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Publishable Summary

Every year, millions of papers, datasets, and other products of the research life cycle are
published. List-based search interfaces alone are not sufficient any more for exploration and
discovery of this huge amount of knowledge available. As a result, visualisations have become
increasingly relevant in discovery. They can provide a much quicker overview of and insight into
a set of research outputs than a pure list-based approach.

In this deliverable, we describe two sets of visualisations developedy Open Knowledge Maps
that are integrated in GoTriple as part of the innovative services. The first set are complex,
interactive visualisations, knowledge map and streamgraph. They are based on the longstanding
open source framework Head Start, which is adapted and extended within TRIPLE for the needs
and requirements of the Social Sciences and Humanities.domain. While these two visualisations
can be embedded within other interfaces, they are usually used on their own. The second set are
less complex diagram components. They are not meant to be used as standalone interfaces.
Instead, they are meant to enhance the information included on other pages within the GoTriple
platform such as search results and landing pages.

The visualisations described in this deliverable are'very well suited to help researchers overcome
their information overload issues. This was supported by:the user research in this project. In a
workshop on innovative visualisations, the visualisations were received well in general. Especially
the knowledge map and streamgraph seemed to have the most potential in giving additional
insights and context to the research results. Overall, participants agreed that visual discovery
tools can solve many challenges related to.findingrelevant information on the GoTriple platform.

The innovative visualisations willsupport the GoTriple users in a unique way. As one of the first
discovery platforms, GoTriple brings both visualisation approaches together. The simpler,
diagram-like components can be used as needed across the platform to provide additional
insight into the data. The more complex, stand-alone visualisation interfaces can be offered to
users who seek'a topical or temporal overview or are interested in a more serendipitous search
experience.

In this deliverable, we describe the visualisations and their integration into the GoTriple platform
in detail, both from a design perspective and from a technical perspective. Furthermore, we
describe the work done in the associated task T5.4. This work includes the development of the
diagram components, which encompasses research, their design, specification, and
implementation, as well as improvements to the Head Start visualisations, such as the
development of new features, integration of new algorithms, and UX improvements.
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1| DESCRIPTION OF THE SERVICE

Every year, millions of papers, datasets, and other products of the research life cycle are
published. As a result of the huge amount of knowledge available, list-based search interfaces
alone are not sufficient any more for exploration and discovery. The unstructured result lists
work well when a user’s information needs are already clearly defined. However, if a user wants
to get an overview of a research topic, they have to examine each item by hand to get an
understanding of the most important topics, publication venues and authors. This process, which
will be familiar to many researchers and students, includes familiarising yourself with the item,
following references, inspecting incoming citations (i.e. citations to a certain piece of research)
and then moving on to the next item. The downside with this way of getting an overview is that
it can take weeks, if not months, before the overview emerges.

In most scenarios, researchers do not have that much time and as a result, discovery is a process
that usually falls short and leaves blind spots behind.

To overcome these issues, visualisations have become increasingly relevant in discovery.
Visualisations can provide a much quicker overview'of.and insight into a set of research outputs
than a pure list-based approach. Two main approaches.have emerged: the first are complex,
interactive visualisations, which are usually_self-contained.\Examples include Open Knowledge
Maps and Iris.Al (see also Deliverable D7.1 of the TRIPLE project for an in-depth discussion of
Iris.Al). The second are less complex, diagram-like visualisations such as bar charts and line charts
that are usually used in context with other information. One example for this approach is
Lens.org, which is also discussed.in depth in D7.1.

In this deliverable, we describe two sets of innovative visualisations developed by Open
Knowledge Maps. The fifst set are/complex, interactive visualisations, knowledge map and
streamgraph. They are based on the longstanding open source framework Head Start, which is
adapted and extended within TRIPLE for the needs and requirements of the SSH domain. While
these two visualisations can be embedded in other pages, they are usually used on their own.
The second set are less complex diagram components. They are not meant to be used as
standalone interfaces. Instead, they are meant to be used on various pages within the GoTriple
platform. The diagram components are developed specifically for TRIPLE.

1.1 Head Start visualisations

Head Start is an open source framework developed by Open Knowledge Maps that provides
interactive, web-based interfaces for research discovery (Kraker et al. 2019). Head Start brings
together textual and visual interface components to provide overview and insight for research
topics, authors, and projects. Head Start comes with a backend that is capable of automatically
creating the input for the user interfaces. In this deliverable, however, we only focus on the
visualisations included in Head Start. For an in-depth description of the backend and the
integration of textual and visual user interfaces, please refer to the related deliverable D5.6
“Discovery system”.
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Head Start currently includes two types of visualisations: a topical overview, called a knowledge
map, and a temporal overview, called a streamgraph. These two visualisation types are described
in the following two chapters.

1.1.1 Knowledge Map

A knowledge map (see Error! Reference source not found. for an example) provides a topical
overview of a set of resources by showing the main areas at a glance, and resources related to
each area annotated with keywords, comments and tags. This makes it possible to easily identify
useful, pertinent information. In theory, a Head Start knowledge map can be applied to any set
of resources. Presently, it is used to provide overviews of research topics, projects and authors.

In a knowledge map, research areas are displayed as bubbles. By clicking on one of the bubbles,
users can inspect the resources assigned to it (see Figure 2). The size of the bubbles is relative to
the number of resources assigned to it. Closeness of bubbles implies subject similarity. The
closer two bubbles, the closer they are subject-wise. Centrality of bubbles implies subject
similarity with the rest of the map, not importance. The closef,a bubble is to the center, the
closer it is subject-wise to all the other bubbles in the map.

Areas and resources can be scaled according to several metrics, providing an indication as to
which outputs have gathered more attention/impact in different services. Available metrics at
this point are citations (data source: Crossref) as wellhas tweets and Mendeley readers (data
source: Altmetric).

The knowledge map has been developed based on findings from cognitive science and
information visualisation. It fellows the “Overview first, zoom and filter, then details-on-demand”
mantra popularized by Shneiderman (1996).. This is primarily done to keep the cognitive load, i.e.
the number of resources presented in each view and the number of levels of resources included
in the visualisation instotal, at a'manageable level. It therefore works best for 50 - 150 resources
clustered into up'to 15 bubbles. For most use cases, knowledge maps are set to contain up to
100 resources:

In addition, the knowledge map seeks to accommodate change blindness, i.e. the fact that
humans are bad at recognizing changes in a scene (Simons & Rensik 2005). This is problematic in
interactive visualisations; especially when it comes to animations. To counteract this problem,
animations are kept to a minimum, and when they occur, ample context is provided to make it
easier for users to situate themselves within the map. Finally, the knowledge map works with
recognizable iconography to increase its user friendliness. One example of this is that papers are
displayed as paper icons and not another bubble.
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1.1.2 Streamgraph

A streamgraph presents users with a temporal overview of a set of resources over time (see
Figure 3 for an example). In Head Start, streamgraphs can currently be applied to topics and
authors. Streamgraphs are particularly useful for investigating the evolution of keywords over
time and to analyse trends in research.

The main keywords of the resources included in the streamgraph are represented as colored
streams. Time is plotted on the x-axis whereas the number of resources is plotted on the y-axis.
The height of a stream therefore represents the number of resources with this keyword at a
specific time. It is important to note that the number of documents matches the relative height,
not the absolute height of the stream.

When a user hovers over a stream, a popover shows the number of resources related to that
particular stream at that particular time. Users can also click on the streamgraph to see the
resources related to this stream in the associated list.

In comparison to the knowledge map, the streamgraph can. aggregate more data without
overloading the user. As a result, more than 1000 resources can be taken into account when
creating the streamgraph.

Streamgraphs were originally developed for'the New York Times. You can find more information
on them in the seminal paper by Byron and Wattenberg (2008) entitled “Stacked graphs —
Geometry & aesthetics”.
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FIGURE 3. STREAMGRAPH FOR THE TERM “CLIMATE CHANGE”
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1.2 Diagram components

The diagram components are a set of components based on widely known diagram types for use
in GoTriple. The diagram components are designed to be employed in different scenarios and to
handle a wide variety of input data. They support limited interaction via popovers and sliders,
and they broadcast events that other components can listen to. They are updateable, responsive
and mobile-friendly. The diagrams are open source as part of the GoTriple platform repository.
Three different diagram types have been implemented: bar chart, line chart, and geo map.

A bar chart “presents categorical data with rectangular bars with heights or lengths proportional
to the values that they represent” (Wikipedia contributors 2021, seeé Figure 4). The bar chart
developed for GoTriple is available both in horizontal and vertical format. In the vertical format,
it supports a slider to limit the categories on the x-axis (e.g..the number of years displayed).
When a user hovers over a bar, category name and value are displayed.

Publication date

400

Number of docum ents

FIGURE 4. BAR CHART SHOWING THE DISTRIBUTION OF PUBLICATION DATE OVER TIME

A line chart “displays information as a series of data points called 'markers' connected by straight
line segments” (Wikipedia contributors 2021, see Figure 5). The line chart developed for
GoTriple is optimized to handle up to seven series of data points in a single diagram. Particular
care was given regarding the accessibility of the component for color-blind users: only four easily
distinguishable colors are used and further disambiguation is done via line width and dashed
lines. A legend is displayed next to the chart to show the series names, but users can also get

Page 10 D5.4 — Visualisations



e® Triple

information by hovering over the markers to see the series name and value at that marker. As in
the bar chart, a slider can be used to limit the categories on the x-axis (e.g. the number of years
displayed).

Language distribution of topic
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FIGURE 5. LINE CHART SHOWING THE DISTRIBUTION OF DIFFERENT LANGUAGES OVER TIME

A geo map (or geographic map) is a representation of the Earth upon a flat surface (Wikipedia
contributors 2021, see Figure 6). In"the geo map developed for GoTriple, the equal earth
projection is used. The geo map can display categorical data where the color intensity
corresponds to the.value that is assigned to the country (e.g. the number of documents
published on a topic'in that'country). Users can zoom in and out of the map to explore different
regions, and they can interact with the visualisation by hovering over countries, which displays a
popover with the name of the country and the value assigned to this country.
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Geographical distribution of a trending topic

FIGURE 6. GEO MAP SHOWING THE GEOGR OF ATRENDING TOPIC
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2| THE SERVICE IN TRIPLE

The information overload issue in research outlined in section 1 also affects the social sciences
and the humanities. This is evidenced by the outcomes of the user research carried out in Work
Package 3. In the workshop on visual discovery (see Deliverable 3.4), for example, participants
agreed that it is very challenging to find resources that are really relevant for their topic of
interest. They also found it difficult to keep up-to-date on relevant information for their projects.
Several participants mentioned that contents are not well described on search platforms. It was
also stated that digital platforms do not provide the possibility to find ideas or get inspired when
one doesn’t know yet what one is looking for.

The innovative visualisations as described in this deliverable are very well suited to help
researchers overcome these issues. This was confirmed <by . the participants in the
abovementioned workshop, where they were introduced to both the complex, interactive
visualisations and the simpler diagram components. Thedvisualisations were received well in
general. Especially the knowledge map and streamgraph seemed to have the most potential in
giving additional insights and context to the researech results. @verall, participants agreed that
visual discovery tools can solve many challenges related to finding relevant information on the
TRIPLE platform.

There was a high consensus on overview-rélated.use cases and the usefulness of the knowledge
map. Participants mentioned that the knowledge map could” also be of interest to other
stakeholders e.g. students, citizen scientists. \In addition, it was seen as a great source for
inspiration, for example in an exploratory search, as illustrated by the quotes from Deliverable
D3.4 in Figure 7. Participants.also found many‘potential use cases and usage scenarios for the
streamgraph, but there was'less consensus on the importance of each use case as they seem to
be discipline-dependent.

“We found extremely important the way it could map a new research area of research
and that it could give an idea of which kind of research areas were covered by one
author or to find out about key researchers and key teams in each research area...”

“It is important to get an overview of an unknown research topic because that can
give us the perspective of something that we don't know. It's that experience of the
library that we used to have... that we artive to a library without knowing what we
want to find but just knowing that maybe there is something to find and this kind of
map can give us this experience.”

FIGURE 7. QUOTES FROM THE WORKSHOP ON VISUAL DISCOVERY (SOURCE: D3.4)

For the diagram components, use cases related to getting a better understanding of a set of
resources were seen most important. Otherwise, they were seen as more useful for
management/meta research. Standard diagrams such as bar charts had the highest consensus.
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The visualisations enable GoTriple to support its users in a unique way. The simpler, diagram-like
components can be used as needed across the platform to provide additional insight into the
data. The more complex, stand-alone visualisation interfaces can be offered to users who seek a
topical or temporal overview or are interested in a more serendipitous search experience. As
one of the first discovery platforms, GoTriple brings both visualisation approaches together.
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3| SOFTWARE ARCHITECTURE

3.1 Head Start visualisations

This section gives an overview of the Head Start frontend architecture and the machine learning
procedures used to calculate the visualisations. As discussed in section 1, the backend of Head
Start is discussed in a separate deliverable, D5.6, which is why the architecture of the backend is
also described there.

The Head Start frontend is a standalone and independent JavaScript library. It can be used
directly in a website - it is simply loaded as a single script.

The Head Start frontend has a complex interface and uses many/different parts and components
that often interact with one another. For this reason, our priority during the architectural design
was to develop a platform that makes it easy to maintaindhe user interface codebase and keep
the state management clean and centralized. Anothefr requirement was to run sophisticated
animations in the user interface. These priorities guided our décisions on the technologies and
frameworks described in the next section.

3.1.1 Head Start frontend

Head Start frontend is written mainly in JavaScript with additional pieces of HTML templates and
SCSS styles. All parts are glued together during the build process: we use Webpack for it. The
most important JavaScript (JS) libraries we use are React and Redux. Usage of these two libraries
and of the design patterns and best practices that come with them significantly shape the Head
Start frontend architecture.

old state

Redux store Reducer

| new state

Rendering state
with React

Dispatching
actions

HTML view

The whole application is rendered based on the state stored in the Redux store.

FIGURE 8. STATE MANAGEMENT IN HEAD START
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Since we use Redux, we have a central data store that contains the whole application state (see
Figure 8). Each re-render is entirely based on this state. The rendering is done by React, so the
whole application interface is defined with a declarative approach, forming a tree structure. The
application state changes when the interface dispatches an action. This action is processed by
the Redux reducer and a new state is determined as a function of the previous state and the
action type and payload.

Another key library we use is the d3 visualisation library. It handles the knowledge map zoom
animations and renders the streamgraph visualisation. Combining d3 and React is complicated,
since both libraries manipulate DOM. Our solution to this problem is that we always use d3 on
the lowest level of the component hierarchy.

The Ul components are defined in a hierarchical tree structure«see Figure 9). Most of the Ul
components are created and designed by OKMaps, but for some exceptions (buttons, dialogs,
dropdowns), we use the Bootstrap framework.

Headstart

[ Heading J [K”‘JJ“‘:;’:’QEJ [ List }

Com | LN o

FIGURE 9. HEAD START Ul COMPONENTS HIERARCHY

The Head Start frontend, has recently been rewritten in a major refactoring project. However, a
small part still consists of legacy code, which takes care mostly of the application initialization
and data pre-processing. The legacy part of code consists of several VanillaJS modules tied
together with a central module called the mediator (see Figure 10). The mediator was a central
component in the past, but after the refactoring, its job is mainly to initialize the Redux store (in
cooperation with the so-called 10 module) and hand the control over to the Redux & React. After
that, it also performs logs and watches for some specific updates that it still handles, such as a
data source change.

The control handover is done through a special middleware that we call the intermediate layer.
This layer runs the Redux & React and sometimes talks back to the mediator. In future, all the
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remaining functionalities will move from the legacy code to the intermediate layer and the
Redux reducers.

app.js
S -
headstart.js mediator.js io.js
I—

intermediate.js

Redux store

HTML view

FIGURE 10. HEAD START MODULES AND THEIR INTERFACES WITH REDUX & REACT

The Head Start frontend is configurable in three different ways: during the build time, using an
integration configuration,“and by the context provided with the source data. The integration
configuration gives us a lot of. flexibility in terms of feature activation and deactivation or
customizing the application appearance.

3.1.2 HeadStart ML procedures

The Head Start visualisations' are calculated by a set of machine learning (ML) procedures,
written in R. For the knowledge maps, we chain a mixture of summarization techniques and
similarity measures together, as shown in Figure 11. The raw inputs are the metadata for the
most relevant resources related to a topic, author or project (see chapter 1.1.1 for more details),
which were retrieved from a data source by a data client.
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ward.D TF-IDF

cleaning
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missing ; 5
subject MBS

inference

feature
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FIGURE 11. HEAD START MACHINE LEARNING PIPELINE FOR KNOWLEDGE MAPS

First, a number of preprocessing steps are performed. Metadata is cleaned (e.g. classifications
removed from keywords) and.normalized (e.g. date formats). Duplicate results are removed, as
far as confidently detectable’by the Leyenshtein distance of their titles. Missing subject metadata
is inferred from subjects and titles, where possible. A bag-of-words corpus is then compiled using
document title, journal name, author names, subject keywords and the abstract, whenever these
fields are available: To reduce the dimensionality of the resulting term-document matrix,
documents aredpreprocessed, by removing punctuation, filtering stopwords, transforming to
lower-case and. stemming. The term-document matrix is then transformed into a similarity
matrix by calculating the cosine similarity between documents, to be used as feature input for
the machine learningalgorithms.

Clusters are computed with Ward’s method of minimum variance (Hair et al. 2010), which is
known to join smaller clusters and to produce clusters of approximately the same size (Tan et al.
2007). The number of clusters is determined by the elbow method, which chooses a number of
clusters k that explains at least 80% of the model variance, and the increment is lower than 1%
for k+1. We set a maximum of 15 clusters regardless of k. Cluster labels are generated by
treating the collection of keywords from each cluster as a document (we therefore have k
keyword documents) and applying a Term Frequency - Inverse Document Frequency (TF-IDF)
weighting to the k documents. For each cluster, the top three keywords by TF-IDF score are
selected.

The spatial representation of documents (the layout on the knowledge map) is calculated using
non-metric multidimensional scaling. In this step, the many dimensions of the similarity matrix
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are reduced to two dimensions, meaning each document can be placed on a 2D-plane. This is an
iterative procedure strongly dependent on the starting conditions, but reproducible
visualisations can be achieved by setting a fixed seed. A final adjustment to the 2D-layout
happens every time a map representation is loaded in the client, when a force-directed
algorithm (Force-Atlas) is used to de-clutter the map.

3.2 Diagram components

Diagram components are a thin layer over existing visualisation libraries. This thin layer should
make it very easy to include the components within GoTriple and includes selecting appropriate
diagram types and characteristics and setting good defaults catering to the specific use cases of
TRIPLE. At the same time the diagram components are flexible/customizable enough so that they
work with a variety of data and integration scenarios.

The diagram components’ architecture is influenced by.the GoTriple platferm context, by the
target diagram types we wanted to implement and bysthe visualisation library:we chose for the
implementation. All three factors are discussed below.

3.2.1 Platform context

Our aim was also to make the integration of the diagram components as simple as possible for
the GoTriple developers. In order to achieve this, we adopted the principle of convention over
configuration. Most of the compoenents’ parameters have a carefully chosen default setting -
thanks to that, each component can be used out of the box and only minimal configuration is
required. In most use cases; only the data is required as a parameter. At the same time, all the
components still offer a wide range of customization options. The default settings can be
overridden by parameters and that way the components can be customized.

The philosophy of the diagrams is that they only display data - there is no data processing
involved in the'components. The reason for this is that any data processing inside the diagram
components would lead to less understandable component interface for the other developers
and possibly alsoto.unpredictable behavior. Therefore, data processing is left to the users of the
diagram components,.in TRIPLE’s case the developers that integrate the components into
GoTriple.

3.2.2 Technologies

The diagram components are implemented using third-party visualisation libraries. We decided
to use the Recharts visualisation library for the bar charts and line charts and React Simple Maps
for the geo map. The decision was based on our own evaluation which compared several
different visualisation libraries and frameworks. The evaluation and its results are described in
detail in section 5.1.
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We also use some supporting libraries: the React Tooltip library for rendering tooltips on mouse
hover in some diagrams and the d3-scale library for determining the geo map countries colors.

3.2.3 Component interface

Each diagram component has a mandatory data parameter. The data is an array of objects
where each object is a single unique entry (bar/observation in time/country, depending on the
chart type). Each diagram can be further customized by providing some optional parameters -
e.g. title, x and y axis labels, color palette etc.
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4| INTEGRATION STRATEGIES OF THE SERVICE IN GOTRIPLE

As depicted in Figure 12, the visualisations are a tightly integrated innovative service in TRIPLE.
Tight integration means in this context that the visualisations are used throughout the GoTriple
platform. This integration is done in close collaboration with WP3 for the design aspects and
WP4 for the technical aspects of the integration. In the following two chapters, the strategies for
the integration of both the Head Start visualisations and the diagram components are described.

' \ 155 )
T5.3 Open wp4
TBS ( Annotation
Federated ; ol GO C’Triple \
Services —
\
' ‘ T5.4
Tightly Integrated Services Visualisation (
| T5.1
— 3rd Party
B — - B - Applicati
Back-end \ T5.6 ) PRI
X T5.2 |
Services H Discovery
Recommender
\ System
— —

e® Tiiplc CORE

FIGURE 12. INNOVATIVE SERVICES IN TRIPLE ANDTHEIR LEVEL OF INTEGRATION (SOURCE: D6.2)

4.1 Head Start visualisations

The Head Start visualisations.are integrated via the Head Start discovery system (described in
D5.6). Users gan currently access the discovery system via the search results page (see Figure
13). The integration is modeled after popular web search engines that link to additional services
and interfaces directly within their search results page. In GoTriple, this concept is applied to an
academic search. For agiven user search, a Head Start interface can be created, including either
a knowledge map or a streamgraph as well as textual components, such as the metadata of the
resources included in the visualisation, providing further information and context. As such, the
user can get either a topical or a temporal overview of their search, depending on their current
use case.

After clicking on a generic preview image within the search results page in the GoTriple frontend,
a new tab showing a waiting page is opened. While the user is on the waiting page, the discovery
system produces the visualisation, stores it in the database and returns a persistent ID to the
frontend. If successful, the waiting page will redirect to a frontend, which contains a Head Start
interface (see Figure 14). For more information on the technical aspects of the integration as
well as the Head Start discovery system itself, please refer to D5.6.
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4.2 Diagram components

4.2.1 Frontend integration

The diagram components are provided by Open Knowledge Maps, but how they are integrated is
ultimately decided by the platform design team of WP3. Nevertheless, Open Knowledge Maps
have conducted extensive research on the diagram components and provided detailed

recommendations as to how the diagram components could be integrated.

Currently, diagram components are integrated on the search results page and the landing pages.
On the search results page, they act as visual filters that show both.the distribution of a certain
property within the search (e.g. publication year, see Figure 15)..When a user clicks on a bar in
the bar chart, they are presented with only search results from the year represented by the
particular bar. Furthermore, diagram components are found in the visual tab on the search
results page. There, they provide further insight into the search results, e.gxthe distribution of

authors and disciplines within the search results.

On landing pages, diagram components are used to show cértain statistics about the item, e.g.

its shares and views (see Figure 16).

Filter

Text in title, abstract and metadata

Search
@ search only in title O search in all fields
Publication Date ~
From to 10years Syears 2years 1year
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FIGURE 15. DIAGRAM COMPONENT BAR CHART AS VISUAL FILTER IN GOTRIPLE
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FIGURE 16. LINEECHARTS ON LANDING PAGES IN GOTRIPLE

Further screens of GoTriple where diagram components would be useful are user profiles and
dashboards and on the GoTriple start page to e.g. to highlight stats of the collections.

4.2.2 Technical integration

The diagram components are created by Open Knowledge Maps, but integrated in GoTriple by
the TRIPLE core development team. As such, the diagram components are developed in the
TRIPLE Gitlab and the core development team is more strongly involved in the whole process
than with the Head Start visualisations.

In the Atomic Design Methodology adopted by TRIPLE, the diagram components are on the
molecules level, i.e. “relatively simple groups of Ul elements functioning together as a unit” (see
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https://atomicdesign.bradfrost.com/chapter-2/). In addition, several atom-level components
have been developed to be shared among different diagram types (e.g. labels and tooltips).

For each of the diagram types (bar chart, line chart, geo map), Open Knowledge Maps created a
feature branch based on the current development branch. Once the work on the diagram type is
finished, Open Knowledge Maps opened a merge request for the core development team to
review and merge.

The diagram components include extensive documentation for the core development team,
both inline documentation and separate textual documentation. The diagram components are
integrated as React components on GoTriple. A simple bar chart for example could be integrated
as follows:

const data = [

{ author: "Mullen, Sarah", docs: 60, label: "Mullen, S." },

{ author: "Ferdi, Mohammed", docs: 45, label: "Ferdi, M.".},

{ author: "DiAngelo, Giulia", docs: 30, label¢ "DiAngelo, G." },
17

return (
<HorizontalBarChart

data={data}
dataKey="authozr"
dataValue="docs"
title="Top authors of topic A"
unit="documents"
xAxis={{ label: "Number of documents! }} />
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5| DESCRIPTION OF THE WORK DONE IN TASK D5.4

5.1 Development of diagram components

The diagram components have been specifically developed for TRIPLE. For that, we followed a
structured process that included five steps: (1) research for use cases and diagram types, (2)
design and specifications, (3) research for suitable libraries, (4) implementation and testing, and
(5) documentation. This process is described below in more detail.

5.1.1 Research for use cases and diagram types

First, we collected our use case ideas and diagram types recommendations (e.g. pros and cons of
each diagram type). Our use case suggestions were based on outcomes of the personas and
requirements created as part of D3.1. Our diagram types recommendations.were based on our
research in task D7.1 and an additional review of the_ dse of visualisations and diagrams in other
discovery services.

Second, we organized an internal workshop with select partners from the TRIPLE consortium to
evaluate the use cases and diagram types that we had collected thus far. Partners were asked to
take a look at the existing ideas and prepare theirrewn suggestions prior to the workshop. The
workshop brought about many new ideas and we used the outcomes to inform the questions
and discussion points for our user workshop.

Third, we conducted a group.discussion with seven participants in order to better understand
the specific needs and challenges that SSH ‘researchers face in their discovery process.
Researchers were asked to give feedback on the existing use cases, diagram types suggestions
and come up with their own‘ideas. For more information and the detailed results of the user
workshop, please réferto D3.4.

We based our final choices of diagram types (bar chart, line chart and geo map) and
recommendations for use cases and integration scenarios on the outcome of the user workshop,
technical feasibility and the effort to implement.

5.1.2 Design, specifications

Once we had established which diagram types to focus on we were in the position to move on to
the design and specification phase. Although we had established some important use cases and
integration scenarios during our research phase we knew that the diagrams might be used
throughout the TRIPLE platform for other purposes as well. The challenge therefore was to keep
the components as flexible as possible while establishing good defaults that could work for the
majority of use cases.

For the specifications we established:

e Must haves (e.g. good strategy for label abbreviation)
e Nice to haves (e.g. animations)

Page 26 D5.4 — Visualisations



e® Triple

® Edge cases from a technical point of view (e.g. too few data entries)

First, we made sketches which we then evaluated in regards to technical feasibility and effort to
implement. From there we arrived at our first set of design and technical specifications. During
the development and review phase we adjusted (if necessary) our specifications again. This was
necessary for example for UX issues that are hard to identify on paper.

This iterative process was repeated for each diagram type. We started with the bar chart, our
minimum viable product (MVP) in this case, as it is a simple well-known visualisation type yet
complex enough in terms of technical edge cases. Then we proceeded to develop the line chart
and finally the geo map.

5.1.3 Research for libraries

There is a wide choice of JavaScript visualisation libraries and frameworks available. We
evaluated and compared them based on the following critéeria:

Functional requirements (offered features) Non-functional requirements
- Tooltips Non-functional requirements:
- Animations . :
- Seurce repository issues
- Mouse event handlers

- Cammunity

- Usage code style

- Documentation

- Bundle size

- Learning curve

- Compatibility with Next.js

- Flexibility

- Responsiveness

- Supported diagram types:
- Bar charts (horizontal, vertical)
- Line chart
- Geomap

Five libraries in tetal made it to the shortlist: Nivo, Recharts, visx, Victory and React Simple Maps.
Then we created a simple bar chart prototype in each of the libraries to evaluate some of the
non-functional requirements and also to test how difficult it is to work with the library.

Recharts was a clear.winnerdin terms of documentation, community support, learning curve,
code style and even thebundle size. Unfortunately, it doesn’t support geo maps. Therefore, for
the geo map, we use an additional library. We chose React Simple Maps for similar reasons as
Recharts: it is also well documented, easy to use, it has a readable code style and the bundle size
is low.

5.1.4 Implementation and testing

The diagram components development consisted of multiple iterations. Each iteration was
divided into two phases: implementation and review. In the first implementation phase, we
developed a fully functional diagram prototype that tried to be as close as possible to the design
sketches and requirements. During the subsequent review, the working version of the diagram
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was tested and evaluated and some requirements were added, changed or dropped. On average
we needed two to three iterations for one diagram component, whereby one iteration took
between three and six weeks to complete.

The diagram components are being developed as part of the GoTriple platform Gitlab repository.
The installation of the libraries into the GoTriple codebase was seamless and we did not
encounter any problems there.

In order to test the components, we prepared 10-25 different sample data sets for each of the
diagram components. These sets also covered our technical edge cases, determined during our
specifications phase. The sample data was aggregated from randomly sampled queries from the
Isidore/GoTriple data, unless there was no metadata available yet{(e.g. geolocation). In these
cases, we generated our own sample data based on random distributions.

For development and testing purposes, we created our own standalone testing page (see Figure
17) that included some custom debugging tools - namely a‘resizable container, a control panel to
dynamically change diagram component parameters (eig. the chart data range) and a possibility
to switch between various data sets. This way we could quickly‘review multiple combinations of
different settings and determine good defaults that work well for most use cases.

Diagrams

This page is not a part of the Bar chart MVP deliverable, its purpose is just to test the created components;

Delete this page and the test data before the final merge.

Standard horizontal bar chart
Datasets: data01 data02 data03 data04 data05 data06 data07 data08 dataQ9 datal0 datall data12 data13 datal4

Container dimensions: | 750 ‘x‘ 410
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Enable custom mouse events: [J

Top 10 Authors of topic
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Albrecht, H. M.

—_ d
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Number of documents.

Standard vertical bar chart
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Chart height: | 400
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Publication date

of dacuments
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FIGURE 17. TESTING PAGE EXAMPLES FOR THE DIAGRAM COMPONENTS

5.1.5 Documentation and support for the GoTriple development team
for integration of diagram components

For the diagram components, we created both inline documentation and separate textual

documentation.
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The inline documentation consists of a description of each component. We declare the
component parameters using TypeScript interfaces and types. Each parameter also has a short
textual description that explains the parameter's usage and purpose. This way each parameter’s
type is precisely documented and checked during build time.

The separate textual documentation consists of a component description together with basic
usage examples, examples of the data accepted by the component, a data generation and pre-
processing description, and a semi-automatically created documentation of the component
parameters generated from the inline documentation.

5.2 Improvements to Head Start visualisatiens

In this section, we describe improvements that were made with respect to the visualisations of
the longstanding open source knowledge mapping framework'Head Start:

5.2.1 Frontend adaptations to TRIPLE data

We adapted the Head Start interface to TRIPLE data, including context line and list items. When
the respective TRIPLE data had not been included in the index yet, we decided to hide these
items and functionalities in the meantime (e.g»PDF localization, open access filter etc.). We also
added a new item to the context line that takes the language parameter specified in the search.
We also enabled sharing and embedding functionality for thextwo visualisation interfaces. Finally,
we created a TRIPLE skin where we-adapted the CSS of the visualisations to the GoTriple design.

In the streamgraph, minor adjustments were made for the “to” and “from” date parameters in
the context line to better reflect the time period for “most-recent” streamgraphs.

5.2.2 Improvements to knowledge map quality

During the work for this Task we substantially improved the knowledge map quality. First, we
added a new parameter that gives users control over the quality of the documents included in a
knowledge map. This filter also'has an effect on the overall quality of the maps. Users can choose
between “low” and “high metadata quality”. Knowledge maps based on high metadata quality
only include documents with an abstract (min. 300 characters).

High metadata quality significantly improves the label quality of a knowledge map, as it provides
more data for our keyword detection heuristic and the clustering and layout algorithms.
Knowledge maps based on low metadata quality include documents with and without an
abstract. Low metadata quality may significantly reduce the label quality of a knowledge map. In
addition to the filters we added the information to our title and context line within the interface
(see Figure 18).
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Overview of "climate change" and impact ©

100 most relevant documents (42 apen access) Source: BASE Alltime Document types  High metadata quality

This knowledge map only includes docu-
ments with an abstract (min. 300 charac-
ters). High metadata quality significanthy
improves the quality of your knowledge
map.

FIGURE 18. EXAMPLE OF HIGH METADATA QUALITY IN CONTEXT LINE

In terms of improving labels on knowledge maps, we were able to achieve significant
improvements in comparison to the earliest prototypessdeveloped on Isidore data. These
improvements were not due to changes to the core machine learning pipeline, but came from
additional metadata cleaning steps. These cleaning steps are tailored to the metadata of the
GoTriple index and for example include removal of library classifications.

This is in line with experiences from similar projects, and validates our emphasis on upstream
data quality. Since TRIPLE is still in the phase of adding aggregators and data sources, it is
expected that keeping the data cleaning up-to-date is.,going to be.an iterative process.

5.2.3 Highlighting of sear€hnterms

The feature pictured inFigure 19 was a request from users of our service on
openknowledgemaps,org,“who wanted to-better ‘understand why a document was included in
the knowledge map. Popular search engines like Google Scholar provide a similar feature. The
functionality helps usersto put thesearch results into context and they can more quickly identify
whether the document is relevant to their research.

We decided %o highlight the users’ search query within the documents title, journal, keywords
and abstract. For the technical/implementation of this feature, we have chosen the library react-
highlight-words. Using, the library, we developed a standalone component that automatically
highlights either the search query terms, or the page search box terms. With this component, we
can enable highlighting in"any plain text on the page. It also supports text hyphenation and has
basic configuration options.
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v Hide list (100 items) v

show: Any+

sort by: Relevance = l

What does trade have to do with climate change?

Daniéle Revel in Veille énergie climat (2012-09-13)
(linkl: jieclimat. rg/11107

What does trade have to do with climate change? / Harun Onder, VoxEU.org,12 September
2012 https larticle/what-d de-have-do-climate-change As
multilateral attempts for climate-change mitigation stall, the two-way relationship betw...

Area: Climate change mitigation, Facilitate climate, Trade and climate

Communities' perceptions of health hazards induced by climate change in Mount INK
Darwin district, Zimbabwe

Alice Ncube, Margaret Tawodzera in AOSIS Publishing on behalf of the Southern Africa Society for
Disaster Reduction (SASDIR) (2019-01-01)
[link]: i ielo.php?script=sci_; id=51996-14212019000100031

Climate change contributes toward many global challenges, such as increases in diseases in
some communities, thereby accelerating health hazards to disasters. Establishing the
extent to which local communities understand and perceive climate change a...

Area: Communicating climate, Geography teachers, Mount Darwin

Four changes to trade rules to facilitate climate change action
Daniéle Revel in Veille énergie climat (2013-05-06)
(link]: ieclimat. org/15454

Four changes to trade rules to facilitate climate change action / Aaditya Mattoo & Arvind
ian, Vox, 4 May 2013 http: org/article/four-changes-trade-rules-
facilitate-climate-change-action Global climate cooperation has collapsed but...

Area: Climate change mitigation, Facilitate climate, Trade and climate

FIGURE 19. HIGHLIGHTING OF SEARCH TERMS FOR THE QUERY CLIMATE CHANGE

5.2.4 Improved behaviour of list filters

Most UX improvements aim to lower the barrier for users to interact with a tool. One way to
achieve this is helpful feedbaek after an interaction leads to (from the user’s point of view)
unexpected behaviour e.g. no search results.

We provide additional search functionalities and filter options within our interface thus it is very
likely that some searches lead'to no results and in our case also to empty areas. In one of our
previous user studies outside of TRIPLE we noticed that users were left quite confused by these
empty areas and lists and some users couldn’t figure out what to do next (e.g. reset filter). We
decided to implement a helpful error message including a tip on how to proceed. We also
implemented a delete button/for the search box so users can more easily reset their search
query (see Figure 20).

In order to reduce search errors, we have also improved the search capabilities. We now search
for example within the tag fields. We also implemented a fall-back solution for cases where the
keywords of a document are missing. Instead of leaving the field empty we added “not available”
to the description.
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v Hide list {0 items) v

child show: Any = l l sort by: Relevance =

Mo matches found. Please reset your filter options above.

FIGURE 20. FALLBACK SOLUTION FOR EMPTY LIST SEARCH

5.2.5 UXimprovements in the knowledge map

In order to better connect the map with the list items we decided to add a link to the research
area (bubble) of each document. When hovering the link, the bubble is highlighted (thicker
circumference) on the left (see Figure 21). This way users can easily identify what area the
document belongs to and (roughly) locate the document on the map. When clicking on the link
the user can see all documents related to the same research area. This feature was suggested by
both our team and users independently.

We also improved the behaviour of the list when a document is selected and in a next step the
user zooms out of the bubble. In this case, the list now automatically scrolls to the previously
selected item (see Figure 22). The old behaviour(a zeom out would reset the list to its original
state) confused our users because they would “losessight of“,the document. This improvement
was proposed by our regularly recurring users.
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FIGURE 21. HOVER ON LINK OF AREA TITLE IN THE LIST HIGHLIGHTS AREA ON THE MAP
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v Hide list (100 items) v
earchwithin map show: Any~ H sort by: Relevance ~ l
The EU-China Partnership on Climat Change: Bilateralism Begetting Multilateralism

in Promoting a Climate Change Regime?

Giulia Romano in Mercury Publications (2010-01)
[link]: i hdl:/2441/lii4hs3p788fc urces/e-paper-no...

On 5 September 2005, during the 8th EU-China Summit held in Beijing, the European
Union and China signed an agreement to establish a bilateral Partnership on Climate
Change. The two parties pledged to strengthen the dialogue on climate change policie...

Area: Curbing climate, Africa human, Begetting
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[link]: https://hal.archives-auvertesir/hal-01061758

‘ This review focuses on the impacts of élimate change on population dynamics. | introduce
the MUP (Measuring, Understanding, and Predicting) approach, which provides a general
where h, d ing of cli population processes, ...

FIGURE 22. EXAMPLE OF AUTOMATIC SCROLL (LEFT: SELECTED PAPER, RIGHT: AUTOMATIC
SCROLL AFTER ZOOM OUT)

In addition, we enabled users.to.give knowledge maps a custom title. The automatic title is
created from the query-and is: “Knowledge map for [query]”. This is fine for simple queries, but
with advanced boolean queries, the. title can become long and meaningless. Therefore, we
enabled usersto specify a custom title via a URL parameter.

5.2.6 Implementationfof different keyword selection algorithms in the
streamgraph

The selection of keywords to show in the Streamgraph is a crucial step in the pipeline. In the
current state of the application we select keywords for streamgraphs by counting their
occurrences and selecting the top keywords by absolute count. This method creates streams
which are directly derived from the metadata without a layer of statistical intermediation. .

Additionally, we have implemented more advanced algorithms, among them non-negative
matrix factorization (NMF) and Latent Dirichlet Allocation (LDA). NMF is a dimensionality
reduction algorithm. NMF tries to find the main structural characteristics of a collection of
documents by ranking keywords according to their “contribution to meaning”.
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LDA assumes that there exists an underlying distribution of topics, and each topic has a
distribution of words. To find these distributions, LDA iteratively adjusts generative probabilities,
until it finds distributions that produce the given documents. For each of the topics, the keyword
with the highest probability of occurring is selected.

Over the course of the TRIPLE project so far, we have regularly evaluated the available
algorithms whenever the upstream metadata in the TRIPLE database changed significantly. So
far, one major adjustment has been to increase the input data set size by an order of magnitude
from 100 to 1000, in comparison to the 100 documents we use for knowledge maps. This
resulted in better-defined streams, which makes it easier to identify trends or to understand
how much research has been done on the subject over time.

We also experimented with different metadata fields included<in the GoTriple index for the
labels. We started out with concepts, but found that the resulting streamgraphs showed uniform
distributions that reflected the total number of documents at a given time rather than
uncovering actual trends (see Figure 23). Keywords showed a less uniform distribution (see
Figure 24), which is why we have settled on them fof now. They are more specific and change
more frequently than concepts, which makes them more suitable for use in the streamgraph.
This is, however, not the end of the line and we will'surely continue to experiment with the
labels going forward.

5.2.7 Improvements to the streamgraph readability and
understandability,

One of the biggest challenges in Streamgraph visualisations is their overall readability. We have
already implemented a guide that.appearsswhen users hover each stream. But in order to
improve the readability of labels at first glance we have added the color of their respective
streams to the label itself\(Figure 24). Users can now clearly identify which stream belongs to
each label.

In order to make the overall graph better discernible we decided to automatically narrow down
the time frame in the backend to avoid long tails as pictured in Figure 23. We remove the first
5% of documents by means.of cumulative counting sorted by publication date, and cut the time
frame around the remaining 95%. This value is arbitrary but, in most cases, a good heuristic. This
strategy has improved the readability of individual streams considerably (see Figure 24).

Finally, streamgraphs are based on up to 1000 documents. But not all of these documents can be
assigned to the top keywords. In an earlier version all of the 1000 documents were included in
the list. The problem however is that users have a hard time to understand the gap between the
list and visualisation. It also creates the false implication that the streams represent all 1000
documents. For these reasons we decided to remove those documents from the list that
couldn't be assigned to any of the streams.
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FIGURE 23. STREA ORE IMPROVEMENTS WITH A LONG TAIL AND LABELS BASED ON
CONCEPTS
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Streamgraph for mathematics
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2 Teaching A

@ History of mathematics
4" Professional development

~ Problem solving
-
" Philosophy of mathematics

@ Education / general

Educagio matemdtica

Teacher education

Mumber of documents

@ Mathematics teaching

@ Mathematics / general

@ Mathematics education

T T
2010 2012 2014 2018 2020 2022

Year

FIGURE 24. STREAMGRAPH AFTER IMPROVEMENTS WITH AN AUTOMATIC TIMEFRAME AND
LABELS BASED ON KEYWORDS

5.2.8 Maintenance and bug fixing

In addition to new development we had to perform overall maintenance tasks. This includes bug
fixes as well as security updates of 3rd party software that our Head Start client depends on. A
security audit and related updates are performed on a regular schedule.

In the knowledge map, we also resolved several bugs related to animations, interactions, filters,
and our Hypothesis integration. When it comes to the streamgraph, we solved bugs such as a
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delay that occurs when selecting a stream, and empty streams caused by faulty keyword
selection.

In the streamgraph list, we refactored the filter feature. The list is filtered when a stream is
selected (clicked) - only the papers that have the selected stream’s keyword are displayed.
Originally the filter compared the selected stream keyword with each paper’s keywords. This
could lead to bugs though, so we decided to filter the papers based on their IDs instead. Each
stream has metadata that contains a set of paper ids that belong to that stream. When a stream
is selected, we simply display only the papers with IDs from the set.
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6| NEXT STEPS AND EVOLUTIONS

The development of the diagram components has been completed in the first 24 months of the
project. In the remaining project time, we will provide support for them to the GoTriple
development team and fix potential bugs that emerge down the line. There are, however, no
further enhancements planned beyond that. Beyond the runtime of TRIPLE, we plan to explore
integrating the diagram components with Head Start. In this way, we could for example make
the geo map a standalone interface by integrating the diagram component with the textual
components of Head Start (title, context line, list).

As for the Head Start visualisations, the following improvements are planned for M24-40. With
respect to the knowledge map, we will design and implement new features related to citing
papers and exporting the metadata to reference management systems. To be able to
incorporate these new features, we are going to improve the layout of the list items. We will
introduce further tooltips to provide more context and rearrange some existing items on the
knowledge map (e.g. the cite this map feature) to _improve their accessibility. We are also
planning to refactor some components to reduce_ complexitiesin the code and achieve more
flexibility for future integrations.

We will also continue to evaluate possible improvements.when it comes to knowledge map
quality. These include missing metadata enrichment based. on syntax parsing and entity
recognition. As for the labeling of areas, we will"looksinto adaptive-length labeling and new
quantitative measures of evaluating label quality.

Regarding the streamgraph, we will'continue to experiment with the GoTriple metadata as it
evolves and prototype mechanisms to improve the labeling of streams. The ultimate goal is to
give users better insights‘and context to-search ‘results (e.g. visualize trends in research) that
standard filter options of “search result lists (e.g. filter for discipline) cannot provide.
Furthermore, furtherUXiimprovements are planned (e.g. color scheme of streams).

Finally, we will.€ontinue adapting knowledge map and streamgraph to GoTriple data and enable
functionalities ence the required metadata becomes available (e.g. filter for open access
documents).
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