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Abstract

Addressing social challenges such as the Sustainable Development Goals (SDGs) neces-
sitates the realization of co-creation, where diverse stakeholders have shared interests and
complement each other. However, understanding the state of co-creation is challenging,
which can render it less effective and manageable. To address this issue, we introduce a
novel visualization method called Graph of BALloon tree with Embedding-based Edges
(BaleeGraph) for recognizing the co-creation state. BaleeGraph operates on the assump-
tion that each team possesses keywords and employs embedding vectors to calculate key-
word similarity among different teams, thereby illustrating their relationships. We validate
BaleeGraph’s effectiveness through its application to a case study of Climate change actions
with Co-creation powered by Regional weather information and E-technology (ClimCORE)
project. BaleeGraph enables participants to identify their strengths and shared interests
with other teams. Furthermore, it uncovers paths from each team’s keywords to those of
the SDGs and analyzes time-series changes in the network structure. We conclude by dis-
cussing how BaleeGraph facilitates understanding co-creation for social good.

Keywords: Co-Creation, Visualization, Scenario Recommendation, BaleeGraph.

1 Introduction

Despite ongoing efforts, society continues grappling with challenges such as poverty and
inequality; environmental issues pose a threat to future generations. The Sustainable De-
velopment Goals (SDGs) [1] represent one systematic approach towards addressing these
issues. Solving these problems requires implementing projects that engage a wide array of
stakeholders in an action known as co-creation. In this context, “stakeholder” refers to any
individual or organization with an interest in or concern about a project–researchers, com-
panies, governments or citizens–and they are referred to as “teams” when they participate
in a project. A team may consist of one or more people. Co-creation [2], defined here as an
action where multiple teams collaborate to produce outputs unattainable through individual
efforts alone, is crucial for fostering interactive complementary relationships among teams
by aligning perspectives and leveraging each other’s strengths. The concept of co-creation
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awareness is instrumental in executing practical actions and managing projects, acting as
a form of metacognition [3]. This metacognitive approach allows teams to identify areas that 
require focused attention for efficient resource allocation. Such areas could include 
recognizing the roles of existing teams, hiring new members, or acquiring new assets.

We propose a network-style visualization tool called Graph of BALloon tree with 
Embedding-based Edges (BaleeGraph) to facilitate understanding how co-creation occurs in 
collaborative projects. Compared to existing networks, BaleeGraph offers greater flexibility 
and readability. BaleeGraph excels in various applications, one of which is the demonstration
of the ‘connecting’ among teams. This connecting is dictated by the possession of similar 
keywords, where the subtle connections are based on keyword similarity. Another notewor-
thy application is the visualization of macro-level changes by delineating the distinctions 
within the network structure. Here, “keywords” are defined as words, phrases, clauses or 
short sentences but not long sentences or documents. The fundamental principle behind 
BaleeGraph is setting the granularity of nodes as keywords and computationally connect-
ing these nodes based on similarity derived from embedding vectors, thereby enabling a data-
driven approach. A “data-driven approach” implies that we can essentially construct a graph 
by automatically processing data–particularly big data–according to a specific algo-rithm.

To validate the utility of BaleeGraph, we conducted a case study involving the Cli-
mate change actions with CO-creation powered by Regional weather information and E-
technology (ClimCORE) project [4][5]. The ClimCORE project is a collaboration of uni-
versities, companies, and local governments aimed at weather-related innovation. The core 
technology of ClimCORE is weather reanalysis data, i.e. weather data obtained by reana-
lyzing (simulating) using the latest weather models. The important mission of ClimCORE
is to return value to society based on co-creation inside and outside the project, such as 
achieving SDGs. For instance, the term “weather” may appear in various keywords such as
“weather reanalysis data” and “extreme weather understandings.” Then, issue teams work-
ing on weather reanalysis data focus on data science from an engineering perspective while 
teams contemplating applications organize their ideas and visions for said applications like 
interpreting extreme weather events.

Applying BaleeGraph to the ClimCORE case clearly demonstrates that while each issue 
team shares a shared interest, e.g., weather, they each operate from their unique strengths,
e.g., engineering and requirements organization. Moreover, we amalgamate BaleeGraphs
from various topics to connect them. We identified scenario paths linking the key concept
of ClimCORE with SDGs targets. We then visualized how each team will continue address-
ing their shared interest in “weather,” along with how new shared interests not previously
considered as keywords emerge.

The structure of this paper is as follows. Section 2 discusses related work. Details of 
BaleeGraph are introduced in Section 3. The settings of the ClimCORE case are described
in Section 4. Representative results of the visualizations using BaleeGraph are presented
in Section 5. Achievements and limitations of the current logic and implementation of 
BaleeGraph are discussed in Section 6. Finally, we conclude that BaleeGraph is useful for
co-creation metacognition in Section 7.
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2 Related Work

To our knowledge, no existing method possesses the three key characteristics that define
BaleeGraph: setting nodes at a granularity larger than words, such as keywords; drawing
edges between nodes based on the similarity of embedding vectors; and fitting for a data-
driven approach which enables automatic visualization of large data sets. This study shows
how these characteristics are effective in presenting the co-creation state in a collaborative
project.

Typical visualization methods used for similar applications include KeyGraph. Key-
Graph has significantly contributed to constructing the visualization field and remains ef-
fective today across various data analyses, including practicing Innovators Marketplace on
Data Jackets (IMDJ) by connecting diverse metadata sets [6][7]. KeyGraph shows con-
nections between entities by calculating infrequent, i.e., rare event nodes that bridge them.
KeyGraph is also used to show network dynamics to explain changes by merging two graphs
at different times as Kamishibai KeyGraph [8]. However, KeyGraph uses a word as a node
and calculates co-occurrence between them to draw edges.

Then, Sebastián Lozano et al. reviewed various methods developed for edge drawing,
including co-occurrence, multidimensional scaling (MDS), and clustering [9], but none uti-
lize embedding vectors and their similarities to draw edges. Recently, Kaira Sekiguchi and
Koichi Hori proposed a website for Design From the Ethics level (Dfrome), where node
granularity corresponds to sentences and embedding vectors calculate similarities for sce-
nario path recommendation [10]. Despite this innovation, Dfrome has not been successful
in automatically creating graphs with large amounts of data.

We employ BaleeGraph to bridge nodes by setting a start node and an end node. Makoto
Sato et al. proposed topic bridging for generating stories based on co-occurrence calcula-
tion [11]. BaleeGraph is also useful for finding such topic bridging based on similarities
of embedding vectors. Various visualization studies have addressed time-series dynamics.
Florian Windhager et al. explored four types of dynamic representation: animation, layer
comparison, layer merging, and 2.5D view [12]. Particularly regarding graph merging–
which this study adopted–some studies have used it to visualize dynamics [13][14]. How-
ever, these studies do not rely on embedding vectors to verify whether certain nodes or
edges have appeared.

We demonstrate the effectiveness of BaleeGraph in visualizing the co-creation state by
organizing three points and applying it to two advanced usages.

3 Details of BaleeGraph

BaleeGraph is a tool that visualizes the relationships among project teams as a network. It
accomplishes this by using embedding vectors to calculate similarities between keywords,
such as technologies and ideas being developed.

3.1 Visualization of Issue Teams and Keywords

In BaleeGraph, nodes are described with keyword granularity, examples include “weather
reanalysis data” and “extreme weather understandings.” An ownership relationship exists
between each issue team and its respective keywords. Initially, we depicted this relationship
as a network but decided to omit the relationship between keywords owned by the same
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team for simplicity’s sake. Consequently, the visualization results in a graph with a balloon
tree structure, as shown on the left side of Figure 1.

Connect

KeywordB1

KeywordB2

KeywordA7

KeywordA6

KeywordB1

KeywordB2

KeywordA1

KeywordA2
ATeam BTeam ATeam BTeam

Figure 1: The concept of calculating BaleeGraph.

BaleeGraph employs nodes as keywords, thereby streamlining the interpretation pro-
cess of visualization. This signifies a departure from the strategy of assigning single or
compound words, each consisting of roughly three constituent words, as nodes and forming
edges through the computation of their co-occurrences, a methodology that continues to
prove useful in analyzing the era of COVID-19 [15][16][17]. In such scenarios, an analyst
is required to aggregate multiple nodes to construct a meaningful group. For instance, if
team A possesses nodes such as “organize,” “research,” “issues,” “relate,” “to,” “climate,”
and “change,” it can be inferred that the probable keyword is “organize research issues re-
lated to climate change.” Given that node granularity aligns with keywords which can be
a word, a phrase, a clause, or a short sentence, among others, BaleeGraph enables users to
directly comprehend the relationship without necessitating the step of word combination.

3.2 Visualization of Relationships Between Keywords

To illustrate the links between issue teams, we have drawn lines (edges) representing con-
nections based on node similarities, as depicted on the right side of Figure 1. However, a
challenge arises when participants in co-creation use identical words in varying contexts.
For example, “weather” could be part of the keyword “weather reanalysis data” or “extreme
weather understandings.” It becomes crucial to delineate the relationship between these
similar yet distinct keywords. Unfortunately, this cannot be accomplished through a sim-
plistic approach of applying co-occurrence calculations based solely on keyword matches
because keywords with similar meanings but containing different words are not judged as
matches. Instead, we begin with calculating the similarities between keywords and affixed
edges, utilizing these similarities as our basis. To do this, we employ an embeddings tech-
nique that can transform any sentence length into a specific vector length. If a pair of nodes
exhibits an index (= constant minus cosine similarity) that exceeds a certain threshold, the
edge is drawn with a stroke proportional to the index. This is illustrated by the red lines in
Figure 1. The thresholds were empirically determined by the analyst after testing several
patterns.

Next, we propose to discover scenario paths within BaleeGraph. First, we specify a
start node and an end node. Here, the start node corresponds to the means and the end node
corresponds to the purpose. Then, the intermediate nodes play the role of advancing the
scenario, but the specific role they play depends on the context. The crucial aspect here is
ensuring that each scenario connects such that a team appears between two keywords. This
approach allows us to define each team’s role concerning their own keywords and those
of adjacent teams. For instance, while research and development teams are tasked with
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realizing keywords, those responsible for concept organization (e.g., backcasting workshop,
SDGs) are understood as being responsible for linking these keywords as well as connecting
to the next teams.

For instance, KeyGraph demonstrated that infrequently appearing, rare nodes exhibited
bridging, which in turn promoted innovation. Moreover, analyzing changes in these nodes
was found to be effective in elucidating shifts in the overall structure. In BaleeGraph, the red
strings and the intermediate nodes in the scenario path depicted in Figure 1 can perform an
analogous function to these red nodes. Here, the variation in thickness, which corresponds
to similarity, can indicate the frequent or infrequent connection.

3.3 Visualization of Time-series Changes in Network Structure

We visualized newly emerged network elements (nodes and edges) by comparing two
BaleeGraph at different times. This comparison enabled us to observe whether new con-
cepts and connections were addressed over time. Specifically, two BaleeGraphs are merged;
network elements exclusive to new meetings are colored while existing elements are grayed
out as depicted in Figure 2. For ease of understanding, elements already addressed are
grayed out prior to merging (see upper side of Figure 2). Furthermore, embedding vector
similarities were used to ascertain whether an element had previously appeared; this is rep-
resented by “Keyworda2′ ∼ Keyworda2” in Figure 2. Although it is probable for multiple
new keywords and multiple old keywords to form a group within a certain degree of sim-
ilarity, the current BaleeGraph simplifies the calculation so that there can be multiple old
keywords for each new keyword within the condition. Note that edge coloring conditions
can be found on the lower left part of Figure 2: “New” indicates newly appeared nodes,
“Old” indicates already treated node, and “Common” indicates frequently treated node, but
they are not explained here due to space limitations.
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Figure 2: The concept of merging two BaleeGraphs to show time-series changes.

As an example: if keywords like “utilization of local weather data in the era of climate
change” have been discussed at the former meeting, then it’s likely that “climate change” or
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“utilization of weather data” would be judged similarly because these keywords share some
degree of similarity. Thresholds for such judgments were established heuristically.

3.4 Equations

For ka and kb, that are the sentence vectors of keyword a and keyword b, the similarity
is calculated as follows. Here, the MAX SIMILARITY is a constant to ensure that the
similarity value is always positive1 . The Tu and Tl signify the upper and the lower thresholds
respectively.

S(ka,kb) = MAX SIMILARITY −
(

1− ka · kb

∥ka∥∥kb∥

)
similarity(ka,kb) =

{
S(ka,kb) if Tl ≤ S(ka,kb)≤ Tu

None else
where:

MAX SIMILARITY = 3.00

Tu = MAX SIMILARITY = 3.00

Tl = 2.75

The same concept and constant values are used to account for changes in the time series.
Then, we rescale the similarity value for edge weighting in case the number is not None.

rescaled similarity(similarity) =
similarity−MINold

MAXold −MINold
× (MAXnew −MINnew)+MINnew

where:

MAXold = Tu = 3.00

MINold = Tl = 2.75

MAXnew = 3.00

MINnew = 0.10

This rescaled similarity is used for the edge weight between keywords. Then, the own-
ership of keywords by a team is supposed to have maximum similarity (= MAX SIMILARITY); 
therefore, its weight was the same as that of MAXold and MAXnew at present settings.

3.5 Adopted Technologies for Automation

In the implementation of BaleeGraph, we adopted a data-driven approach to minimize 
the potential for arbitrary conclusions. We aimed to eliminate as much as possible any 
arbi-trariness, such as manual manipulation. The current BaleeGraph implementation 
serves as a proof of concept, and the technologies discussed herein were selected 
heuristically.

Python was the programming language used in developing BaleeGraph. We utilized 
existing technology to extract keywords from each issue team document. Specifically, 
we applied the OpenAI API and selected GPT-3.5 (text-davinci-003) [18] as its model. 
In addition to defining keywords as described above, we set prompts in the instructions 
to extract keywords from input text that are valuable for societal issues. We specified that

1For consistency, significant figures have been standardized throughout this paper tough the actual settings
in the program were simplified.
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between three and ten keywords should be extracted relative to the length of the input text.
If an input text’s length exceeded the number of tokens that could be sent at once by the
API, we divided it into smaller parts and retrieved keywords in multiple stages.

To calculate distances between keywords, we used pairs of embedding vectors. For this
study, sentence-transformers [19] were employed with a multilingual model named “stsb-
xlm-r-multilingual” [20]. This model can vectorize sentences of any length. It enables us to
compute semantic similarity between nodes by calculating cosine similarity. Our similarity
value subtracts the cosine similarity value from some constant, which is greater the closer
the distance between vectors.

For visualization purposes, we used libraries called NetworkX [21][22] and Pyvis [23].
We respectively calculated “spring layout” of NetworkX and “physics” Pyvis (which uses
vis.js) simulation for positioning nodes, and the visualized results in this paper are based on
Pyvis’s one: nodes connected by strong edges are brought closer together while unrelated
nodes are kept apart. Color settings and edge weighting were designed heuristically in this
study.

4 Case Settings

This paper aims to visualize both current state and growth within co-creation efforts in the
ClimCORE project which involves universities, national research institutes, companies, lo-
cal governments and administrative agencies among others. Within the ClimCORE project
eight teams participate in various activities ranging from development of weather-related
data to application of such data towards solving social issues. Project teams are consid-
ered at granular level based on teams established for each issue. The participating teams in
ClimCORE include issue teams 1A through 1D along with teams 2 through 4 plus a team
conducting backcasting workshops.

ClimCORE’s focus on weather clearly aligns it with SDGs target 13 “climate change”
and target 7 “energy.” However, it also has potential connections with other targets that are
not directly related to weather, such as SDGs target 14 “sustainable management of marine
resources.” The Japanese version distributed by Japan’s Ministry of Internal Affairs and
Communications was used for SDGs reference [1]. The data for this study were sourced
from materials for “general meetings” (pdf files converted from slides for the meeting).
These documents were chosen due to their comprehensive coverage of all issue teams’
progress, allowing us to track temporal changes. The ClimCORE project leader granted
permission to use these texts, which were downloaded directly from the project’s internal
administrative cloud folder.

The first general meeting was held on October 1 and 7, 2021, and served as the starting
point of our analysis, where most of the issues began to take shape. Then, the general
meetings were held in May and November 2022 and January 2023 as the first to the third in
Fiscal Year 2022 (FY2022). For this analysis, in order to realize the temporal comparison
as much as possible, we decided to compare the keywords in the ”third” meeting during
FY2022 with the keywords that were present when each issue team first appeared as a
document. In other words, we supposed a virtual BaleeGraph as the older version of the
comparison, which is a mix of the general meetings before the third of FY 2022. For
example, the issue team conducting backcasting workshops first appeared in the May 2022
meeting, so the older balloon of this team was about that meeting, although the Issue Team
1A balloon is from the first meeting in October 2021. Then we compared it to the target
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BaleeGraph for the third meeting in FY2022. The visualization calculations were done in 
February 2023.

5 Results of ClimCORE Case

This section presents the results obtained using BaleeGraph. The project leader and one of 
the vice leaders of ClimCORE have verified these results.

5.1 Paths to the Targets of SDGs

Figure 3 illustrates how we can trace a path from a concept within ClimCORE to a particular 
SDG target. This graph was generated running the BaleeGraph program, and the path was 
deliberately chosen by the first author of this article. It exemplifies how viewing scenarios as 
paths provide insights into co-creation considerations. Firstly, Figure 3 shows that each 
issue team possesses unique strengths and shared interests, visually demonstrating a well-
balanced structure among the teams in the ClimCORE project. Primarily, the lower left 
group of balloons corresponds with those of ClimCORE project’s issue teams. Meanwhile, 
the upper right group represents SDG targets. Here, the unique strengths are visualized by 
the blue nodes; the shared interests are visualized by the red nodes. It is also important to 
note that SDG targets have intricate relationships with one another; they may possess 
hierarchical structures or share related themes. For example, it is said that the SDGs have 
three levels of hierarchy like a wedding cake: biosphere, society, and economy [24]; one 
goal of the SDGs can be a means to realize another goal, i.e., a hierarchical relationship 
based on causality. The network visualized in the upper right part highlights what is unique 
and common among the individual SDG targets.

Then, Figure 3 shows a bridging path: an example is between ClimCORE’s key 
technology–weather reanalysis–as a starting node and sustainability related to coastal and 
marine aspects of SDG Target 14 as an end node. In this context, we identified unexpected 
scenarios and opted for an indirect path involving collaboration by four issue teams and 
mediation by two SDG targets (8 and 12). As detailed in Figure 3’s upper left corner, this 
path begins with using weather reanalysis for addressing climate change; it then leads 
towards co-creation society, systems data use, technology development and innovation; 
progresses towards improving resource efficiency; advances towards sustainability 
implementation programs; culminating in conservation of marine resources.

In short, from the start node of Figure 3 representing the original key concepts in the 
project, we find a path to reach the end node representing the solutions to problems ad-
dressed in SDGs. This path goes via (a) climate change and adaptation to it which had been 
shared from the beginning of the project, (b) intelligence society including data plat-forms 
and human resources, and (c) innovations for sustainable management of resources and 
human activities such as sight seeing. The topics (b) and (c) are indirectly related to the 
ClimCORE project, which specifically focused on the development of advanced weather 
data with spatiotemporally high resolution, but show unexpected direction to social contri-
bution.

5.2 Generation and Growth of Co-creation

Figure 4 illustrates the comparison between the initial presentation by each issue team and 
their presentation at the 3rd general meeting in the Fiscal Year 2022. This graph was also
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automatically made, and the focused points were manually selected by the first author of
this paper. These points were selected to illustrate that by examining alterations in network
structure changes, we can derive insights into the considerations relevant to co-creation.
Elements introduced in these presentations are color-coded; new elements are highlighted
in blue and red, while old elements are grayed out. This visualization allows us to confirm
that issue teams have intensified their efforts related to weather and climate. It suggests that
each interdisciplinary team has successfully integrated weather and climate-related topics
into their work. Thus, we can infer that perspectives related to weather and climate data
have become a central part of the ClimCORE project, as depicted on the left side of Figure 4.

In Figure 4, we find the following novelties in the new structure in comparison to the
old one. In frame (a): “high-resolution weather data,” “using weather data,” and “scenarios
of regional climate change” are unified to “weather data,” whereas “effective use of weather
data” is replaced by “localized weather data” and “reanalysis (a synonym of data assimi-
lation) of weather data.” In addition, “SDGs” and words relevant to reactive strategies to
“climate change” are highlighted.

In frame (b): the significance of “disaster prevention” and “disaster mitigation” for “lo-
cal regions” become highlighted in progress of the project. ”Flood” disaster is a typical
disaster due to torrential rainfall events that tend to become more likely under the global
warming even in summertime Japan [25]. For example, a torrential rainfall event that oc-
curred in early July 2020 caused disastrous flooding in the Kumamoto prefecture [26],
which is collaborating with the ClimCORE project.

Disaster prevention has been one of the core research themes within ClimCORE, and the
above results show the progress of this theme. Issue teams 1A, 1C, and 2 have demonstrated
a diversified approach by addressing this theme, as shown on the right side of Figure 4.

6 Discussion

At first, it was observed that each group was able to work with their own unique strengths
(expertise). The fact that blue clusters (keywords) were released around the black node
(team) and that each issue was connected to another group partially and in a different di-
rection (not solidly in the same direction), means that the project is progressing with the
uniqueness of each individual issue ensured. And the part where the red nodes are newly
connected to multiple issues (keywords such as Kumamoto and disaster) suggests the pos-
sibility of forming a unique group, and (although not the result of this analysis) shows the
legitimacy of the fact that the issue setting for Kumamoto and disaster, issue team H, was
drafted and the project is being managed. This is a good indication of the validity of the
project’s management.

It was also clarified how they are related to the common field of weather. It is inevitable
that each issue is connected to weather because the ClimCORE project is for the field.
However, it appears that there are still issues to be addressed regarding the analysis of the
connections. This is because they are connected to other issues in terms of how weather
relates to the world, and the new red nodes are also connected by the keyword about social
implementation. We consider this is because weather is not just one physical phenomenon
that has a strong social impact (in wind power, it is easy to understand because wind is
the main factor), but it is a macro and complex phenomenon (disasters such as typhoons
are multiple weather events as weather phenomena alone like rain and wind) that affects
us in various ways. What we can see from this is that weather reanalysis will continue to

Copyright © by IIAI. Unauthorized reproduction of this article is prohibited.

BaleeGraph: Visualizing Co-Creation for Social Good 9



be verified as physical phenomena (pressure, wind speed, temperature, etc.), which is most
important for understanding the phenomena, but when considering social implementation
and impact, it is necessary to organize and evaluate and impact in macro keywords such as
the mass of weather phenomena (guerrilla downpour, tornado, frontal movement). We can
consider that it is effective to consider both scales of phenomena bidirectionally. In that
sense, we could give a suggestion that when there is a plan to conduct physical verification
in terms of science, it is also important to consider teaming up the part that scrutinizes
weather phenomena in terms of social application, such as the global warming scenarios.

By analyzing connections based on keyword similarity using embedding vectors, we
could identify semantic links within BaleeGraph leading towards SDGs’ targets. To actual-
ize this path, we can further discuss that each issue team must fulfill two roles. Firstly, they
need to convert input keywords into output keywords along the direction of the path. This
process aligns with task completion such as technological development realization. Sec-
ondly, they must interpret keywords in a manner that connects similar terms used by other
teams with their own keywords. When these roles are interconnected, viewing collaboration
as a pathway reveals potential for achieving less obvious goals.

In projects like ClimCORE with substantial research budgets, it is crucial to ensure so-
cietal implementation of results. BaleeGraph facilitates redefining higher-order objectives
by linking them with values such as SDGs. Although there is no direct link between the
research and development discussion (weather and climate change) and SDGs target 14
(marine resources), they are connected by the keywords “sustainability” and “ecosystem
conservation.” This shows that they are indirectly connected to the discussion of social
issues, which is the Society layer, rather than to each other in the Biosphere layer of the
Wedding Cake Model of SDGs [24]. The reason why this connection is represented de-
spite the fact that meteorological phenomena are closely intertwined with oceanographic
phenomena is that the project members are relying on meteorological and social implemen-
tation issues. We can suggest two features of this visualization technique: 1) the impact
on the ocean is implied through social implementation issues, even though members are
unaware of it, and 2) there is a latent need for discussion and application of the ocean as a
project. It was reaffirmed that the SDGs, which present representative goals in composing a
sustainable world, still require mutual collaboration. Beyond SDGs alone, BaleeGraph can
also aid discussions about connecting project outcomes with business interests. It does so
by providing text describing business ideas from companies as input which helps visualize
how these outcomes can be realized practically.

In the process of extracting keywords, it may be beneficial to incorporate manual op-
erations as future options. One of the reasons is that the selection of keywords can vary
depending on the reader’s expertise and context, even when reading the same text. This
variability can be accounted for in the visualization process. For instance, while the center
of each balloon represents the same text, the keywords may differ from one team to another
(i.e., from one balloon to another). This could aid in visualizing individual teams’ interests
and concerns.

The time-series visualization by BaleeGraph enabled us to observe how the ClimCORE
project has evolved over time in Figure 4. We were able to visualize not only the growth
of initiatives dealing with core concepts such as co-creation but also emerging seeds of co-
creation related to disaster connections. This allowed us to verify whether the core concept
was being integrated into the ClimCORE project while identifying future areas requiring
nurturing.

Specifically, the restructuring of the ClimCORE is detailed in Figure 4, representing a
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major shift in the project’s context. This shift emphasizes the integration and establishment
of novel data to be developed within this project. The aim is to create data segments for
each local region, which could be as diverse as cities, wards, villages, towns, and others.
Furthermore, segments that are meaningful for regional collaborations are also considered.
This approach is designed to uncover solutions for the contemporary problems that local
governments are seeking to resolve.

An advanced use of BaleeGraph is to measure the quality of co-creations. BaleeGraph
can provide three perspectives for this purpose. We can check whether the project realizes
the good balance between uniqueness and common interests in a project by confirming the
blue and red nodes; the ability to generate different scenarios through project activities to
achieve external goals, especially goals such as SDGs and business ideas; the sustainable
growth of the project through the highlighted nodes when comparing BaleeGraphs over
different time periods.

7 Conclusion and Future Work

Our study has demonstrated that it’s possible to visualize “co-creation” generation and
growth with BaleeGraph in its application to the ClimCORE project. We have identified
its unique strengths associated with each issue along with shared interests across issues.
Our findings obtained through BaleeGraph suggest that visualizing co-creation could en-
hance understanding and contribute indirectly towards achieving social goods–specifically
less directly related targets of SDGs. Moreover, by observing the temporal changes in the
BaleeGraph, we were able to visualize the state of key concepts at different stages of gener-
ation and growth in the co-creation process. By providing this metacognition, BaleeGraph
was confirmed to be able to support the achievement of social goods.

Currently, path discovery in BaleeGraph is performed manually by an analyst. How-
ever, automation is feasible as we can calculate distances between keywords or groups of
keywords using embedding vectors. Given a starting point and an endpoint, we can compute
all connecting paths. Subsequently, for a vector of paths with two defined endpoints, we
can calculate distances for other paths. This allows us to recommend a path that is closest
to a desired distance through computation.

We are contemplating offering BaleeGraph as either a web service or open source soft-
ware. Interactive editing should be facilitated by enabling users to freely add and delete
nodes. By showcasing various real-world applications through this platform, we aim to
demonstrate its effectiveness and identify areas requiring improvement–thereby fostering
development within a social cycle.
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Issue teams enforced efforts related to weather 
and climate
=> Viewpoints related to weather and climate data 
surely grew as a “core” of the ClimCORE project

Disasters and disaster prevention are significant themes in ClimCORE
=> Issue teams 1A, 1C, and 2 addressed  these themes with their approach

=> Realized a diversified approach

Importance of Disaster 
Prevention and Mitigation

Disaster Prevention and 
Mitigation Measures of 

Local Governments

Convective Precipitation 

Disaster Risk Survey

Flood

Disaster

(a)

(b)

Figure 4: A Visualization Result of Time-series Changes Between the 3rd General Meetings
in Fiscal Year 2022 and Balloons in Older General Meetings When Each Issue Team First
Appeared.
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