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Abstract

Co-creation is a design method where designers and domain experts work together to develop a product. In this paper, we
present and evaluate the use of co-creation to design a visual information system with social science researchers in order
to explore and analyze their data. Co-creation proposes involving the future users in the design process to ensure that they
play a critical role in the design, and to increase the chances of long-term adoption. We evaluated the co-creation process
through surveys, interviews and a user study. According to the participants’ feedback, they felt listened to through co-creation,
and considered the methodology helpful to develop visualizations that support their research in the near future. However,
participation was far from perfect, particularly early career researchers showed limited interest in participating because they
did not see the process as beneficial for their research publication goals. We summarize benefits and limitations of co-creation,

together with our recommendations, as lessons learned.
CCS Concepts

e Human-centered computing — Visualization design and evaluation methods; Collaborative and social computing;

1. Introduction

Visualization designers have multiple approaches on how to or-
ganize the design process of custom visualizations. In recent
years, there has been a rise in human-centered design approaches
under the umbrella of user-centered design [LD11, MSM15] to
elicit user requirements, accompannied by an increasing interest
in creative methods to discover visualization design opportuni-
ties [GDJ*13, KGD*19]. Participatory methodologies have been
mentioned [HF06, LHS* 14, KAKC18] but are still rare, and there-
fore, understudied in visualization design research. Co-creation
is a design methodology that proposes to design not only for
the future users, but also with them [San08]. It is based on the
principles of mutual learning, empowerment, openness and di-
versity, involvement and ownership, transparency, and effective-
ness [BDI16,JKG*19]. The future users are valued as co-creators
by the design experts, and the aim is to increase satisfaction and
long-term adoption by including the validation of the people af-
fected early on.

We present a visualization case study of using co-creation as a
design methodology to create an information system with and for
social science researchers. Nowadays, there is an increasing avail-
ability of large datasets for social science research, thanks to the
open government initiative and the rise of social media. Therefore,
social scientists are integrating programming into their workflow to
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analyze their data. However, the technical skills of the community
are not growing as fast as the amount of data available. Conse-
quently, they are increasingly collaborating with computer scien-
tists to develop tools that support their data exploration and analy-
sis. In our case, we collaborated with a group of social science re-
searchers to design a visual information system that supports them
in their research on social policy data. We are all part of an interdis-
ciplinary project, in which political scientists, sociologists, geogra-
phers, economists, and computer scientists collaborate to describe
and explain social policy phenomena.

We considered co-creation a suitable approach for this scenario
because experts of diverse disciplines needed to develop a shared
understanding of their goals across domains, and co-creation aims
to support mutual learning towards developing a product that ful-
fills the tasks. We hypothesized that the co-creation principles (mu-
tual learning, empowerment, openness and diversity, involvement
and ownership, transparency, and effectiveness) would be achieved
by applying the co-creation methodology to the design of the sys-
tem. Achieving the principles meant that the co-creators would
learn from each other, feel empowered, consider the process open
and diverse, feel involved and in ownership of the designed system,
feel that the process was transparent and that it led to an effective
design. Although participatory approaches have an inbuilt evalua-
tion embedded [BDI16], we used specific methods such as surveys
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and interviews to assess how the co-creators perceived the process
according to the principles.

Regarding the domain goals of the experts, our aim was to an-
alyze their research tasks to identify visualization opportunities.
Through the co-creation process, it became clear that the social sci-
entists want to explore the data to discover temporal and geograph-
ical patterns which, in combination with their domain expertise,
lead them to generate research hypotheses that can be later tested
with the data. We elicited the requirements to design such visual-
izations, and developed multiple prototypes of the visual system in
an iterative process. The resulting system includes more than 400
indicators about social policies (e.g. “Government expenditure on
health”) applied worldwide over the last 140 years. It allows the
social science researchers to explore their data through topic pages
(e.g. “Health and long-term care”) and country profiles, as well as
by combining and comparing multiple indicators. We released a
first version of the system within our project and continue work-
ing on new features based on the researchers’ feedback. They share
their data across the project through the system and plan to cite it
in their publications.

In this paper, we focus on describing the co-creation process we
have conducted, and a first evaluation of the design methodology.
We conducted three co-creation workshops, two surveys, a round
of interviews, and a user study with 14 social science researchers.
An overview of the process is shown in Figure 1. After the sec-
ond workshop, we conducted a formative evaluation of the process
with an evaluation survey, interviews, a group discussion, and the
documented reflections of the facilitators. After the last workshop,
we conducted a summative evaluation by means of a user study,
in which the researchers interacted with the system and were inter-
viewed to learn more about their experience, not only with the visu-
alizations, but also with the whole co-creation process. Through co-
creation, participants felt listened to, and felt empowered by learn-
ing about data visualization. However, in the formative evaluation,
they were not confident about the effectiveness of the methodology
to develop visualizations that support their research. They preferred
to receive a finished product within a shorter time frame, instead
of committing to a long-term research process they may not bene-
fit from right away. After testing the first prototype of the system
in the user study, researchers were more positive about the use-
fulness of the visualizations for their research. Overall, they most
valued working together with their peers in the workshops, as well
as creating a system tailored to their research collaboratively. To
our knowledge, this is the first evaluation of co-creation as a visu-
alization design methodology. We share our insights to guide vi-
sualization researchers and practitioners who are considering using
co-creation as a methodology for visualization design.

2. Related Work

The origin of co-creation goes back to the participatory design
(PD) movement that emerged in Scandinavia in the 1970s. This
movement started with a political agenda that claimed that every-
one affected by a decision should have the opportunity to influence
it [LJS*18, SN93]. In the case of information technology design,
the motivation was the transformation of the workplace due to the
introduction of computers, and the aim was to ensure that people

who use this technology play a critical role in the design [SR12].
We apply this participatory mindset to our scenario to design data
visualizations that facilitate the work of social science researchers.

According to Sanders and Stappers, co-creation is any act of
collective creativity, and co-design is collective creativity applied
throughout a design process. However, these terms are often used
interchangeably [SSO8]. Sanders [San08] argues that design re-
searchers with a ‘participatory mindset’ design with the people be-
cause they value the future users of the tool as co-creators. The
opposing ‘expert mindset’ refers to designing only for the peo-
ple. In the private sector, research has shown that co-creation has a
positive effect on the customer’s satisfaction and loyalty [GSS12].
In the public sector, co-creation is considered a cornerstone for
social innovation and one of its main goals is citizen involve-
ment [JKG*19, VBT15]. Dérk and Monteyne [DM11] define the
involvement of citizens in urban planning and design as urban co-
creation. Furthermore, co-creation has been used to work with spe-
cific audiences, such as blind people [UF15] and elderly individ-
uals [BSK*17]. In the field of learning analytics, Dollinger and
Lodge [DL18] claim that co-creation has the potential to increase
flexibility as well as the chances of long-term adoption. Drawing
on these insights, we chose to co-create with our domain experts to
increase the chances of success and adoption of the system, given
that we work in an academic context and have the possibility to
work closely with them.

In the field of visualization research, Landstorfer et al. [LHS* 14]
co-created a visualization with network security engineers to sup-
port the inspection of large log files. Based on their experience
with those domain experts, they proposed several principles for
co-creation such as defining and refining requirements with the
stakeholders face-to-face, using real data from the stakeholders
as early as possible, brainstorming and sketching with the users,
and rapid prototyping. In a geo-visualization case study, Lloyd and
Dykes [LD11] concluded that using real data is key to understand-
ing the needs and design possibilities, and that paper and virtual
prototyping enable successful communication. Paper prototyping
is particularly good at eliciting suggestions for novel visualiza-
tions. We followed these principles and insights in our design study.
Furthermore, Kerzner et al. [KGD*19] recently proposed a frame-
work for creative visualization-opportunities workshops with mul-
tiple guidelines and methods. We used and adapted their methods of
Creativity Guidelines, Wishful Thinking, Visualization Analogies,
and Reflective Discussion in our co-creation workshops.

Regarding the effects of co-creation and similar participatory
methods, Frishberg [Fril1] and Kahng et al. [KAKC18] reported
that facilitating participatory design sessions helped them iden-
tify important needs in their case studies. According to Steen et
al. [SMDKI11], further research is necessary to evaluate the co-
design method according to its intended benefits and to assess its
costs and risks, for instance, comparing the organization costs with
the outcome of the project. Mitchell et al. [MRM* 16] investigated
the impact of co-design when generating sustainable travel solu-
tions and found that co-design promotes idea generation and a
holistic view of the problem. In contrast, we investigate the co-
creation with social science researchers, to report its benefits and
limitations for visualization case studies.

(© 2020 The Author(s)
Computer Graphics Forum (©) 2020 The Eurographics Association and John Wiley & Sons Ltd.



G. Molina Leon & A. Breiter / Co-creating Visualizations:A First Evaluation with Social Science Researchers 293

Converging
Workshop

Ideation
Workshop

Participant
Survey

Data Visualization 101
Visualization Analogies
Creativity Guidelines
Wishful Thinking
Paper Prototyping
Reflective Discussion

Creativity Guidelines
Affinity Diagram
Paper Prototyping
Reflective Discussion

8 participants 11 participants 7 participants
January January March April
Goal: Design

Goal: Design Goal: Design

Co-creation
Survey

8 participants

Goal: Process
evaluation

Refining

User Study
Workshop

Interviews

Creativity Guidelines Exploration Tasks
Visualization Analogies|| Questionnaire
Affinity Diagram Interview

Paper Prototyping

Reflective Discussion

3 participants 7 participants
May June

6 participants
November

Goal: Process and
visualiz. evaluation

Goal: Design and
process evaluation

Goal: Design and
process evaluation

Figure 1: Overview of the co-creation process. The workshops are in blue and include the methods used. Although each step has specific
goals, the evaluation of the design is also inbuilt throughout the whole process [BDI16]. In total, 14 social science researchers participated.

3. Methodology

This work presents a qualitative case study based on a year-long
collaboration of the authors with four research groups of social
science researchers working together in a collaborative research
center. Fourteen researchers decided to take part in the co-creation
process to design a visual information system led by the authors.
As co-creation focuses on the use of workshops for collaborative
design, we conducted three co-creation workshops combined with
surveys, interviews and a user study. Collaborative design means
that the domain experts would take part not only to help elicit
the requirements but also to propose their design ideas. Based on
sucessful examples of related literature [GDJ* 13,KGD™ 19], we ap-
plied multiple workshop methods, such as Wishful Thinking and
Paper Prototyping, described in Section 4. Furthermore, we ob-
served the participants and documented each activity. Before and
after each workshop, the facilitators filled out a reflection form
to document their plans, impressions and experience. They wrote
down the planned activities for each workshop, then what happened
during the workshop, and afterward, what they learned from it. In
particular, the form served to compare the workshop goals with the
outcome and to reflect on the events to plan the next steps.

With the co-creation principles in mind, we wanted to assess
whether applying co-creation as a design method would lead partic-
ipants to feel empowered, involved, and to learn from each other,
among others. To evaluate the use of co-creation, we conducted
a formative and a summative evaluation. The formative evalua-
tion included a survey after the second workshop, a round of in-
terviews, and a reflective group discussion in the third workshop.
Although our sample was small, the survey results gave us an
overview of the participants’ experience through the co-creation
process. Then we conducted semi-structured interviews to better
understand the workflow of our co-creation partners and their ex-
perience through the process. With the written consent of the par-
ticipants, we recorded and transcribed the interviews. We used the
co-creation principles to develop a coding scheme for analyzing the
interviews, that we later adjusted during the analysis. The analysis
helped us to assess whether the principles were being achieved and
to plan the next workshop accordingly. In the last workshop, we
organized a reflective discussion that we also transcribed and ana-
lyzed.
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Once the prototype of the visual information system was ready,
we conducted a summative evaluation through a user study. The
study consisted of a series of tasks, a second survey and a final in-
terview. Interviews were both about the designed system and about
the co-creation process. We recorded, transcribed and qualitatively
analyzed them, producing a coding scheme that led us to identify
the core topics. Based on the documentation of the workshops, the
observations, and the other methods just mentioned, we then pro-
ceeded to critically reflect on what we learned from this case study.
In Section 4, we present each step of the process together with the
evaluation results, and the critical reflections on our experience. In
Section 5, we present the lessons learned.

4. Our Co-creation Process

In the context of a large interdisciplinary project, we worked to-
gether with 14 social scientists to analyze how technology can sup-
port their work, and to design a visual information system accord-
ingly. These researchers are investigating the global evolution of
social policies over the last century, and work in different research
groups according to the topics they specialize in: social security,
labor, economic relations, health care, education, and family pol-
icy. During the preliminary meetings with each group, visualiza-
tion came up as one of the main topics they were interested in.
They want to visualize their time series and network data in order
to explore it with the goal of finding patterns that lead them to for-
mulate their research hypotheses, or help them to work on these
hypotheses. We started by studying the data portals of international
organizations the researchers were familiar with, such as the World
Bank [The] and the Organisation for Economic Co-operation and
Development (OECD) [Org]. However, we also had to consider that
the main goal of the social scientists was to focus their research on
new data that they planned to collect, and our collaboration was
going to happen parallel to the data collection process.

Based on this information, we planned a co-creation process
to explore the possibilities and opportunities for data visualiza-
tion to support their work. Throughout the process, we itera-
tively co-designed and developed visualization prototypes, fol-
lowing the double diamond design process model [Desl5]. This
model first encourages divergent thinking to define the problem,
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and then convergent thinking to find the best solution. We orga-
nized a series of workshops that combined creativity techniques
from related literature [GDJ* 13, KGD*19] with a focus on paper
prototyping and rapid software prototyping, to elicit novel ideas
and easily adjust the design, as suggested by previous case stud-
ies [LD11, SMM12]. Designing collaboratively in the workshops
aimed to ensure the deep involvement of the co-creation partners,
mutual understanding, and a continuous ‘built-in’ validation of the
visualizations [LHS* 14]. In each iteration, we started designing to-
gether on paper — either proposing new ideas or annotating printed
prototypes — and then produced or refined corresponding software
prototypes. The core design sessions took place in the workshops,
while the software implementation was done by the visualization
researchers after each workshop. Our method choices were based
on design processes for creative visualizations [KGD*19], and pre-
vious co-creation projects [JKG*19, LJIS*18]. In each workshop,
there was a main facilitator leading the methods, a second facili-
tator taking care of the organizational aspects, and a documenter.
Each workshop took half a day and was documented with a co-
creation reflection form [JKG™ 19]. In the form, we first wrote down
our intended goals and planned activities for the workshop, then
what actually happened in the workshop, and afterward, we re-
flected on whether we reached our goals and what we learned.

To help participants learn from each other and to counter the in-
fluence of power hierarchies, we asked participants to work with
people from different research groups whenever possible. Besides
the workshops, we conducted surveys and interviews to get input
not only from the group activities, but also at the individual level.
Overall, we conducted two surveys, three workshops, a round of in-
terviews, and a user study, complemented by the preliminary meet-
ings and informal discussions. The process is shown in Figure 1.
Each step is explained in the following sub-sections. The whole
process took over a year and had 14 participants: two full profes-
sors, five postdocs, six doctoral students, and one master’s student.

We evaluated the co-creation process through the co-creation
survey, the interviews, and the discussion in the refining workshop,
as well as with our continuous reflection through the co-creation
reflection form. Since we asked participants to write down their
answers in color-coded cards in the different workshop activities,
we were able to then read and analyze them, to reflect on what
happened. Based on related literature on the evaluation of partic-
ipatory design and co-creation [BDI16,JKG*19], we evaluate the
co-creation process according to the following criteria: (1) mutual
learning, (2) empowerment, (3) openness and diversity, (4) involve-
ment and ownership, (5) transparency, and (6) effectiveness. We
apply these principles to our case, not only based on related lit-
erature, but also because a successful interdisciplinary collabora-
tion includes developing a shared understanding. Effectiveness is
evaluated through the qualitative feedback of the participants. We
present our evaluation findings in more details in Sections 4.4, 4.6.1
and 4.7.

4.1. Participant Survey

First, we conducted a survey to learn more about the stakehold-
ers and their previous experience with data visualization. We sent
it to the researchers who expressed interest in participating in the

workshops, and used the results to prepare the content of the work-
shop. We asked nine questions about the researchers’ background,
the data they work with, their use of visualizations at work (if any),
and the reasons for using them. The survey is included in the sup-
plementary material of this paper.

Eight researchers took part in the survey: four political scientists,
two geographers, one sociologist and one economist. All of them
work with tabular data — six of them specifically with time series.
Four work additionally with networks. When asked about how of-
ten they use visualizations at work, four of them replied ‘usually’,
and one ‘always’. Regarding their motivation, six have used visu-
alizations for presentations with their colleagues, while five have
used them for data exploration. Based on these results, we planned
the first workshop focusing on the use of networks and tabular data
for the tasks of presentation and data exploration.

4.2. Ideation workshop

Keeping in mind the goal of developing a collective shared un-
derstanding across disciplines, we started the first workshop with
an introduction called Data Visualization 101. We presented Mun-
zner’s analysis framework [Munl4] to explain how we can sys-
tematically explore the visualization design space, specifically the
data, the tasks, and the visualization and interaction techniques. We
then showed diverse examples related to their data and their tasks
in Visualization Analogies, to inspire and to give an overview of
the possibilities. After the visualization-focused content, we used
Wishful Thinking [GDJ*13] to learn about the social science per-
spective. The participants expressed their research aspirations by
answering three questions: (1) "What would you like to know?",
(2) "What would you like to be able to do?", and (3) "What would
you like to see?". Answering these questions individually and dis-
cussing the answers with the group helped participants to make
their goals and expectations more concrete. In previous meetings,
we had already received initial visualization suggestions from the
researchers. However, as Sedlmair et al. [SMM12] suggest, a com-
mon pitfall in design studies is that domain experts think about the
solution before thinking about the problem. This is why we asked
our co-creation partners to first focus on their wishes.

Furthermore, we did early paper prototyping following the rec-
ommendation of Koh et al. [KSDKI11], allowing the experts to
sketch their design ideas early on. The goal was to start collecting
visualization ideas that would correspond to their wishes. The main
workshop facilitator took the position of an active collaborator, as
described in the co-creation framework of Lee et al. [LJS*18]. This
means that the facilitator actively participated in the idea genera-
tion and decision making. Each participant drew at least one pro-
totype. A selection of the prototypes is shown in Figure 2(a). The
most common visualization techniques used were maps and net-
works, and five participants drew and described multiple coordi-
nated views. Each participant explained orally what they would ex-
pect to happen if interaction was included, and the most common
interaction technique was the selection of a particular indicator or
time frame. Two participants wished to save their queries. After
the workshop, we applied parallel prototyping [DGK* 11] to design
multiple low-fi prototypes covering the design space as broadly as
possible. We analyzed and clustered the paper prototypes accord-
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Figure 2: (a) A selection of the paper prototypes from the ideation workshop. (b) Software prototypes from first iteration. (c) Second iteration.
We used Tableau, Vega-lite, D3.js, and other tools to translate the core ideas of the paper prototypes into interactive visualizations, comple-
mented with other relevant techniques. For example, we translated the drawn line charts and scatterplots first into interactive equivalents (on
the top), and then created an animation of the scatterplot according to the participants’ feedback.

ing to the common topics and ideas. For each one, we documented
the type of data, the tasks, and the techniques considered. Then we
used this information to create software prototypes to present in
the next workshop (see Section 4.3). In the reflective discussion,
participants expressed that the most valuable activity was Data Vi-
sualization 101.

4.2.1. Reflections

Starting with Data Visualization 101 encouraged some participants
to focus on visualization solutions too soon. We chose to give the
introduction first to provide an overview of the topic before brain-
storming, and to lead by example on exchanging domain exper-
tise. Although participants were very positive about learning the
basics of visualization, Wishful Thinking answers were focused
on designing visualizations. Doing Wishful Thinking before would
have allowed the participants to first focus on the task. Partici-
pants seemed to have a hard time developing their own ideas from
scratch. They felt more comfortable discussing existing examples,
and their ideas were often a reflection of the visualizations they
have interacted with on the websites of the World Bank [The] and
other international organizations. Furthermore, they focused on de-
scribing scenarios to explore their data. This indicated that their
main interest was data exploration.
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Computer Graphics Forum (© 2020 The Eurographics Association and John Wiley & Sons Ltd.

4.3. Converging workshop

In our co-creation process, we aimed at following the double di-
amond design process model [Des15]. In this model, co-creation
starts with divergent thinking, i.e. imagining possibilities, and then
proceeds to convergent thinking, i.e. agreeing on alternatives. Since
the ideation workshop focused on divergent thinking by enabling
participants to discuss initial ideas and to explore visualization pos-
sibilities, the converging workshop aimed to define the problem
more specifically by reaching agreement. Accordingly, we had a
group discussion to agree on the tasks that everyone needed to
tackle, and this led to creating an Affinity Diagram about the re-
searchers’ workflow. This activity resulted in agreeing on four steps
that describe the researchers’ workflow: (1) discover time and ge-
ographical patterns in the indicators, (2) generate hypotheses, (3)
test the hypotheses through statistical data analyses, and (4) explain
the patterns. Discussing the workflow with the whole group led to
developing a shared understanding of the common problems.

When we invited the participants to this workshop, we asked
them to send us examples of their data. In the workshop, we pre-
sented 10 visualization prototypes that used their data, based on
the ideas we had discussed in the ideation workshop. Some of them
are presented in Figure 2(b). We converted the paper-based ideas
into software prototypes and complemented them with more vi-
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sualization techniques according to their data and tasks, follow-
ing Munzner’s framework [Mun14]. For instance, we translated the
paper-based node-link diagrams of country relationships into a net-
work prototype and then included a Sankey diagram because the
researchers sent us data about development aid and were interested
in the distribution of aid across world regions. The prototypes in-
cluded standard interaction techniques such as selection and show-
ing tooltips on hover to help users explore the data. We asked the
researchers to analyze the prototypes in small groups, and then to
share their thoughts for the next iteration. Our goal with rapid pro-
totyping was to quickly get feedback from our co-creators, under-
stand them better, and refine the prototypes, as well as the require-
ments accordingly [FMC™12]. Participants were finally able to see
how their ideas can be combined in a concrete product. In the re-
flective discussion, one participant was positively surprised that the
researchers had more in common than expected, and two mentioned
that they appreciate that co-creation is a continuous process where
they get a chance to provide feedback quickly.

4.3.1. Reflections

The steps of the research workflow that we agreed on almost
perfectly match the description of the discover task by Mun-
zner [Munl14]. Experts want to use visualizations to discover data
patterns that help them to generate hypotheses and later test them.
Therefore, the definition of the workflow led us to successfully ab-
stract their main goal. Preliminary requirements originated from the
workflow, such as comparing indicators, combining time and space
attributes of related indicators, and identifying similarities and dif-
ferences across them. Showing initial visualizations with data pro-
vided by the researchers made a big difference for the participants.
This made the progress of our collaboration concrete and visible.

4.4. Co-creation survey

To perform a formative evaluation of the co-creation process, we
conducted a survey with the social scientists after the converg-
ing workshop. The questionnaire had 16 questions: eight questions
with statements to rate from 1 (strongly disagree) to 5 (strongly
agree), two open questions about the workshop content, two open
questions about their personal involvement, two questions about
participation and two about demographics. The questions were
meant to assess whether the co-creation principles had been fol-
lowed. For instance, we asked what did they learn from participat-
ing in the process to find out if mutual learning took place. The
complete questionnaire is included as supplementary material of
this paper.

Eight participants took part in the survey. An overview of the an-
swers concerning participant agreement with the eight statements
is shown in Figure 3. Although the sample is small, the results
yield some meaningful insights. The three researchers who partici-
pated in both workshops had a higher level of agreement with every
statement than the other participants. All participants agreed with
the statement "I feel listened to". On the other hand, participants
were least convinced about having an equal chance to be part of
the decision making, and about the co-creation leading to visual-
izations that assist their research. Three participants answered that
creating the affinity diagram about their workflow was the most

Statement

co-creation ownrole workshops  feel  visualization co-creation suggestions given equal
aims explained clear useful listened to decisions clear helpful accounted for chances

5

Agreement
w

Figure 3: Survey answers for the eight statements about the co-
creation process up until the converging workshop.

useful activity, while paper prototyping was most useful for two.
The preferred workshop activities were paper prototyping and the
group discussion that led to create an affinity diagram of the re-
searchers” workflow. Others pointed out that the co-creation pro-
cess has helped them to better understand what their colleagues are
doing. When asked how to improve the workshops, there was no
consensus but multiple suggestions were given, such as teaching
how to create visualizations with the tools they are most familiar
with, and spending more time on discussing existing tools and how
to improve them.

4.5. Interviews

We conducted and recorded semi-structured interviews to better
understand the researchers’ workflow and their thoughts on co-
creation. To this end, we organized a series of open questions in two
parts. The first one concerned the researchers’ role in the project,
the research tasks, and the artifacts used by the researcher within
those tasks. It also included discussing the workflow from the con-
verging workshop. The second part was about the motivation to
participate in the process, as well as the expectations about the co-
creation process and about the visualizations, at the beginning of
our collaboration.

We conducted a pilot interview, followed by three interviews
with researchers from different research groups: one doctoral stu-
dent, one postdoc, and one professor. Later we transcribed and an-
alyzed the interviews. The first part of the interview reflected that
the current task of the researchers is data collection. They pointed
out that the research workflow of the converging workshop had not
fully started yet, because the data collection takes most of their
time. The artifacts they presented were data sources and program-
ming scripts to collect data. Two researchers pointed out that they
will never collect all the data they wish to have, due to a lack of
data from specific world regions and time frames.

The second part of the interview was about evaluating the pro-
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cess so far. We asked participants a series of open questions about
their motivation to participate, their expectations of co-creation and
of the visualizations before the process started, as well as their
opinion about the results so far. Their main motivation to partici-
pate and initial wish for the co-creation process was to learn how to
create visualizations on their own. They were satisfied with the in-
troduction in the first workshop, but they would like to know more
about tools they can use to create visualizations with. According to
two participants, data visualization is a major opportunity for bet-
ter communicating social science research, especially to the general
public:

“If we could get better visualizations, our work would become
more useful. That I'm sure of” — P3

“Visualization is the stepchild of social sciences... there’s a lot to
be done. Therefore, this project is a great opportunity to make steps
further” — P10

However, P3 pointed out that social science researchers may be
interested in complex visualizations, while the general public may
be not. On the one hand, P3 and P10 often reflected on what would
be best to show to the general public, although the system is meant
to be used by social scientists. On the other hand, P7 defined the
usefulness of the visualizations according to whether they are ready
in time for the next publication. It was not clear when the visual-
izations will be delivered to them.

Regarding the start of the design process, P10 would have pre-
ferred starting with existing visualizations from the domain instead
of brainstorming from scratch. He found it hard to develop new
ideas without having any visualization expertise. Regarding the
progress on designing the information system, the participants had
the impression that no decisions were made yet because the visual-
ization prototypes shown individually in the second workshop were
not yet embedded in the system.

4.6. Refining workshop

The main goal was to refine the user requirements based on the re-
searchers’ workflow, as well as to analyze the prototypes according
to the requirements. We went through the four steps of the research
workflow, and discussed the most important features that the sys-
tem should have to support their workflow. First, participants split
into small groups to discuss, starting with the preliminary require-
ments based on previous workshops and interviews. We then re-
fined the requirements with the whole group, and prioritized the
most important ones. The following requirements were raised, in
order of relevance:

1. Enable to interactively change the threshold values of analysis
variables and visualize the change.

. Show an overview of the missing data.

. Provide tools to divide continuous variables into categories.

. Select and compare indicators over time.

. Combine and order time events from different indicators.

W W

Afterwards, we presented the software prototypes of the second
development iteration. They combined improved versions of the
prototypes of the converging workshop with new ideas and previ-
ous prototypes that participants were satisfied with. Some of them
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Figure 4: Survey answers for statements about the visualizations
presented in the user study and about the co-creation process. The
color green represents questions that were also asked in the previ-
ous survey (see Figure 3) and purple represents new questions.

are presented in Figure 2(c). We handed out printed versions and
asked researchers to analyze them according to the requirements.
This activity resulted in a selection and combination of five pro-
totypes that researchers considered as having the most potential to
fulfill the requirements.

4.6.1. Reflective Discussion

We concluded the workshop with a reflective group discussion
where we presented the most relevant results of the co-creation sur-
vey, to collectively assess the process according to the co-creation
principles. We asked participants to reflect on the reasons behind
the survey results. Here we describe the discussion based on our
posterior analysis of the transcription. The effectiveness for each
individual and the commitment to the process were the main topics
of discussion. Effectiveness was divided into two categories: the ef-
fectiveness of the final visualizations, and the effectiveness of the
process for the everyday tasks of each researcher. While the final
visualizations may be useful in the future, participating in the pro-
cess requires a high level of commitment and the short-term impact
is unclear, especially for doctoral students eager to advance quickly
in their research. Therefore, the ability to create visualizations on
their own is more valuable than relying on the success of a long-
term process. One participant even suggested that this mindset may
be a problem among researchers.

“...our projects are so specific that we will each probably have
some visualization that we actually do that we don’t expect [the
system] to provide for us because no one else will need it, so it’s
not a public good” — P3

“Most researchers I know don’t like to rely on others’ decisions...
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HOME DATA TooLs UPLOAD DATA PUBLICATIONS ABOUT
Data Explorer
Countries
*Argentina | xCanada| [ x United States of America
1975 2000
Country Year Indicator Value
1 Amgentina 1975 edu_prv_exp_pri 05309
2 Argentina 1980 edu_prv_exp_pri 0498
3 Argentina 1985 edu_prv_exp_pri 04698
4 Argentina 1990 edu_prv_exp_pri 0.4886
5 Argentina 1995 edu_prv_exp_pri 05244
6 Amgentina 2000 edu_prv_exp_pri 0676
7 Argentina 1975 edu_pub_exp_pri 05309
8 Argentina 1980 edu_pub_exp_pri 0408
9 Argentina 1985 edu_pub_exp_pri 04698
10 Argentina 1990 edu_pub_exp_pri 04886
11 Argentina 1995 edu_pub_exp_pri 05244
12 Argentina 2000 edu_pun_exp_pri 0678
13 Canaca 1975 edu_prv_exp_pri 02646
14 Canaca 1980 edu_prv_exp_pri 02771
15  Canaca 1985 edu_prv_exp_pri 02883
16 Canaca 1990 edu_prv_exp_pri 0.2865
17 Canada 1995 edu_prv_exp_pri 02726
18 Canaca 2000 edu_prv_exp_pri 0259
19 Canaca 1975 edu_pud_exp_pri 02646
20 Canaca 1980 edu_pub_exp_pri 02771
21 Canaca 1985 edu_pud_exp_pr 02883
22 Canaca 1990 edu_pub_exp_pri 02865
23 Canaca 1995 edu_pub_exp_pri 02726
24 Canaca 2000 edu_pub_exp_pri 0259
25 United States Of America 1975 edu_prv_exp_pri 04334
25 United States Of America 1985 edu_prv_exp_pri 045
27 United States Of America 1990 edu_prv_exp_pri 055
28 United States Of America 1995 edu_prv_exp_pri 04707
29 United States Of America 2000 edu_prv_exp_pri 04142
30 United States Of America 1985 edu_pub_exp_pr 03956
31 United States Of America 1990 edu_pub_exp_pri 05798
32 United States Of America 1995 edu_pun_exp_pri 0.3898
33 United States Of America 2000 edu_pud_exp_pri 04142
EXPORT DATA
Descriptive statistics
Private expenditure on primary education / GDP
Country Mean Median Min Max Standard Deviation
Argentina 053 051 047 088 007
Canada 027 027 02 029 001
United States ofAmerica | 0.46 045 041 055 005
EXPORT DATA AS CSV
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LOAD DATA

Corelation plot

country
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Public expenditure on primary education / GDP

Country Mean Median Min Max Standard Deviation
Argentina 053 051 047 068 007
Canada 027 0.27 026 029 001
United States of America 044 0.40 039 058 008

EXPORT DATA AS CSV

Figure 5: This is a screenshot of the Data Explorer, one of the system features evaluated in the user study. We co-designed this page where
users can combine data of multiple countries and indicators, including descriptive statistics, to compare different indicators over time.

it’s always hard to commit to such a broad process... it’s not a crit-
icism [of the process], it’s more of a self-criticism” — P14

Understanding the computer scientists better and learning about
the needs of other social scientists were the main advantages of the
process that participants agreed on. Mutual learning helped to bet-
ter understand how the system could be useful for the researchers.
Overall, the participants who had participated in every workshop
were much more positive than those who did not. This may indi-
cate a relationship between the degree of participation and their
satisfaction with the process.

4.6.2. Reflections

The refined requirements we agreed on reflect not only data explo-
ration, but also analysis. This may be a result of the researchers
feeling that exploration has been already tackled, and then moving
on to the next steps in their research workflow. Three of the six
workshop participants had not participated in the previous work-
shop. For them, the goal of our process seemed the least clear be-
cause they had not experienced the evolution of the ideas. They led
the group discussion that focused rather on the overall commitment
to the process and its connection to their everyday research tasks.

4.7. User study

After working on the next iteration of visualization prototypes and
integrating them in the system, we invited the researchers to try
them out individually. The resulting web system allowed users to
upload social policy indicators and to explore them. It included
a descriptive page for each indicator with visualizations such as
stacked bar charts and choropleth maps dynamically generated ac-
cording to the data type. Furthermore, it had a world overview page
with an interactive map, country profiles with a summary of the
main indicators, and a Data Explorer page that allowed to com-
bine multiple indicators to look for correlations and other patterns.
A screenshot of the Data Explorer is presented in Figure 5. In the
study, the researchers performed three tasks, filled out a question-
naire and were interviewed. This was the first time they saw the vi-
sualizations integrated into the information system. This seemed to
make a big difference for them, in comparison to seeing them sep-
arately before. The questionnaire aimed to learn more about their
views on the co-creation process after seeing a further advance-
ment and having the opportunity to interact with the system. In the
semi-structured interview, we looked back at the whole process and
reflected on how it led to the current result. The details of the user
study are included in the supplementary material.

Six participants took part in the user study. Three of them (P1,
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P2, P3) had attended each of the three workshops, while two partic-
ipants went once and another one twice. First, we asked participants
to perform four exploratory tasks that led them to navigate the main
features of the system: (1) Missing data overview, (2) Browsing
by topic, (3) Browsing by country, and (4) Data Explorer. In each
task, the participants had to reply questions such as “How did the
enrollment rate in primary education of the United States change
over time since 1880?”. The questions were meant to guide them
through the system and to interact with the visualizations. We ob-
served them, asked them to think aloud and allowed them to ask
for help if necessary. All participants responded the task questions
correctly. They were happily surprised because the visualizations
were automatically generated based on the indicators, the countries
and the time frame they chose. Although a data table was always
shown next to the visualizations (see Figure 5), they often looked
only at the visualization and used the tooltip to check the data val-
ues. They particularly liked the possibility of combining any group
of indicators — which is not possible on most websites they work
with, and the corresponding scatterplots generated. While partici-
pants considered the time-based line charts useful to describe the
data, they saw the scatterplot as an analysis tool because of regres-
sion analyses they often use looking for correlations.

After completing the exploratory tasks, we gathered feedback
from the researchers with a questionnaire and an interview. The
questionnaire was about the visualizations and the co-creation pro-
cess (see supplementary material). An overview of the answers is
shown in Figure 4. According to the results, everyone found the vi-
sualizations useful and easy to use. Participants appreciated having
the option to download the visualizations, but would have liked to
be able to change the labels and colors. In certain features such as
the country profiles, participants wished to personalize the content.
In contrast to the previous survey (see Figure 3), participants con-
sidered the workshops more useful to them after interacting with
the prototype, and they agreed more on the co-creation of visual-
izations being helpful for their research. They found the workshops
useful to design the visualizations, and they would be open to par-
ticipating in another co-creation project.

The final interview focused on qualitative feedback about the
co-creation process. We discussed the co-creation principles of
involvement and ownership, mutual learning, effectiveness, and
openness and diversity. Three participants mentioned that co-
creation is a new experience for them. Over time, they realized that
their role was not just being a consumer asking for a product, but
rather being a participant in the process of building the product.
P1 noted that this experience contrasted with everyday shopping,
where he is used to rather checking the existing options and just
choosing one of them. When asked about their influence in the out-
come of the project, only P5 could see her personal influence in a
particular feature of the system. Most participants had a hard time
seeing their personal influence. They rather saw the influence of the
group and the result of their collective effort. The system actually
represented the requirements and features they agreed on.

What participants liked most of the co-creation process was the
interaction with the other researchers. Learning about their data, as
well as recognizing the similarities and the differences across their
tasks. The workshops were the events in which they most learned
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Figure 6: Drawing of P2 used to explain how the group work led
to new ideas, better than the sum of everyone’s ideas.

about their colleagues’ work. The second most positive aspect was
to create a tool tailored to their research. According to P2, work-
ing in groups made their ideas better than the sum of all individ-
ual ideas. He explained this with the drawing shown in Figure 6.
When asked about what they liked least, P2 and P3 found it prob-
lematic that many participants were not present in every workshop.
This led to repetition, and they had the impression that those par-
ticipants could not really follow the progress. P1 also pointed out
that it would have been better to have more principal investigators
participating. These three participants attended every workshop. In
contrast, PS5 and P6 mentioned that doctoral students need to focus
on publishing papers and participating in the workshops felt like a
task that may not necessarily help them with their publications.

Overall, participants found it challenging to start designing the
system from scratch. The reasons were two-fold: their feeling of
lacking enough technical expertise, and the large size of the design
space. Four participants expressed that they were impressed after
seeing the prototype. Everyone pointed out that having options such
as combining multiple indicators, the descriptive statistics, and the
multiple visualizations made this system a better choice than the
websites of international organizations they are used to work with.

5. Lessons Learned

Here we present our lessons learned for researchers and practition-
ers alike, who consider using co-creation as a visualization design
methodology, based on our co-creation experience. These lessons
are the result of our analyses and reflections on co-creating with so-
cial science researchers as domain experts. In particular, the lessons
L1, L2, and L4 are mainly based on our observations in the work-
shops and the reflection form. L3, L5, and L6 became clear through
the interviews and the user study, and L7 was mostly discussed in
the last reflective discussion and the interviews.

L1: Incorporate an introduction to visualization after defin-
ing the problem. In the first workshop, the introduction called Data
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Visualization 101 was especially welcomed by the domain experts,
who expressed their interest in learning more to further develop
their skills. However, this happened too soon in our case, and we
had to push the discussion back to the problem space.

L2: Help participants to feel comfortable as co-creators. Par-
ticipants often pointed out that they did not feel confident enough
to design visualizations because they were not experts on the topic
of data visualization. It is important to emphasize that their domain
expertise is valuable and necessary for a successful design process.
To help developing creative solutions, previous research on pro-
moting creativity in visualization design offers multiple successful
methods [GDJ*13,KGD*19].

L3: Balance openness and commitment. One of the main chal-
lenges of the process was working continuously with a large and
diverse group of researchers for a year. We always allowed new
participants to join at later sessions, following the co-creation prin-
ciples of openness and diversity. However, only three out of 14 re-
searchers attended every activity. Before each workshop, we pro-
posed multiple dates to the potential participants, and we limited
the workshop length to three hours to maximize the chances of
participation. As it was discussed in the last interviews (see Sec-
tion 4.7), the incorporation of new participants slowed the process.
Both the goals and our overall progress seemed least clear to partic-
ipants who attended the least, and the most committed participants
considered that this situation was the main disadvantage of the pro-
cess.

L4: Don’t forget that co-creating is agreeing on the diversity
of ideas. Most visualization designers are trained to figure out indi-
vidually what the users need. In a co-creation process, it is impor-
tant to remember that co-creating the outcome is everyone’s mis-
sion and the ideas of the domain experts should not be easily dis-
carded. Furthermore, agreement on the system requirements may
be challenging due to the diversity of data and tasks across par-
ticipants, as in our case. Although the goal is usually delivering a
product that helps everyone, focusing only on features that every-
one agrees on may not be good enough for each individual. Our
participants recognized their influence on the outcome as a group,
but did not recognize it as individuals. This may indicate that we
did not correctly adapt to their diversity.

LS5: Participation is not always perceived as an advantage.
We believed that applying co-creation as a design method would
satisfy the domain experts because it was an invitation to be in-
volved. Following the co-creation principles of mutual learning,
involvement and ownership, we organized multiple workshop ac-
tivities to help participants expressing their needs and wishes. How-
ever, participants struggled with the method because they rather ex-
pected to get multiple finished solutions to choose from. Although
some researchers later appreciated the method to collaboratively
design the system, others did not.

L6: Mutual learning is not only about learning from the do-
main experts, but also about the experts learning from each
other. In the interviews, participants agreed on that working to-
gether with their colleagues was the main benefit of the co-creation
process. The workshops helped them to not only learn from each
other, but also to refine their collaboration inside and outside of the
workshops. One participant affirmed to not only have learned how

to better present his own research, but also to correctly define what
he truly needs to reach his research goals.

L7: In the academic context, early career researchers tend
to focus on their individual goals. As social science researchers,
the main goal of our domain experts was to publish their research.
In the workshops, participants often expressed their focus on pub-
lishing and were mostly interested in how our collaboration could
help them in that task. The topic of the doctoral students advancing
on their dissertations came up often in the discussions about how
the developed visualizations could help the researchers. Although
every researcher knew that co-creating a visual information system
for social science researchers was one of the goals of the project,
senior researchers were more interested in co-creating the visual-
izations than junior researchers.

6. Conclusions

We presented a co-creation case study with 14 social science
researchers to design a visual information system that supports
their research tasks. We described the co-creation process together
with the design requirements, and a first evaluation of the de-
sign method. We documented our experience and reflected on it
to present the lessons we learned through this design study.

Participants felt listened to, and found the process useful to an-
alyze their needs. They most valued learning about the topic of
data visualization, and working together with their peers to learn
from each other. However, participants had a hard time accepting
the role of a co-creator, i.e. taking responsibility in the design pro-
cess, instead of simply receiving a product. This led us to realize
that participation and involvement are not necessarily perceived as
benefits by the users. As co-creation and other participatory meth-
ods become more common in visualization design, it is important to
reflect on the influence of the choice of method in the participants
and in the outcome. Co-creation led us to a well-received product
which participants perceived as the result of their collaborative de-
sign efforts. However, we struggled with participant commitment
and a formal comparison with other methods is necessary to deter-
mine whether the time and effort needed in such an intensive design
process is decisive for the user satisfaction and the long-term suc-
cess of the system. Our work provides insights into the benefits and
limitations of using co-creation as a visualization design method-
ology. Given that our sample size is small, however, the reliability
of our findings should be validated with further experiments in fu-
ture work. Furthermore, we worked in an academic environment
and the findings may not necessarily translate to working in other
environments or to collaborating with experts from other domains.
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