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Overview and Benefits

Meaningful Learning
The Design and Discovery program is a print 

curriculum with supporting resources available for 

download at the Intel® Innovation in Education Web 

site at no cost. The curriculum invites 11- to 

15-year-olds to explore engineering by engaging in 

hands-on, design activities. It provides an environment where science and engineering concepts and skills are applied in ways that make them meaningful to students. The curriculum takes students through a series of activities, building their understanding in a sequential way, as they identify and design solutions to problems significant in their own lives. The design activities require students to develop concepts and principles from real encounters with their own world. 
	

	Bass Space

	Meet Erika, a string bass player, who invented a training aid to help string musicians learn proper hand positioning.

Read more > 

Watch a short video clip
To view the video, select a player and then click on your connection speed.




	Dual Alarm Clock

	Meet Brenda and her Dual Alarm Clock design solution.
 
Read more >

Watch a short video clip 
To view the video, select a player and then click on your connection speed.




Science and Engineering Research

Read about how Design and Discovery supports research in science and engineering for middle-school age students.

Learn more > 






Problem-Solving
The Design and Discovery curriculum builds young people's knowledge of engineering, design, and science to support the development of inquiry skills, and to involve them in sustained problem solving. By participating in the design process, students begin to experience and understand how much of the world around them is created. Engaging in real design and engineering gives students an opportunity to look more critically at the designed world and tap into their own capacity to create change. Students formulate problems from everyday situations and develop strategies to solve the problems, while verifying and interpreting their results. Design and Discovery helps students understand the role of engineering and design in producing effective solutions to real-world problems. 

Building Communication Skills
Students are encouraged to share and present their design solutions to others in an Intel ISEF-affiliated fair or a community showcase. The final presentations of design projects help build effective communication skills as students clearly articulate and describe their ideas and understanding of scientific and engineering concepts. Students prepare oral and visual presentations, field questions, and respond to feedback related to their projects. Through the use of a design notebook throughout the program, students keep written documentation of ideas, discoveries, sketches, and notes that can also be shared with their peers, parents, and community members. 

Encouraging Systems Thinking
The Design and Discovery curriculum helps students build meaningful connections among skills and knowledge that are often the domain of discrete academic disciplines. The inherent interdisciplinary nature of design encourages students to begin looking at the idea of whole systems. Engineers and designers looking at a transportation system would need to study 

such interrelated products as cars, roads, maps, and bridges in order to find solutions to problems. Design problems often lie within these complex systems and require a variety of skills in order to develop solutions. As students start identifying design problems and researching solutions, they begin to think in whole systems, find connections, and recognize patterns.  

Science and Engineering Research
Design and Discovery Connects Science and Engineering
The Design and Discovery program provides an environment where science and engineering concepts and skills are applied in ways that make them meaningful to students. The design and engineering process reinforces skills such as problem solving, making and using models, collecting and interpreting data, inferring, formulating questions, and predicting—all skills shared between science and engineering. This is a unique opportunity for students to identify and design solutions to problems significant in their own lives.

Massachusetts is the first state to introduce engineering standards. The Massachusetts Science and Technology/Engineering Curriculum Framework adopted in 2001 (www.doe.mass.edu/frameworks/scitech/2001/0501.pdf*) describes the relationship between science, technology, and engineering this way:

"Science tries to understand the natural world. Based on the knowledge that scientists develop, the goal of engineering is to solve practical problems through the development or use of technologies."
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Supportive Environments for Learning
Design and Discovery is an inquiry-based, hands-on design and engineering curriculum intended to encourage and enhance middle school girls' and boys' experiences in design, engineering, and technology. The program was originally intended for girls and developed based on gender research that shows how girls learn best. However, the research focusing on the learning environments that encourage girls' curiosity and interest in these fields also supports all students. The factors that research has shown to have a positive impact on all students' continuing involvement with science, engineering, and technology include:

Science and Engineering Research (continued)
· Interactive, collaborative, and team-based environments that offer the opportunity to work on real-world problems.

· Exploratory environments that say it's OK to ask questions, take risks, and make mistakes.

· Hands-on, inquiry-based activities to foster knowledge, skill development, experimentation, and creativity in the areas of science, engineering, and technology. Inquiry-based instructional approaches place students at the helm of the learning process and teachers in the role of learning facilitator, coach, and modeler. Skill development leads to competence and self-confidence.

· Career exploration through real-world science and technology experiences including after-school science programs, field trips, conferences, science fairs, and internships. Real-world experiences provide awareness of career opportunities in the fields of science, engineering, and technology.


These factors were taken into account by the Intel® Innovation in Education group as it developed the Design and Discovery curriculum.

Meeting Standards in School, After School, or Summer Learning
Interspersed throughout the curriculum are applications of common science content topics including electrical circuits, transfer of energy, materials, force and motion, and mechanics. Design and Discovery activities provide an introduction or review of these science concepts which address the following national science standards.

U.S. National Science Education Standards
www.nap.edu/html/nses*

Science and Technology

· Design a solution or product and communicate ideas with drawings and simple models.

· Implement and evaluate solutions based on established criteria.

· Communicate about completed pieces of work and identify the stages of problem identification, solution design, implementation, and evaluation.


Physical Science

· Properties of materials: Identify properties of the substances from which the materials are made.

· Motion and forces: Qualitatively and quantitatively describe moving objects and begin to explain the forces acting on the objects.

· Transfer of energy: Understand electrical circuits provide a means of transferring electrical energy when heat, light, sound, and chemical changes are produced.


Reports
American Association of University Women Education Foundation
www.aauw.org/2000/techsavvy.html*
Science and Engineering Research (continued)
The Web site includes ordering information and an online executive summary of Tech-Savvy: Educating Girls in the New Computer Age (2000)

The Girl Scout Research Institute
www.girlscouts.org/about/ResearchInstitute/reviews/girl_difference.html*
The Web site includes ordering information for The Girl Difference: Short-Circuiting the Myth of the Technophobic Girl.




Bass Space
Erika: Solving a Real-Life Problem
Erika, a middle school student with a talent for music, used the process she learned in Design and Discovery to solve a problem from her own life. A string bass player, she invented a training aid to help string musicians learn proper hand positioning. The design process also taught her about the value of [image: image7.jpg]


teamwork and gave her insights into career fields she might never have considered otherwise.

Getting Inspired
At the start of the Design and Discovery program, Erika was encouraged to look at everyday challenges that could be solved through engineering. That got her thinking about her music lessons. One of the biggest challenges in learning to play the bass is remembering to keep your fingers in the correct position. Music teachers have been known to tape students' fingers together or bind them with rubber bands to hold this proper hand positioning. During a music lesson, she talked with her teacher about the potential benefits of a product that would keep a bass player's hand in the correct position, yet feel comfortable.

Erika teamed up with a fellow Design and Discovery participant named Alicia. Soon, the two girls were brainstorming ideas, making sketches, and jotting down notes. They didn't know at first what the best design might look like or what material their product should be made of. But they knew they were on the right track: A search for patents showed them that nothing like what they had in mind was yet available.
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Using a design process to guide their project development, they came up with product requirements. "Our design requirements for this product were that it needed to hold the hand correctly. It must be comfortable. It must be cost-efficient. It must be rigid yet slightly flexible so that it's comfortable while still holding the hand correctly," Erika says, consulting the design notebook that became a critical repository for their ideas, notes, and sketches.

To move from requirements to an actual product, the girls used the same process that engineers follow to develop prototypes and make improvements. They developed a series of prototypes before reaching a solution that fit their requirements. But then came a new challenge: What material would work best?

Enter the Mentor
An engineer named Jill Barrett, recruited by Design and Discovery program facilitators, agreed to work with the girls as a mentor. Barrett is a materials engineer, trained and experienced in finding the right materials to meet design specifications. "I was excited about the girls' project immediately. They just have the coolest project!" recalls Barrett, who spent much of her own youth inventing projects to enter in science fairs. Barrett started by talking with the girls about material selection and then helped guide them through the testing process.

As Erika and Alicia worked through the testing process, the girls found that many materials did not fit their purposes. When certain materials failed, Barrett encouraged the girls not to be discouraged by setbacks. "Failures are sometimes more instructive than anything else," she says.

Similarly, Erika's mother was careful not to step in when she saw the girls struggling. "It's very easy for a parent to tell a child what to do. It's more challenging to stand back and let them explore on their own," she says.

Eventually, they determined that a material used to make mouth-guards did the best job of meeting their design specifications. This was a critical accomplishment—on many levels. As Barrett explains, "Just watching the two of them having such a good time, making something tangible, was fantastic. It's been fascinating to watch them progress through the steps of engineering. They're driven and inspired. They've spent so much time making it work. Making it right."

What's Next
With an eye toward marketing, Erika and Alicia have developed packaging materials to present their product to prospective buyers. They have applied for a patent for the product they call the Bass Space.
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Already, their project has won praise. At a regional science fair affiliated with the Intel International Science and Engineering Fair (Intel ISEF), Erika and Alicia's project won first place in engineering. They also received the Discovery Young Scientists Challenge Nomination for middle school students. After the judging was completed, an engineer who was impressed by the thinking behind the Bass Space came back to talk with the girls about pursuing the field as a profession.

Erika is now considering a future career in engineering. Her mother credits Erika's experience with Design and Discovery as something that has "broadened her horizons, helped her understand what's out there for her. She hasn't really thought before about how what she's learning can have some future application. This experience offered her a chance to look into her future and find out she has lots of opportunities."

Both Erika and Alicia have returned to Design and Discovery as program aids, helping younger students get excited about the process of invention and engineering. Erika is researching possibilities with local manufacturers for getting the Bass Space into production.

Dual Alarm Clock
	Dual Alarm Clock


	

	View a short video of a student sharing her Dual Alarm Clock design solution.
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Brenda: Seeing a Future in Engineering
When Brenda first started attending a Design and Discovery summer program as a middle school student, she was shy and reluctant to speak up. Her family had recently moved from Mexico, and she was learning English as a second language.


It didn't take long, though, before Brenda started asking questions. Curious about electronics and engineering, she discovered that she had a knack for taking apart appliances and 

learning about all the wires and components inside. Before 

long, she was sketching her ideas for an electronic project she wanted to design: a better alarm clock.

Here's a look at how her project—and her self-confidence—

grew in tandem.


Developing Her Own Idea
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Brenda's project idea grew out of her own experience. At home, she shares a bedroom with her older sister. As Brenda explains: "She works late, and I have to wake up early in the morning to go to school. When my alarm beeps, she hears it, too. She pretty much got mad at that. So that's why I came up with the idea for a clock with two separate alarms."

Guided by the Design and Discovery curriculum, Brenda conducted user surveys to find out what people hate most about alarm clocks. What did she discover? "They're loud and annoying. And they wake up everybody, not just the person who needs to get up early." Her research confirmed her hunch that most people would welcome a more gentle wake-up device.

An electrical engineer visited the program and gave Brenda suggestions for developing her idea. They took apart old alarm clocks and reassembled the components to fit Brenda's specifications. Using a shoebox as a "casing" for her alarm clock let her make modifications, such as adding two radio speakers—one to slip underneath each user's pillow.
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Brenda had had never met an engineer before attending the program, but now she wanted to learn more about this career field. Time seemed to fly whenever she was working on her project. "I might spend four hours without realizing how much time has gone by. It's just so interesting, you know?"

After the program ended, Brenda continued meeting with her mentor and refining her prototype. She entered her project in a regional science fair for middle school students and earned an honorable mention in engineering.


New Doors Open
The next year, the facilitators from Brenda's Design and Discovery program encouraged her to apply for a three-week residential summer program on a college campus. Designed to provide minority middle school students with an exposure to engineering, the program sounded like a perfect fit for Brenda's interests. She was intrigued, but hesitant. Getting to the location would require a plane trip, and Brenda had never flown before. She wasn't sure her parents would allow her to go. The travel cost also seemed prohibitive.

With her parents' nervous permission, Brenda applied and was accepted for the program. Alaska Airlines agreed to donate her airfare. Before long, she was off on a new learning adventure, taking her interest in engineering even further.

Today, Brenda's hopes of becoming an electrical engineer no longer seem like an impossible dream. Her middle school teachers have watched the transformation in this once-quiet girl. She even encourages other students to consider a future in engineering. "Her confidence is way up," says one teacher, and her future seems full of opportunities.
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