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Science & Engineering Fair:
Scientific Practices vs.
Engineering/Computer Processes

Dr. John Sohl
Department of Physics
Weber State University

This notes version of the presentation given in the Ritchey SEF workshop is provided
to fill in some of the back story of the presentation and to assist in remembering the
important points. It is also a way of passing along the links, which should be live in
the notes section of this document.
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What’s What?
Science |Engineering/Computer |

How does nature work? Put nature to work: create something
new

Exploring and/or observing for the  Inventing or creating
sake of knowledge

Can be theoretical or applied Can be investigating “how” a device
works

Identify a problem Identify a need

Design a fair test to explore the Create a solution to solve the need or

problem problem

Must control variables and be Must be practical

falsifiable

Ritchey Science & Engineering Fair 2021 Workshop —
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Comparing the Two Approaches

State your question Define the problem

Do background research Do background research
Formulate your hypothesis, identify Specify requirements
variables

Design experiment, establish procedure Create alternative solutions, choose the
best one and develop it

Test your hypothesis by doing an Build a prototype
experiment

Analyze your results and draw conclusions Test and redesign as necessary
Communicate results Communicate results

https://www.sciencebuddies.org/

https://www.sciencebuddies.org/

Engineering Projects, Complete Details:
https://www.sciencebuddies.org/engineering-design-process/engineering-design-

process-steps.shtml?from=Blog#theengineeringdesignprocess

Scientific Projects, Complete Details: https://www.sciencebuddies.org/science-fair-
projects/project_scientific method.shtml?from=Blog#overviewofthescientificmethod
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Engineering/Computer
Projects
* Put nature to work: create

something new

+ Inventing, creating, and/or
modeling

* Can be investigating "how"
a device works

* Define a problem or need

* Design a solution to solve
the need or problem

* Must be practical

[

Seek Approval* All students
should write a brief Project
Summary for approval by a
teacher/school.

In grades 9-12, approval must be

iven by school or regional SRC
‘Scienﬁﬁ: Review Committee) /
IRB (Institutional Review Board)
for the ISEF competition.

Does Not Solve*
Not all prototypes [loﬁ- ]
will solve a p

NASA.gov

If not then report .
""“’-3‘:"&?.""’ Report  Display to
consider what

solution you might Communicate Results
propose next time.

This chart is part of one of the handouts in your folder.
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Engineering/Computer Science
Problem Definition

* The problem you are solving must be real.
* The problem must be clearly stated.

* The solution must be user friendly and better
than the problem.

* The solution must clearly address the . @ §
problem. TN

* The solution must be practical

No Rube Goldberg solutions!
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Automatic napkin. Cover art from book: Rube Goldberg’s Inventions! ©1996
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Important Engineering Prototype Issues

* You must test your system thoroughly.

* Your tests must make sense.

— Units must match the concepts. Power in watts,
energy in joules, etc.

— You must understand why you are doing a test and
what the results mean.

— Results should be “actionable.” (Guide decisions)
* Redesigns must be evidence driven.

Actionable results are results that show you where you can improve the design or
that show clear advantage of one design over another so that a decision can be
made.

Ritchey Science & Engineering Fair 2021 Workshop —
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Reporting Engineering/Computer Results

* You need performance data.

* Tests must result in graphs, data, interviews,
etc. that match the problem solving goals.

* |deally, redesigns should clearly address the
performance data.

* Great projects with poor data will die early.
ISEF Judges know.

Ritchey Science & Engineering Fair 2021 Workshop —
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Scientific Practices

Science Projects

* How does nature work?

« Observe, explore, &/or model
for the sake of knowledge

. mlbl:dll MI'M" or
ap, nvestigation

. Asr a question about a
phenomenon

* Design a fair scientific
investigation to test a
hypothesis

* Must control variables and be
falsifiable

=3

Background Research, Narrow Research,
Explore Related Toples Brainstorm Answers
v
Choose Best Hypothesis

Investigation: Identity Variables,
Design Experiment

Seek Approval® All students
should write a brief
Research Plan for approval
by a teacher/school.

In grades 9-12, approval
must be given by school or
regional SRC (Scientific
Review Committee) / IRB
(Institutional Review Board)
for the ISEF competition.

Conduct Experiment,
TestHypothesis o

|‘ |'

Approval of
Ansiyze & Interpest v

Data, Did the Revision
Experiment Work?

v

No, Trosbleshoot

v
Yes, Evaluste Results &
State Conclusion

i
I

Disagrees*

Not all experiments will
result in a positive finding. If
not then report your results
and consider what
hypothesis you might
propose next time.

v
Agrees | Disagrees with
Hypothesis
v
Report/ Display to
Commenicate Results

Revise Experiment

This page is part of one of the handouts in your folder.
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Scientific Question

* Scientists study nature, the question must be
“real” and of interest.

* The question must be clearly stated.

* Should be a complete question not an
observation:

" H 14
.

“Why do burrowing owls nest underground
rather than in trees?”

Ritchey Science & Engineering Fair 2021 Workshop —
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The Hypothesis

* The hypothesis must be:
—falsifiable
—logical
—comprehensive
—verifiable
—new, unique, an improvement, etc.

FiLCHeRS:

Falsifiability - “Prove me wrong!” Claims must be testable.

Logic - Arguments must be sound. Conclusion follows from the premises which
must be true and sound.

Comprehensiveness - ALL available evidence must be considered. Results not
based on anecdotal evidence.

Honesty - No self deception and willing to change belief.

Repeatability - Others must be able to reproduce your results.

Sufficiency - Evidence must be adequate. Results/conclusions not based on
authority or testimony. Must be based on evidence rather than lack of evidence.
“Nothing says I'm wrong.”

Ritchey Science & Engineering Fair 2021 Workshop —
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Data Collection

* Comprehensive; all data/evidence must be
considered, not just positive results.

* Double-blind (no self deception)

* Sufficiency: Must be based on evidence, not
lack of evidence.

* Repeatability: Multiple data runs must agree!

* Great projects with poor data will die early.
ISEF Judges know.

Evidence vs. lack: Harry Potter and the resurrection stone when Xenophilius
Lovegood says that you have to look at every stone to prove him wrong.

Ritchey Science & Engineering Fair 2021 Workshop —
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Conclusions

* Conclusions must follow from the data not
from your desires.

* Conclusions should be:
— complete
— concise
— clear
— address the points in the hypothesis

Ritchey Science & Engineering Fair 2021 Workshop —
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Dr. Sohl’s Opinion

“null hypothesis.”

* | believe there is a judging bias towards projects
that work, i.e., the conclusion is positive not the

* “Excellent” projects that didn’t quite work
often score below “good” projects that do

work. A
= B H T
* Success begets sSuccess. T@ .‘%O%;r: B ",_,,._———;;l“r
[ _
N =
o ‘:' < f_-fz?—;ﬁ:::‘.“—-;i—::::’/;‘ —4 ;LA
Wikimedia Commons S\\,‘c\_ - . ;f;:i/{'i
Michelson-Morley Experiment [T T T T T L0 1

This can be applied to both engineering and scientific projects.

This is especially true at the local level.

This is true professionally too. An excellent example is the 1887 work by Michelson
and Morley on the lack of detection of the luminiferous eather. The results were
basically ignored until after 1905 and Einstein’s discovery of special relativity. It was a
reasonably obscure experiment for nearly 20 years and even Einstein didn’t seem to
be particularly aware of it until after he developed special relativity. Michelson got
the 1907 Nobel Prize in Physics but not for this experiment! He got it for his
incredible optical instruments. Morley never received the Nobel.
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Review: Science vs.

és

Engineering

©©

»

Background Research, Narrow Research, Develop
Explore Related Topics Model, Brainstorm Answers

J )

)

Investigation: Identify Variables,
Design Experiment

J~[' ]

.ppm I-ube;lv n by scheod or regional SRC (Schentific R

912
Re MB.I"HNISEF ]

Conduct Experiment,
Test Hypothesis B

Analyze & Interpret
Data, Did the
Experiment Work?

Seek
Approval of
Revision

Yes, Evaluate Results & No, Troubleshoot
State Conclusion Procedure

Agrees | Disagrees® with
Hypothesis

[

[:]U
=
) ]

R'poﬂ I Display to
Communicate Results

Disagrees® -Dw Not Salve* pes will ressit I

=3

revults and ¢ u«mumum/wh.p emlgh propose next time.

stive finding, If not then report your

This chart is included as a handout in your folder.
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