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ABSTRACT: This article reports an exploratory study of how people see and explain a
prominent exhibit (Tornado) at an interactive science museum (the Exploratorium). Our data
was assembled using a novel, technically mediated activity system (Video Traces) that allowed
visitors to reflect with an interviewer on video records of their own visits to the exhibit. We
present qualitative data comparing initial visits to the exhibit with those in the Video Traces
environment to argue that Video Traces offers a promising means of exploring visitors' current
understandings of exhibit phenomena, as well as mediating new understandings of these phe-
nomena. We illustrate this argument with two vignettes drawn from our data that show the
flexibility of Video Traces for supporting different forms of inquiry. Finally, we discuss how
an expanded Video Traces system could provide ongoing opportunities for representation and
inquiry at interactive science centers.  © 1997 John Wiley & Sons, Inc. Sci Ed 81:735—747, 1997.

INTRODUCTION

A persistent question for educators at interactive science centers like the Exploratorium is
what do visitors learn from their experiences with the exhibits. A related question is how can
new opportunities for learning be created. With both these questions in mind and with a firm
understanding that the pedagogical goals of Exploratorium educators differ in important ways
from most classroom educators (Duensing, 1987), we set out to explore the experiences of
Exploratorium visitors at asingle, highly popular exhibit called Tornado. As part of this study,
we introduced a novel technical arrangement we call Video Traces.

Our approach to providing new learning opportunities was driven by a theoretical interest in
how learners make and use representations, one of the few forms of interaction undersupported in
the wildly interactive setting of the Exploratorium. Except in ephemera forms of talk and gesture,
vigitors have few opportunities to record, inspect, or leave a trace of their activity while engaged
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with exhibits in the museum. However, representational action—the sdlective transformation of
experience into materia forms—is fundamentd to both scientific work practices (Goodwin, 1993,
1994, 1995; Lynch, 1990; Star, 1983) and learning (diSessa, Hammer, & Sherin, 1991; Hall,
1996).

More generaly, we approach learning and the role of representational action in this paper
in terms of inquiry learning (Dewey, 1938; Roschelle, 1992). By this we mean a process that:
(a) begins with the learner’s experience of a puzzling phenomena; (b) progresses through de-
tailed examination and analysis of the phenomena; (c) alows the learner to construct new un-
derstandings by refining and restructuring ideas through action, representational or otherwise;
and (d) results in a new, hopefully deeper, understanding of the principles and elements at
work in the phenomena, thereby resolving the initial puzzle.

To provide opportunities for representational action as part of inquiry learning, we arranged
audio—video recording and playback equipment in a booth near the Tornado exhibit. This
technical arrangement, which we call Video Traces, alowed us to record visitors' interaction
with the exhibit. We could then bring these same visitors to the booth to watch and discuss an
audio—video record of their recently completed interaction. In addition to basic questions
about how visitors understood the exhibit phenomena, we began our study with the hypothesis
that the combined effect of extended conversation, the features of the technological arrange-
ment, and the fact that visitors were observing themselves interacting with the exhibit would
support new ways of seeing and understanding Tornado.

Our study proceeds as follows: (1) we describe the Exploratorium Tornado, and the techni-
cal arrangement of Video Traces; (2) we report our early results about visitors' activity in the
Video Traces booth, comparing these with baseline records of their initial visits to Tornado
and, more generally, to conversations typical in science centers; (3) we illustrate the possibili-
ties of Video Traces with two vignettes drawn from our corpus of interviews; and (4) we con-
clude that Video Traces offers a promising sociotechnical arrangement for investigating
current understandings and mediating new understandings of exhibit phenomenain interactive
science centers. We end the study by describing how Video Traces could be expanded to sup-
port different kinds of representational activity.

VIDEO TRACES: AN EXPERIMENT IN MEDIATED PERCEPTION
The Setting: The Exploratorium

The Exploratorium describes itself as “a museum of science, art, and human perception.”
Unlike typical museums that are divided into different galeries, the Exploratorium is a cav-
ernous open space, with interactive, thematically grouped exhibits located throughout the ex-
hibit hall. Also, unlike traditional museums, where hushed tones prevail, the exhibit hall
echoes with boisterous noise from people and exhibits.

The principles that guide exhibit design at the Exploratorium are varied, but they share an
emphasis on creating an environment in which visitors have “direct experiences’ in “awoods
of natural phenomenon” (Oppenheimer & Exploratorium, 1986). Exhibits reflect these princi-
plesin at least two ways. Firgt, there is amost always something to do with an exhibit, some-
thing to touch or some way of locating your body to have a vivid or unexpected perceptual
experience. Second, very little instructional text or visual representation accompanies an ex-
hibit, and these absences are by design. As Duensing (1993) writes:

Creating direct experiences with nature continues to be a fundamental exhibit development
principle of the Exploratorium. As much as possible, we exhibit the actual phenomena rather
than amodel. There is something intrinsically interesting in the “real thing” . . . (p. 2)
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The Exhibit: Tornado

One of the museum’s most engaging and beautiful exhibits, Tornado is a 15-ft.-high cylin-
drical chamber in which awater vapor vortex mimics the morphology of an actual tornado, al-
beit an inverted one (see Figs. 1 and 2). Masses of water vapor leave the base of a disk-shaped
platform and are drawn upward by a fan at the top of the chamber. The chamber is partialy
enclosed on two opposite quarters of the cylinder and is open on the two other opposite quar-
ters. Two opposing, vertical tubes stand just inside the enclosed portions and blow air silently
along the insides of the cylindrical walls. This causes air to rotate in a horizontal plane, and
the combined effect of the horizontal rotation and the updraft from the fan creates the vortex.
The platform at the bottom is elevated about a foot, and people can climb inside the chamber
to interact with the vortex. At the front (i.e., the open quarter where most people approach)
there is a button that stops the fan and thereby the vortex. The label that accompanies the but-
ton simply states, “Push to stop,” with no mention that the button stops the overhead fan. A
description of the exhibit, including pictures and drawings of tornadoes, is posted behind the
exhibit. During our observations at the museum, visitors seldom read this description, either
before or after interacting with Tornado.

While Tornado mimics much of the morphology of areal-world tornado on asmall scale, an
account of its sociotechnical design history (Oppenheimer & Exploratorium, 1986) reveals
that it is an iteratively crafted object. Designer Ned Kahn arrived at the current form of the ex-
hibit, which appears to visitors as a graceful, natural tornado-like vortex, only after a series of
four quite different design prototypes. The details of this story show how Tornado got its
shell —the partial, enclosing cylinder in which blowing air circulates and allows the vortex to
form. Over multiple design iterations, Kahn experimented with electric frying pans, twisted
plexiglass, Styrofoam peanuts, fog, other designers and their notebooks, gigantic fans, multi-
ple smaller fans, shifts in conceptualization of scale, extremely expensive dry ice, and inex-
pensive ultrasonic humidifiers. In this sense, the story of the exhibit’s design parallels the kind
of human persistence that is usually necessary for scientists to make “natural” eventsvisible or
reportable (Gilbert & Mulkay, 1984; Knorr-Cetina, 1981; Latour 1987a, 1990; Lynch, 1990).

The Experimental Apparatus: Video Traces

After observing visitor traffic in the Exploratorium for several days and talking with mu-
seum staff, we decided to build a technical arrangement that would allow visitors to record
and manipulate audio—video traces of their interaction with Tornado. We focused one video
camera on Tornado, recorded visitors' interactions with the exhibit, and then invited visitors
to watch these recordings with us. A sign informed visitors that the exhibit was being filmed
as part of our study. In a nearby booth, we arranged playback decks, a television monitor, and
a second camera. Using the second camera, we recorded viewing activities and conversations
inside the booth. Figure 1 shows the arrangement of the Video Traces booth in relation to the
exhibit.

After groups or individuas visited the Tornado, we approached those who had spent at
least a minute at the exhibit and asked if they would be interested in seeing and talking about
avideo record of their interaction with the exhibit. Some visitors declined, but all those par-
ticipating in the study gave informed consent for us to use both video records (exhibit and
booth) for research purposes. The resulting data consist of 14 interviews conducted with indi-
viduals or groups during aweek of afternoon visits during April 1994.

Conversations/interviews in the booth were semistructured (Burgess, 1984). We asked
questions similar to those textually displayed at Tornado and most of the exhibits: What did
you notice? What do you think is going on here? What do you think makes the tornado spin?



738 STEVENS AND HALL

Tornado

&Exﬁ ibit

VideoTraces
Booth

Figure 1. Layout of the Video Traces booth in relation to the Tornado exhibit. White arcs show transparent enclo-
sures; black arcs show opaque enclosures. The Video Traces booth was a closed cylindrical dome with a drape cov-
ering the door, shielding our interviews from ambient noise on the museum floor.

During conversations about the video records, we used remote controllers for the playback
deck to view recorded action in slow motion, to freeze frames that were particularly interest-
ing, and to rewind and review strips of interaction that were visually interesting or puzzling.
Given such fine-grained and repeatable access to a video record of interaction, visitors' repre-
sentational resources in the booth were quite different from those at the exhibit. For example
(seeVignette 1 and Fig. 3a), if avisitor stands inside Tornado and disrupts the vortex with her
breath, she may not even notice the results, because the displaced water vapor appears on the
opposite side of the vortex and disappears almost immediately. In contrast, a video record of
these events, taken from an observer’s perspective, can be an optima medium for noticing dy-
namic phenomena, stretching their temporal duration, and investigating how they are formed.
We expected these differences to support inquiry by providing new resources for representa-
tional action as visitors moved back and forth between the exhibit and the Video Traces booth.

RESULTS
Visitors’ Initial Interactions with Tornado (Prior to Video Traces)

Fourteen groups or individuals participated in our pilot study, after visiting Tornado as part
of their own path through the Exploratorium. Thus, we recorded initial visits by four family
groups of adults and children, four male—female couples, five individua men, and one indi-
vidual woman. Many unaccompanied minors visited the exhibit during our study, but because
we could not obtain informed consent, we did not invite them into the Video Traces booth or
record their interactions with the exhibit. The mean duration of initial exhibit visits by the 14
groups was 2.2 minutes (range 40 seconds to 4.5 minutes). This agrees with general findings
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about the duration of exhibit visits at science centers which last an average of only 2 minutes
(Falk & Dierking, 1992).

The qualitative character of behavior we observed during initia visitsto Tornado (i.e., prior
to entering the Video Traces booth) also resembled behavior reported in other studies of inter-
active science centers. Parents use conversations at the exhibit to discipline and maintain their
children’s social behavior (Diamond, 1980; Falk & Dierking, 1992) and to focus on the famil-
iar (Taylor, 1985). At exhibits designed to be physically handled, adults often did not touch
the exhibits nor alow their children to do so (Falk & Dierking, 1992). While adults in our
sample did not completely prohibit bodily interaction with Tornado, they did regulate how
their children entered and interacted with the exhibit and often expressed concern that their
children were overly physical when interacting with it. For example, in Vignette 1, parents
only allowed their children to get inside Tornado after agreeing that the Exploratorium was a
“hands-on kind of place” Unlike most children, adults rarely attempted to get inside Tornado.
Figure 2 shows two images from our video records of initia visits that exemplify differences
in the ways that adults and children interacted with the exhibit.

Finally, our analyses of the video records of initial visits (as well as our prior observations)
suggested that little sustained inquiry learning happens at Tornado. Other studies of learning
at science exhibits report similar findings, describing the knowledge visitors acquire as “ con-
crete” (answering questions like “what isit?”) rather than “abstract” (answering questions like
“what are the principles involved?’) (Falk & Dierking, 1992) and at the level of “effects’
rather than “explanations’ and “understanding” (Stevenson, 1991). There may be many rea-
sons for this, but two stand out in our observations of visitors' activity at Tornado. First, be-
cause the exhibit is so popular, there is considerable pressure to finish one's turn when others
are waiting. Second, the vortex is easily disrupted when visitors enter the exhibit, and a well-
developed vortex can take several minutes to re-form. Somewhat paradoxically, these environ-
mental features both shorten visit duration and make it possible for visitors to take actions
that have highly visible physical consequences.

In our view, this makes the Tornado exhibit an excellent candidate for adding a Video
Traces arrangement, because dramatic visual changes of short duration can be preserved, re-
viewed, manipulated, and repeated. More generally, providing enhanced opportunities for in-
quiry learning without disrupting existing patterns of visitor interaction is an ongoing research

Figure 2. Two images showing a common difference in the way that children and adults interact with Tornado. The
right image shows an adult male, standing outside to watch the vortex form. The |eft image shows a child inside the
exhibit, running around the vortex (i.e., with the direction of spin). The left image also shows locations for relevant
mechanisms: (1) a fan draws air up; (2) visitors may push and hold a button to stop the fan; (3) fog comes up
through a grating in the floor, and (4) two vertical tubes with small holes blow air silently around the chamber.
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and design challenge at the Exploratorium. Rob Semper, Associate Director at the Explorato-
rium, describes this as designing “ activities [that] support in-depth, extended learning experi-
ences that are somewhere in between a casual museum visit and a class setting” (Semper,
1990, p. 56).

Visitors’ Interactions with Tornado using Video Traces

Our general finding is that the duration and quality of visitors' interactions in the Video
Traces booth differed markedly from their initial visits to Tornado. Our claim, partly sup-
ported by the present study, is that combining more durable (but still plastic) resources for
representational activity (i.e., video capture and replay) with open-ended conversations
about what makes an interactive exhibit work can effectively support inquiry learning in
an interactive science museum like the Exploratorium. We now turn to more specific, com-
parative findings.

The mean duration of visits to the Video Traces booth was 16 minutes (range 8.5 to 26 min-
utes), compared to about 2 minutes during participants' initial visits to the exhibit. Conversa-
tions, set in motion by simple questions about “What do you notice?’ and “What is going on
here?’ were largely conceptual in content, with visitors offering explanations for the phenom-
ena and asking questions of their own. Most importantly, the video record provided access to
the microstructure of the Tornado phenomena (e.g., the shape of the vortex, its components,
and activities that disrupt it) with resources for representational action that were unlikely or
even impossible at the exhibit itself. These resources made phenomena accountable
(Garfinkel, 1967) — observable and reportable—in a new way. This capacity to capture and
examine phenomenain more durable media— enhancing the visibility of selected features for
detailed exploration—is basic to many (if not most) contemporary scientific practices
(Gordin & Pea, 1995; Latour, 1990; Lynch, 1990).

Theinitiating event of an inquiry learning process is the presentation or discovery of a puz-
zling experience that leads a person to subsequent detailed investigations. Conversations cen-
tered around puzzles were the norm in the Video Traces booth. Most of the experiences that
became puzzling for visitors were brought into conversation after noticing and visually in-
specting them in the initial video record. In conversation, the interviewer and the visitors puz-
Zled over and pursued questions such as: What makes Tornado spin? What gives the vortex its
hollow core? (see Fig. 2a). Why does the core remain a constant diameter while the diameter
of the entire vortex changes? Why does the vortex “snake” laterally within the chamber? Why
is Tornado upside-down by comparison with a real-world tornado?

More than simply watching the phenomena and one's interaction with it, the capacity to
talk about a visua record when its time-scale had been altered, either by running it slower or
freezing a single video frame, provided unique resources for inquiry-based conversations. For
example, in two different interviews where the video record played at ¥ real-time speed, par-
ticipants narrated the sequence of events through which the vortex formed. Watching the phe-
nomena in slow motion also allowed one visitor to notice that vapor furthest from the center
of the vortex fell down while vapor closer to the center spiraled upward. Thisled the visitor to
discuss competition and collaboration of mechanical, centrifugal, and gravitational forces. In
other interviews (e.g., Vignette 1), freezing the video record on asingle frame at a critical mo-
ment enabled conversation about the forces at work in the exhibit and led visitors (e.g., afa
ther and his children) to suggest returning to the exhibit for simple experiments.

While visitors talked about puzzles with the interviewer in the booth, they were also willing
to return to the exhibit and investigate the phenomena with new questions. This represents a
second crucial aspect of an inquiry learning process: taking opportunities for reflection and
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new forms of action in pursuit of resolutions to previous puzzles. Of the 14 groups or individ-
uals, five were invited to return to the exhibit to answer a question that came up in the inter-
view, and none declined the invitation. One additional participant group suggested a return to
the exhibit themselves. Of the 14 participant groups, seven returned to the exhibit on their
own after the interview was concluded. (In the next section, two specific examples of returns
are provided in Vignettes 1 and 2.) We take it to be a particularly important result that Video
Traces in combination with a compelling exhibit set up an iterative system of activity for do-
ing inquiry in the museum.

A final result in this study concerns one type of explanation offered by adult participants
when asked “What makes it spin?’ After learning that the button was not directly responsible
for this phenomenon, adult visitors frequently attributed the cause of spinning to “natural”
forces like heat, the Coreolis force, ambient air currents on the museum floor, or to the circu-
lar shape of the exhibit as the “simplest shape in nature.” Although some of these natural
causes are relevant to the production of real tornadoes (Eagleman, 1983; Miller, 1987;
Grazulis, 1991; Fraser, 1996), none provides an accurate explanation for what makes Tornado
spin. As adesigned artifact, the exhibit produces a spinning vortex because (in combination) a
fan draws water vapor upward and forced air from opposing vertical tubes makes this vapor
rotate along a horizontal plane. Both of these phenomena (uplift and rotation) are found in
natural tornadoes, but there are important differences between the exhibit and the natural phe-
nomenon it is designed to model (e.g., the mechanisms that cause uplift and rotation, and the
inverted shape of the vortex). Ironically, the same adults who appeal to natural causes typi-
cally stand outside the exhibit to watch it, thus missing bodily experiences that would help
them notice designed causes (e.g., inside the exhibit, you can feel the forced air).

By reporting these misattributions of natural cause, we are not arguing that adult visitors
have faulty conceptions of the natural world (they may, of course), nor are we claiming that
Tornado is a misleading science exhibit (this depends upon how people use it). Instead, we
think important issues concerning the production and dissemination of scientific knowledge
are highlighted by our study participants' accounts of how the exhibit works. First, it is not a
trivial matter to disentangle the role of humans and machines in the production of scientific
knowledge claims, as a growing body of research in science and technology studies (STS) has
shown. (see Latour [1987a] and Pickering [1992] for surveys of these types of studies). Sec-
ond, our analysis of visitors' activity in and out of the Video Traces booth suggests that the
contingency of scientific accounts is (or can become) relevant to museum visitors. Further-
more, it is likely that any form of sustained inquiry into how scientific models work (e.g.,
What makes Tornado spin?) quickly leads to questions about what is included in the model,
what is excluded from the model, and why. In our view, these are good questions to be asking
when one learns about science.

If Video Traces is a flexible system for mediating perception of exhibit phenomena in the
Exploratorium and settings like it, it should be usable for pursuing puzzles of many types.
These include puzzles that can be resolved by appealing to natural forces (gravity, air, friction,
etc.) but also to sociotechnical forces (silent air tubes, fans, gift store humidifiers, etc.). Both
forces can be found everywhere in science museums and, if we are to believe STS accounts,
everywhere in nature as presented by scientists.

Two Vignettes

We now turn to the two vignettes that demonstrate the possibilities of Video Traces for me-
diating perception of exhibit phenomena and for creating occasions for inquiry learning.
These vignettes were chosen to be representative of conversations analyzed in our larger inter-
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Figure 3. (a) Theinterviewer pointing out the part of Tornado visibly moved by a child's breath. (b) Two adult visi-
tors returning from the booth to the exhibit to discover the silent tubes that move air around the chamber.

view corpus, but also to contrast children and adults under circumstances where they returned
to the exhibit with new questions.

Vignette 1: Guided Discovery of Air As an Invisible Natural Force. Vignette 1 involvesa
father and his two children, a girl (8 years old) and a boy (5 years old). When their group, in-
cluding the children’s mother and a male friend, initially visited the exhibit, the children
pleaded with their parents to get into Tornado. After some discussion, the adults allowed them
to enter the exhibit, remarking that the Exploratorium is supposed to be a *“hands-on kind of
place” After the children were inside the chamber for a few moments the father stopped the
phenomenon by pushing the button at the front of the exhibit. As the vortex died down, the
children urged their father to “Start it, Pop,” which he eventualy did, and the vortex re-
formed. Asthe family left the exhibit, we invited them to participate in our experiment.

Inside the booth, we used the video record of their visit to discuss a number of Tornado’'s
features, and when the interviewer asked the girl, “Do you need to touch it to messit up?’ she
said she was unsure but thought so. This led her father to suggest they “go and try it.” They
returned to the exhibit and, as we again recorded their activity, the father guided the children
through an experiment in which they were to try to “do anything you can to mess it up with-
out touching it.” As the children stood beside each other, the older girl first led them to wave
their hands toward the vortex and then to lean in and blow on it. The children and their father
then returned to the Video Traces booth.

As the conversation resumed about whether you need to touch the vortex to “mess it up,”
the interviewer serendipitously froze the video image just as the girl blew a chunk out of the
vortex (see Fig. 3a). With this striking image in view, the interviewer again asked if they could
mess it up without touching the vortex.t

Int: Ooo?, look right the[re.]2
1 (pauses videotape to display still image)
2 (points to part of still tornado that is blown out)

Transcripts conventions include the following: action descriptions are indexed with italicized numbers at their
onset within an utterance; the boundaries of overlapping talk are shown with leading and trailing brackets; elongated
pronunciation is shown with repeated colons; and words spoken with emphasis are shown in all caps.
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Father: [O00.]

Int: Let'slook at that one. You're not touching it, are you?
Girl: No.

Int: But did you changeit.

Girl: Yeah.

Father: What changed it?

Girl: That | was blowing on it, that messed it up.
Int: That's sort of like touching it?

Girl: Mm, hmm.

Father: What are you touching it with?

Girl: AIR.

Vignette 1 demonstrates how an initial puzzle, raised by the interviewer, is taken up by the
girl and her father during a return trip to Tornado. Inside the exhibit, the girl leads her
younger brother to try out alternative actions that might “mess up” the vortex without touch-
ing it, then they al return to the Video Traces booth. By stopping the video record of this ex-
periment just as the girl’s breath displaces part of the vortex, the interviewer and the girl’s
father are able to guide her to identify a previously invisible entity (i.e., “AIR") as the means
of disrupting the vortex. We take this kind of conversation to be a form of inquiry and, when
sustained, to lead to the kinds of conceptual change that science educators work to cultivate.

Vignette 2: Adults Return to Tornado Looking for Sociotechnical Forces. Vignette 2 in-
volves an adult couple. After standing together outside Tornado and gazing silently at the mov-
ing vortex, they walked away and we invited them to participate in our experiment. In the
Video Traces booth, the interviewer asked what makes Tornado spin, and they identified the fan
at the top of the exhibit. Having already found that adults seldom notice the air tubes as a cause
of the spinning vortex, the interviewer told the couple that it was not primarily the fan that pro-
duced spin and asked for other explanations.

Without being able to identify other visible mechanisms, the couple began appealing to nat-
ural forces. The man said that, because a circle is the simplest shape in nature, the vortex
forms circularly. The woman first suggested that spin had something to do with the shape of
the chamber, then that it had something to do with heat. The interview continued, and when
the couple was asked if they had any questions, the woman said that she “just want[ed] to
know all the secrets” The interviewer told them at least one more secret could be discov-
ered—the source of the spinning air—and asked if they would like to return to figure it out.
Because the couple was on their way out of the museum, and it was nearly closing time, the
interviewer suggested they make only a brief stop at the exhibit. Figure 3b shows the couple
finding the air tubes and, in the seconds that follow this discovery, turning back to the booth
and signaling “okay” with their hands. Asin the first vignette, puzzles encountered inside the
Video Traces booth lead visitors back to the exhibit with new questions. In this case, the ten-
sion between designed and natural causesis resolved in favor of the former.

DISCUSSION AND CONCLUSION

Just as reflective, representational action is undersupported in the Exploratorium and sci-
ence centers like it, so too is video technology underutilized as a resource for educational
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purposes more generally.? In both classrooms and science centers, information technologies
have received extensive (sometimes exclusive) attention. While we advocate continued devel -
opment of software and hardware designed to facilitate learning, video is a flexible technol-
ogy with complementary attributes, and we think Video Traces is an exemplar of an activity
system that takes advantage of many of these attributes. At a practical level, there are also ob-
vious advantages to a system composed of low-cost, off-the-shelf recording and playback
equipment.

There are several conceptual features of Video Traces that appear to support valued types of
activity and learning. First, giving people access to images of their own activity may allow
them to speak more expansively and with more ownership about scientific phenomena than
they would in more asymmetric interview situations (Harper, 1987). Second, the combination
of video records and familiar device controllers (i.e., hand-held remotes) may tap sophisti-
cated strategies for watching and inspecting visual images, because video records circulate
widely in popular culture (Cubitt, 1991).

Third, under the premise that representational action is fundamental to scientific learning
and doing, video records of one’s own experience offer a unique type of bridging representa-
tion in the museum setting. Located between the naturally occurring forms of talk and gesture
that occur during experiences at exhibits and conventional scientific representations that ab-
stract experiences into specific forms like graphs or general principles, our records both retain
atrace of the original experience at the same time as making that trace available to new forms
of scrutiny. Investigations of the microstructure of the phenomena, through replay, freeze
frame, and slow mation, are transformative representational practices we observed to be us-
able resources for visitors, resources that led to questions and subsequent investigations.®

Fourth, Video Traces was a flexible activity system for investigating different kinds of sci-
entific puzzles. On one hand, it became a site for pursuing conventional pedagogical goalsin
an inquiry mode, as in Vignette 1, where adults guided a child to identify air as a mechanism
for “touching the tornado.” On the other hand, when we realized that adults were recurrently
failing to account for an invisible sociotechnical mechanism (the quiet air tubes) rather than a
natural one, we were able to explore this as a puzzle and send these adults back to the exhibit
to plumb these kinds of “secrets,” asin Vignette 2. More systematic studies with Video Traces
should be conducted to determine whether the type of guided discovery in Vignette 1 would
be rare or frequent, but each of the other three adult—child interactions also involved lengthy,
interesting conversations between adults and child about the phenomena. By interesting we
mean they were predominantly: (a) about visually available phenomena; and (b) how these
phenomena reflect the activities of visitors in the record. This makes the Video Traces booth
an environment that is strongly structured for eliciting talk about how phenomena work,
which compares favorably with our participants’ initial visits and the existing literature on ex-
hibit visits.

The finding that adults miss certain crafted features of the exhibit and thereby appeal to nat-
ural causes from some sort of lay-science catalog appears quite robust, at least at this exhibit.
It remains to be seen whether using Video Traces at other exhibits at the Exploratorium or

2VVideo continues to grow in prominence as a tool for doing research about learning, but remains little used in ac-
tivity systems designed for learning itself. (For an exception, see Rubin, 1993.) It is this latter sense we focus on
here.

3Other representational resources were provided that, although barely explored in this pilot study, could function
as further stepping stones on a path from spontaneous to scientific (or artistic) representations. For example, we
taped a piece of clear plastic over the screen and invited one visitor to draw directly on top of the stilled image of
the vortex.
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elsewhere would show a general pattern of visitors making such appeals despite discoverable,
crafted features of the exhibit that would challenge the attributions of these kinds of natural
causes. Regardless, these initia findings lead us to believe that science centers may be espe-
cially promising places for people to investigate the boundary between what is real and what
isamodel, between what is natural and what is crafted.

Contemporary educational research operates in two, sometimes contradictory modes. In
one mode, we study what people understand and how they learn in the course of their activi-
ties. In another mode, we intervene to create environments in which thinking or learning may
be facilitated. Video Traces appears to be aflexible system in this sense as well. We can either
use this technical arrangement as aform of elicited interview in studies of thinking and learn-
ing (Frankel, 1984; Harper, 1987; Jordan & Henderson, 1995) or we can use the technology
to create more systematic forms of intervention. In this latter mode, we still have much to
learn about how new representational resources can be used to reorganize visitors' experi-
ences in interactive science museums.

We end this article by looking forward to variations in how the Video Traces idea could be
extended. A first variation, aready suggested here, is to try Video Traces at different exhibits
both in the Exploratorium and elsewhere. This could be a potentialy useful investigative para-
digm for assembling a comparative corpus that could vary across many dimensions. types of
exhibits; types of museums; types of communities served by museums; and, of course, types
of visitor groups.

A second variation would involve a stand-alone library of video trace records that would re-
side and accumulate next to an exhibit. In this variation, the traces would be produced without
the mediating interview. Instead, we would arrange video equipment that could be controlled
using a simple interface. Visitors who wanted to capture their activity could use this interface
to start and stop a video recording of their interaction with the exhibit. They could then return
to the interface to review this record, possibly recording an audio annotation over the video
trace. In this variation, visitors could comment on what they did, what they could not do, and
what they figured out; they could pose questions, suggest experiments, or make analogies to
other experiences. Using little more than the kind of interface already present on most con-
sumer camcorders, it would be possible to extend the well-documented observation that visi-
tors learn by watching other people do things in interactive exhibits (Diamond, 1980).

A third variation would be to move video trace records, produced in either the interview or
the stand-alone format, to settings outside the science center, like homes or schools. Video
Traces have two generic features of scientific representations—mobility and immutability
(Latour, 1990) —that are well suited to this task. Video trace records are immutable in that the
record stays the same, regardless of who plays it and when; they are mobile in the sense that
these records can be examined anyplace people have access to a video device with a standard
set of controls (e.g., pause and playback at various speeds). This variant of Video Traces could
alow teachers to design learning experiences that take advantage of complementary resources
in the museum and the classroom. Science centers like the Exploratorium provide rich re-
sources for having phenomenological experiences but fewer resources for extended conversa-
tion and collective inquiry. Classrooms could be characterized as having the opposite balance
of resources. As immutable mobiles, Video Traces could be just the sort of representation
needed to connect these settings. So, for example, a class trip to the Exploratorium could pro-
duce 15 independent video trace records from pairs of students in a class of 30; these docu-
ments could then travel to the classroom and serve as a corpus of concrete representations for
comparative inquiry about a common phenomenon.

In this article we described a preliminary study of a novel technical arrangement designed to
extend visitors' resources for representing and reflecting on their experiences with an interactive
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science exhibit. We presented evidence that conversations within the Video Traces booth support
forms of visitor activity that resemble inquiry learning, at least when compared with their un-
mediated, initia visits to the Tornado exhibit. We think it is likely that both the interview situa-
tion and the novel technical arrangement contributed to qualitatively different visitor interactions
with this popular exhibit. However, we have also shown that video capture and review provide
resources and enable activity that would be difficult or impossible to achieve by interacting with
the exhibit alone or in conversations without these resources. As such, we believe the Video
Traces idea holds considerable promise for promoting sustained inquiry through representa-
tional action, both at interactive science centers and elsewhere.

Early discussions with Jeremy Roschelle were helpful in developing the ideas expressed in this paper.
Rob Semper, Sally Duensing, and the entire Exploratorium staff provided an extremely hospitable envi-
ronment for trying Video Traces as well as being inexhaustibly curious and helpful in exploring differ-
ent possibilities. Two audiences heard and contributed to an earlier version of this work: the
Representational Practices Group at UC Berkeley and attendees at the 4S conference in Bielefeld, Ger-
many, in October 1996. Thanks also to an anonymous reviewer’s thorough and probing comments that
helped us clarify the paper greatly.
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