Scientific Modeling:

An Overview




Quick write:
What is a scientific model?




_\X/hat Is a scientific model?

One definition:

A scientific model is a way to simplify and
represent a particular idea or phenomenon. The
scientific model can explain how something
works and can be used to make predictions. The

model shows the seen and unseen factors of a
phenomenon.

(Wingert et al., 2019)




What could a scientific
model look like?

e physical (2-dimensional or
3-dimensional, may include
diagrams)

e mathematical (includes a single
formula or many formulae)

e conceptual (digital or print) - -
e a computer or physical

simulation . .
S A computer simulation model of force
e combination of more than one of and motion.
the above S (PHET Interactive Simulations, 2019)

(Carolina, 2019)




Why do we create wENSE
scientific models?

To explain complex data,
build theories, create new
hypotheses

To provide a Wav to test
ideas and “argue” about or
debate them using evidence
To both explain and predict

what is/will happen with a
phenomenon The Punnett Square as an example of

Drive fut h and a mathematical model for genetics.
rlve. Uture researcin an (Wikipedia, 2019)
learning

RR

(Wingertetal., 2019)



What makes a good scientific model?

A good model is:

e based on reliable observations.

e able to explain the
characteristics of the
observations used to formulate
it.

e able to explain phenomena that
were not used to develop the
model.

predictive.

able to be refined when new,
credible, conflicting observations
arise.

limited and simplifies a concept,
theory, or object.

(Carolina, 2019)




Concept diagram of climate modeling
3-D grid box emitted and momentum  incoming

C reati n g (CO2, dut, H20)  reflected radiation (Winf)j SolaF rEdiatioh
SCientiﬁC models

e Practice!

e Reflect onthe model - does it
help you explain and predict
based on what you know? il

e Recognize limitations.

e Usenew evidence as it
becomes available. -

* Revise and IMDIOVE. A diagram model of climate on Earth
(Carolina, 2019; Wingert et al., 2019)  ——

momentum
(currents)

(Encyclopaedia Britannica, 2019)




Models are made
to be revised!

Models change or are revised as
more is learned about the
phenomenon or idea. Don't be
afraid to change your thinking
and show it in a new or revised
model!

A conceptual model for red sunsets and
blue skies.

(Wingert et al., 2019)
(SERC, 2019)



https://d32ogoqmya1dw8.cloudfront.net/images/introgeo/models/conceptual/BlueSky.jpg

Revise, Refine, “Essentially, all models are

wrong, but some are useful.”
-George E. P. Box

and Learn!




How do we create scientific
models?




Scientific Model Tips:

e The unseen is vital in a model:
Draw both observable and
unobservable features.

e Show time passing: Show how
the event or processes change

over time, for example in
“before-during-after” panels.

e How to draw?: Find agreement
in the group about what to draw
(what to include in the model)
and how to draw or represent
that information.

e Keep track of activity: Keep
track of what you learn from
each activity and how it changes
your thinking and your model.

e Multiple ways to communicate:
Writing + drawing is really
important.

e Can't doit all: Your model will
have limitations. Know what they
are and how they will affect your

explanations and predictions!
__ (Windschitl, Thompson, & Braaten, 2018)




How do we evaluate our
modeling process and
product?




Rubric for Student’s Scientific Modeling
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Resources:

Encyclopaedia Britannica, Inc. (https://www.britannica.com/science/scientific-modeling)

Carolina Biological
(https://www.carolina.com/teacher-resources/Interactive/how-to-make-a-good-scientific-model/tr39525.tr)

PHET Interactive Simulations (University of Colorado)
(http://phet.colorado.edu/sims/html/forces-and-motion-basics/latest/forces-and-motion-basics en.html)

Science Education Resource Center at Carleton College
(https://serc.carleton.edu/spl/library/conceptmodels/index.html)

Wikipedia “Punnett Square” (https://en.wikipedia.org/wiki/Punnett_square)

Windschitl, M., Thompson, J., & Braaten, M. (2018). Ambitious Science Teaching.
(http://questlc.org/assets/models-and-modeling-an-introduction1.pdf)

Wingert, K., Wagner, M., Shouse, A,, Spodaryk, S., & Chowning, J. (2019). STEM Teaching Tools Brief 8
(http://stemteachingtools.org/brief/8)



https://www.britannica.com/science/scientific-modeling
https://www.carolina.com/teacher-resources/Interactive/how-to-make-a-good-scientific-model/tr39525.tr
http://phet.colorado.edu/sims/html/forces-and-motion-basics/latest/forces-and-motion-basics_en.html
https://serc.carleton.edu/sp/library/conceptmodels/index.html
https://en.wikipedia.org/wiki/Punnett_square
http://questlc.org/assets/models-and-modeling-an-introduction1.pdf
http://stemteachingtools.org/brief/8

Developing and Using Models

A practice of both science and engineering is to use and construct models as helpful tools for representing ideas and explanations. These tools include
diagrams, drawings, physical replicas, mathematical representations, analogies, and computer simulstions.

Modeding in K-2 builds on prior
expanences and progresses ta indude
using and developing models {i.e.,
disgram, devaing, physical replica,
dinram, deamatization, or storybaund)
that represent concrete events or design
salutions.

© Distinguizh brtween 2 model and the
achual obyect, process, andior events
the model represents.

© Cumpare models to identify common
features and differences.

i) Devedop andior use a model to
repeesent amounts, relationships,
relative scales (bigger, smatier),
andior pattems in the natural and
designed warld(s).

© Dovedop a simple moded based an
evidence o represent a proposed
object ar toal.

Elementary School (3-5)

Modeling in 3-5 builds on K-2
experences and progresses (o buidng
and revisng smple models and using
models to represent events and design
saltions.

o ldentfy imitaSons of models.

© Callsboratively develop and/or revise
a model based an evidence that
shows the relationships amaong
varables for frequent and regular
cccuring events.

© Develon 3 madel Lsing an analogy,
exampie, or abstract representation
fo describe & scientfic principle ar
desgn solution.

© Develon andior use models to
describe andlor predict phenomen:s.

o Develop a diagram or simple
physical protatype ta convey a
proposed object, lool, or process.

© Use & model 1o st cause and effect
relationships or interacions
concerning the functioning of a
natur or designed system.

Middle School (6-8)

Modelng in -8 builds on K-5
expenences and progresses
developng, using, and revisng mod
o describe, test. and predict more
abstract phenomena and design
sysiems.

© Evalunte limitations of 2 model for a
proposed abject or todl

€ Develop ar modfy 3 model—based
on evidence ~ to match what
happens if a variable or comrponent
of & system is changed.

© Use andior develop 3 modsl of
simple systems with uncertain and
le=s predictable factors.

i) Develop and/or revise & model 1o
shaw the rdafionships amang
variables, nclding those that are
not obsenvable but predict
ohservable phenomena.

© Develop andior use a model o
peedict andlor describe phenomens.

© Develop a model to doscrive
unobservable mechansms.

© Develop andior use 3 model 1o
penerate data to test ideas about
phenomena in nalurad ar designed
systems, ncluding those
representing inpuls and cutpals, and
those at unabsarvable scales

High School (9-12)

Maodealing n 9-12 builds on K-8
experisnces and progresses (o using,
synthezing, and developing models to
peedict and show relationships among
vaniables between sysiems and their
components n the natural and designed
workd(s).

© Cvaluate ments and limitations of two
differeet models of the same
proposed toal, process, mechanism,
or sysiem in order o select ar revise
a model that best fits fie evidence or
design criteria

© Design a test of 3 model 1o ascertain
its refabilty.

O Develop, revise, andlor use » model
based an evidence 1o dlustrale
andior predict the relatonships
between sysiemns or between
components of & system.

© Develop andiar use multiple types of
models to pravide mechanistic
accounts andior predict phenamens,
and mave flexibly between model
types based on ments and
limitatioens.

© Uze a modet 1o provide mechanistic
accounts of phenomena.

© Develop @ camplex model that
alows foe manipdation and testng of
a proposed process o system.

© Develop andlor use & model
(including mathematics and
computational) to genersle dabs to
zupport explanatons., predict
phenamena, analyze sysiems,
andior =olve problems.

NGSS Developing
and Using Models

Progression
From NSTA:

https://ngss.nsta.org/Practices.aspx?id=2



https://ngss.nsta.org/Practices.aspx?id=2

