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Figure 1: (a) The brain region Hippocampus (upper middle) has a direct relation (pink sphere) with the brain disease Depressive
Disorder (pink, lower right). Genes (lower left) are selected as the intermediate topic to find an indirect relation (green sphere)
between the brain region Hippocampus and the brain disease Alexander Disease (green, lower right). (b) The brain disease
Bipolar Disorder (upper middle) has a direct relation (pink sphere) with the brain region Cerebral Hemisphere Structure (pink,
lower right). Mental processes (lower left) are selected as the intermediate topic to find an indirect relation (green sphere)
between the brain disease Bipolar Disorder and the brain region Cerebellar vermis (green, lower right). Topics with no direct or
indirect relations are visualised as light blue spheres.

ABSTRACT
Neuroscientists need to analyse a large number of publications to
identify potentially fruitful experiments. This task is necessary be-
fore undertaking any costly practical experiments. Exploring direct
relations between topics (rather than publications), such as brain
regions and brain diseases, has been shown to help neuroscientists
identify fruitful experiments. In previous studies, users were able
to query and visualise direct relations between topics using DatAR,
an Augmented Reality prototype. Neuroscientist participants sug-
gested that identifying previously unknown, or indirect, relations
between topics could provide additional information for identifying
fruitful experiments. I follow a user-centred design approach: defin-
ing functional requirements for finding indirect relations, designing
interactive AR visualisations for the specified functionalities, and
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engaging neuroscientists in evaluating the usefulness of finding
indirect relations. Neuroscientists who participated in my initial
study of finding indirect relations, pointed out the potential of cur-
rent indirect relations by demonstrating how indirect relations in
the past may have evolved into present direct relations. This sug-
gestion informs Study 2 on exploring publication-date dependent
direct and indirect relations. Participating neuroscientists also sug-
gested providing specific intermediate topics, such as genes, when
indicating indirect relations between topics. This proposal informs
Study 3 on identifying specific intermediate topics and publications
indicating indirect relations. My final study will assess the useful-
ness of the designed DatAR in neuroscientists’ daily research work
for identifying potentially fruitful experiments.

CCS CONCEPTS
• Information systems → Information retrieval; • Human-
centered computing→ Visualization systems and tools; Hu-
man computer interaction (HCI).
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1 MOTIVATION AND INTRODUCTION
To identify potentially fruitful experiments, neuroscientists need
to analyse a large number of publications - a process that is both
time-consuming and challenging. Simultaneously exploring many
publications can be accomplished using topic-based literature explo-
ration [8]. Based on insights from neuroscientists [6, 7], exploring
direct relations between topics, such as brain regions and brain
diseases, in neuroscience using Augmented Reality (AR) is useful
for identifying fruitful experiments. The DatAR team at Utrecht
University has developed a 3D-based AR prototype that provides
a visual representation of direct relations between brain regions
and brain diseases, Figure 1. Neuroscientists also proposed that
finding indirect relations between brain regions and brain diseases
could provide additional information for identifying fruitful experi-
ments. I follow a user-centred design cycle of identifying a relevant
user task, designing corresponding functionalities and appropriate
interactions and visualisations.

I anticipate a total of 4 studies, Table 1. My completed initial
study showed that finding indirect relations between topics, specif-
ically brain regions and brain diseases, via intermediate topics such
as genes and mental processes, served as inspiration for further
literature review but did not provide sufficient evidence for identify-
ing fruitful experiments, Section 3. Participants proposed exploring
trends in indirect relations and when these indirect relations be-
came established as direct relations in the literature, which could
improve the usefulness of indirect relations found. I investigate
this in my second, current, study, Section 4. Participants in my
initial study also suggested providing more information about the
intermediate topic that leads to the indirect relation found, such as
the specific gene that has a direct relation with the brain region and
with the brain disease. This suggestion inspired the proposal for
my third study on identifying specific intermediate topics and pub-
lications indicating indirect relations, Section 5. Moreover, DatAR
is an interactive platform for AR-based 3D data. During discussions
with three data discovery experts and three AR/VR developers [6],
DatAR could evolve into a useful tool for neuroscientists to inte-
grate topic-based neuroscience literature exploration into the daily
research workflow. My fourth study will explore the usefulness of
the functionalities implemented in DatAR for neuroscientists’ daily
research work of exploring literature, Section 6.

2 RELATEDWORK
I describe the direct relations implemented in DatAR (Section 2.1),
which is used as a start for my research. I illustrate examples of
1Cunqing Huangfu, a neuroscientist at the Institute of Automation of the Chinese
Academy of Sciences, the Brain-inspired Cognitive Intelligence Lab.

finding indirect relations among topics in biomedical tasks, which
identify previously unknown relations between topics (Section 2.2).
I discuss the AR-based immersive 3D visualisations as inspiration
for providing visualisation support in neuroscience literature ex-
ploration (Section 2.3).

2.1 Direct Relations Implemented in DatAR
A co-occurrence of two topics, for instance, a brain region and a
brain disease, is defined when they appear within the same sen-
tence of a publication’s title or abstract. This co-occurrence implies
a direct relation between the brain region and the brain disease.
DatAR, an AR prototype, is designed to facilitate brain-related topic
exploration by neuroscientists through interactive visualisations.
The DatAR repository provides an analysis of titles and abstracts
from a collection of 414,2242 neuroscience publications from 2010-
2022 available via PubMed. Topics in the DatAR repository include
brain regions, brain diseases, genes, proteins and mental processes.
Previous studies [6, 7] have explored direct relations between topics
and visualised them in DatAR, Figure 1. Direct relations between
topics are visualised as pink spheres.

2.2 Examples of Indirect Relations and Why
They Are Potentially Useful

The potential of indirect relations is beneficial in various biomedi-
cal tasks, such as in drug discovery, analysing relations between
disease-gene (or protein) and gene (or protein)-drug helped identify
potential therapeutic agents for Parkinson’s Disease [3]. The ABC co-
occurrence model illustrates an approach for exploring unknown or
indirect relations [2]. This model proposes that if A co-occurs with
B and B co-occurs with C, it defines the indirect relations between
A and C. We apply and extend the ABC co-occurrence model to
neuroscience literature, offering insights into implicit causal rela-
tions and mechanisms of interaction between brain regions and
brain diseases for identifying potentially fruitful experiments.

2.3 3D Visualisations in Augmented Reality
3D visualisations in AR provide an advantage over 2D screens in
exploring neuroscience literature by providing spatial represen-
tation for understanding complex relations among brain regions
[4]. DatAR’s 3D visualisation of the relative locations of brain re-
gions enables researchers to easily understand their relations with
brain diseases, Figure 1 (b). Integrating 3D visualisations into the
real-world enables researchers to incorporate their literature explo-
ration process into their daily research work [1], specifically, they
can read publications on their 2D screens while simultaneously
visualising relations between topics in the 3D environment.

3 FINDING INDIRECT RELATIONS BETWEEN
TOPICS (INITIAL STUDY, IN SUBMISSION)

A neuroscientist, Cunqing Huangfu, proposed in previous commu-
nications that exploring unknown indirect relations among topics
is useful for identifying fruitful experiments [7]. In April 2022, inter-
views were conducted with another three neuroscientists to gauge

2Neuroscience publications in PubMed https://pubmed.ncbi.nlm.nih.gov/ as of Febru-
ary 3, 2022.
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Table 1: Origins of the user tasks used to design each study.

Study Reason for Selecting User Task

Initial Study 1: Finding Indirect Relations Between Topics (Section 3)
In submission

Initial interviews with Cunqing Huangfu1in 2019 [7], and interviews with three
other neuroscientists in April 2022 to explain finding indirect relations

Study 2: Finding Publication-date Dependent Direct and Indirect Rela-
tions (Section 4) In progress

Interview with a neuroscientist during the evaluation session of Study 1, finding
indirect relations, in October 2022

Study 3: Identifying Specific Intermediate Topics and Publications
Indicating Indirect Relations (Section 5) Future work

Interview with a neuroscientist during the evaluation session of Study 1, finding
indirect relations, in November 2022

Study 4: Exploring the Usefulness of DatAR in Daily Neuroscience
Literature Exploration (Section 6) Future work

Initial interviews with three data discovery experts and three AR/VR developers
in 2019 [6, 7]

their interest in this task. While there may be no direct relations
between a brain region and a brain disease in the literature, each
may have a direct relation with another topic, such as a gene. We
call this an indirect relation. Given the topics already in the DatAR
repository (Section 2.1), I worked with these three neuroscientists
to identify meaningful intermediate topics. These include mental
processes, genes, and proteins.

Research Question 1 (RQ1): What functionalities are needed to
find indirect relations in DatAR? The Indirect Relations Querier was
designed to support the querying process of selecting intermediate
topics to find indirect relations between topics, Figure 1.

RQ2: To what extent is the visualisation of indirect relations suit-
able for the functionality identified in RQ1? I conducted further
interviews with the same three neuroscientists to identify visualisa-
tion requirements for displaying indirect as well as direct relations.
Based on these, I incorporated the visualisation of the indirect
relations in the same visualisation as the direct relations. Direct
relations between topics are visualised as pink spheres; indirect
relations between topics are visualised as green spheres3.

RQ3: To what extent are the functionality and visualisations im-
plemented in DatAR useful for finding indirect relations? I designed
corresponding functionality and a suitable visualisation in DatAR
to support the task of finding indirect relations, Figure 1. Nine neu-
roscientists were invited in October and November 2022 to evaluate
the utility of the implemented functionality and the suitability of
the visualisation for finding indirect relations. All participating neu-
roscientists indicated the utility of the implemented functionality
and the suitability of visualisations using AR in finding indirect
relations.

RQ4: To what extent are the indirect relations found useful for
identifying fruitful experiments? All participating neuroscientists
agreed that finding indirect relations between topics is a useful task
for identifying potential fruitful experiments. Suggestions for future
work centred on providing the specific intermediate topic, such as
the specific gene, for indicating indirect relations and improving
the usefulness of the identified indirect relations.

3The colours used for visualising direct and indirect relations are not (yet) a research
question.

4 FINDING PUBLICATION-DATE DEPENDENT
DIRECT AND INDIRECT RELATIONS
(STUDY 2, IN PROGRESS)

During the evaluation session on finding indirect relations (Sec-
tion 3), six participating neuroscientists proposed that the indirect
relations found merely served as inspiration for further literature
review and were insufficient evidence for identifying fruitful ex-
periments. To illustrate that the indirect relations found are useful
for identifying fruitful experiments, a neuroscientist suggested the
use of publication dates to identify trends of (first indirect and then
direct) relations between topics. By illustrating that previous in-
direct relations might have evolved into present direct relations,
the usefulness of current indirect relations will be improved. This
usefulness of indirect relations assists neuroscientists in identifying
potentially fruitful experiments.

RQ5:Which publication-date dependent representative tasks are
useful for neuroscientists to identify fruitful experiments? To answer
RQ5, an interview was conducted with a neuroscience PhD student
in July 2023. S/he wanted to understand the brain regions that
exhibited direct relations with the brain disease Epilepsy over the
past five years. These regions were perceived as emerging topics
with the potential to shape their future research. S/he was also
interested in understanding the process of past indirect relations
becoming current direct relations.

RQ6:What functionalities and visualisations are needed to explore
the publication-date dependent direct and indirect relations in the
context of representative tasks in DatAR?

RQ7: To what extent are the functionality and visualisations pro-
vided by the interactive prototype useful for exploring publication-date
dependent direct and indirect relations?

RQ8: To what extent are the found publication-date dependent di-
rect and indirect relations useful for identifying fruitful experiments?

New functionalities and visualisations will be implemented in
DatAR. To answer RQ6, I will collaborate with neuroscientists to
identify the functional and visual requirements. To answer RQ7 and
RQ8, I will invite 10 neuroscientists4 to explore the representative
tasks in the context of implementing functionalities and visualisa-
tions. I will use a qualitative measure of a semi-structured interview
to research RQ7 and RQ8. The qualitative evaluation will focus on
three key dimensions: “Usability”, “Suitability”, and “Usefulness”.
Usability encompasses the extent to which the implemented func-
tionalities align with human-computer interaction requirements.

4Five to ten participants can increase the expected level of problem discovery [5].
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Suitability focuses on evaluating the designed visualisations that
synergize with the implemented functionalities in the AR environ-
ment. Usefulness is to gauge the success of the representative tasks
for aiding neuroscientists in exploring publication-date dependent
direct and indirect relations for identifying fruitful experiments.

5 IDENTIFYING SPECIFIC INTERMEDIATE
TOPICS AND PUBLICATIONS INDICATING
INDIRECT RELATIONS (STUDY 3, FUTURE
WORK)

In the initial study of finding indirect relations (Section 3), neuro-
scientists selected an intermediate topic, such as genes or mental
processes, to investigate indirect relations between brain regions
and brain diseases. During the evaluation study of finding indirect
relations conducted in November 2022 (Section 3), a neuroscientist
wanted extra information to improve the usefulness of the identified
indirect relations. This extra information includes specifying the
specific intermediate topic, such as the specific gene, responsible
for the indirect relation, and providing direct access to the publica-
tions that serve as sources for the two direct relations. Responses
from six other neuroscientists also indicated a desire to manually
select a specific intermediate topic pertinent to their research to
find indirect relations.

RQ9:What functionalities and visualisations are needed for pre-
senting specific intermediate topics and publications within the AR
environment?

RQ10: To what extent do the provided specific intermediate topics
and their corresponding publications contribute to the identification
of potentially fruitful experiments?

For this study, I will extend the capabilities of the Indirect Re-
lations Querier to include presenting specific intermediate topics
and publications indicating indirect relations. A key aspect of this
study is designing suitable visualisations for presenting specific
intermediate topics and publications within the AR environment.
To answer RQ9 and RQ10, I will also follow a user-centred design
cycle, involving close collaboration with neuroscientists to iden-
tify functional and visual requirements. The evaluation approach
adopted in the study of publication-date dependent direct and indi-
rect relations will be applied, leveraging semi-structured interviews
to obtain insights into functionalities, visualisations and usefulness.

6 EXPLORING THE USEFULNESS OF DATAR
IN DAILY NEUROSCIENCE LITERATURE
EXPLORATION (STUDY 4, FUTUREWORK)

In initial discussions held in 2019, data discovery experts and AR/VR
developers expressed their shared aspiration for DatAR to evolve
into a tool for delving into neuroscience literature within the frame-
work of daily research work [7].

RQ11: Which representative tasks in the daily neuroscience lit-
erature exploration are useful for neuroscientists to identify fruitful
experiments?

RQ12: To what extent is the usefulness of DatAR for neuroscientists
in their daily literature exploration?

To answer RQ11, I will collaborate with neuroscientists to iden-
tify appropriate representative tasks in daily literature exploration

for identifying fruitful experiments. For RQ12, I intend to recruit 10
neuroscientists who will undertake these identified representative
tasks within a specified timeframe in daily literature exploration,
which may take one or two months. Through systematic obser-
vation and data collection while using DatAR during their daily
literature exploration, I will assess the prototype’s usefulness it
offers for neuroscientists to identify fruitful experiments.

7 CONCLUSION
I view this work as contributing to a novel AR-based approach to
utilising indirect relations between topics, aimed at supporting neu-
roscientists in identifying potentially fruitful experiments. I have
demonstrated the potential of finding indirect relations through
DatAR to identify fruitful experiments, as confirmed by feedback
from neuroscientists in my initial study. I am about to begin a pro-
cedure (Section 4) to improve the usefulness of identified indirect
relations. Additionally, I plan to continue improving the proto-
type’s usefulness, envisioning a future where DatAR becomes an
indispensable asset in daily neuroscience literature exploration.
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