin Erwin
	$23.96
	Others
	The Unofficial Guide to Lego Mindstorms Robots by Jonathan B. Knudsen
	$19.96
	Joe Nagata’s Lego Mindstorms Idea Book by Joe Nagata
	$17.56
	Extreme Mindstorms: An Advanced Guide to Lego Mindstorms by Dave Baum et. al.
	$23.96
	Lego Mindstorms for Dummies by Michael Meadhra and Peter J. Stouffer
	$19.99

	WEB SITES
	INFORMATION ABOUT ROBOTS / PICTURES
	http://www.ri.cmu.edu
	http://www.rec.ri.cmu.edu
	http://www.ai.mit.edu/projects/humanoid-robotics-group
	http://www.robotbooks.com
	http://www.activrobots.com
	http://rainer.hq.nasa.gov/telerobotics_page/coolrobots.html
	http://www.physical.com/deep6
	http://www.robotics.com/robomenu
	http://www.robotics.com/robots.html
	http://www.laas.fr/~matthieu/robots
	http://www.uwec.edu/academic/curric/jerzdg/RUR
	http://www.ai.sri.com/~ruspini/roboaction.html
	http://prime.jsc.nasa.gov/ROV/
	ROBOTICS HISTORY / TIMELINES
	http://web.mit.edu/sts001/www/Team10/team10page1.html
	http://www.islandnet.com/~kpolsson/comphist
	http://www.thetech.org/robotics/timeline/index.html
	LEGO / ROBOLAB INFORMATION
	http://www.pldstore.com
	http://www.ceeo.tufts.edu/graphics/robolab.html
	http://ldaps.ivv.nasa.gov/ROBOLAB
	http://www.ni.com/robolab
	http://www.convict.lu/Jeunes/RoboticsIntro.htm
	LEGO-BASED CURRICULUM SITES
	http://www.edventures.com
	http://www.weirdrichard.com
	http://www.ceeo.tufts.edu/curriculum
	LEGO PARTS REFERENCE
	This section contains the names of the different Lego parts in the Lego Mindstorms kit.

	BEAMS
	Beams are named by their length in Lego bumps.
	A) 1x2 black beam B) 1x2 yellow beam
	C) 1x2 green X-hole beam D) 7 hole black flat beam
	E) 5 hole gray flat beam F) 1x4 black beam
	G) 1x4 green beam H) 1x6 black beam
	I) 1x8 black beam J) 1x10 black beam
	K) 1x12 black beam L) 1x16 black beam
	M) black “L” beam N) black angle beam
	O) yellow angle beam

	PLATES
	Plates are named by the number of Lego bumps on each dimension.
	A) 6x10 gray plate B) 2x10 gray plate (w/o holes)
	C) 2x8 green plate (w/o holes) D) 2x8 gray plate (with holes)
	E) 2x2 gray angle bracket F) 2x6 gray plate (with holes)
	G) 2x2 gray plate H) 2x2 green plate
	I) 2x2 blue plate J) 2x2 rotating plate
	K) 2x4 yellow plate (w/o holes) L) 2x4 gray plate (with holes)
	M) 3x6 green triangular plate N) 2x2 blue round plate
	O) 2x2 white round plate P) 1x10 gray plate
	Q) 1x8 gray plate R) 1x6 gray plate
	S) 1x4 gray plate T) 1x3 yellow plate
	U) gray corner plate V) 1x2 gray plate
	W) 1x2 motor mount X) 1x1 gray plate

	BRICKS
	Bricks are thicker than plates. Bricks are named by the number of Lego bumps on each dimension.
	A) 2x4 black brick B) 2x2 black brick
	C) 1x2 black brick D) 1x2 yellow brick
	E) 1x2 black wedge F) 1x2 yellow wedge
	G) 2x2 black round brick H) 2x3 black reverse wedge
	I) 1x2 black reverse wedge J) 1x2 yellow reverse wedge

	AXLES
	Axles are named by their length in Lego bumps.
	A) #12 axle B) #10 axle
	C) #8 axle D) #6 axle
	E) #5 axle F) #4 axle
	G) #3 axle H) #2 axle
	I) Cap-end axle

	PEGS
	Pegs connect axles or beams together.
	A) Yellow double peg B) Black long peg
	C) Blue double-head long peg D) Gray axle-end peg
	E) Short peg F) Black peg
	G) Button-end peg H) Gray peg
	May not be present in your kit.

	BUSHINGS
	Bushings are put on the end of axles to hold them in place.
	A) Half bushing B) Full bushing

	CONNECTORS
	Connectors are special plates that use pegs.
	A) Gray axle tip tee B) Gray end axle tee
	C) Gray elbow connector D) Blue peg-end tee
	E) Blue straight connector F) Axle coupler
	G) Long mid-axle tee H) Short mid-axle tee
	I) Gray 4 hole flat connector J) Gray “L” connector
	K) Gray 3 hole flat connector L) Gray cam
	M) Compound half gear piece

	WHEELS
	A) Large white hub and tire B) Medium white hub and tire
	C) Small white hub and tire D) Pulley wheel
	E) Small yellow hub and tire F) Medium yellow hub and tire
	G) Large yellow hub and tire H) Treads and hubs

	GEARS
	Gears are used to slow down your robot and give it more strength.
	A) 40 tooth spur gear B) 24 tooth spur gear
	C) 16 tooth spur gear D) 12 tooth bevel gear
	E) 8 tooth spur gear F) 24 tooth bevel gear
	G) 24 tooth slip clutch H) Differential
	I) Rack J) Worm gear

	BELTS AND PULLEYS
	Belts and pulleys are similar to gears, but the belts can slip if they get stuck.
	A) Large pulley B) 6 hole pulley
	C) Small pulley D) Half bushing pulley
	E) Yellow belt F) Blue belt
	G) White belt H) Black belt
	ROBOLAB ICONS
	REFERENCE
	This section contains a reference on the functions of the RoboLab icons.

	PROGRAM BEGIN AND END
	MOTORS, LAMPS, AND SOUNDS

	MOTORS, LAMPS, AND SOUNDS
	WAIT FOR
	WAIT FOR
	FORKS
	FORKS
	STRUCTURES
	MODIFIERS
	TIMERS
	TIMERS
	CONTAINERS
	CONTAINERS
	CONTAINERS
	RESETS
	LEGO BUILDING TIPS

	CROSS BRACING
	It is important to make the bodies of your robots strong so they do not fall apart. A good way to...
	For example, this stack of 1x2 beams is very flimsy. By adding a vertical cross brace, the struct...
	Because of the spacing between the holes in a Lego‘ beam, only certain combinations of beam stack...

	RCX CROSS BRACING
	Most of the time, the RCX will be on the top of your robot. You will have a tendency to pick the ...
	The robot on the left is an example of a poorly built robot. The robot's body falls off when it i...
	The robot on the right shows how cross braces are used to solve this problem. By cross bracing th...

	SQUARE FRAME
	When building your robot's chassis or a gear box it is important to make a rigid frame.
	The image below on the left shows a poorly built frame. Because there is not enough rigid cross s...
	The image below on the right shows how to fix this problem. By using cross plates that are twice ...

	AXLE SUPPORT
	It is important to provide support for axles in more than one location along the axle. This helps...
	For example, the robot on the left has poor axle support. The weight of the RCX is causing the ax...
	The robot on the right is a much better robot design. Now the axles are supported in more than on...

	CONNECTING BEAMS
	Connector pegs let you connect together beams.
	The gray connector pegs allow two beams to rotate freely. The black connector pegs provide more f...
	You can use the black connector pegs as rivets in the beams. This is a very strong and reliable w...

	WEIGHT AND BALANCE
	The RCX is the heaviest component of your robot. Therefore it is important that it be placed so y...
	When you build your robot's frame, the wheels that are in contact with the ground define the supp...
	In order to keep your robot from tipping over, the RCX should be located inside the support polyg...

	WEIGHT AND BALANCE CONTINUED
	For this robot, the wheels are very close together, so its support polygon is very small. Even th...
	The height of the RCX also affects how stable your robot is. Robots that have their RCX very low ...

	MORE ON MOTORS
	Use the motor mount clips to firmly secure the motor to your robot's frame.
	The motors are connected to the motor output ports A, B, or C on the RCX with the motor cables. I...

	CASTER WHEELS
	A caster wheel is a type of wheel that pivots. Caster wheels help when a robot is turning because...
	This tricycle robot doesn't turn very well because there is too much friction between the fixed f...
	If the front wheel is replaced with a caster wheel, then the robot turns more easily. The rolling...
	Here are some other designs of caster wheels.

	TREADS
	Treads are an alternative to wheels for a robot. Because there is a lot more surface area in cont...
	The hubs that are used with the Lego‘ treads spin freely on an axle. In order to lock them to an ...
	You should use treads when you are building a slow but strong robot. The treads will give you muc...

	BELTS AND PULLEYS
	Like gears, belts and pulleys are used to change the speed of rotating axles. There are some diff...
	The second major difference is belts cannot transfer as much force as gears. The pulleys move bec...
	Like spur gears, belts and pulleys do have a "gear ratio." This is the ratio of the diameter of t...

	CRANK AND RACHET
	A crank is a mechanism that turns rotational motion into straight-line motion. Here is an example...
	A ratchet is a special device that allows motion in one direction, but prevents it in another. He...

	ELECTRIC GENERATOR
	Motors turn electric power into rotational power. The electric power comes from batteries, and th...
	But is it possible to go the other way? Can you turn rotational power into electric power? The an...
	Try the following experiment. Connect two motors together with a motor cable. Connect wheels to e...
	When you do this, you are turning rotational power, supplied by you, into electric power, which i...
	GEARS
	.

	SPUR GEARS
	Spur gears are wheels with teeth that mesh together. Spur gears are used to change the speed and ...
	How much the speed and force change depends on the gear ratio. The gear ratio is the ratio of the...
	The first gear in the pair is on the input axle. For example, this could be the gear on the axle ...

	IDLER GEARS
	An idler gear is a gear that is inserted between two other gears. Idler gears do not affect the g...
	However, idler gears DO affect the direction of rotation. Recall that when using spur gears, the ...

	BEVEL GEARS
	Bevel gears are just like spur gears, except they mesh at right angles. This causes the output ax...
	There are 2 types of Lego‘ bevel gears. The 12 tooth gears can only mesh with themselves.
	The 24 tooth gears, which are also called crown gears, can mesh with themselves as well as with o...

	WORM GEARS
	The worm gear is a special type of gear that looks like a screw. Worm gears have some unique prop...
	1. Worm gears change the direction of rotation. The output axle is perpendicular to the input axl...
	2. Worm gears provide a very large gear ratio. This means that worm gears can produce a very larg...
	3. Worm gears can only be driven in one direction. A worm gear can turn the spur gear, but the sp...

	RACK AND PINION
	The rack and pinion are a special pair of gears. The rack looks like the outside of a spur gear t...
	When the pinion rotates, it makes the rack move back and forth. Or, if the rack moves back and fo...
	Make sure the rack can slide freely with as little friction as possible. Lego‘ tiles or the botto...

	SLIP CLUTCH
	The slip clutch is a special type of gear. It has 24 teeth, just like a spur gear, but it has one...
	Look at the example below. The output wheel is connected to the motor through a slip clutch. If t...

	DIFFERENTIAL
	The differential is a very special and complicated mechanism. A differential lets two different a...
	Why would you need axles to turn at different speeds? Here is an example. This robot chassis on t...
	You should use a differential if you are building a robot chassis that is driven by one motor. Th...

	GEAR BOX DESIGN
	An important component of any robot that you build is the gear box. Typically, you will have to u...
	1. Make sure there is enough support for the axles. Axles should be supported in at least two pla...
	2. Don't press the gears or bushings too tightly against the beams. If there is too much friction...
	3. Make sure the teeth of the gears do not mesh too tightly. Sometimes, odd gear spacings can cau...

	COMPOUND GEAR RATIOS
	When more than one pair of gears are used together, that is called a compound gear train. The gea...
	Let's look at an example. The gear box shown below has two pairs of gears. The first pair of gear...
	The second pair of gears has an 8 tooth input gear meshed with a 24 tooth output gear. The gear r...
	Let's compute the gear ratio for the entire compound gear train. This is the ratio between the la...

	COMPOUND GEAR RATIOS
	The total gear ratio is 15 to 1. That means the input axle must make 15 revolutions for the outpu...
	You can combine as many gear pairs as you want in a compound gear train. There is no limit. By co...

	TOP TEN ROBOLAB PROGRAMMING ERRORS
	1. Bad or missing wires!
	2. Modifiers are connected to wrong places on the icons.
	3. More than one sensor on a default sensor input port (Input 1).
	4. Sensor input mismatch between hardware and software.
	5. Motor output mismatch between hardware and software.
	6. Mixed up the branches of a fork.
	7. Forgot fork merge at end of fork branches.
	8. Mixed up Jump and Land in an infinite loop.
	9. Timers use 10th of seconds, watches use seconds.
	10. Forgot a separate red traffic light for each task.
	INFORMATION ABOUT REAL ROBOTS
	.

	DANTE II: VOLCANO EXPLORER
	Text by Matthew Axvig
	Dante II is the second of two robots built by NASA and Carnegie Mellon University to investigate ...
	The first of these was Dante I that was sent into the crater of Mt. Erebus, an active volcano in ...
	Dante II, at the other end of the world in Alaska, was a little more successful. This tethered wa...
	Unfortunately, on the third day of its decent into the crater one of its legs was struck by a bou...
	The Dante II / Mt. Spurr expedition was considered a success because of the amount of data and ex...

	DEMETER: ROBOT FARMER
	Demeter is a robot that can cut crops like wheat and alfalfa. It is named for the Roman goddess o...
	Demeter has cameras on it that can detect the difference between the crop that has been cut and c...
	Demeter has a cruise control function. An operator can ride along with it. Demeter can drive, ste...

	ROBOTIC FORKLIFT
	Forklifts move materials from one place to another. The materials, such as the seats of a car, ar...
	Everything on the robotic forklift is controlled by a computer. The robotic forklift is told wher...
	Here, a robotic forklift is unloading parts of a car from another tractor trailer. The space insi...
	The robotic forklift has a lot of sensors on it to tell it information about itself and its envir...

	ROBOT LAWNMOWER
	How many times have you wished you had a robot to mow your lawn? Now imagine if it was the lawn t...
	The robot lawnmower started out as a normal lawnmower. Sensors and computer controls were added t...
	A difficult problem to solve with the robot lawnmower, or any robot that works outside, is making...
	Because golf courses need to be mowed very precisely, the robot lawnmower must make sure its moti...

	ROBOT TRACTOR
	This is a robot tractor. It is hauling a machine that sprays insecticides onto crops like orange ...
	The robot tractor originally was a regular human-driven tractor. Sensors and computer controls ha...
	Sensors tell it about itself and its environment. It has a Global Positioning System (GPS) sensor...
	This robot has been tested in real orange tree groves in Florida. It was able to safely drive its...

	ROBOT PAINT STRIPPER
	Large ships like oil tankers or cruise ships need to be repainted from time to time. These ships ...
	This robot, called the M2000, is a paint stripping robot. It has magnetic wheels that hold it to ...
	The M2000 robot can strip paint about 40 times faster than sandblasting. Since all of the toxic m...

	NOMAD: PLANETARY EXPLORER
	Nomad is a four wheeled robot designed to traverse planetary terrain. It can travel up to 50 cent...
	Nomad’s chassis can expand or compact. Compacting the wheels allows Nomad to fit within a 1.8 met...
	Nomad has three types of cameras, a laser rangefinder, and a spectrometer to navigate terrain and...
	In the Atacama Desert, Nomad navigated over 200 kilometers in a span of 2 months. During that tim...


