Teaching Children the
Structure of Science

Dr. Katy Borner

Cyberinfrastructure for Network Science Center, Director
Information Visualization Laboratory, Director

School of Library and Information Science

Indiana University, Bloomington, IN

Co-Authors
Fileve Palmer, Julie M. Davis, Elisha Hardy,
Stephen M. Uzzo, Bryan J. Hook

hop on “Using Maps of Science to teach Science”
ISST 2009, Rio de Janeiro, Brazil.
July 14, 2009 (2-5pm)

Teaching Children the Structure of Science

Katy Bomer. Fileve Palmer. Julie M. Davis. Elisha Hardy
katy | fipalmer | ethardy(@imndiana edu, jsmarief@gmail com
Cybennfrastructure for Network Science Center, School of Library and Information Science
Indiana Umversity, Bloomington, IN 47405, USA

Stephen M. Uzzo
New York Hall of Science
Flushing Meadows Corona Park, NY 11368, USA
suzzo(@nyscience.org

Brvan J. Hook
3400 S. Tulip Avenue, Bloomington, IN 47403, USA
bryhook(@gmail com

Abstract

Maps of the world are common in classroom settings. They are used to teach the juxtaposition of natural and
political functions, mineral resources. political, cultural and geographical boundanies; occurrences of processes
such as tectonic drift: spreading of epidemics: and weather forecasts. among others. Recent work in scientometrics
aims to create a map of science encompassing our collective scholarly knowledge. Maps of science can be used to
see disciplinary boundanes; the ongin of ideas, expertise, techmques, or tools; the birth, evolution, merging,
splitting. and death of scientific disciplhines; the spreading of 1deas and technology. emerging research frontiers and
bursts of activity: etc. Just like the first maps of our planet. the first maps of science are neither perfect nor correct.
Today s science maps are predominantly generated based on English scholarly data: Techniques and procedures to
achieve local and global accuracy of these maps are still being refined. and a visual language to communicate
something as abstract and complex as science 1s still being developed. Yet, the maps are successfully used by
mstitutions or individuals who can afford them to guide science policy decision malang. econonue decision
making, or as visual interfaces to digital libranes. This paper presents the process and results of creating hands-on
science maps for kids that teaches children ages 4-14 about the structure of scientific disciplines. The maps were
tested in both formal and informal science education environments. The results show that children can easily
transfer their (world) map and concept map reading skalls to utilize maps of science in mnteresting ways.

Borner, Katy, Palmer, Fileve, Davis, Julie M., Hardy, Elisha F., Uzzo, Stephen Miles & Hook, Bryan ].. (2009).
Teaching Children the Structure of Science. In SPIE Conference on Visualization and Data Analysis (Vol. 7243,
pp. 724307: 1-14), SPIE. bttp:/ [ ivl.slis.indiana.edu/ kne/ pub/ 2009-borner-uzzo-kids-vda.pdf




Teaching Children the Structure of Science

*  How can children start to understand the complex interplay of the different
sciences?

*  How can they get an intuitive understanding of the importance of math and
how much it is needed to succeed in many if not all of the other sciences?

¢ What does it mean for teaching, learning, and job opportunities if the
biomedical sciences account for 50% of all sciences?

¢ Can we make them see the central position of computer science and its
evolving symbiosis with all other aptly named ‘computational X’ sciences?

¢ Can we offer them a means to see the emergence and evolution of new
sciences, e.g., nano* or neuro*?

*  How can we empower them to search for a certain expertise in the correct
scientific discipline?

*  How can we teach them to appreciate the very diverse cultures, research
approaches, and languages that exist in the different sciences and enable them
to ‘speak’ more than one science in order to collaborate across scientific
boundaries?

 Last but not least, how can we engage children in the work of real scientists,
have them share the excitement of discovery, and allow them to find their
own ‘place’ in science?

Computational Scientometrics:

isual Interfaces

Studying Science by Scientific Means [ toDisital Libraries

Barner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains. In
Blaise Cronin (Ed.), Annnal Review of Information Science & Technology, Medford, NJ: Information
Today, Inc./ American Society for Information Science and Technology, 1 olume 37, Chapter 5, pp. 179-
255.

Shiffrin, Richard M. and Birner, Katy (Eds.) (2004). Mapping Knowledge Domains.
Proceedings of the National Academy of Sciences of the United States of America, 101 (Suppl_1).

Barner, Katy, Sanyal, Soma and Vespignani, Alessandro (2007). Network Science. In Blaise

Cronin (Ed.), Annual Review of Information Science & Technology, Information Today, Inc./ American
Society for Information Science and Technology, Medford, NJ, Volume 41, Chapter 12, pp. 537-607.

Places & Spaces: Mapping Science exhibit, see also




Latest ‘Base Map’ of Science

RKevin W. Boyack, Katy Borner, & Richard Klavans (2007). Mapping the Structure and Evolution of
Chemistry Research. 11th International Conference on Scientometrics and Informetrics. pp. 112-123.

» Uses combined SCI/SSCI l
from 2002

* 1.07M papers, 24.5M
references, 7,300 journals
* Bibliographic coupling of
papers, aggregated to
journals
» Initial ordination and clustering
of journals gave 671 clusters
» Coupling counts were
reaggregated at the journal
cluster level to calculate the

* (x,y) positions for each
journal cluster

* by association, (x,y)
positions for each journal
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Diagram Display

W. Bradford Paley,
Kevin W. Boyack,
Richard Kalvans, and
Katy Borner (2007)
Mapping,
Lluminating, and
Interacting with
Sczence.
SIGGRAPH 2007,
San Diego, CA.




Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio
logical and medical sciences, at the
lower right.

Nanotechnology

Science on the tiny
scale of molecules
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Re-implementation of Illuminated Diagram Software
by Advanced Visualization Lab, Indiana University

Drives unlimited number of IID screens.

Touch screen for direct interaction.
Keyword and name search.
Selection of canned queries for

- interdisciplinary research areas

- famous people

- activity patterns, e.g., bursts, trends, etc.
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There are seven main fields of
science. They are...

z

social science, mathematics, physics,
chemistry, earth science, medicine,
and psychology. I like to study earth
science.

Color earth science green.

For more infoemarion ciour The map
crise, ploase contuct Katy Bormer

These maericls were compiled by Mikki Rokery in 2006,

Activities:
Solve the puzzle.
Navig
Identify n

te to ‘Earth Science’.

r inventions.

Place major inventors.

Find your dream job on the map.
Why is mathematics important?

Earth scientists study the weather,
plants and trees, marine life, insects,
and much more.

% Marine Biolagy
Metearslagy

Botany Earth Science

T like insects. They are interest-
ing o look at and study.

Color in the insect.

There are many types of insects in
the world. Bees, butterflies, and
beetles are just a few.

I want to be an entomologist when L
grow up. Then T can study insects
all the time.




Science

PRIZES

I year family membership &
Science Kit from AMSE

m the AMSE

asent

Winners @ AMSE
JoHanna Sanders, age 12, a picture of someone enjc
nature and a theme that science is all around us.

cobmitting

Sascha Richey, age 8, drew a picture of her mother and

explained why her mother is her favorite scientist.

My Favorite Scientist
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Science Map Usage at Graduate Student Level

Mapping the Evolution of Co-Authorship Networks
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