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[The Exploratorium] represents
the hope that people will be
convinced that the world,

including the private world, is
understandable.

— F. Oppenheimer
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New location opening April 2013



To engage museum visitors in the exploration of a scientific dataset about
plankton

To support visitors in making sense of data

Plankton from the San Francisco Bay

To encourage visitors to ask and
answer questions about the data
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* Free-choice environment

* Varying domain knowledge

* Varying familiarity with visual representations of data




Dataset
3 prototype iterations and evaluations
Lessons learned

Current status of prototype

Acknowledgements

O

Temp A

Nutrient °
Light

N
-O;




SeaStar TRMM §-\ \
QuikSCAT

Terra

= ,'

-
Seasat

e e N | physiology

»~
ks A
/B

fitlness

W~

environment

(R

Aquarius




Prototype |: What to visualize to initiate exploration!?

* Addresses “free choice” challenge

Prototype 2: How to visualize the microscopic!?

* Addresses “varying familiarity with visual representations” challenge

Prototype 3: How to incorporate environmental conditions?

* Addresses “varying domain knowledge” challenge
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3 non-interactive
videos

 Looked for:

* Interest
e Understandability

* Exploration

Prototype la: ocean currents



Prototype la: Findings

Visitor | c: There’s one big current in
the center (equator) and it’s going
under the continents.

Visitor2c: Those little round things.
Why do they stay circular, like
Cheerios!?

Prototype |a: ocean currents
7P Visitor3c: How does sunlight affect

the current!?



lots of different types

few different types

Prototype |b: plankton biodiversity



Visitorld: Do they change with the
seasons’

Visitor 18d: Does temperature affect
them?

Visitor20d: Why are there more

Prototype |b: plankton biodiversity
just north and south of the equator

and not on the exact equator?



Large Phytoplankton (Diatoms)

Other Large Phytoplankton
(not Diatoms)

Small Phytoplankton (Prochlorococcus)

Other Small Phytoplankton
(not Prochlorococcus)

. Few phytoplankton

Prototype |c: plankton type distribution



Prototype |c: Findings

Visitor | 2t: Are these changes affected
by man?

Visitor | 3t: Why are the large ones near
the poles! It seems like they get small
towards the equator. Why is that!

Plankton type distribution

Visitor | 0t: But the purple disappears? Are they
just dying out or is it just at certain points/

[watches] See they come back.



Prototype 2: How to visualize the microscopic!?

20 pm
Emiliana
huxleyi

Prochlorococcus spp.

Dinoflagellate

Amphidinium
carterae

Light micrographs (Follows, 2007)

Types of Plankton

Prochlorococcus Synechococcus

Small ocean bacteria that do wellin
areas with nutrients (coming from
land or upwelling from the sea floor).

Extremely small ocean bacteria that
can grow with very few nutrients.

Dinoflagellates Diatoms

N

Single celled creatures that do well
with lots of nutrients. Like other phyto-
plankton, they can make energy from
sunlight, but they can also eat smaller
plankton.

Large single-celled creatures that have
glass-like shells made of silica. They can grow
very quickly in areas with lots of nutrients.

lcons and color legend



Plankton from the San Francisco Bay Circle viewers






Prototype 2: Findings

Visitor|: Shows more detailed representation
of plankton.

Visitor3: Different kinds in one: green, orange

and blue.

Visitor6: Obviously a magnification of the
smaller circle [the touchpoint].




* |con “fills up” if the location
is abundant in the resource

e |ooked for visitor mentions

of:
. v - * Environmental conditions
@, . | . * Global patterns
R ea i A o Correlations between plankton

and environment
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Prototype 3: Findings

Environmental Factor Mentioned by Visitors

100
|

80
|

w
S « 28/31 (87%) talked
z " about at least one
5 environmental factor
T 2
S 55% 45% 71%
o

e N = 31 dyads

Mdn = 3 factors
o - Min =0
Nutrient Sunlight Silica Temperature Max = 4

Environmental Factor



Prototype 3: Findings

e Only 52% of visitors correlated plankton type with environmental factors
Y P YP

Dyad88: Lot of nitrogen means diatoms.

Dyad86: No plankton live in cold places, could
that be true? No, ‘cause look here, there's a ton in

Alaska.

O

Silica
| Dyad39: Ok so it shows you the green areas, and
Temp A

0" here (very close to Antarctica land mass) there's

Nutrient °
Light

none. Too many nutrients.



Emphasize relevant content even when it’s less attention-grabbing

* Initial attractor screen needs to be plankton-related

Single celled creatures that do well
with lots of nutrients. Like other phyto-

Large single-celled creatures that have
plankton, they can make energy from

Extremely small ocean bacteria that

k glass-like shells made of silica. They can grow
can grow with very few nutrients. I g from the sunlight, but they can also eat smaller very quickly i areas with lots of nutrients.

plankton.




* Assess and support visitor interpretation of visual encodings

* Visitors are able to associate plankton types between the global map and the circle
viewer using color-coding and a touch-to-zoom metaphor




Layer the accessibility of complex data

* Need another interaction level that clarifies the relationships between plankton and
environmental factors
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modeling the marine ecosystem
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Initial Biomass of 100 phytoplankton types
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Annual Blomass af’rer 10 ears snmula’rlon |

log10
2 (biomass) |

L [ (slide courtesy S. Dutkiewicz)




03OBSERVATIONS MODEL

Depth {m) Depth {m)

Depth {m)

Prochl. ecotype eMED4

Depth {m)

i) Prochl. ecotype eNATL2A

Depth {m)

Follows et al,
Science 2007

Depth {m)




* Think-aloud protocol

* |nterviews




pattern:

type :
L Let this fade. Each of these is a different color--- let's watch j Dinoflagelletes
It's January. In October, look—--o00ps, vou stopped the clock! So, it's
a iatoms (near Antarctic), dinoflagellates W coast of
typfa. Australia). In the Arctic, not much! There's a lot of this and that type :
Diatom (pointing to pro- and dinoflagellates on label). Prochlorococcus
Ok, let the clock go. Let's see w _it's lots of nutrients. Like here
env variable: (Pacific, near Chile) it has big and small ones. pattern:
Nutrient . : : Abundance
It's Januaryv——-oops, vou stopped it! Look. Now the Antarctic has a
lot. Lots utrients there. The purple places have purple o
S— Here (Near Madagascar) it's low in nutrients. type :
Envirc;nment Ok, let 1t go, wait until April. Um, is October winter? Well it depends Diatom
where you are. Ok it's very rich there (Just south of Greenland).
Let's see how the colors change. Remember at Monterey Bay—-
(gets distracted) watch, it's getting vellow (=orange). It's blooming type :
in the Arctic summer. Look at this current (near Galapago Synechococcus
e!w variable : Let's see if it's rich all year (looking at Antarctic). Le#’s watch. It
Light gets rich here (North of Canada) in July. And Januafty it's not. Why is el
it empty? It's under ice. Here (Indian Ocean) it's orange. A little eg\i,"\ézna 2k

light, lots of nutri - ~temperature, low silica: tsTS high, no
silica. Look, fthese need few nutrients. But at the equator it's green.
‘ot ink there would be more nutrients there. But it's the arctic

that's the super-rich place. That's why birds and seals migrate \ pattern:
there. The arctic sea has the richest places. Look how rich it is Correlation
here!

env variable :
Temperature



