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The Problem
• Traditional Electrical Engineering Education:

– Learn-Do
• First Learn KVL, KCL, Norton, Thevenin

– Then do a few simple labs with sources and resistors
• First Learn about Non-Linear 2 terminal Devices

– Then do a few simple labs with diodes
• First Learn about Op-Amps

– Then do a few simple labs with op-amps
• …
• Junior or Senior Year: Build something interesting.

• What’s wrong with this?
– It assumes the carrot of: “you’ll need this later”
– and the stick of: “you’ll be tested on this”
– are sufficient motivators for material whose purpose is hazy.

– Additionally, students today have little experience in circuits before 
college.

• Inevitably, many young EE students don’t see the light at the end of 
the tunnel and become disaffected.



The Question:
• Can a Do-Learn instead of Learn-Do Methodology 

Work? e.g.:
– First Consider a Real, Sophisticated, Useful Device to 

be made
• Then learn what you need to learn about how to make it.

– Pull, instead of push, learning.
– Can EARLY Design Experiences work effectively in EE 

Education?
• Early design is already common in Mechanical 

Engineering
– But: Freshmen tend to have much stronger mechanical 

than electrical intuition
• The Hope: Extend Benefits of Early Design to EE



Our Balanced Approach

• Early Guided Exploration and Design of a 
Sophisticated Electronic Device

• Guided Design
– We Give Component Concepts and Circuit 

Topologies
– Students Must Build and Explain Qualitatively

How Circuits Work
– Students Must Experiment With and Explain 

Final Quantitative Component Values They 
Choose



Our Example: A Pulse Oximeter

– First Exposure to Concepts of:
• Optical Absorption Spectra of Oxygenated and 

Deoxygenated Blood
• KVL, KCL
• Op-Amps, LEDs, Photo-Diodes
• 1st Order Hysteretic Oscillators (e.g. RC)
• 1st Order Filters (e.g. RC)
• Synchronous Detection
• Null-Point Feedback
• Using Bench Equipment



Phase 1 (Two Weeks)

• First Generate Excitement by letting students 
experiment with a Commercial Oximeter 
(Nellcore N-200)



Phase 1 (continued)

• Then Break Students into Groups to Study 
– 4 Patents from ca. 1944 to 1986
– Incredible Paper (ca. 2000) on Diffuse Optical 

Tomography
– Optical Absorption Spectra of Oxygenated and 

Deoxygenated Hemoglobin
• Students present results of their study



Historical and Recent Patents



The Incredible Related Paper:
Imaging brain activity using IR light through the skull



Next Three Weeks

• First Session: preliminary work on Voltage, 
Current, and RC circuits.

• Next 5 Sessions: Each Student Builds 
Oximeter Sub-Circuits

• Final Session: Connect all the parts and 
test



Block Diagram
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Preliminary Day on Rs and Cs
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• Look at the first circuit above.  Imagine that VIN is 0 V, and then that you suddenly turn it up to 12 V.  
– What is going to happen?  Why?

• Build the circuit and verify your intuition.  Use the DC power supply for VIN.

• Once you’ve done the test, consider the next circuit.
– If the capacitor initially is charged to 12 V, will it stay at 12V?  Why or why not?
– Change your first circuit to the second by disconnecting the power supply and then connecting the resistor across the 

capacitor, and watch what happens to the voltage across the capacitor.  Be sure that you are watching the voltage across the 
capacitor as you conduct this test!

• Question:  what do you think will happen to the behavior of these circuits if you (1) make the resistor smaller 
(say 10k instead of 1M) or (2) make the capacitor bigger (say 100uF instead of 10uF)?  Investigate your 
intuition to see if it’s right (note: 100 uF is a pretty big capacitor.  You might want to investigate your intuition by 
using a smaller capacitor instead).

• Finally, build the last circuit, using the function generator as VIN.  Drive the circuit with a 1kHz square wave, 
and look at both VIN and VOUT on the scope.  Explain the behavior of the circuit.



First Oximeter Circuit
Hysteretic Oscillator
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Oscillator Questions

• Considering the Op-Amp as a high-gain 
comparator, explain qualitatively how the circuit 
works.

• Observe the waveforms on pins 1, 2, and 3 of 
the op-amp. Explain what you see.

• Experiment with different values of C1 and R3. 
How do these affect the oscillation frequency?

• Determine a mathematic formula for predicting 
the oscillator frequency.



LED Current Driver
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Experiment with this value, 
explain brightness changes

Connect this to Ground (0V) for now

Try putting more 
LEDs here, 
explain brightness 
of LEDs



Photo-Diode Amplifier
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+/- 1 Multiplier
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Look at Data Sheets 
for DG212CJ.
Explain what D4 and 
R6 are for.

Explain how this 
circuit works.



Low-Pass Filter
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Experiment with these values.
Using a signal generator as 
input, explain quantitatively their 
effect on the circuit output.



Color Balance Feedback
Pulse Amplifier
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Explain How This Slow Feedback Path Works
(Hint: Place Different Colored Filters in the 
Light Path and Observe the LED Response)



Completed Oximeter Breadboard



It Works!



Did We Succeed?

• 5 Weeks did not provide time for quantitative 
assessment
– But subjectively we felt that despite all students having no 

previous experience, most (4/6) of the students obtained a very 
good comprehension of this advanced subject material.

– The other 2 students had adequate understanding.
• Student’s assessment of subject was also very good:

4.8 / 5.0helped me gain new knowledge
4.4 / 5.0was fun

4.6 / 5.0stimulated my intellectual curiosity

4.6 / 5.0helped me develop teamwork skills

4.4 / 5.0motivated me to learn



Conclusions: What We Learned
• Do-Learn is more motivational (e.g. fun) and we believe more likely

to result in understanding that lasts.
• More Frequent Assessment is Necessary

– Do-Learn Assessment is difficult, as students have a complete 
understanding only at the end.

• Do-Learn is harder to teach, as the learning mode is deductive, not
constructive, 
– The teacher’s job is to guide students in their investigations, not to pour 

knowledge into their heads.
• As Learn-Do in the extreme can lead to boredom, Do-Learn in the 

extreme can lead to frustration. 
– But Do-Learn-Do-Learn … is great. E.G. Do-Learn in bite-size chunks 

seems to be best.
– Reminding the students of how the bite-sized chunks fit into the larger 

do-learn project then becomes essential.
• Giving the students good resources for their deductive work is 

essential.
– We need new notes and text books written in the do-learn paradigm.
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