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Abstract

The Science Museum of Minnesotal's Atmospheric Explorations exhibit includes three
interactive computer stations where visitors manipulate graphicaly displayed computer
models of the Earth's climate systems. Using naturdistic methodology, a summative
evauation was conducted to assess visitor use and understandings of the three computer
interactives. In using the smulations, most visitors engaged in arange of behaviors,
defined in this study as: exploration, broadly-focused play, and god-directed play. It
was our impression that visitors manipulated variables and observed the resultsin such a
way that they began to develop basic, but potentidly very powerful ideas about the ways
in which natura forcesinteract to make the winds, seasons, and clouds. Often these
understandings seemed to be in the form of viscerd modds, for example, by playing at
the Winds computer, visitors seemed to develop a gut-levd feding for the way that
winds spiraled towards the center of an atmospheric low. Future iterations of
Atmospheric Explorations can improve upon its current success by tapping the
potentid for teaching-learning interactions within vistor socia groups, and by helping
more vistors connect their computer experiences with their daily weether knowledge.

Introduction

The Science Museum of Minnesota s an educationa and research ingtitution devoted to the collection,
study, and interpretation of objects of scientific sgnificance. Over the past few years, a collaborative
project between Augshurg College and the museum has developed a series of interactive computer
models dedling with weather and climate systems. Funded by the Nationadl Science Foundation,
Atmospheric Explorations dlows vistors to manipulate variables impossble to manipulate in red life,
and observe the results on a computer screen.

The god of this evauation study wasto find out how visitors were using the componentsin
Atmospheric Explorations and the messages they were taking away from their experience. This paper
provides an overview of some of the important findings that emerged during the course of the summétive
evauation. For amore detailed and thorough examination of the issues and data underlying these
interpretations and conclusions, see the summeative evauation report (Gyllenhaal & Perry, 1998).
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Background

Atmospheric Explorations is athematic area of weather-related exhibits located in the Science
Museum of Minnesotas Experiment Gallery. One of the many innovations in the Experiment
Gallery isthe Experiment Benches, which are partidly fenced-off areas for open-ended, inquiry-based
explorations of science topics like dectricity, optics, and sound. These exhibits include appropriate
equipment and support so that visitors can carry out any of anumber of explorations and experiments
on thetopic. Atmospheric Explorations extends the Experiment Bench concept into the scientific
redlm of weether by giving vistors access to what has become a criticd toal for both climatologists and
wesgther forecasters: Computer models of climate systems.

The three computer interactivesin Atmospheric Explorations run mathematica modeds of atmospheric
phenomena. These modes consst of complex equations describing the physical dynamics of wind
generation, cloud growth, and seasona changes in the heeting of the Earth's surface. When visitors
change some aspect of the modd, their input has an amogt ‘physical’ effect on the resulting wind
patterns, cloud size, or temperature of the Earth. These models are not pre-determined animations - -
they are mathematica predictions of what would happen in the red world, given the inputs that visitors
have chosen.

The results of the modds cdculations are displayed as moving graphic images, So that vigtors can
literdlly see the results of their experiments with the models. For instance, with the Winds computer,
vigtors give ther input to the computer modd by shifting high and low pressure systems around on a
map of the United States, and then see the results of their manipulations as spirding wind patterns
marked by arrows, bubbles, and weether balloons moving with the winds. In Seasons vigtorsradicaly
ater the Earth's seasons by changing itstilt and orbit around the Sun. In Clouds vistors dter humidity
and temperature conditions on the ground and doft, then watch the effects on the growth of clouds.

During the summer of 1997, Atmospheric Explorations was located in a partialy enclosed section of
the Experiment Gallery. The three computer interactives were on tables within the enclosed area.
Vigtors sat on goalsin front of the computers and used trackballs and buttons to interact with the
amulaions. Each computer interactive had a hierarchy of screens, with four mgjor levels:
» Introductory sequence -- This sequence introduced the concepts and gave brief directions on
how to use the smulation.
» Core experience -- Each core experience had from two to four main screens where visitors
manipulated variables and observed the effects.
» Hep screens -- These screens answered questions that visitors might have about the content.
* Try Thid screen -- The Try Thid screen posed experimenta challenges for the vistors.
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Methods and M ethodology

The summétive evauation of the Atmospheric Explorations was conducted using naturdigtic inquiry
methodology (Lincoln & Guba, 1985). Naturaistic methodology is based on building an intimacy with
the respondents which alows them to talk frankly and openly about the subject matter, and to give a
more honest rather than canned or cued response. Relying heavily on depth interviews with
participants, this research resultsin rich and descriptive narrative data in participants own words. The
grength of this type of methodology isthat it alows usto gain a deeper understanding of the
participant’s experience in their own terms.

Depth interviews and participant observations were open-ended and relied on an informa

conversationd interviewing syle. Although we relied on pre-determined interview protocols to focus
the interviews with each type of respondent, we did not ask any set group of questions. Instead our
intent was to get the answers to the research questions by approaching the issues from as many different
routes as necessary, listening carefully to the words the visitors used and the ways they described their
undergandings. The conversations often went in unanticipated directions and yielded information thet
we would otherwise have missed.

Data were collected over three three- to four-day intervas during the summers of 1996 and 1997, for a
total of approximately 48 hours of data collection. Data were collected from atota of 115 groups of
casud museum visitors (188 individuas) on weekdays and weekends, and during the day and evening
hours. Similar data collection techniques were used for dl three Ste vists, including face-to-face depth
interviews (45 individuasin 27 groups), participant observations (26 individuals in 16 groups), and
unobtrusive observations (162 individuasin 99 groups). Depth interviews adways occurred in
conjunction with unobtrusive observations.

Results

In conducting this study, many interesting themes emerged from the data. The following paragraphs
describe these themes. When appropriate, we refer to quantities of visitors who held a particular
viewpoint with the words all, most, many, some, few, and none. Because most of the sampling was
purposive rather than random, these quantities should be interpreted only as descriptive of the
population interviewed for the study, rather than as prediictive to the larger population of al Science
Museum of Minnesota visitors.

Overdl, Atmospheric Explorations seemed to do an excellent job of using computer modesto
introduce museum visitors to westher phenomenain the context of Science Museum of Minnesotas
open-ended, inquiry-based Experiment Gallery. Vistors responded favorably to the high qudity
graphics, the friendly user-interfaces, and the opportunity to manipulate variables and observe the
results. Despite their relatively brief encounters with the computers, many vistors learned new ideas
and developed akind of "gut-level” fed for various aspects of the weather. Mogt visitors seemed to
enjoy their playful encounters with the amulaions, as they were caught up in the fantasy of controlling
the powerful forces that make the weether. Following isamore detailed look at the results of this study.
It isdivided into two main sections
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» vigtor interactions with the computers, and with each other
» vigtor understandings of Atmospheric Explorations

Vigtor Interactions

Timein exhibit. This summative evauation did not include atracking and timing study for the entire
Atmospheric Explorations area. However, during unobtrusive observetions, vistors were recorded
spending anywhere from zero to more than 15 minutes engaged with a particular computer sation. A
timing study conducted on vigtor engagement with just the Seasons computer indicated arange of O -
10 minutes, an average of 3.0 minutes, mode of 1.0 minutes, and a median time of 2.0 minutes (n = 74
visitor groups). These dataare longer than istypica at stand-aone museum exhibitsin generd (Serrell
& Raphling, 1992; Hirumi, Savenye & Brokenbrough, 1994), but are comparable with three other
experiment benches at the Science Museum of Minnesota, where the average visit lengths were 2.8 to
4.2 minutes (Perry, 1994).

Use of options at the computers. Even when vistors stayed at an Atmospheric Explorations
computer for more than 10 minutes, when they left the computer they were ill only beginning to
explore adl the options provided by the computer smulations. Most visitors spent most of their time
using the core parts of the smulation programs. They found the one, two, or three screens that it took
to make things happen, and, in generd, they spent most of their time using these screens.

We saw some visitors find and at least partidly read the " Try This' screens. A few vistors actualy tried
one or more of the suggestions, but the "Try This' screens seemed to be having little impact on helping
vigtorsto decide what to do next at the computer. We saw few visitors find and use the Help screens
that explained the scientific concepts of the exhibit usng diagrams and text.

Modes of engagement at the computers. Mot visitors interacted with the Atmospheric Explorations
computers in what can be described as a playful manner. We saw children, teenagers, and adults
playing at the computer in the same sense that young children play in their environments. We recorded
numerous indications that they were learning, in many ways and on many levels. While in the process of
learning, they seemed to be enjoying intringcally mativating experiences.

Mogt vistors who sat down at an Atmospheric Explorations computer went through at least two
dsages of use. Firgt, they explored the program, trying to figure out what it was about and whether it
was worth their time. Then, those vistors who decided to stay at the computer usudly shifted into a
stage of broadly-focused play. Only afew vigtors seemed to be more seriousin their intentions,
eventudly shifting into agoal-directed play. What followsis a more detailed description of these three
modes of use.

* Exploration: Everyone sarted out in thismode. In thismode, visitors seemed to be investigating
the interface devices and the program itsdlf, rather than its content. They were trying to figure out
whet this particular computer was supposed to do. This sometimes seemed to be mindless
behavior. However, a careful andysis of the dataindicated that this stage often involved systematic
exploration and intellectua engagement as visitors tried to make sense of the vigitor interface, figure
out what the subject matter was, and learn to navigate the structure of the program.
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* Broadly-Focused Play: Once vistorsfigured out what the computer was for, many of them
decided to see what they could do with it. These vistorswere gtill exploring, in asense, but they
were now involved with the content of the computer program:  they were playing with winds,
changing thetilt of the Earth, or making clouds. Vistors began manipulating variables to see what
would happen, generdly starting in atrid-and-error mode. Thesetrias could be either systematic
or unsystematic, but they usualy seemed to involve at least some leve of intellectuad engagement by
the vigtor. Vigtor godsfor this activity seemed very broad and diffuse. For example, on the
Winds computer, vistors in this mode sometimes moved high and low pressure areas around the
map to see the resulting changesin wind patterns.

» Goal-Directed Play: Some vistors said that they wanted to accomplish something more with the
program: They wanted to grow the largest, or smallest, cloud; make apinwhed of balloon traces
into the center of alow pressure system; or bake St. Paul inthe winter. A few visitors used the
“Try Thid” screen to set their gods. It appeared that some goal-directed visitors began to
understand the rel ationships among variables, and consequently used the smulation to test their
predictions. However, tria-and-error behavior was sill common, especidly when aninitiad
prediction failed to achieve the desired results. Thus, even though visitors were now manipulating
variablesto reach a pecific god, many gill were rdaively unsystemdtic in their manipulations.

We dso identified two other modes of visitor use of the Atmospheric Explorations computers.

1) we observed and talked with afew teachers, who explored the programs because they were thinking
of ways that they could use them with their classes, and 2) there were afew visitors who used the
computers to explore a persond interest in some depth. These respondents had either afairly good
background in weeather or a pre-existing interest in computers and technology. Both modes were goa-
directed, but neither seemed much like the playful behavior described in the first three categories.

Science process skills. A few years ago, the Chicago Academy of Sciencesidentified twelve “ Skills for
Thinking” (p.30, Perry & Edington, 1995). These skills include observing, comparing/contrasting,
predicting, hypothesizing, mani pulating variables, evauating, and developing theories. In conducting this
evauation, we were interested in whether or not respondents engaged in these kinds of science process
skills. We noted that most visitors who spent more than aminute or two at the computers seemed to
engagein at least afew of these processes. For ingtance, at the Seasons compuiter, vistors were
observed manipulating the Earth's tilt, making predictions about what would happen, letting their
experiment play itsdlf out, and then commenting on or atempting to explain their results.

Socid interactions. Perry (1989) identified six characteristics of meaningful socid interaction at a
physical sciences exhibit: explaining/teaching behavior, developmentaly gppropriate interaction between
an adult and a child or other group member, asking questions, directing a child’ s attention to important
agpects of the exhibit, directing a child’s behavior, and verba exchanges.

During unobtrusive observations, most visitors engaging with the Atmospheric Explorations computers
tended to operate individually, whether they were at the exhibit by themsalves or part of alarger sociad
group. It was not unusud to observe groups of two or more individuas seated together at the computer
with one respondent using the interactive and the other(s) quietly observing. When visitors did interact
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with each other a the computer, some of them engaged in very sophisticated socia interactions. For
ingtance, we observed parents guiding their children and directing their attention and behavior; children
showing parents what they had figured out about the exhibit; and groups of children working together to
solve a problem they had defined themsdves.

Vistor Undersandings

Cognitive understandings. There were numerous indications that vistors to Atmospheric Explorations
were thinking about some of the basic concepts that explain winds, clouds, and seasons. For example,
these vigtors said things like, "Winds go from high to low pressure,” and "Clouds get bigger when there
is high temperature and high humidity." Although these visitors did not gppear to assemble complete
new theories or radicaly dter their old theories, they seemed to be using some of the building blocks of
ascientific understanding about wegther to explain what they had seen and done a the computer.

Other visitors developed incomplete or incorrect understandings of wegther-related phenomena. For
example, some vistors indicated they thought that winds were strongest in the centers of the low
pressure areas. Other visitors expected the lows to be areas of intense activity, drawing arelationship
between low pressure areas and storms, like hurricanes and tornadoes.

A few vigtors seemed to undergo rather mgor conceptua growth based on their experiences at the
computers. They told us how their experiencesin Atmospheric Explorations helped them achieve a
new level of understanding about issues that they had puzzled over in the past.

Viscera understandings. Perhaps the most powerful learning that took placein Atmospheric
Explorations |eft vistors with what might be caled "viscera modds' of the physcd sysems
represented by the smulations. We've dl heard scientists talk about the importance of these sorts of
interndized modelsin their own thinking, and recent research indicates that this may be an important
outcome of museum experiences (Spock & Perry, 1997). Many respondents seemed to have
internalized aspects of the computer smulations as gut-levd fedings for how winds, clouds, or seasons
happen. Vistors usudly had difficulty describing these internd models in words, since they seemed to
be stored as images rather than as verbal concepts. One visitor who had taken geography in college
told us how the Clouds computer heped him to truly visudize and get a gut feding for cloudsin away
that he had been unable to do when he took his college course.

Misconceptions. It iscommonly agreed by museum professionds that visitors to museums arrive with
their own preconceptions and ways of thinking about the phenomena they encounter. While museums
have tried many ways to address -- in particular -- visitor misconceptions, they are not dways
successful.

Not surprisingly, there were some visitors to Atmospheric Explorations who walked away with their
misconceptions about weather phenomena unchanged or inadvertently confirmed. This seemed to bea
rather frequent occurrence at the Seasons computer, perhaps because so many visitors had devel oped
misconceptions about this earlier in ther lives. One of the primary misconceptions heard a Seasons
was the idea that summer happens on the hemisphere of the Earth that is tilted towards the sun because
that hemisphere is Sgnificantly closer to the sun.
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Vistors who came to the Seasons computer with this misunderstanding sometimes used the program's
animated graphics as evidence in favor of their verson of the seasons. To make the effects of tilt and
orbit more obvious to vigitors, the Earth- Sun system in the Seasons interactive is not shown to scale.
The Earth is grosdy enlarged relative to the Sun, and there is a huge reduction in the relative Sze of the
Earth's orbit. Vigtors could point to the computer graphic in, for ingtance, northern hemisphere summer
and show that Minnesota gppeared to be sgnificantly closer to the Sun than it was in the winter.

Personal connections.  Although one might think that visitors persona connections to the winds,
clouds, and seasons would be obvious to them, many respondentsin this study gppeared to be thinking
somewhat abstractly about the phenomenain the smulations, and did not seem to relate them to their
daly lives.

Thisisasggnificant observation for three reasons. Firg, at many exhibits afeding of persond
connection is what gets people to stop and pay aitention. A feding of persona connection to the
contents of the exhibit might attract a more diverse range of vistorsto sit down at the computers.
Secondly, much of the learning research supports the idea that when something is persondly meaningful,
it iseaser to understand and remember (Anderson & Faust, 1973; Martin & Briggs, 1986). And
thirdly, when connections are made to visitors daily lives, it helps them continue to learn from their
experiences even after they leave the exhibit.

Discussion

More and more research supports the notion that learning in museums needs to be thought of in aunique
way. Thereisgenerd agreement among the museum community that the goas of traditiona educationa
settings are ingppropriate for an informa educationa environment such as a museum.

This discusson will relate some of ways in which we are trying to use published research to better
understand various aspects of the learning that took place in Atmospheric Explorations. Inthe
following sections we have synthesized three ways of knowing -- research, practice, and evauation -- in
ways that will help us better understand Atmospheric Explorations and set a course for the future
development of Smilar interactives in museums.

Learning Through Play at the Computers

As detaled in the summative evauation (Gyllenhad & Perry, 1998), most vistors interacted with the
Atmospheric Explorations computers in what can be described as a playful manner, and there were
many indications thet visitors were learning through play. Recent research has indicated that play isan
important component of successful museum visits (Hilke, Perry, Middlebrooks & Hart, 1997; Perry,
1989). Play inthese ingtancesis defined broadly much in the same way that early childhood educators
have come to understand the term.

It isimportant to differentiate this type of play from the play that one observesin an amusement park, or

when children play a computer game. We might be tempted to call this"serious’ play, but we saw many
indications that it didn't fed particularly serious to the vistors who were sitting at the compuiter.
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Recognizing vigtors behavior as play suggests awhole range of research that we can tgp into on the
cregtion of intrinscaly motivated learning experiences (Lepper & Madone, 1987; Maone & Lepper,
1987; Perry, 1993; Rieber, 1996).

Learning Through Socid Interactions

There is mounting evidence that much of what vidtors learn in museumsis learned through socid

interactions -- as much or more than from one-on-one interactions with the exhibits (Borun, 1996;

Diamond, 1986; McManus, 1987; McManus, 1988; Perry, 1989). Research suggests that when

vigtorstak about what they are engaged in:

» thar learning of verba conceptsis enhanced

» the content becomes more available to other group members

» there are increased opportunities for reflecting on and discussing the shared experiences after
leaving the museum.

As described above, Perry has defined socid interaction dong Sx specific dimensons. For some
families and other groups this sort of meaningful socid interaction seemed to be very naturd, and they
were very good at it. For these groups, the open configuration of Atmospheric Explorationswith
plenty of placesfor vistorsto St together helped facilitate their interactions. The chalenge will be to
facilitate interactions within groups where the parent is less skilled as ateacher or more intimidated by
computers or by the content of the exhibit. Research suggests that the design of the interpretation and
labels can enhance appropriate teaching-learning behaviors for all types of groups (Perry, 1989). For
example, it was found that when labd s included smpleinitid questions that adults could ask their
children, groups engaged in more meaningful socid interactions.

Learning in an Open-ended L earning Environment.

We were interested in finding alarger context within which to examine Atmospheric Explorations.

We turned to the educationd technology literature and found a number of papers describing research on
open-ended learning environments (OELEs) (Hannafin, Hall, Land, & Hill, 1994; Land & Hannafin,
1996; Land & Hannafin, 1997). Open-ended learning environments use technologicd tools --
including, but not limited to, computer models and smulations -- to support student-centered inquiry.
Student- centered inquiry isin contrast to more structured and outcome driven learning environments.
Learnerstypically use OELEs to construct or manipulate computer models of a concept, and they
receive real-time, dynamic feedback about the effects of their actions. In theory, users understandings
evolve continuoudy and dynamicaly, as idess are generated, tested, and revised (Land & Hannéfin,
1997).

Although OELEs have been tested mainly in reation to the forma educationd setting, they sharea
number of important Smilarities to the computer interactivesin Atmospheric Explorations. Perhaps
most important of al the ways Atmospheric Explorations and OELEs are smilar isthat they share a
god for the same kinds of inquiry-based outcomes among their users. Also, Atmospheric
Explorations programs and many OEL Es are built around computer/mathematicd modds of physicd
systems, and aso include a user-friendly interface and variety of supporting materids. The most
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important differences are seen in the settings in which they are used and their intended audiences. For
ingance, OEL Estend to be used by students working individualy and/or with peersin the same grade.
Atmospheric Explorations is used by a museum audience with a broad range of ages, prior education,
group compositions, and backgrounds.

The perspectives that we gained from the literature on OEL Es have helped us better understand a
number of aspects of Atmospheric Explorations. For ingtance, users of OEL Es sometimes assimilated
new data into existing theories and ignored inconsstent data (Land & Hannafin, 1997), in ways that
pardlded the maintenance and judtification of misconceptions at the Seasons computers. Also, naive
users of OELEs tended to perceive and interpret information inaccurately and often failed to use system
data to evauate the limitations of their understanding (Land & Hannafin, 1997), just as some visitorsto
Atmospheric Explorations developed incomplete or incorrect understandings of wegther-related
phenomena.

Exhibit developers and evauators would do well to closely follow -- and perhaps even contribute to --
the growing body of research on OELEs.
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