
WHAT IS ENGINEERING?  (Brainstorming Worksheet) 
Developing a new learning activity that uses elements of inquiry, but is geared toward 
the engineering problem-solving process. 
 
 
AUDIENCE 

 
− Undergraduate students, with a basic knowledge of 

science & math. 
− Interns, who have been placed in engineering-oriented 

internships. 

CONTEXT 

 
− This activity could be used in intern orientations, short 

courses, or other summer programs meant to teach 
students about engineering. 

TIME LIMITATIONS 

 
− Short courses, intern orientations, etc. are very short; 

typically 5 days total for CfAO short courses. 
− Time for this activity may be as little as half a day.  

(Maximum: maybe 2 days?) 

BOTTOM LINE 

 
− Students should come away from this activity with a 

better understanding of what engineering is all about. 
− Bonus:  Interns should have a better appreciation of 

what to expect from their internship experience. 
 

DISCUSSION POINTS 

What is engineering? − What is engineering? 
− How is it different from pure science? 
− How is it an integral part of the scientific process? 

What are some possible 
content goals? 

What would be useful for interns to learn?? 
− Engineering process?   
− Astronomy?  Vision science? 
− Electronics?  Programming skills?  Optical engineering? 
− Other…? 

What are some possible 
activities? 

− Examples from school?  (e.g. design competitions:  
bridge-building, crossing a tank of water, solar car, …) 

− Teasers?  Demos? (e.g. The Incredible Machine – Rube 
Goldberg-style machines) 

− Materials?  Context?  (e.g. LEGO, Tinkertoys, Capsella, 
electronics, other… ?) 

What is inquiry? − How does this tie in with inquiry, and the seven 
principles of learning?  (see Appendix) 
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IDEAS SUMMARY  (in progress…) 
 
Participants:   
 
 
What is engineering? 
 
One answer to this (and justification for this discussion) 

• Scientists ask… 
− Why does something happen? 
− How does something happen? 

• Engineers ask… 
− How can I make something happen?  
− How can I use some scientific oddity to do something useful? 

• Engineering is an integral part of the scientific process, because the scientific process 
involves: 
− Formulating a hypothesis. 
− Collecting data or doing other experiments to support or disprove the hypothesis. 
− Analyzing the results, etc. 

Look more closely at step number two:  in order to do this step, someone has to ask 
“how do I collect this data?”, or “how do I do this experiment?”.  Clearly, some sort 
of setup is needed.  That’s where engineering comes in. 

 
Other ideas: 

• A scientist will look at a mountain and wonder why the peak looks white, whereas an 
engineer will look at it and come up with ways to reach the top. 

• Engineering is applying science to do something useful. 

• In astronomy terms, engineering is a key part of “instrumentation” (i.e. as opposed to 
science). 

• ?? 
 

Possible content goals: 
• To understand what is involved in the engineering process: 

− Identifying the problem. 
− Understanding the fundamental principles involved. 
− Designing a solution (or set of solutions). 
− Prototyping and testing solutions. 
− Implementing the best solution. 
− Testing & documentation of final solution. 
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• Optical engineering:  to learn… 
− How to design an optical system.  (too broad – needs to be more specific) 
− How to align an optical system.  (e.g. aligning a laser to the optical axis of a lens 

and/or mirrors?  maybe show how if you don’t get this right, the beam can have 
other aberrations) 

• Image processing for vision science:  To learn more about digital images and how to 
manipulate them, e.g. 
− What is a digital image?  How is it stored? 
− How is it displayed on screen? 
− What is the difference between a grayscale and a color image? 
− How do you calculate a histogram? 
− How do you register an image?  (i.e. what does it mean to register an image, not 

how do you run a MATLAB function) 
− (and for the smarty-pants…)  How do you implement an edge-detection routine?  

(Okay, so that’s not completely relevant, but still…  ;) 

• Digital electronics: 
− To understand what AND, NOT, and OR gates do.  (binary logic) 
− To know that basic gates can be used to create more complicated circuits, that can 

solve more complicated problems.  (e.g implementing a half adder, driving an 
LED display, implementing a comparator circuit,  doing an elevator display, etc.) 

• Programming skills:  to know how to use the following… 
− Binary logic:  concept of AND, OR, NOT 
− Conditional statements:  IF-THEN-ELSE 
− Loops:  DO-WHILE, FOR-NEXT, REPEAT-UNTIL  (or whatever you have!) 
(Note:  this could be a rather trivial subject for some…) 

• Robots & cars 
− How motors and gears work?  (I haven’t thought this through yet…) 

• AI  & Expert systems 
− To understand how a rule-based (heuristic) expert system can be used to solve 

problems. 
− To learn how to use CLIPS, which is a rule-based inference engine developed by 

NASA.  (free download!) 
− To use CLIPS to implement an actual expert system…  (see possible activities, 

below). 

• ?? 
 
Possible activities: 
• Design competitions:  give a challenge & list of materials to use.  e.g. LEGO set with 

gears and motors, design and implement something that will climb up a steep hill and 
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land safely on the other side.  (dunno -- maybe they’ll need a parachute?  Or a 
grappling hook with a bungee cord to lower themselves safely on the other side?) 

• Design-phase only?  e.g. come up with as many designs as possible to:  a) count balls 
falling off a ramp; b) carry a load of ping-pong balls across a tank of water and dump 
it out the other side; … 

• AI example:  Guided inquiry using CLIPS to enforce simple circuit analysis concepts. 
− First, teach students basics about electronic circuits, e.g. what is a resistor?  What 

happens when you put two resistors in series?  What about in parallel?  How well 
does theory match practice (i.e. go build the circuit)? 

− Next (separate topic), teach students about expert systems and how rule-based 
reasoning is one approach to solving problems.  (actually, this step is optional) 

− Third, teach students how to use CLIPS, which is an inference engine 
(implemented in software) that allows the user to set up rules, assert facts, and 
then hit run – bang!  Out pops an answer – if you’ve set things up correctly.  ☺ 
(CLIPS comes with a great tutorial involving ducks, Donald Duck, and hunters, 
among other things… ;)  

− Finally, put the two together.  Ask the students to set up a CLIPS program that 
will calculate the equivalent resistance for a network of resistors.  E.g. Resistor 1 
is connected between nodes A and B.  Resistor 2 is connected between nodes B 
and C.  Resistor 3 is connected between nodes A and C.  What is the equivalent 
resistance between nodes A and C? 

− Concepts learned:  How to represent data.  How to develop rules.  How to test 
rules, to see if they’re sufficient.  How to fix rules by developing meta-rules.  
How to develop test sets.  (Hmm, maybe not – see note below).  How to read (and 
solve!) circuit diagrams. 

− Note:  Simple networks can be solved using just the series and parallel resistance 
rules.  More complicated networks (e.g. arbitrary network of resistors) will need 
the Y or Delta rules too, as well as more meta-rules to know when to apply these 
rules!  This makes for a much more difficult project, but also much more 
rewarding in the end.  (Still, out of a class of 14 grad students, only 1 or 2 got this 
right in the end, so this may be too much to ask of students in one week...) 

• ?? 
 
Tie-in with inquiry?   (Some thoughts so far…) 

Direct rebuttal:  What is Inquiry?  (See appendix) 

• “The inquiry process is driven by one's own curiosity, wonder, interest, or passion to 
understand an observation or solve a problem.”  Hopefully the challenges we present 
will pique our students’ curiosity in just this way! 

• “The process begins when the learner notices something that intrigues, surprises, or 
stimulates a question--something that is new, or something that may not make sense 
in relationship to the learner's previous experience or current understanding.”  If the 
challenges that we present require using some unusual bit of knowledge (e.g.  faster is 
not always better -- to climb a steep hill, you need to gear down, not up), then this 
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might fit the bill.  Alternatively, giving challenges where the obvious solution won’t 
work (and we can demonstrate this perhaps, in our teaser), would be another 
possibility. 

• … 

What are some key aspects of inquiry that can be applied to an engineering activity? 

• Students take ownership of their task 
− Students pick what to do:  e.g. topic to investigate, challenge to solve, etc. 
− Students chart out their own path, instead of teachers telling them what to do. 

• Students present their work to the group:  e.g. scientific results, final design 
proposals, actual machine that was built, etc. 

• … 
 
How can we modify the “science” model to fit the “engineering” model instead? 
 
Table 2-7.  Common Components Shared by Instructional Models  (modified) 
(from Inquiry in the National Science Education Standards, NRC, 2000, p. 35) 
 

Science  Engineering 
Students engage with a scientific question, 
event, or phenomenon.  This connects with 
what they already know, creates dissonance 
with their own ideas, and/or motivates them to 
learn more. 

1  

(to be filled in) 

Students explore ideas through hands-on 
experiences, formulate and test hypotheses, 
solve problems, and create explanations for 
what they observe. 

2  

Students analyze and interpret data, 
synthesize their ideas, build models, and clarify 
concepts and explanations with teachers and 
other sources of scientific knowledge. 

3  

Students extend their new understanding and 
abilities and apply what they have learned to 
new situations. 

4  

Students, with their teachers, review and 
assess what they have learned and how they 
have learned it. 

5  
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Other resources? 
• Web pages from school competitions?  (i.e. what the challenge was & list of materials 

that students were allowed to use) 

• Teaching resources:  inquiry, seven principles of learning   (I’ll try to find a web link 
for this from the Institute for Inquiry) 

• http://books.nap.edu/html/inquiry_addendum/appC.html 

• http://spie.org/communityServices/StudentsAndEducators/index.cfm?fuseaction= 

• ?? 
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APPENDIX 
 
What is inquiry?  (from http://www.nsf.gov/pubs/2000/nsf99148/intro.htm) 
 
Inquiry is an approach to learning that involves a process of exploring the natural or 
material world, and that leads to asking questions, making discoveries, and rigorously 
testing those discoveries in the search for new understanding. Inquiry, as it relates to 
science education, should mirror as closely as possible the enterprise of doing real 
science. 
• The inquiry process is driven by one's own curiosity, wonder, interest, or passion to 

understand an observation or solve a problem. 

• The process begins when the learner notices something that intrigues, surprises, or 
stimulates a question--something that is new, or something that may not make sense 
in relationship to the learner's previous experience or current understanding. 

• The next step is to take action--through continued observing, raising questions, 
making predictions, testing hypotheses, and creating theories and conceptual models. 

• The learner must find his or her own pathway through this process. It is rarely a linear 
progression, but rather more of a back-and-forth, or cyclical, series of events. 

• As the process unfolds, more observations and questions emerge, giving occasion for 
deeper interaction with the phenomena--and greater potential for further development 
of understanding. 

• Along the way, the inquirer collects and records data, makes representations of results 
and explanations, and draws upon other resources such as books, videos, and the 
expertise or insights of others. 

• Making meaning from the experience requires reflection, conversations, comparisons 
of findings with others, interpretation of data and observations, and the application of 
new conceptions to other contexts. All of this serves to help the learner construct a 
new mental framework of the world. 

 

 
Table 2-6.  Essential Features of Classroom Inquiry and Their Variations 
(from:  Inquiry in the National Science Education Standards, NRC, 2000, p. 29) 
 

Essential Feature Variations    

1. Learner engages in 
scientifically oriented 
questions 

Learner poses a 
question 

Learner selects 
among questions, 
poses new questions 

Learner sharpens or 
clarifies question 
provided by teacher, 
materials, or other 
source 

Learner engages in 
question provided by 
teacher, materials, or 
other source 

2. Learner gives priority 
to evidence in 
responding to 
questions. 

Learner determines 
what constitutes 
evidence and 
collects it 

Learner directed to 
collect certain data 

Learner given data 
and asked to analyze 

Learner given data 
and told how to 
analze 

3. Learner formulates 
explanations from 
evidence 

Learmer formulates 
explanation after 
summarizing 
evidence 

Learner guided in 
process of 
formulating 
explanations from 

Learner given 
possible ways to use 
evidence to 
formulate 

Learner provided 
with evidence 

 7



evidence explanation 

4. Learner connects 
explanations to 
scientific knowledge 

Learner 
independently 
examines other 
resources and forms 
the links to 
explanations 

Learner directed 
toward areas and 
sources of scientific 
knowledge 

Learner given 
possible connections 

 

5. Learner 
communicates and 
justifies explanations 

Learner forms 
reasonable and 
logical argument to 
communicate 
explanations 

Learner coached in 
development of 
communication 

Learner provided 
broad guidelines to 
use to sharpen 
communication 

Learner given steps 
and procedures for 
communication 

 Amount of Learner 
Self-Direction 

More   Less 

 Amount of Direction 
from Teacher or 
Material 

Less   More 

 

 
Notes about inquiry (from Julianna) 

• Inquiry comes in many flavors.  An inquiry can be… 
− Full vs. partial; depending on whether or not all five essential features are 

included in the inquiry.   (i.e. as opposed to the teacher doing (or making the 
decisions) for one stage of the inquiry). 

− Guided vs. open; depending on how much direction the teacher provides to the 
student.  (See Table 2-6) 

• The inquiry that (many of us) did at the Maui Professional Development workshop 
was more full and open.  Not all inquiries have to be like this. 

• In fact, as Scott Seagroves has pointed out (see EHR meeting notes from Jan 26, 
2004; http://cfao.ucolick.org/EO/meetings/past.php), the Maui inquiry works well 
because it relies on simple concepts, such as “light travels in straight lines”, which 
you can use to sort of “figure it out”.  Not all content goals are that simple, and more 
narrative [before the inquiry?] or guidance during the inquiry may be needed to give 
students enough background knowledge for the inquiry to work.  (Also, more time to 
do the inquiry may be needed.) 

• Not many students can do an open inquiry, if they’ve never done a [partially?] guided 
inquiry first.  For example, how can a student know what questions to ask (i.e. 
questions that can be investigated scientifically), if they have no prior experience at 
formulating questions?  Thus, starting with guided inquiries and moving to open 
inquiries may be a natural progression for a long-term learning experience. 

• Moving from right to left in Table 2-6 reminds me of the progression from high 
school (where teachers tell you what to do), to graduate school (where you pick what 
to do!). 
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