	Title:  I Want to Hold Your Hand 
Adapted from NASA’s 2004–2005 NASA SCI Files™ Series 
http://scifiles.larc.nasa.gov

	Lesson Overview: This lesson can be used to introduce students in the intermediate and middle grades to the science of robotics engineering.  

The students are actively engaged in the construction of a working robotic hand using common materials such as cardboard, tape, string, and straws.  The students should apply their knowledge of measurement and data collection/analysis and refine their strategies for reading technical texts in the form of written directions.  The students experiment with their model and then apply the design process to improve their model.  

The instructions for the model construction can be found at http://www.nasa.gov/pdf/172353main_Hold_Your_Hand.pdf and are included here in a slightly modified format.

	Curricular Connection
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	Literacy Standards (Common Core)
10. Read and comprehend science/technical texts at grade level independently and proficiently.

Standards for Mathematics Practices (Common Core)
5. Use appropriate tools strategically.

6. Attend to precision.

Standards for Technological Literacy

Develop an understanding of the: 

3. Relationships among technologies and the connections between technology and other fields of study

8. Attributes of design

9. Engineering design

10. Role of troubleshooting, research and development, invention and innovation and experimentation in problem solving

Develop abilities to: 

11. Apply the design process

Science 

Standard 1:  Skills and Processes

C. Communicating Scientific Information
1. Recognize that clear communication is an essential part of doing science because it enables scientists to inform others about their work, expose their ideas to criticism by other scientists, and stay informed about scientific discoveries around the world.

D.  TECHNOLOGY

2.  DESIGNED SYSTEMS: Investigate a variety of mechanical systems and analyze the relationship among the parts.

3.  MAKING MODELS: Examine and modify models and discuss their limitations.

	Background
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	Students need to be able to measure to the nearest centimeter to accurately complete the construction.  It may be necessary to conduct a mini-lesson or review prior to this activity.


	Materials/
Resources
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	Teacher Materials
	Student Materials



	
	The instructions for the construction of the hand model are from NASA’s 

 2004–2005 NASA SCI Files™ Series http://scifiles.larc.nasa.gov.  A PDF version of the directions can be found at http://www.nasa.gov/pdf/172353main_Hold_Your_Hand.pdf .
	• Narrow rubber bands 

• Drinking straws 

• Cardboard 

• Tape 

• Scissors 

• Nylon cord 

• Centimeter ruler 

• Pen

	Safety
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	It may be difficult for students to cut the cardboard needed for this activity.  Students may need teacher/adult support.

	Focus Question(s)
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	How are robots used in the real world of Science?
How does the Engineering Design Process apply to robots?



	Vocabulary
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	Robot – a machine that collects information from its surroundings and then uses that information to follow instructions and to complete a task

	
	Artificial Intelligence – allows robots to behave more like human beings and to act independently in a changing environment

	
	

	5 E Model
	Time Frame
	Activity

	Engage
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	15 minutes
	Day 1

1. Activate prior knowledge by asking students to consider how robots are used in the real-world.  

2. Use the Think-Pair-Share strategy to allow all students the opportunity to consider and share their prior knowledge of robotics.  As students share, record their responses on chart paper or other similar strategy for future reference. 
3. Use the following 2 movies from NASA to further engage students and to provide additional background knowledge.

· R2  Movie Trailer: approximately 1 minute http://www.nasa.gov/multimedia/videogallery/index.html?media_id=18963412
· NASA explanation of R2’s development and their anticipation of R2’s use on the ISS: approximately 5 minutes

http://www.nasa.gov/multimedia/videogallery/index.html?media_id=24196621
4. Explain to students that they will be working together to build a model of a robotic hand.
5. Provide students with the hand-out and ask students to read the “Background” paragraph.  
6. Discuss the definitions of robot and artificial intelligence.  
7. Ask students to add these words to their Science Notebooks.  

	Explore
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	Steps 8 & 9

3-5 minutes
Steps 10-14

40-45 minutes

Steps 15-16

10-15 minutes
	8. Ask students to preview the directions and to use the text features to visualize the steps needed to complete the construction.
9. Allow students to ask clarifying questions.

10. Assign partners or triads and distribute materials.
11. Allow students to complete the construction with the teacher providing support as needed.
Teacher Note:

An activity such as independently exploring how robots/robotics are used in the real-world or more specifically by NASA may need to be planned for fast finishers.
Closure:

12. Invite students to share their struggles and successes with the construction of the hand.  Have students record these struggles and successes in their Science Notebooks.  

13. Ask students to reflect on the directions and discuss any reading strategies they found useful as they completed the task.  

14. Ask students to consider what additional text features or information might be helpful if the author of the model directions wanted to improve them.  
Assessment:
Are students able to read and follow directions?

Are students able to use the ruler correctly and to measure accurately?

Homework: 

Ask students to attempt to do a variety of tasks at home without using their thumbs and to write a brief reflection about the experience.  

Day 2

15. Ask students to experiment with the use of the hand and to record their observations in their Science Notebooks under the focus questions: 
· What items can we pick up with our robotic hand?    
· Why are some items more difficult to pick up than others?

Teacher Note:

iPods or FLIP cameras can be used to record the experimentation with the hand. These videos can then be posted to a class website or saved on the common drive for other students to view.
16. Discuss the students’ observations in a Scientists’ Meeting.  

	Explain
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	Steps 17-18

10-15 minutes
	17. Ask students to consider what adaptations they could make to the hand to improve the design and the hand’s effectiveness.  Ask students to consider:
· What would happen if you added more fingers?

· What would happen if you added a thumb?

18. Have students explain and justify their thinking in their Science Notebooks.

	Extend
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Extend
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	Steps 19-21
10-15 minutes

Steps 22-23

40-45 minutes

Step 24

15-20 minutes
	19. Ask students to work in their groups to compare and blend design revision ideas.
20. Allow groups to plan and sketch/diagram modifications.  Each group will also develop a list of additional materials needed to complete the changes.
Closure:

21. Invite groups to share their status within the redesign process. (Remind students not to over share and “give away” their new designs.) 
Assessment:

Are students able to apply the engineering design process?

Day 3

22. Students work in their small groups to improve upon their hand using their designs and plans from Day 2.  As students work in their small groups, the teacher circulates to ask guiding questions about the new design and their construction process.
23. Students test their completed hands and record their observations and reflections in their Science Notebooks.

Closure:

24. Invite students to demonstrate their improved hands and to explain the modifications made.
Assessment:
Are students able to examine and modify models?
Are students able to troubleshoot and develop a model through experimentation in problem solving?
Reading Connection/Extension
The following link is to 6 brief articles and photos of robotic hands.  Students can read about and look at 6 very innovative robotic hands and consider how these designs could be included in their own designs.

http://www.popularmechanics.com/technology/engineering/robots/6-innovative-robot-hands#slide-1

	Evaluate
[image: image12.png]



	
	Students self-evaluate the success of their initial model construction and reflect on this in their notebooks.
Students self-evaluate the level of improvement of their modified models through experimentation and reflection in their notebooks.

Teacher evaluation is completed through the use of the assessment questions provided at the end of each day’s procedures.  As the teacher observes students, anecdotal notes can be made to reflect students’ successes or areas for growth based on the assessment questions.  The teacher can also assess students’ understandings through evaluation of notebook entries.

	Career Links
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	Robotics Engineering
· http://www.rec.ri.cmu.edu/
· http://www.sciencebuddies.org/science-fair-projects/science-engineering-careers/ApMech_roboticsengineer_c001.shtml
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Background 
A robot is a machine that collects information from its surroundings. It uses that information to follow instructions and to complete a task. Today’s robots have multiple sensors and are able to make their own decisions based on given information. Robots come in all shapes and sizes. The jobs they do are also varied. Some robots are used in factories. Others are experimental robots that use artificial intelligence. Artificial intelligence allows robots to behave more like human beings and to act independently in a changing environment. Today, robots are used in hospitals, space and ocean exploration, and other dangerous areas. 
Materials Per Group
• Narrow rubber bands 

• Drinking straws 

• Cardboard 

• Tape 
• Scissors 

• Nylon cord 

• Centimeter ruler 

• Pen 

Procedure 
1. To make the palm of the robotic hand, cut a piece of cardboard 10 cm x 10 cm. 

2. To make the fingers, cut three pieces of cardboard 2 cm x 9 cm. 

3. To make one of the fingers jointed, cut one of the cardboard pieces into three equal pieces. See diagram 1. 
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4. Place the three equal finger pieces back together and use tape to reconnect them. Label one side of the taped finger “inside.” See diagram 2. 
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5. Cut a rubber band 5 cm long. 

6. Turn the segmented finger over so the “inside” is face down. 
7. Put the rubber band across the middle of the first joint. See diagram 3.
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8. Tape the rubber band on both sides of the joint, making sure to leave the ends of the rubber band untaped. 

9. Fold the ends of the rubber band so that they rest on top of the tape and tape them firmly in place. See diagram 4. Taping prevents the rubber bands from slipping. 
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10. Repeat steps 5 through 9 for the second joint. 

11. Tape the finger onto the palm with “inside” facing up. 

12. Turn the hand over. 

13. Cut a rubber band 5 cm long. 

14. Put the rubber band across the last joint (touching the palm). 
15. Repeat steps 8–9 for the last joint, connecting the finger to the palm.  See diagram 5. 
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16. Cut a piece of nylon cord 35 cm long. 

17. Tape one end of the nylon cord over the end of the finger. See diagram 6. 
[image: image19.emf]
18. Cut four pieces of straw 2 cm each. 

19. Thread the pieces of straw onto the nylon cord. 
20. Tape a piece of straw in the middle of each finger section. 

21. Tape the last straw to the palm. See diagram 7.
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22. Repeat steps 3–21 for the last two fingers. 

23. Operate the hand by pulling the nylon cord. 

24. You should be able to pick up an empty water bottle or other lightweight objects. 

