Slide 3: Challenges: Engineering graduates will enter a world full of challenges, including the challenge to provide for a growing population in a sustainable way. Population has doubled since 1965 and is expected to grow to approximately 9 billion by 2050. Increasing population will further strain water, energy and food supplies, and engineers will need to provide solutions to meet these challenges as well as some of the other challenges listed here.

Slide 4: We’ll continue to see an accelerating rate of technological development, including breakthroughs in nanotechnology, communication, and biotechnology. 

<click> The availability of cheap technology + a flat world where people can have access to this technology + more people to develop new things = an accelerating rate of change.  Engineers must be lifelong learners to keep up with these changes and must be agile to stay ahead of the technology and business curve. We believe that technology-enabled, project-based educational approach will foster these attributes in our students.

Slide 5: Our curriculum consists of three, two semester hour courses. The courses are taken along with math and science courses.  Classes meet for 110 minutes, twice per week resulting in 110 contact hours per year. Our classroom allows us to quickly switch between lecture, laboratory and shop activities.

Slide 6: Our mechanism for boosting experiential learning is to have every student own their own lab. The lab consists of 
· A laptop

· Tools like multimeter, dial caliper, and wire strippers costing about $80

· Mathcad, SolidWorks, MS Office

· A Boe-Bot for $100

The Boe-Bot has 16 digital IO pins and a small breadboard that allow us to attach a variety of circuits and sensors. Student owned labs provide a way to boost hands-on learning beyond what is possible using traditional university laboratories.

Slide 7: We have developed two laboratories designed especially for the new curriculum, one which accommodates 40 students and another one 24 students. These facilities allow us to easily switch between lecture, laboratory and shop activities in a single 110 minute class period.

Slide 8: Seven threads define the freshman experience. Threads provide for continuity throughout the year and allow us to progressively build skills and knowledge in key areas. 
1. We have one major systems-level project per quarter

2. The robot and associated sensors are the heart of the laboratory platform and provide depth in electromechanical  systems

3. We have student learn about where to purchase the parts and supplies for projects, and they do a lot of fabrication

4. They learn several software packages, mostly on their own

5. Fundamentals provide a backbone for the courses; exams focus on fundamentals

6. Students are required to give an oral presentation during each course as well as a few writing assignments

7. Broadening activities are included to promote lifelong learning; we provide instruction to help students become more creative and appreciate different personalities and the contributions they can make to the design process

Slide 9: This video was taken early on in ENGR 120 (the first course). 
· The robot kits help students learn circuits.
· Students use their multimeters to measure voltage and current, and we verify Kirchoff’s current and voltage laws experimentally in class. 

· Students do a lot of group work. 
· In the first half, they begin to write simple programs to switch on LEDs, make their robots move around, they attach whiskers to their robot, and they learn to make sounds. 

· And . . . they like it

Slide 10: The major project in the ENGR 120 is the fabrication and testing of a centrifugal pump.
· Students draw the pump using SolidWorks and design their own impeller which is printed on a rapid prototyping machine

· They fabricate the pump using the milling machines in the room along with a few tools we provide as well as their own tools.

· The pumps actually work.
Slide 11: 
· We use conservation of energy to evaluate the efficiency of the pump as a function of the head. 
· The efficiency is the potential and kinetic energy of the system divided by the electrical energy input.
Slide 12:

· The main ENGR 121 project is the fishtank project. 
· Students control the temperature and salinity of a small volume of water
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· This project is made up of a number of smaller projects

· First, student teams of 2 fabricate a salinity sensor by center drilling a polyethylene rod on a lathe.

· They then calibrate the sensor using a 555 timer circuit to produce alternating current across the probes. They apply the linear regression learned in ENGR 120 to do this.

· They build the wooden platform for their fishtank

· I think the coolest project in ENGR 121 is the fabrication of an RTD using photolithography

· The RTD project provides another opportunity for sensor calibration.

· Finally, they assemble the entire system and write a program to open and close solenoid valves to control salinity and turn a heater on and off to control temperature.

Slide 14:

· In ENGR 122, students take the skills and confidence gained in earlier projects to design an innovative product.

· We use the IDEO design process

· First we have them develop a bug list as a way to generate project ideas

· They learn some brainstorming rules, concept mapping and other design tools
· They make several prototypes along the way

· The year culminates at the design expo where students present their projects to teams of judges

· Here are a few of the projects
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· All of the content is on the web for all 3 courses – we don’t require a textbook

Slide 16:

· To give you an idea of the scope, we taught 433 students in a total of 14 sections in fall of 2008. There are more ENGR 120 sections in the fall since most students start in ENGR 120.
· We have common assignments and common evening exams
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· We have both student notes and instructor notes

· These are the notebooks, and they will be left in the room upstairs for you to examine
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· This is an example of the homework assignment and the solution that is available to the instructors. 

Slide 19:

· In 2004 the National Academy of Engineering issued “The Engineer of 2020” report which suggested 10 attributes for engineers of the future. We have used these 10 attributes to help guide our activities. 
· Our aim is to implement a project-intensive experience that develops the knowledge, skills, confidence and attitudes that lead to innovation. 
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Alternate Slides:
Some Background? 

· In 2002 we began to experiment with a robotics-centered freshman engineering experience with small groups of students, and in 2006 we received a half million dollar NSF CCLI grant to expand the curriculum to all freshman engineering students.

· When we started this, we wanted to do more than have students build something like a mousetrap car or a straw structure in freshman design.

· Our plan was to adopt a hardware and software platform to facilitate projects and have students progressively build skills and competence so that they would be able to implement significant design projects as freshmen.

· Our overall aim was to make them innovative and confident.
· Strong analytical skills 

· Practical ingenuity & creativity 

· Good communication skills 

· Business, management skills 

· High ethical standards, professionalism 

· Dynamic, agile, flexible & resilient 

· Lifelong learners 

· Able to put problems in their socio-
technical and operational context 

· Adaptive leaders 

