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ABSTRACT

The paper presents a human centered approach to co-design of
groupware and socialware for collaborative museums, using
ethnography, co-creation workshops and Blank Model
Prototyping. It discusses the concepts and processes of human
centered design, participatory design, ethnography, concept
generation and iterative prototyping - pointing their value to the
support of group systems design, in comparison to other
approaches. It also gives an overview of the state of the art of
museums around the world. Next, it describes a case study
conducted in a Brazilian Planetarium and Science Museum,
highlighting details of the context, process and results. The intent
was to implement a system for collaborative museums that
supports an integrated user experience before, during and after the
visit — through groupware, socialware and cross reality
technologies — for continuous engagement, co-construction of
knowledge, intergenerational interaction, multimodality, sharing
of ideas, and emergence of mentorship networks.

Categories and Subject Descriptors
J.5 [Computer Applications]: Architecture

General Terms
Documentation, Design, Experimentation, Human Factors

Keywords
Ethnography, co-creation, blank model prototyping

1. INTRODUCTION

A few centuries after the emergence of the first modern
museums, they are still considered essential to the public sphere.
Museums, by definition, are institutions dedicated to the
acquisition, preservation, study and interpretation of the tangible
and intangible inheritance of humanity and its environment,
focused on the dissemination of information, exhibition,
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entertainment, and, more recently, informal education. In the past,
museums used to display cold and static collections inside glass
boxes, representing different historical moments.

Today, in contrast, the public has a growing thirst for
immersive experiences, drama, adventure, fun and engagement.
And in response, current museums need to be transformed into
something capable of capturing attention and imagination, and
stimulating collaboration amongst visitors inside and outside their
spaces. In this context, groupware, or group support systems, and
socialware, or systems that support social interaction, together
with cross reality tools and technologies, amongst others, can play
a growing role in transforming the static, ‘don’t touch the exhibit’
museums into lively and sensorial collaborative spaces.

Designing truly engaging museum exhibits — those that are
culturally relevant and where visitors get a real feeling of
immersion and excitement, and even interact socially with
strangers — however, is a challenge. Human-centered design offers
a path towards this goal, starting with the contextual
understanding of the people that actually visit, work and interact
with the particular museum at hand. Through a process of co-
creation, it moves from ethnographic research to design criteria,
and to relevant concepts that can respond to the identified
problems and opportunities. Next, it prototypes these ideas
iteratively, while interacting with the very people that will use the
solutions, in order to continuously learn from them throughout the
development phase. As a consequence, meaningful solutions can
emerge.

This paper starts with the discussion of the concepts and processes
of human centered and participatory design, and explores some of
the methods that can support co-creation of cross reality
groupware and socialware, pointing their value, strengths and
limitations. Next, it examines the state of the art of museums that
are focused on collaboration. Finally, to bring the discussion into
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context, it presents the case study of a Brazilian Planetarium and
Science Museum, exemplifying the use of selected methods to co-
create ideas that can transform the current space, exhibits,
artifacts, interfaces and services into something collaborative,
exciting and stimulating, and integrate the user experience before,
during and after the visit. Such as described in the words of a ten
years old boy who joined one of the workshops, “I want to come
here [at the Planetarium] and feel that I am the astronaut,
travelling through space, exploring the planets, stars and black
holes”.

2. HUMAN CENTERED AND
PARTICIPATORY DESIGN
METHODOLOGIES AND METHODS

Design methodologies refer to systems of methods, tools,
principles and processes of the design discipline, as well as their
application. Dorst [1] proposes that design methodology “includes
the development of formal models of design activities, from
which methods, techniques and computer tools can be derived”
(p-8), and described in theoretical, empirical and practical terms.

The human-centered design methodology, or HCD, places
human needs, skills, creativity and potentialities at the center of
the activities of technological systems [2, 3]. According to Gasson
[4], such tradition arose as a reaction to the perceptions of
traditional approaches towards technology design — which see
people simply as users of technology, focusing only on the
specific interaction, rather than questioning what, how, when,
where and why technology may be of service in supporting human
activities. And which, by focusing only on use and usability of
technology, excludes both the context of use and the richness of
human beings and their lives. As Bjorn-Andersen [5] affirms,
human beings are “much more than eye and finger movements”
(p- 387).

The user-centered design term, or UCD, in contrast, as
defined by the software development and design communities,
refers to an approach whose principles include early and
continuous focus on users throughout an iterative design process
[6]. John Karat [7] suggests that it is a process that sets users or
user information as a generative source of design ideas or as the
criteria by which a design is evaluated. And according to
Vredenburg et al. [8] user-centered design can be described as an
overall development process where users are taken into account,
including their active involvement for a clear understanding of
task requirements, which combines a multidisciplinary approach,
and iterative design and evaluation.

Melican [9] affirms that although the term ‘user centered’ is
widely used, it is far from an ideal descriptor. And Bruce
Hanington [10] highlights the importance of using the term
‘human’, instead of ‘user’, since it better ties design to human
needs and concerns. Another criticism to UCD is that it fails to
promote human interests because of a goal-directed focus on the
closure of predetermined technical problems [4, 11]. Badker and
Nielsen [12] agree that relational aspects in UCD are largely
overlooked in the literature, and use this criticism to facilitate a
discussion on how discourse, activities and materials can give
shape to user involvement in design activities. The referred
authors, at Vision Lab, continuously draw experiments for
devising innovations and creative solutions with users, using the
workshop format. And by doing that, they combine user-centered
design with the participatory approach.

The Participatory Design research methodology, also known
as PD, corresponds to a set of theories, practices, and studies
related to end users as full participants in activities, leading to
software and hardware computer products and computer-based
activities [13, 14]. The field is wide and diverse, drawing
knowledge from numerous traditions, without leading to a single
theory or paradigm of study or approach to practice [15].
According to Nardi and Engestrom [16], PD is a way to
understand knowledge by doing; focused on the tacit and often
invisible ways that people perform everyday activities and how
these activities might be shaped productively. Crabtree [17]
highlights that in treating users as the experts within their own
context of activity, PD is characteristically concerned with
creating situations and environments in which users and designers
can formulate appropriate designs together. However, missing in
this approach is an in-depth analysis of current work practices — a
problem that has led to the adoption of the ethnographic method
and its techniques.

Regarding the processes, methods and techniques used by
each of these different design approaches [18], there is no
agreement on how to conduct studies for gaining understanding of
human activities and needs, or on how to analyze and synthesize
data for guiding the creative process of design, or how to generate
human-centered solutions based on such research material.

Ethnography, for instance, is becoming an increasingly
widespread tool for conducting user research from the point of
view of either HCD, UCD or PD traditions. Originally developed
in the field of Anthropology, it can be seen as a set of methods for
data collection focused on understanding human beings in their
natural settings or in the context of everyday activities [19, 20].

Melican [9], however, highlights that ethnographic methods
may also be of limited value in confronting the transformational
implications of introducing new technologies — due to their
concern with the analysis and description of the current situation
and practice — and in supporting the process of envisioning
entirely new systems.

Suchman [21], nevertheless, points out that imagining future
solutions requires that current solutions can be articulated. On that
regard, Zeisel [22] proposes a way to resolve this seeming
paradox by locating and studying those settings, users and
problems that are representative of future ones, and generalizing
from them to the probable contexts and users. As Dourish [23]
notes on the value of ethnography: it provides reflection on,
insight into, and a broad understanding of the organization of
social settings, bringing analytic and inspirational aspects to the
design process.

For the purposes of the present research, a human-centered
approach to design is taken, understood as a process of design
informed by human needs and business objectives, using
participatory design methods: to draw the continuous involvement
of relevant participants from research to development and
implementation; and to co-create solutions that are human-driven
and contextually meaningful, and that, at the same time, can add
value to real people and be sustainable — socially, economically,
environmentally and institutionally [24].
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3. COLLABORATIVE MUSEUMS AND
TECHNOLOGIES

Museums, as educational and recreational organizations,
have adopted a visitor centered approach, no longer focusing on
collections and information, but on enhancing people’s museum
experience and understanding of exhibitions. Supported by
increasingly sophisticated technologies, they offer visitors a range
of experiences, including: visual and sensory interactions,
learning, recreation, sociability, celebratory and enchanting
encounters, or a distinctive combination of exposures [25].

It is noticeable, on the one hand, that substantial effort has
been applied to designing and developing new museum exhibits
and systems in order to facilitate engagement and collaboration,
and to enhance learning opportunities of groups of visitors, since
they normally attend in social clusters — such as family, friend, or
school tour groups [26]. On the other hand, research on the
dynamics of collaboration [27, 28] and on technologies that
support groups and social interaction have helped to lighten this
challenge.

On regards to collaborative museum experiences, they enable
visitors to feel like a curious group of explorers, who, by
interacting socially and collaborating with others, discovers
wonders through the exhibits. That has been the case with several
science museums, where interacting with other visitors is often
included.

Dirk vom Lehn, Christian Heath and Jon Hindmarsh [29]
highlight what they consider to be the three most relevant issues
that should be acknowledged throughout the design process when
developing collaborative museums exhibits: 1) social interaction
is fundamental to visitors’ experience of exhibits and exhibitions;
2) visitors need opportunities for sustained interaction both in
direct relation to exhibits and around them; and 3) visitors also
need spaces for single participation within exhibits, as well as
resources to help them individually examine and make sense of
exhibits that are designed for groups of people or multi-parties.
On that regard, the authors suggest to offer resources for
participants so that they are able to creatively shape and configure
the experiences of others. They also emphasize the need to create
exhibits that accommodate both group and individual needs and
modes of interaction.

New tools and technologies have played an important role in
creating the conditions for collaboration to occur in museums, and
enabling the development of exhibits and systems that facilitate
interactivity. Examples are groupware and socialware — or
systems that support groups [30, 31] and social interaction [32,
33]. Because people normally examine and make sense of exhibits
through social interaction, socialware [34] have been used to
support during-the-visit intragroup communication and allow
clusters of visitors to share experiences and information.

Together with systems that promote an interplay of physical,
Augmented [35, 36] and virtual reality [37] technologies, known
as cross reality or mixed presence tools and technologies [38, 39],
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these have shown interesting results in museums.

Mixed Presence Groupware, MPG, or software that connects
collocated and distributed collaborators, and their disparate
displays, through a common shared virtual space [40, 41], is
another similar example that has been explored in order to allow
multiple people to work together over a shared exhibit space. And
games, simulations, and mobile devices are a few of the other
technologies that have been used to engage visitors in museum
exhibitions and encourage interaction and collaboration.

Examples of collaborative exhibits using these technologies
include: the Boston Museum of Sciences game, called Mystery at
the Museum [42], where students and parents are brought in as a
team of experts to try to solve a fictitious crime at the museum
space. This groupware [40] allows players to gather clues as they
visit the museum and collaborate by both communicating and
exchanging clues with teammates using location aware pocket
computers. Another system focused on collaboration amongst
children and parents is the Lunar Surface Navigation System [43].
This MPG [40, 41] connects co-located collaborators with a
combination of tabletop Augmented Reality and virtual
environment. Children play the role of the astronauts and parents
act as the mission commanders who give instructions on
exploration activities based on real lunar exploration episodes
reported by NASA.

4. BRAZILIAN PLANETARIUM AND
SCIENCE MUSEUM CASE STUDY

In order to bring the discussion into context and exemplify the use
of a human-centered participatory approach for the design of
collaborative museums, supported by cross reality group
technologies, the case of a Brazilian Planetarium and Science
Museum is presented. Amongst the Brazilian museums, the
Planetarium and Science Museum at hand is a public institution
situated at a cosmopolitan city. Its vision is to act as a culture and
entertainment institution, with the mission to divulge astronomy —
which is absent in the Brazilian K12 curricula — as well as to
promote other related science fields, through the use of avant-
garde technologies and an innovative environment. And amongst
its challenges are included: to become financially independent
from the government — who currently covers 60% of its
expenditures; to renew the space and exhibits in order to support
discovery and interactivity for a diverse public in terms of age,
education, socioeconomic status and interests; and to maximize its
physical capacity.

In order to collaborate with the Brazilian Planetarium and Science
Museum in this effort, the Groupware@Les research group of
Computer Science Department of the Pontifical Catholic
University of Rio de Janeiro, proposed a project to co-design —
together with children, teenagers, teachers, designers, computer
scientists, and astronomers, amongst others — and transform the
museum spaces, exhibits, artifacts, interfaces and services, so that
visitors are able to use cross reality systems and enabling group
and socialware to: explore collaborative exhibits; interact
multimodally [44]; immerse in collective play; co-construct
knowledge and share ideas about astronomy and other related
sciences; and participate in mentorship networks together with
other visitors and museum staff. The present article focuses on
reporting this participatory process.

4.1 Research Framing
In the present research, ethnographic, co-creation and prototyping
methods were used to identify guiding criteria for the
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development of groupware for collaborative museums. The
macro-process is shown on Figure 1, using Business Process
Modeling Notation (BPMN) [45].

if
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Ethnography,
| Free
Visitation
Interviews and
observations
Dome
Session
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' Socialization
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! Co-design
<> ] session

X |
|

Co-Creation Workshop

Figure 1. Research macro-process in BPM notation.

4.2 Ethnographic Study

The ethnographic research [20] started with the study of the
Brazilian Planetarium and Science Museum staff, including
astronomers, market and administration personnel, architects,
visitor guides and support workers, amongst others. And it was
followed by the study of different types of visitor profiles, helping
to identify: patterns of behaviors, relevant narratives, and
differences in point of view, interests, motivations and needs.
Included in its research protocol were in-depth contextual
interviews and shadowing observations, documented through
video, photographs and field notes. Figure 3 (next page)
illustrates this process.

From the interviews and observations, relevant narratives and
patterns of behaviors were highlighted, leading to recurrent
themes, findings or insights, and design criteria through a
structured bottom-up process of analysis and synthesis [9], based
on Grounded Theory [46], as shown on Figure 2. Some of the
emergent design criteria, for instance, were to: activate
imagination before visit; provide tour options according to profile;
and make the museum experience tangible.

Narrative 15: “Once you come to the dome session, you never forget it |...]
You feel immersed in the sky projection. It is impressive [...]"

Narrative 19: “What | like most is the environment. One dives into the
experience [...] It's an immersive space.”

Narrative 20: “/f someone’s bedroom was shaped like a dome and had a
super lamp that could project the stars, then he wouldn’t need to come to the
museum. Otherwise, this place is uncomparable.”

Narrative 22: “The dome projection can’t be compared with traditional movie
projection”

Finding 3: Immersive experiences stir emotions (which must be addressed).

Figure 2. Selected narratives from the ethnographic study.

4.3 Co-creation workshop

The co-creation workshop [13, 14] gathered a group of
participants, whose profiles were selected based on significant
behavioral and demographic polarities, pointed by the findings of
the ethnographic study — such as kid vs. adult, museum personnel
vs. visitor, first time vs. recurrent visitor, individual vs. group, in-
depth vs. little knowledge about astronomy, early vs. late
technology adopter, and so forth. A few details of the participants
profile are shown on Table 1.

Table 1. Co-design workshop participants

Pseudonym Age Occupation Scholarity
Mario 47 Retired K12 (9™ year)
Architect and
Ana Carla 34 urbanist MSc Student
Undergraduation
Brian 34 Astronomer (complete)
Internet
Media Undergraduation
Fabio 40 Director (incomplete)
High School
Johnny 19 Student (complete)
Thierry 9 Student K12 (4" year)
Breno 31 Student PhD Student NI
n
High School (10" 8
Thaiala 14 Student year) § §
Leonard 10 Student K12 (5" year) s
> S
Lucia 14 Student K12 (9" year) § g
>
Post-graduation
Alicia 49 Pedagogue (MBA)
Hector 52 Professor PhD degree
High School  Undergraduation
Vinny 28 Teacher (complete)
Marketing Undergraduation
Boratto 41 Director (complete)

Minimum age: 9 years old. Maximum age: 52 years old. Variation amplitude: 43

Such variety of profiles was a purposeful choice, since it is
considered a condition for the co-creation of groupware solutions
that can appeal to various visitor and worker profiles, and that can
fit the contextual dynamics of the museum.

The activity started with the presentation of the workshop
schedule (process represented on Figure 1), and distribution of a
journal, where each participant was requested to write about daily
routine, entertainment history, extreme cultural experiences,
sources of information, past visits to the museum, and view of its
future.

After filling in the journals, the participants were organized in
pairs, where each one read and analyzed what the other one wrote,
and, then, presented the findings to the entire group. During the
presentation: the participants profiles were represented on poster
size graphs; their relevant narratives were documented on a white
board; and the emerging guiding criteria were synthesized to the
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Figure 3. Process details of the ethnographic study

whole group. Next, these criteria were discussed with the
participants, leading to refinement and addition of new ones.

Based on the reviewed criteria, a brainstorming session was
initiated, where each sentence guided the ideation of innumerous
solutions by the participants. The ideas were written down on note
size papers by each one and handed to the moderator, who read
them aloud. In response, the other participants wrote down
complementary ideas or new concepts inspired by them. During
the co-design workshop, 14 participants generated 81 relevant
ideas in 20 minutes.

Some examples were: a museum-school portal, 2nd Life
Planetarium, online check-in, tour guide totem, iPad navigator,
Augmented Reality space mission, planet hunt collaborative
game, space wiki, visitor foot prints, and outside exhibits.

After the ideation session, the generated concepts were grouped
according to the guiding criteria. Figure 4 illustrates some of them
in cloud format, where the font size of each word or expression
represents the number of ideas that were created in relation to it.

As a result of the analysis of the ideas produced during the
workshop, a ranking of the most significant criteria, according to
the participants’ point of view, was produced. The top ones were:
‘Create an immersive experience’, with 26 ideas generated in
relation to it, and ‘Provide interactivity’, with 18 related ideas.

In addition, the concepts were classified according to subjacent
theme, illustrated as a cloud of themes on Figure 5. Included
amongst the ones considered most relevant to the participants

Support post visiting experience

were: ‘Museum Itineraries” — with 13 related ideas; ‘Dome
Session Activities’— with 10; and ‘Astronomy Games’ — with 9.
The theme ‘Collaborative Exhibits” was spontaneously mentioned
by the participants in 6 ideas, and ‘Interactive Technologies’ was
mentioned in 7 ideas. Following the brainstorming, prototyping
sessions took place to develop the concepts further.

Collaboration . .
Simulationsltineraries
Dome Session

External Area New Technologies

Education and content . |
Commerce Game Interactivity

Figure 5. Recurrent themes based on idea classification

4.4 Prototyping session

Following the co-design workshop, selected participants were
invited for prototyping sessions, including architects, computer
scientists and designers, since the method used [45], known as
Blank Model Prototyping, requires the participation of potential
users, or design and technology professionals. Blank Model
Prototyping is a rapid role-playing technique that uses readily
available art and craft materials to construct rough physical
representations of a technological concept, according to a
predetermined scenario. The goal of the prototyping session was
to collect potential user impressions and detailed ideas about a
new technological solution, either hardware or software, for
creating a collaborative museum.

Connect the Planetarium to the WWw
SlmUIate aStronomy themes Support manipulation of tangible objects and intangible world

Provide Interactivity

Create an immersive experience

Support entertainment in external area

Support multiple interest:
Support experience sharing

PrOVide SpeCiﬁC tours by visitors interests Support socialization and interaction between visitors

To occupy in the wait time

Bring people with similar interests closer

Support role playing

Figure 4. Guiding criteria on cloud based format, according to the number of related ideas gathered in the brainstorming
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Previous to the session, the settings, team, recording equipment
and supplies were prepared according to a plan. Also the 81 ideas
and the criteria list of the co-design workshop were arranged in
the form of cards and poster, respectively. Figure 6 shows the
activities that were planned and then executed.

5 mins {10 mins {40 mins {10 mins {15 mins 110 mins
Test the

Interval
prototype

Figure 6. Activities of the prototyping session.

Explain
’{ Activity Idea O

-{ Select idea

’\ Prototype

Present
Prototype

The prototyping session started with an explanation of the
schedule and presentation of the materials (Figure 7a).
Participants were asked to read the idea cards and the guiding
criteria poster in order to select one concept or get inspiration for
creating a new one (Figure 7b). After that, they were instructed to
design the prototype, in order to evolve the original concept and
rationale, converge on a solution, develop guidelines and propose
design specifications [47]. During one of the sessions, as shown
on Figure 7c, participants prototyped a trip to different planet
environments, which could be shared by different social networks
through pictures and short movies. They designed maps of the
exhibit rooms, and interfaces for interacting in the rooms, like
identification cards with QR codes for social network sharing, 3D
glasses for the simulation trip and touch screens for selecting the
planets (Figure 8). The participants then tested their prototype,
reflected upon the test result and re-designed the solution
accordingly. Finally, the session was concluded with a discussion
and presentation of the prototype, using the designed objects as a
support for dramatizing a scenario that presented the simulation
rooms, as shown on Figure 7d.

Some of the lessons learned were: a) it is not enough to include
computer scientists, designers and random users in the Blank
Prototyping sessions — a thoughtful selection must be made to
guarantee the constant presence of the point of view of extreme
users and museum personnel, for instance, so that the solution
will keep on track and meet the needs of the institution regarding,
for example infrastructure and maintenance, and interest to
visitors of different profiles; b) group composition within co-
creation workshops should be carefully selected based on
complementary profiles, so that each can have an equal voice; c)
workshop participants need prior time to be immersed in the
ethnography findings to make optimal use of the material; and d)
developing twin prototypes in the physical and virtual worlds lead
to different but complimentary findings about collaboration, such
as behavioral and motivational.

_| Audio/visual
JNTEV’AO*D?‘/‘, E M interaction
A0~ visu

T Integrated system |
/ (NASA, Satelites) I

"\ . Tawema
i Visitors interacting
il " with a multitouch || =
| device. i

Figure 8. A multitouch device representation

5. CONCLUSION

The use of ethnography, co-creation workshops and prototyping —
taking a human centered and participatory approach to design —
has allowed the fast generation of numerous meaningful ideas and
prototypes to support mixed presence collaboration and social
interaction in the context of a Brazilian Planetarium and Science
Museum. Involving researchers, children, teenagers, teachers,
designers, architects, marketing specialists, computer scientists,
and astronomers, amongst others, and through an iterative process
of research, prototyping, testing and refinement, several
collaborative solutions for museum — such as the exhibit
simulating a trip to different planet environments that are shared
by different social networks — are currently being developed.

The ethnographic research with museum personnel and visitors
shed light regarding some of their behaviors, expectations,
motivations, aspirations and needs. This study led to the
identification of patterns and profile polarities that informed the
organization of the co-creation workshop, from which emerged
guiding design criteria and numerous concepts to the identified
opportunity space for collaboration and social interaction within
and outside the museum space. Through an iterative prototyping
and testing process, ideas have evolved into increasingly tangible
and detailed solutions.

The selected methods aided the challenge of involving people of
different profiles around the task of creating and making
something tangible together, focused on the collaborative human
experience, but without forgetting the business objectives of the
museum.

Figure 7. Activities made by participants during the prototyping session.
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