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Highlights

-1215t century scientific thinking patterns
-IRelevant for understanding climate change
- Fostering thinking patterns using LEGO



215t Century Science

-1 215t century science:
sl Cutting-edge fields within life or physical sciences

s| Rapidly growing fields that have gained prominence in
the scientific community near the turn of the century

-l (e.g. molecular biology, biomedical technology,
genomics/bioinformatics, materials science, and
synthetic biology).

-1 215T century: “century of biology and
information” (Vest, 2007)
ol 20t century: century of physics, electronics, and high-
speed communication and transportation



T
215t Century Scientist

-! Active participation in 215 century science

sl Provide a window into contemporary scientific
practices in key fields that are currently at the frontier
of science.

-IScientists at cutting edge of research are adapting to
new ways of interacting with their work

-! Critical to understand how scientists are thinking in
the present socio-cultural context.



Details of participating scientists

Scientists Research Research Major Areas of Research . .
(Years) Titl Major Achievements
1tie
Molecular 43 Principal  Molecular Biology, Cancer Researc Nobel Prize in Physiologgr Medicine(1993)
Biologist Investigator RNAI and gene regulation projects
for drugdelivery
Biotechnologist 39 Principal Biotechnology, Materials Science: Charles Stark Draper Prize
Investigator Creating new approaches and (Nobel Prize for engineérs
synthesizing polymers for drug United StatetNational Medal of Science (2006)
delivery Millennium Prize (2008)
(WorldOs largest technology pjize

Geneticist 25 Head Genomics, Proteomics, Founderof University@ Advanced Studies in Genomic

Laboratory Bioinformatics Proteomics and Bioinformatics

Researcher Genome sequencing projects

Bioengineer 11 Post Biomedial Engineering Top 100 Science Storidxy Discover(2004)*
Doctorate Engineer artificial smell sensors Saatchi & Saatchi Award for World Changing ldeas
utilizing olfactory receptors Finalist (2005)
Materials 8 4" yr Nanomaterials: MacArthurOGenius Grant&llowship Award (2004)
Scientist Doctoral Producirg batteries and solar cells Innovator of the Year in NanosciengEmalist(2005*
using genetically engineered viruse Top 10 Brilliant Scientist by Popular Science (26G02)

Synthetic 8 4" yr Synthetic Biology NSF Presidential Young Investigator Award
Biologist Doctord Engineeing yeast to produce Founderof University®@ Department of Systems Biolog

hydrogen as a fuel (2004)*

*Achievements of laboratory



Five patterns of scientific thinking

Systems thinking

Engineering thinking

Quantitative thinking

Interdisciplinary thinking

Distributed thinking

Liu, Y. D. & Grotzer, T. A. (2009). Looking forward: Teaching the nature of the science of today and tomorrow. In
I. M. Saleh, & M. S. Khine (Eds.), Fostering scientific habits of mind: Pedagogical knowledge and best practices in
science education (pp. 9-36). Rotterdam, the Netherland: Sense Publishers.
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Systems thinking

-I Systems is more than the sum of parts

sl System of interacting entities is analyzed as a whole, rather
than by analyzing its individual constituent entities
separately

| Awareness of interactions, interdependencies, and
interrelationships of its parts, network dynamics, and
causal complexities

- Contrasted with reductionist approach that dominated
19" and 20™ century biology

=l Dissects biological entities or systems into its constituent
for analysis.



“All these [systems] terms were well defined long before systems came along.
Well systems are hot because we have

experimental tools, i.e. for doing observations
and measurements, and to handle all that data to
look at multigenic processes in terms of biological systems.” —molecular
biologist

-/ Made possible by recent advances in scientific
and computational technology

-I“Unique today because of the requirements of
today”

“Before if you study, discover a protein, and understand the function
of the protein, you can have a really good paper.
You need to have a of

this protein, how this protein interacts with totally different things.”
-geneticist




Engineering thinking

“building a better solar cell by having viruses assemble a certain component’s material...

a very mechanics-based problem: just get the viruses to
in a certain way , and we get the desired structure ” —materials scientist

! Modular and synthetic approach towards their
research problems often for practical ends

- Motivated by a quest for greater simplicity,
manipulation and control over the object/organism
they are working with

“[In] how a
certain process, biological process, works—[but] we’re more trying to say,

3

how are we going to do that?’” —synthetic biologist
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Engineering thinking

-1 215t century habit of mind:
sl Merging of biology and engineering practices
- Biology—traditionally known for its pure, basic research
! Engineering—a purely applied research field

sl Recent developments in new technologies and
knowledge

sl Rise of the biotech community
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Quantitative thinking

“The in
biology now need to be answered and

in many cases by these
.” —molecular

biologist
- Thinking with mathematics

sl Manage, measure, and analyze growing wealth of
information

sl Data-mining

-1 215t century scientific habit of mind
sl Mass data production or high-throughput technologies
ol System-level analysis
| Advancements in computing power and methods



Interdisciplinary thinking

“If I had just read about , I wouldn't really know about all the
stuff on , which is really helpful because a lot of the

procedures from my project were from those steps
.” -bioengineer

- Able to draw connections between various
disciplines

- Demonstrated flexibility to adapt to new situations
as disciplinary boundaries change

“so we're going to have to train ourselves in statistics and computational models and other
ways of examining data that we haven't in the past. , and it's really

wrenching the field because it means that you have to be educated with new facts and
methods and that's painful. ...In some areas of science,
.” — molecular biologist




Interdisciplinary thinking

“It depends on what you’re working on. But it happens that
...Energy-related
research, for example, involves a lot of chemistry since you are dealing with fuels,

and sometimes biology and physics. Many of
” —materials scientist

-1215t century habit of mind:

sl Complexity of questions and data
| More complex in the way that it requires multiple
disciplines to explain and analyze
sl Technological advancements in information flow

-l Internet: easily and serendipitously access
information between disciplines

-1Collaboration made easier and more efficient
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Distributed thinking

-| Distributed cognition: cognition can be
extended beyond the individual mind by
involving other persons or tools and technology
(Perkins, 1997)

-l Leveraging surround to support, share, and
undertake aspects of cognitive processing



e
Distributed thinking

“with electronic media, I can collaborate with people in the
experiment, ...It is also collaboration when I put my

, and to come to insights” —molecular biologist

-1 215t century habit of mind:

sl Development of the Internet and electronic media
(social distribution)
‘I collaborate and exchange ideas across space and time
| Complexity and quantity of questions and data

(cognitive distribution)
“The ability to model more complex
processes has never been available

before. i

I could work only on things that I can

.” —materials scientist




More than transient trends:

-l Advancement of technology is irreversible

-!Scientific community no longer satisfied with
studies or answers that do not place individual
units of analyses within a larger context.

-I'These thinking skills are changing the landscape
of scientific research

s| New fields are being founded on these approach,
such as genomics, proteomics, metabolomics, and
synthetic biology.



What does this mean?

! Learning to Think About Systems and Causal
Complexity

-l Learning to Think Across Disciplines

! Learning to Think Outside the Individual Mind

“When you look at education, the way to perceive education is through the
eyes and life of the student being educated. And by that I mean, what
experience can you give that individual that trains them and helps them
form the , the ,

that will make them a successful scientists. Because they are very likely to
be engaged in science for 30-40 years. So they will
, and
.” —molecular biologist




