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Figure 1: Visitors classifying galaxies with U!Scientist.

ABSTRACT
Scientists have long sought to engage public audiences in research
through citizen science projects such as biological surveys or dis-
tributed data collection. Recent online platforms have expanded
the scope of what people-powered research can mean. Science
museums are unique cultural institutions that translate scientific
discovery for public audiences, while conducting research of their
own. This makes museums compelling sites for engaging audiences
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directly in scientific research, but there are associated challenges as
well. This project engages public audiences in contributing to real
research as part of their visit to a museum. We present the design
and evaluation of U!Scientist, an interactive multi-person tabletop
exhibit based on the online Zooniverse project, Galaxy Zoo. We
installed U!Scientist in a planetarium and collected video, computer
logs, naturalistic observations, and surveys with visitors. Our find-
ings demonstrate the potential of exhibits to engage new audiences
in collaborative scientific discussions as part of people-powered
research.
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1 INTRODUCTION
The practice of science is changing. Computational tools and meth-
ods have empowered scientists to collect massive amounts of data
in the pursuit of groundbreaking new research. At the same time,
connectivity has distributed the practice of science across larger
teams around the globe. However, even with the power of technol-
ogy to collect and process large amounts of data, there are many
types of analysis for which humans must still be involved (or are
necessary to generate sufficiently large training sets for classifica-
tion algorithms). This has led to crowdsourcing strategies in which
large numbers of distributed volunteers use online platforms to
collaborate on research tasks. For example, the Galaxy Zoo project
on the popular platform, Zooniverse.org, asks volunteers to classify
telescope data containing images of galaxies. With the help of non-
scientist volunteers distributed around the world, the project has
been able to classify hundreds of thousands of galaxies in a fraction
of the time that it would have taken teams of trained scientists. Not
only was the project successful from a research perspective, it also
helped everyday people learn about and contribute to cutting-edge
science.

As the potential of platforms such as Zooniverse grow, organizers
are faced with the new challenge of engaging broader audiences in
citizen science research [32, 35]. In this paper, we take up this chal-
lenge by focusing on museums and other institutions of informal
science learning. Museums are not only tasked with communicat-
ing science to the public, they also have scientific missions of their
own. By bringing together scientists, collections, historical artifacts,
exhibits, and other educational programming, they can be ideal
sites to invite new participants into new science-themed activities.
At the same time, interaction with exhibits in museums looks much
different than it does for online web content. Dwell times at exhibit
elements tend to be very brief (from a few seconds to a few minutes
[19]), and it can be difficult to convey the same level of information
that would typically be available on a website. Learning in museums
is also a social activity, with visitors collaborating around exhibits
and discussing their shared experiences.

Thus, this project explores the following research questions:
(1) How can we design a museum exhibit to engage visitors in

people-powered research?
(2) How can the exhibit support collaborative discussions around

scientific ideas?
To answer these questions, we developed an interactive exhibit

called U!Scientist for visitors to contribute to research as part of
their visit to a planetarium. We built U!Scientist to run on an in-
teractive tabletop display that we installed in a busy planetarium
gallery. In crafting our design, we drew from existing research that
indicates that large digital displays in museums have the poten-
tial to engage users, create new forms of audience participation,
support collaboration, and support learning through exploration

[2, 3, 16, 18, 25, 30, 30]. We based our exhibit on the Galaxy Zoo
project from Zooniverse [36]. The Zooniverse platform provides a
robust infrastructure for people-powered research, and the Galaxy
Zoo project was ideal for our planetarium context.

To help motivate engagement, we carefully designed informa-
tional text to communicate that visitors were participating in real
scientific research, and that they were collaborating with many
other volunteers to come to consensus about each galaxy’s classifi-
cation. We carried out usability testing with low-fidelity prototypes
to refine both our messaging and user interaction flow.

We then conducted two studies of visitor interaction with the
exhibit. The first study involved 4.2 hours of video recording of 82
consented visitors as they interacted with the exhibit. Participants
completed a post-survey, and we kept computer logs of participants’
interaction with the exhibit. We analyzed these data qualitatively
and quantitatively. The second study was a naturalistic observa-
tion of 192 visitors who interacted with the touch table over the
course of about 5.5 hours on two consecutive days. We collected
arrival and departure times, noted approximate demographics and
correlated these with the automatic table logs of visitor behavior.
Finally, we conducted surveys of additional visitors before (N=132)
and after (N=182) experiencing the exhibit, eliciting views about
science and citizen science, and their ability to classify a galaxy.
Our analyses suggests that our design was able to engage users and
convey to them that they were contributing to real science. Our
findings further show that museums can be effective spaces to both
engage younger audiences and to support co-located collaboration
in people-powered research activities.

In the following sections of this paper we review background
research, provide an overview of our design process, and present
the final design of U!Scientist. We then describe data collection
and analysis of video recordings, naturalistic observations, and
surveys. We organize our findings based on visitors’ engagement
and collaboration. Finally, we reflect on how our findings might
inform the future of people-powered research in museums.

2 BACKGROUND
2.1 Galaxy Zoo
Zooniverse.org is an online platform that hosts a wide variety of
citizen science research projects [36]. Volunteers with no special
expertise or training are able to contribute to these projects by by
answering questions about authentic research data such as images
of galaxies or videos of animals in their natural habitats [14]. Zooni-
verse makes small tasks in which humans outperform machines
available to a large number of volunteers thereby harnessing the
power of the crowd and accelerating research. By having a number
of volunteers do the same work, the overall accuracy of the group’s
contribution is improved; and results are used to train computers
to be better at the same or similar tasks [9, 24].

Galaxy Zoo is one such project hosted on the Zooniverse plat-
form. In Galaxy Zoo, volunteers are presented with images of vari-
ous sky surveys and are asked to answer a series of short questions
about the shape of galaxies to help researchers learn about as-
trophysical processes in galaxy evolution (see figure 2). Multiple
volunteers look at each image, and the consensus result (the modal
response) generally matches an expert’s conclusion about 98% of
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Figure 2: GalaxyZoo.org. In the online version of Galaxy Zoo (left panel), volunteers are presented with images from various
sky surveys and are asked to answer a series of short questions about the shape of a galaxy to help researchers learn about
astrophysical processes in galaxy evolution. U!Scientist Single Station. In a shortened version of the online task (right panel),
users can classify galaxies as "smooth", "features or disk" or, as a "star or artifact". They can also request help from other
stations by tapping on one of the icons corresponding to the station color from which they want help. Each station has an
example panel to the right and a game level indicator to the left.

the time [23]. The task lends itself to crowd work because of the
very large sample of galaxies usually required for understanding
galactic processes.

Because Galaxy Zoo can be accessed online, it can o�er detailed
information about the classi�cation tasks that people are asked
to perform. There is also instructional information intended to
ease concerns about making mistakes or contributing incorrect
classi�cations. Volunteers carry out up to six classi�cation tasks
for a single galaxy. For instance, one path of questions would be
"Is the galaxy simply smooth and rounded, with no sign of a disk?",
"Could this be a disk viewed edge on?", "Does the galaxy have a
bulge at its center? If so what shape?", "Is the galaxy merging or
distributed?", "Do you see any of these rare features?" Galaxy Zoo
also has several examples to help users classify a galaxy. As an
online project, Galaxy Zoo has attracted thousands of volunteers
who have classi�ed hundreds of thousands of galaxies, which would
have taken individual scientists dozens of years [13]. Galaxy Zoo
images are compelling enough to rouse the curiosity of users, thus
suggesting potential advantages for use in museum spaces.

Galaxy Zoo project contributors are motivated by contributing
to real science and by personal interest [11,29]. Research has shown
that volunteers can be incentivized to contribute to crowd work
if they feel like co-owners [35]. This motivation to volunteer for
Galaxy Zoo and citizen science projects in general is well aligned
with shifting perspectives of museum visitors as participants in
the creation of knowledge and not only consumers of information
[19, 22, 27, 34]. As a result, we were optimistic about introducing
this citizen science project as a museum exhibit.

Although Zooniverse volunteers are able to talk to each other
virtually [ 31], typically a citizen science project like Galaxy Zoo
with well-structured and low-complexity tasks does not require
volunteers to collaborate in order to complete a task [28]. A citi-
zen science project as a museum exhibit brings volunteers side by

side and face to face with each other. We were interested in the
interactions that would arise as a result of this new con�guration.

2.2 Multi-Touch Tabletops
Digital media in public spaces have been studied extensively. Re-
search has shown that interactive digital media in museums can
support collaborative interaction and learning through exploration
[2, 3, 5, 16, 17, 25, 26]. In addition, digital media in museums have
the potential to extend the ways in which museum visitors are able
to interact with museum artifacts and knowledge. For example, they
can include gami�ed elements [2, 10, 16], novel forms of interaction
like virtual or augmented reality [3, 4], or simply allow for di�erent
paths of exploration of artifacts. In spite of the many a�ordances
of digital media in museum spaces, they are sometimes at odds
with parents'/ guardians' intent in bringing their children/ wards
to museum spaces. Many parents intend for their time in museum
spaces to be a break from digital media [16]. As such, researchers
have investigated how to best design digital exhibits in museums
[30]. For example, Horn, et al. measured visitors' engagement and
learning using a gami�ed exhibit against APE (Active Prolonged
Engagement) recommendations [16, 19]. They suggest that their
gami�ed exhibit allowed visitors to employ social practices and
learning arrangementsthat result in successful collaboration.

Multi-touch tabletops allow several users to interact with a digi-
tal exhibit at a time. Though actions of visitors on the table might
be independent or collaborative, multi-touch tabletops are popular
for their ability to support collaboration. However collaborative
exhibits on multi-touch tables require careful design. Allen, et al.
found that in order for collaborative exhibits to be successful, they
should be designed so that multiple interactive elements do not
overwhelm users, di�erent user interactions are not disruptive to
other users, and secondary interactive elements do not overwhelm
primary ones [1].
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Figure 3: Exhibit Setup in the Planetarium (left). U!Scientist Summary Page. A summary page is displayed to the user with
bars that indicate how other people classi�ed the same galaxy (right).

In this study, we draw on the collaborative and engaging af-
fordances of a multi-touch tabletop to design a people-powered
research exhibit. We also include subtle game elements to take ad-
vantage of social practices associated with them as well as engage
users.

2.3 Engaging Museum Visitors
In this study, we draw from the concept of Active Prolonged En-
gagement (APE) with museum exhibits [19]. APE exhibits support
prolonged engagement by evoking inquiry and response from visi-
tors with the intent to support them in making connections that
lead to learning. Large multi-touch tabletops support multiple users
on an exhibit thereby providing a platform for collaboration which
can give rise to the question asking and response behaviors that re-
sult in learning. As such, we designed our exhibit on a multi-touch
tabletop. In addition, the task of classifying galaxies through Galaxy
Zoo lends itself to collaboration as ten volunteers are needed to
come to a consensus on a classi�cation before it is accepted into
the data analysis. The planetarium where this study was carried
out also provides a physical space for volunteers to interact and
collaborate on classifying galaxies. APE recommendations are also
geared towards shifting the role of museum visitors from recipients
of instruction and explanation to that of participants. The task of
classifying galaxies seems suitable for active prolonged engagement
in that it is somewhat open-ended, there are no right or wrong an-
swers, the task takes the form of inquiry, and visitors are directly
participating in authentic research.

3 DESIGN OF U!SCIENTIST
In this section, we describe our preliminary studies, insights from
them, and our �nal U!Scientist design.

3.1 Preliminary Studies
To better understand the design space we were working in, we
undertook a series of preliminary studies with our target museum
audience at the planetarium.

3.1.1 Messaging Study.Messaging was an essential part of the
design of this exhibit. It was critical to convey that interacting
with the exhibit meant participating in real research and helping

real scientists, but also that it would be fun and rewarding for
museum guests. To that end, we created a poster with four possible
messages and asked guests to place a sticker on the message that
most resonated with them. The four messages were: "Participate in
Real Research", "Learn about Galaxies", "As a community, we can
classify galaxies", and "You can help researchers". We tested with
about 50 museum guests over two days in July 2018, with the result a
tie between "Learn about galaxies" and "Participate in real research".
With that result, we decided to combine the messaging: "Learn about
galaxies while contributing to research." This message would be
used in future studies as well as on the wall exhibit accompanying
the touch table.

3.1.2 Paper Prototyping.To determine the most successful user
�ow for the interaction, we used a series of paper prototypes to
test with guests. We built a cardboard replica of the touch table
and created sketched versions of the proposed interface on paper.
Guests were asked to "interact" with the paper prototypes in the
way they might interact with a touch screen, moderated by two of
our team members. One team member would "drive" the prototype,
moving the paper "screens" to simulate the on-screen interactions,
while the other team member observed and asked questions. This
method was highly e�ective to quickly test multiple user �ows,
and through observation we made several crucial adjustments that
contribute to the e�cacy of the exhibit.

First, we found that while visitors to a planetarium might have
an interest in space science, they do not necessarily have a famil-
iarity with the associated terminology. Many guests declined to
participate because they did not feel con�dent in their knowledge
of galaxy types. To mitigate this trepidation, we added more visi-
ble help text and example images. This is consistent with studies
that show that newcomers struggle with language necessary to
communicate in citizen science discussion forums [15].

Additionally, we were keen to test the second screen in the user
�ow: After the user submits their classi�cation ("Smooth", "Features
or Disk", or "Star or Artifact") they are shown a bar chart showing
how other users classi�ed the galaxy. Would guests be able to
interpret the chart and understand that they were submitting a
"vote" rather than answering a quiz question? Through observation
during the testing phase we found that this visual representation
of that concept was fairly successful.
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