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Figure 1: Asking for commonly affected regions by both Depressive and Anxiety extracted from literature; icon 1, through using
Comparison Functionality; icon 3. Brain visualizations; icon 2, highlights the related regions in pink spheres.

ABSTRACT
Different brain diseases are associated with distinct patterns of
affected brain regions. Neuroscientists aim to understand the vari-
ability of these patterns across different brain diseases. We used
a user-centered design approach to develop support for neurosci-
entists in exploring and comparing which regions are affected by
which diseases based on neuroscience literature. Our study involved
six neuroscientists and nine visualization experts who evaluated the
usability and explainability of our visualization tool for comparing
disease patterns in brain regions. Our results show that our tool can
help neuroscientists explore and visualize relationships between
brain regions and diseases, and compare patterns of affected regions
in an immersive AR environment.
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1 INTRODUCTION
Understanding the relationship between brain regions and brain
diseases is crucial for advancing neuroscientists’ knowledge of
brain disorders and developing effective treatments. However, this
task can be challenging due to the sheer volume of literature avail-
able on the subject. We present a tool that supports neuroscientists
in exploring and comparing which brain regions are affected by
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which diseases based on an analysis of neuroscience literature. Our
research question is: How can we facilitate the exploration,
visualization, and comparison of brain region-disease rela-
tionships in a usable and explainable manner?

To address this question, we employed a user-centered design
approach, which involved confirming the usefulness of the task,
identifying representative tasks, and designing, implementing, and
evaluating suitable functionality in an augmented reality (AR) envi-
ronment. Our tool underwent a study involving six neuroscientists
and nine visualization experts, who provided feedback that was
used to improve the tool. This version supports multiple types of
comparisons between affected brain regions.

Our contribution is a tool that allows neuroscientists to efficiently
explore and compare brain region-disease relationships, with the
potential to advance our understanding of brain diseases. The tool
can be used as a basis for further research in the field of neuroscience
and Immersive Analytics (IA) to explore the potential of IA in the
analysis of large collections of scientific papers.

2 RELATEDWORK
The exploration of relationships between topics is crucial for un-
derstanding existing knowledge and discovering new insights [10].
In the context of brain research, analyzing the caption of brain
images in the literature is one method to find the relationship be-
tween brain diseases and the structure of the brain [3, 8]. However,
this approach has limitations in visualizing the 3D structure of the
brain, which is essential in perceiving relationships among parts of
the brain. To address this issue, researchers propose using AR to
visualize the 3D brain in a 3D environment, which can help experts
understand how a 3D model is arranged spatially [7].

Recent advances in data visualization and analysis have enabled
neuroscientists to explore complex relationships between brain re-
gions and diseases. Machine learning algorithms are used to identify
patterns and relationships in large datasets. For example, authors
used a deep learning approach to predict the connections between
brain regions and symptoms of Alzheimer’s disease, achieving high
accuracy in their predictions [5]. Similarly, the machine learning
algorithm helps to identify brain regions that are most affected by
multiple sclerosis, providing insights into the underlying pathology
of the disease [9].

Another approach is the use of multi-modal data integration,
which allows researchers to combine data from multiple sources
(such as genetics, imaging, and clinical data) to gain a more compre-
hensive understanding of brain region-disease relationships. For
example, a multi-modal approach is used to map the relationships
between brain regions and various psychiatric disorders, finding
that different disorders are associated with distinct patterns of brain
activation [2]. Also, multi-modal data integration can be used to
identify brain regions that are most affected by Parkinson’s disease,
revealing new insights into the disease’s underlying pathology [1].

Immersive Analytics (IA) allows researchers to interact with
complex data in an intuitive and engaging way. The NeuroCave
tool is an example of an immersive visualization specifically made
to assist neuroscientists in exploring brain regions’ connections
[6]. This web-based VR tool enables brain researchers to engage
with connectomes and organize distinct brain regions. Studies have

demonstrated that users prefer VR environments in presenting
3D data, such as brain regions, to 2D screen-based environments.
Therefore, the use of AR or VR technology can provide an intuitive
and engaging way of visualizing the 3D brain structure and help
researchers gain new insights into the relationships between brain
diseases and regions [4, 7].

3 DESCRIPTION OF TASK AND SCENARIO
Our aim is to see how two or more diseases are related to similar
brain regions.We follow a user-centered design approach as follows:
Step 1, confirm the usefulness of the task: We talked to a neuro-
scientist where we discussed the idea of finding common regions
of the brain that are affected by at least two diseases. This expert
believed that this information could help in finding new insights
about the relationship between diseases and the brain, as well as
finding new ways to treat diseases. Step 2, identify representative
tasks: The neuroscientist suggested two diseases (Depressive and
Anxiety) on which to base our representative tasks. Depressive and
Anxiety very often appear in the same publications since they affect
similar brain regions. Based on the neuroscience database PubMed,
the number of regions related to Depressive is very different from
the number of regions related to Anxiety. To understand where
this difference lies, we specify and implement a “Comparison Task”.
This allows users to compare the related regions of Depression and
Anxiety to find similarities and differences in affected regions.

In the demo, users see two visualizations of all brain regions,
where one shows all those affected by Depressive (fig. 2, right brain)
and the other those affected by Anxiety (fig. 2, left brain). Partic-
ipants can explore which brain regions, and in which area of the
brain (e.g. front, middle, or back), are related to the selected diseases.
In addition to the visual comparison, the “Comparison Widget” al-
lows participants to filter the results and draw conclusions. This
widget supports researchers to change highlighted regions in two
brain models to see;

• Intersection Function; Only shared regions in both De-
pressive and Anxiety.

• Union Function; All of the regions which are related to
Depressive and/or Anxiety.

• Difference Function; Related regions to Depressive and
not to Anxiety, OR Related regions to Anxiety and not to
Depressive.

4 IMPLEMENTATION
Data for this study was provided by the Knowledge Graphs of
Brain Science (KGBS) available from Triply1, which consists of co-
occurrences of brain-related topics such as brain regions, diseases,
genes, proteins and cognitive functions that occur in abstracts
and titles of publications. The publications analyzed for this study
were collected from neuroscience publications in PubMed. Positions
of brain regions in the 3D Brain Model are extracted from the
Scalable Brain Atlas database (SBA)2. The visualization tool used in
this study, DatAR, was developed and constructed using Unity3D

1Knowledge Graphs of Brain Science in Triply https://krr.triply.cc/BrainScienceKG/-
/queries/Brain-Region—Brain-Disease/1
2https://scalablebrainatlas.incf.org/services/regioncenters.php
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Figure 2: First Person View showing a user interacting with
the “Comparison Widget” (yellow menu item above the yel-
low cube). Item 3 works as the Boolean operation of “inter-
section”.

(v2020.3.15f2) with the MRTK package (v2.7.0)3 and was deployed
on a HoloLens 2 head-mounted display.

5 DISCUSSION AND CONCLUSION
In conclusion, based on 15 participants’ opinions, our tool has
proven to be usable and explainable for neuroscientists in relation-
finding and comparison tasks. Results show that participants found
it easier to use the widget rather than rely on visual observations.
The "Intersection button" was the most useful, while the "Union
button" was deemed useless by participants, although one neu-
roscience participant suggested it could still be useful for certain
research. The usefulness of the text providing brain region names
varied among participants, with some finding it useful and oth-
ers not practical. It was suggested that the list of affected regions
be sortable and categorizable based on regions to better support
neuroscientists’ needs.

Future developments should consider the direction of relation-
ships and differentiate between positive and negative relationships.
The direction of relationships means that whether malfunction
in the brain region causes a disease or an existing disease causes
damage to brain regions. Also, we have not processed the positive
or negative meaning of the sentences which indicate relationships
between brain regions and diseases. We need to provide more pre-
cise visualizations of brain regions to support neuroscientists in
understanding which region(s) of the brain are affected by one or
more diseases.

Our work provides a novel way of exploring relations between
neuroscience topics using AR. This can be extended to other use
cases where 3D visualization of 2D data benefits from an immer-
sive environment. Overall, we have demonstrated the potential of
immersive AR tools in assisting neuroscientists in exploring and
comparing relationships between brain regions and diseases.

3The code is available on request.
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