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1. Introduction

1.1. Objective of the Project

The project aims to redesign a data visualization project on
Comparative Neuroanatomy inspired from the ‘Brain Soup
Experiment’ research done by a brazilian neuroscientist Dr. Suzana
Herculano Houzel and redesigning it for novice target audience to
communicate the findings of the research in a structured way through
a data story that can allow them to do visual comparisons, make
speculations around the given data and inspire curiosity in them to
explore more about the given topic.

Since the existing visualization is meant for an expert audience who
can derive meaning out of the quantitative comparisons of different
ratios in consideration, the visualization offers little for a novice
audience who donot have any idea or understanding of neuroscience
or the ‘Brain Soup Experiment’ as such.

The data story will aim to explain the findings of the Brain Soup
Experiment through anillustrative and interactive approach which
can offer space for speculation and curiosity more than just stating
mere facts based on the data.

The focus will be to tell stories of different species and allow visual
comparisons to let the target audience speculate what could be the
possible factors that affect the degree of cognition that they have with
respect to other species.

Link to existing visualization : https://info-design-lab.github.io

neurons/
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1.2. Scope of the Project

The project is not aimed at data exploration of all the parameters
that have been a part of the research finding and doing quantitative
comparisons, but to communicate specific insights and findings
through narrative in a simple and easy to understand manner.

What this design covers?

« Tells the narrative the trade-offs between brain-body mass ratios
and cortex neuron density that affects the degree of cognitionin a
given species.

+ Combines narrativetillustrativetinteractive approach towards
data visualization.

« Onlyfocuses on ‘factors affecting cognitive abilities’ data as
well as findings from the research and allowing cross-species
comparisons.

What this design does not covers?

« Not focused on exploratory data vis.

+ Does not focuses too explicitly on quantitative figures and doing
guantitative comparisons.

« Does not focuses on deeper layers of interactivity.

+ Does not explores individual species narratives or insights, but
allows cross-species comparisons.


https://info-design-lab.github.io/neurons/%20
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1.3. Target Audience : Participants

The target audience for this project is termed as ‘Participants’ as
they will be interacting and visually engaging (participating) with
the visualizations. The demographics are not limited to a certain
age group, educational background etc but following pre-requisites
define them:

a. Level of Literacy: High School or above
In order to understand and interpret the given visualization and
the context of the concept presented, the participants must have
learnt the basics of biological conecpts like cells, species, brain,
neurons etc. In order to access the visualization, the participants
should be literate in using a computer and access internet and
web browser. They should have basic knowledge of reading and
understanding of written english language.

b. Level of experitse in domain : Novice
The participants are expected to be novices and non-experts who
may range from having zero prior knowledge about the domain,
however its not a strict criteria.

c. Interest level in the domain : moderate to high
One of the major goals of this visualization is to inspire the
participants towards the domain and spark curiosity in the in their
minds which can raise their ineterest level. The goal is to let them
visually compare, speculate and ask interesting questions around
the given data and nudge them to explore more about the topic.
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1.4. Type of Data Visualization

The design of this visualization is in the direction of an illustrative
data story, accompanied with visualising tool for species comparison.
In Scott Berinato’s model of Data Visualization typology, this
visualization will be classified as declarative visualization. Itis a
web-based interactive visualization.

The visualization is guided by a data story along with allowing the
participants to interact with an interactive Species comparison tool.
The direction is Visual Confirmation.

Fig 1: Berinato.S. (Aug 30, 2016). Good Charts: The HBR Guide to Making Smarter, More Persuasive Data
Visualizations [Infographic]. Retreived from : https://www.marketingjournal.org/good-charts-an-interview-with-

scott-berinato/
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The purpose of the data story is to narrate the insights of the Brain
Soup Experiment and focus on speculating what in neuroanatomy
affects cognition, why and how.

The visualization allows the participants to visually do cross species
comparison on variables which affect the degree of cognitionin a
species (as per Suzana Herculano Housel’s research). This part of
visualization will be interactive and will allow the participants to
interact and compare on ordinal ranking scale, cortex neuronal
density and brain-body mass ratio.
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1.5. Focus of redesigned visualization

a. Explain the key findings of ‘Brain Soup Experiment’ through a
narrative.

b. Explaining the neuroanatomical factors that affect the degree of
cognition in a given species.

c. Compare these neuroanatomical factors across species & derive
interesting insights and speculations.



2. Literature Review

2.1. Need for Scientific Visualizations

Scientific visualizations are emerging as a powerful tool for
dissemination of complex scientific knowledge to a broader audience
to effectively communicate the research findings and create a
meaningful impact [1][5]. Researchers and Scientists come up with
new research and theories every other day which stay limited to
textual literature and may not benefit the world as such.

Various scientific fields like Astronomy, Medicine, geography etc
are slowly advancing and leveraging the power of visualization to
effectively communicate the concepts and research knowledge to a
wider audience in an interesting manner.

Throughout the history of science, visualizations have been an
integral part and parcel of scientific progress with which scientists
may communicate their discoveries through hand-drawn sketches
of processes, results, ideas as their experiments, observations and
developing theories [2].

With increasing complexity, volume and dimensionality of scientific
data, it becomes difficult for the viewer to make sense out of the

given data. Apart from that, understanding scientific data may require
dedicated amount of time, interest and gaining some prior knowledge
to follow it through and not get overwhelmed by numbers and jargon
filled literature.
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Since, scientific visualizations simplify the scientific concepts and
make them accessible to non-expert audience with captivating and
engaging mediums like visuals, interactive prototypes and narrative,
it becomes an integral part of how science popagates and inspires
people in the society.

Scientific Visualizations can be effectively time saving and
communicate the desired inferences and insights from a given data.
Researchers today have unprecedented amounts of data and the
real challenge is to benefit from this abundance without getting
overwhelmed [4].

Context Specificity is also another important factor, that decides how
the spectatoris going to engage and interact with the data and what
she/he is taking away with them.

Hence there is a need to shift towards novel and context specific
visualizations to effectively communicate the insights in clear, precise,
accurate and interesting way along with inspiring people to take away
with them more than just mere numbers. A good visualization will
motivate them to think and be curious to explore about the subject
even more [13].



Data Visualisation on Comparativ

Neuroanatomy (2021)

2.2, State of Arts
2.2.1 Santiago Ramén y Cajal 2.2.2 Guild Natural Science Illustration
Santiago Cajal was considered the father of modern neuroscience The Guild of Natural Science Illustration is a global non-profit
who studied the structure and function of the brain and made both professional organization for all artists who work in the realm of
aesthetically astonishing and scientifically significant drawings of visual science communication, from illustration, animation, and
it. The beautiful brain is one of his most remarkable and Nobel prize comics to museum exhibits, photography, printmaking, video, and
winning works [6]. many others [7].
Fig 2: Cajal, S. (c.1899). Drawing of Purkinje Fig 3: Cajal, S. (c.1899) Drawing of Purkinje cells Fig 4: Pita, X. (2021). Bioelectronics for neural interfaces [Scientific lllustration]. Guild of Natural Science Illustrators Visual
Tnes‘;irgz gﬁ;éﬁ;ﬁggﬁ: cerebellum. Cajal l{lr(:)s ggzg; Z’;]‘gsgcglil:ag)é':i"é ngﬁafﬁsf);ggﬂ SciComm Conference 2021. Retreived from : https://www.gnsi.org/2021vconf-exhibition#swipebox


https://www.gnsi.org/2021vconf-exhibition#swipebox%20

2.2.3 Dr. Radhika Patnala (Sci-Illustrate)

Sci-lllustrate is a Munich, Germany based Scientific visualization
organization headed by neuroscientist cum illustrator who solves
design and communication problems for biotech and pharma, while
striving to bridge the line between science, art, and design.
Sci-Illustrate operates with an aim to enhance effective science
communication within the research community and beyond [8].

Fig 5: Patnala, R. (2016). Epigenetic regulation of microglial activation via modulation of histone 3 lysine 9
acetylation in a rodent model of ischemic stroke (doctoral dissertation), National University of Singapore.
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2.2.4 Dr. Greg Dunn

Dr. Greg Dunn is an artist and neuroscientist who uses his knowledge
of neuroscience to create works of fine arts showcasing the brain
through his neuroscientific paintings. His artwork includes ink
paintings on gold leaf exploring with reflective etchings and micro
detailing. One of his most remarkable works is Self Reflected, a
microetching based painting of the human brain [9].

Fig 6 : Dunn, G., & Edwards, B. (c.2017). The Self Reflected [Painting]. Your Brain Exhibit, Franklin Institute,
Philadelphia. Retreived from : https://www.gregadunn.com/wp-content/uploads/2016/07/Full-piece-

white-light-1.jpg
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2.2.5 Matteo Farinella

Matteo Farinella is a Neuroscience illustrator creating educational
comics, illustrations and animations around the themes of
neuroscience. He is the author of Neurocomic (Nobrow 2013), The
Senses (Nobrow 2017), Cervellopoli (Editoriale Scienza 2017). He
has been awarded the National Science Foundation Visualization
Challenge Award in 2015 for his illustrations and his work has been
featured in exhibitions in Society of Illustrators in 2015 and American
Association for the Advancement of Science in 2017 [10].

FEAR s AN INNATE EMOTIONAL RESPONSE.

IN DANGEROUS SITUATIONS SPECIFIC BRAIN CIRCUITS
(AMVGDALA) RELEASE HORMONES THAT ALERT THE MIND
AND PREPARE THE BODY To0 “FIGHT OR FLIGHTt\

IT IS USUALLY VERY DIFFICULT To CONTROL BECAUSE
THE AMYGDALA IS A PRIMITIVE CIRCUIT THAT RECEIVES
FEW CONNECTIONS FROM THE MORE RATIONAL AREAS
OF OUR BRAIN (cORTEX)

X\TTTTT7777

Fig 7 : Farinella, M. & Ros H. (c.2013). Neurocomic
[Neuroscience Comic]. funded by Wellcome Group
and published by Nobrow. Retreived from : https://
payload.cargocollective.com/1/14/457826/6877042

prt_300x423_1479182780_2x.jpg

Fig 8: Farinella, M. (c.2012). Little Albert Experiment,
Neurocomic [Neuroscience Comic]. A short science-
horror story about the shocking experiments of John
B. Watson in the 1920s. distributed during a special
Imperial Fringe event about ‘Fear; during Halloween
2012. Retreived from : https://payload.cargocollective.

com/1/14/457826/9994515/LittleAlbertExp002_1600_c.

Ipg

2.2.6 Susan Aldworth

Susan Aldworth is a British artist who specializes in works exploring
the human mind. Her work is experimental in nature exploring various
mediums of expression and has been widely used as installations in
museums mostly working with etchings, mototype and lithographic

works [11].

Fig 9 : Adlworth, S. (2006). Cogito Ergo Sum 3 [Painting]. exhibited
in Scribing the Soul in 2008 and Key of Life in 2010. Retreived from :
https://susanaldworth.com/wp-content/uploads/2020/10/1-Cogito-
Ergo-Sum-3.-Installation-of-20-archival-digital-prints-Susan-
Aldworth-2006.-Image-courtesy-of-the-artist-1.jpg
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2.2.7 David McCandless (Information is Beautiful)

David McCandless is a data journalist and founder of the visual blog
‘Information is Beautiful’ which is focused on creating visualizations,
diagrams, data stories and infographics based on facts and data [12].

Fig 11 : McCandless, Quick, M., & Park, A. Colors in Culture [Data Visualization]. Informationisbeautiful.net. Retreived from :
https.//infobeautiful4.s3.amazonaws.com/2014/11/IIB_Best-In-Show_1276x2.png

Fig 10 : McCandless, D. White, P, & Wdowski, A. Colors in Culture [Data Visualization]. Done in collaboration with
AlwayswithHonour.com. Informationisbeautiful.net. Retreived from : https://infobeautiful4.s3.amazonaws.
com/2010/04/2552_ColoursinCulture-3.png
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3. Why Redesign?

3.1. Critique of Existing Visualization

The existing visualization of the given data shows an exploratory
quantitative comparison of ratios from the given dataset which
might be useful to field experts like neuroscientists, to visualise the
quantitative comparisons.

The first visualization compares the rankings of different species
on the basis of five parameters : body mass, brain mass, number of
neurons in cortex, number of neurons in cerebellum and total number
of neurons in the brain. In terms of interaction, it allows the viewer to
. . . . . . Fig 12 : Rajmanickam, V. An Interactive Comparative Digital Neuroanatomy [Data Visualization]. Retreived from :
click on any of the given scale indicators on an ordinal scale of ranking hitos://info-desian-lab.cithub.io/neurons
and observe and compare different species on rankings scale.

The current scale compares and shows the rankings of individual
species, and not allow a cross species visual comparison. For a non-
expert, itis important to tell them why this scale of comparison
matters so that they can make sense out of it. If they are not guided
by a proper path of understanding the data, it may lead them to
lose interest within few seconds or lead them to making incorrect
conclusions about the data.

Fig 13 : Rajmanickam, V. An Interactive Comparative Digital Neuroanatomy [Data Visualization]. Retreived from :
https://info-design-lab.github.io/neurons,
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Second visualization presents a chord diagram of ratio comparisons
between the species. It also shows top three closest and fartest
species in a given ratio comparison. However, it represents the data in
an exploratory quantitative ratio comparisons, which for non-experts
might not be that useful, as they may not be able to deduce the
inferences directly.

One of the major turn-off points in existing visualization lies in the
absence of an interesting and captivating data narrative and a proper
guided path of understanding to the novice audience. Without an
interesting and compelling story, quantitative data holds no meaning,
especially for an audience who has zero domain knowledge [13].

For being able to meet its purpose, that is, inspiring and sparking
curiosity for a complex scientific topic in a non-expert audience,

the current visualization needs to be redesigned. Interactivity,
interpretation and visual engagement become crucial design factors
which need improvement in existing visualization.

Data Visualisation on Comparat

Fig 14 : Rajmanickam, V. An Interactive Comparative Digital Neuroanatomy [Data Visualization]. Retreived from :
https://info-design-lab.github.io/neurons,

\euroanatomy (2021)
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3.2. Why Storytelling Approach ?

This project which is covered under the broad theme of ‘Public
understanding of science’ and the primary objective of this
visualization is to inspire and spark curiosity and interest among the
participants about the topic and domain so that they can learn and
infer meaningful insights, ask interesting questions around the given
data and be curious to explore more about the topic.

In order to communicate the findings of the given neuroscientific
research, an interesting way is to design the visualizations along a
data storyline.

Storytelling with data is meaningful because it helps to communicate
the insights from a research to a broad and diverse set of audience
irrespective of their expertise in the domain. It makes the research
findings accessible to them in terms of understanding why one
should take interest in a particular topic and opening new horizons
for them to discover [17][18].

Data Visualisation on Comparative Neuroanatomy (2021)

Storytelling not only helps to articulate the research insightsin an
interesting and captivating manner, but also helps to simplify the
content so that people can make sense out of it. The goal of this
visualization is to allow participants visually engage, speculate, draw
comparisons themselves and ask interesting questions around the
given data. Adding interactive visualizations along with rich visuals
enhances and augments well with a data story.

For a complex neuroscientific topic such as what is taken in this
project, a narrative also keeps the participants hooked and allows
them to explore the depths of a concept. A story provides them a
guided path to walk on and unfold the beauty of the insights of this
research, one at a time and without getting overwhelmed with a lot of
disconnected facts and numbers.

11



3.3. Key factors for redesign

According to the critique presented the following factors are the key
gaps in the existing visualization, due to which there arises a need to
redesign it. The factors are as follows :

a. Public Understanding of science : Since the project comes under

the broad umbrella of public understanding of science, the
accessibility to a complex topic for novice audience becomes an
important issue of concern.

Data Story and narrative approach : Providing a structured path
of understanding the content isimportant for an audience who
have very less or almost zero domain knowledge and hence a
stroytelling path allows a guided path to follow and understand
the context of the subject presented.

Inspiring curiosity through visuals and interactivity as mediums
: Creating Visual interest and allowing visual comparisons
across species is the main goal of this visualization and be
comprehensive to a novice audience.

d. Allowing room for speculation : Another important aspect of this

visualization is asking interesting questions and derive interesting
insights out of the data which is being presented.
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3.4. Crafting the narrative

Following are the major chunks/aspects of the information that forms
the data narrative and have been used to craft the given narrative :

a. Cognition in a species to a certain degree depends upon
neuroanatomical factors like number of neurons in cortex, brain-
body mass ratios.

b. Forsupporting large number of neurons in the cerebral
cortex(which can increase level of cognition in a species), there
are energy constraints that can either increase brain neuronsiin
cortex or increase body mass.

c. Eventhough each species is unique and specialise in cognitive

as well as neuroanatomical traits, still how a cross species
comparison can be done?

12



3.5. The Design process

Data Visualisation on Comparative Neuroanatomy (2021)
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4. |ldeation

The initial exploration of ideas started off with scoping down the data
variables taken into consideration that support the data story and
creating mood boards of related works. For articulating the data story,
the key insights were filtered out from the research papers referred to
study about ‘Brain Soup Experiment’ and then attempt was made to
translate them into visuals and illustrations that can communicate the
desired insights.

Fig 16 : Possible questions and directions of articulating a data story

Data Visualisation on Comparativ

Fig 17 : Writing down insights for articulation of data story from Brain Soup Experiment Research

Neuroanatomy (2021)

14



4.1. Structure of the data story

Data Visualisation on Comparative Neuroanatomy (2021)
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4.2. |dea Exploration 1

Fig 18: Idea Exploration for Interactive Data Visualization on species comparison using Sunburst diagram Fig 19: Idea Exploration for Interactive Data Visualization on species comparison using packed circles

Thisidea is inspired from Sunburburst diagram, which classifies and Another version of this idea is a packed circle diagram, where

arranges species according to their Species order and the length different bounding colored circles indicate different species order and

of the bars will be proportional to the magnitude of the ratio of each circle inside represents an individual species. The area of the

compariosn in consideration. circle will be proportional to the magnitude of the selected ratio of
comparison.

16
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4.3. Idea Exploration 2

Fig 20 : Idea Exploration for Interactive Data Visualization on species comparison using ranking scales Fig 21 : Idea Exploration for Interactive Data Visualization on species comparison using ranking scales (enlarged)
Thisidea includes a slider based interaction which arranges the Once a particular value is selected, other sliders will auto position
species according to the ranking order on scales of number of to the values corresponding to the selected species and it will be
neurons in cortex, total neurons, brain mass and body mass.The slider highlighted on all four scales.

will be a 40-point scale in increasing order from left to right.

17



4.4, |Idea Exploration 3
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Fig 22 : Idea Exploration for Interactive Data Visualization on species comparison

This idea involves two scales of comparison. One scale compares
Number of Cortex neurons with Total Number of Brain Neurons and
other one compares Brain Mass with Body Mass.

On Species Ranking scale, two parallel axes represent rankings of
species based on the parameters labelled and shows connections on
what rank does a particular species lies on.

18
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Fig 23 : Idea Exploration for Interactive Data Visualization on species comparison

The second scale is a Species Comparison scale, when a species is The color of the line represents the degree of closeness or farness with
selected, the connecting lines represent the closest species on one of respect to the selected species.
the selected ratios of comparisons.

19



4.5. Idea Exploration 4
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Fig 24 : Idea Exploration for Interactive Data Visualization on species comparison

This idea represents the horizontal rank scales of different species
based on four parameters in consideration, Cortex Neurons, Total
neurons, Brain Mass and Body Mass.

All four scales represent species in decreasing order of rankings on
respective parameters. When a variable on the axis is selected, the
numerical values on the top scale axis will change accordingly.

20
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Fig 25 : Idea Exploration for Interactive Data Visualization on species comparison

When Species Comparison scale is selected, the variables associated The degree of closeness and farness will be indicated by the color of
with the selected ratio will remain. If any species is selected on any of the connecting lines as well as their width.

the scales, the closest and farthest species will be highlighted on the

second scale.

21



4.6. ldea Exploration 5

Data Visualisation on Comparativ

Fig 26 : Idea Exploration for Interactive Data Visualization on species comparison

This idea involves two visualizations, a rank scale comparisons and
another one involving individual species comparison. The ranking
scale is ordinal where species are arranged in increasing order from
centre to the other end of the axis. For a selected species, the closest
and farthest species will be indicated on selected ratio of comparison.

Participants can scroll through species and respective points on the
scale on left side will be indicated. Each species has a unique shape
of the quadrilateral which indicates its correlation between the four
variables in consideration. Color encodings represent species order.

Neuroanatomy (2021

22
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Fig 27 : Idea Exploration for Interactive Data Visualization on species comparison

The second visualization offers a visual comparison of individual
species, one at a time which can be changed through scroll buttons
on top and bottom. The reason for giving individual species in

this visualization is for focusing on individual species and doing
comparisons taking it as a reference.

The objective of this visualization is to allow the participants do a
visual comparisons across species and understand the similarities and
dissimilarities in cognitive behavior of different species.

23



4.7. ldea Exploration 6
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Fig 28 : llllustrative Approach towards Data Story and Interactive vis exploration

Thisideais anillustrative approach towards the data story, which
aims to explain the given narrative through the help of a data comic.
This is a fact based storyboarding approach and presents the insights
with the help of illustrations.

This is the visualization supporting the story, where given species can
be selected from the given list and closest and farthest species could
be seen with respect to the selected species in consideration.

24
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5. Design

5.1. Defining Illustration Style

All the species were drawn taking reference from real-life images

and anatomy. Same brushes have been used throughout all the
illustrations for line drawings and giving textures. Procreate has been
used to illustrate species. The color palette has been maintained

to depict the real colors associated with a particular species. The
illustration style is a mix of realistic and slightly animated.

Fig 29 : lllustrations of species Fig 30 : lllustrations of species

25
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5.2. Definining Visual Design

The font used in the final layout is Source Sans Pro. The reason for
choosing this font is because it is a legible and readable font and the
visual style appears to be formal which makes it suitable to be used
in a design which is aimed to communicate a scientific topic.

The choice of color palette for the web-based visualization has been
derived from the real color palette of brain anatomy.

#F2BFA8 #FAF2F3

Data Visualisation on Comparative Neuroanatomy (2021)
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5.3. Definining elements of interactivity

Data Visualisation on Comparative Neuroanatomy (2021)
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5.4. Wireframing and Layout

Fig 31 : Wireframing Ordinal Raking Scale visualization

Data Visualisation on Comparati

Neuroanatomy (2021)
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Fig 32 : Wireframing Individual Species Comparison

Data Visualisation on Comparative Neuroanatomy (2021)
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5.5. Data Story: Dont judge a brain by its size!

By looking at huge animals, it is quite obvious to infer that they have
bigger brains in terms of size, but are their brains actually biggerin
terms of smartness ?

Presuming a bigger brain being equivalent to higher cognitive abilities
may not be as accurate as it appears to be. Even smaller brains can be
mightier when it comes to cognitive abilities.

So this argument leads us to understanding brains more closely rather
than evaluating them just on their face values! Just like all of us,
brains also come in different sizes, shapes and yes different abilities.

Each brain is unique in its neuroanatomical composition and the
way it functions. All brains contain cells called ‘neurons’ which are
responsible for cognition (a process through which brain acquires
knowledge and understands through thought, experience and the
senses). In simple words, it acts like a sensory input-output and
processing unit in the brain and controls how a species interact with
the external world [15].

If the brain is what generates conscious cognition, having more brain
should only mean more cognitive abilities. So the question is when we
talk about cognition and cognitive abilities, what actually allows few
brains to be selectively able to handle complex tasks like solving an
algebra problem, that a human brain is capable of but not any other
brain can.

Data Visualisation on Comparative Neuroanatomy (2021)

Fig 33: Inspired Portrait lllustration of Suzana Herculano Housel. Reference : Blanding.M., Bispo.J. (Sept 7, 2017).
Vanderbilt Magazine, Vanderbilt University, Nashville, Tennessee 37240 [Suzana Herculano Housel Portrait]. Retreived
from : https.//news.vanderbilt.edu/2017/09/07/brainiac-with-her-innovative-brain-soup-suzana-herculano-houzel-is-
changing-neuroscience-one-species-at-a-time,

31
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Chimpanzees can learn hierarchical sequences: They play games
where they must touch squares in the ascending order of the numbers
previously shown, and they do it as well and as fast as highly trained
humans. Chimpanzees and elephants cooperate to secure food that is
distant and can’t be reached by their efforts alone.

Even birds seem to have knowledge of other individuals’ mental state,
as magpies will overtly cache food in the presence of onlookers and
then retrieve and move it to a secret location as soon as the onlookers
are gone. Chimpanzees and gorillas, elephants, dolphins, and also
magpies appear to recognize themselves in the mirror, using it to
inspect a visible mark placed on their heads.

These are fundamental discoveries that attest to the cognitive
capacities of nonhuman species—but such one-of-a-kind
observations do not serve the types of cross-species comparisons

we need to make if we are to find out what it is about the brain that
allows some species to achieve cognitive feats that are outside the
reach of others. And here we run into another problem, the biggest
one at this point: how to measure cognitive capabilitiesin a large
number of species and in a way that generates measurements that are
comparable across all those species [15].

Data Visualisation on Comparativ

Fig 34 : Inspired Neuron Illustration. Reference : Neuron and Nerves [Infographhic]. BYJU’S website. Retreived from :
https://cdnl.byjus.com/wp-content/uploads/2018/12/Neuron-And-Nerves.png

Fig 35 : lllustration for data story depicting chimpanzees learning hierarichal sequences

Neuroanatomy (2021)
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But having higher number of neurons in Cerebral cortex comes
with cost! Animals with larger bodies but less number of neuronal
density in cortex rely on raw food in the wild, which might not give
their bodies that much calories to support big brain and big bodies
simultaneously.

Similarly, some of the species which have smaller body mass tend

to have increased number of neurons in their cortex, so their bodies
compromise body mass but support more neurons in cerebral cortex,
which might enable them with unique cognitive traits.

So the most interesting possibility is that, the number of neurons
in the cerebral cortex can be one of the deciding factors for higher
cognition.

A Research in 2014 suggested that smartness or intelligence of a brain
to a certain extent is driven by the cerebral cortex, part of the brain
which enables high level processes like consciousness, thought,
language, reasoning, memory etc [15].

There is an interesting balance that nature has to maintain in the
evolutionary process between either increasing the brain mass or the
body mass which affects the degree of cognition a species can afford
[14].

[Visualization |
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Blessing in disguise!

There is something unique about our brain that makes it cognitively
able to ponder even its own constitution and the reasons for its
own presumption that it reigns over all other brains. If we are the
ones putting other animals under the microscope, and not the other
way around, then the human brain must have something that no
other brain has. So what do we have that no other animal has? A
remarkable number of neurons in the cerebral cortex, the largest
around, attainable by no other species. And what do we do that
absolutely no other animal does which allowed us to support that
remarkable number of neurons in the first place? We cook our food
[15].

Human brain uses 25% of the total calorific value that the body
requires on each single day. Cooking is the act of using fire to pre-
digest food, and thus to get more energy out of the same amount of
food. In fact, cooked food yields about three times as many calories.
Cooking came as a blessing in disguise for humans, as a part of our
evolutionary process which changed everything!
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5.6. Final Design
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<——— Button to skip directly to the visualization
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Visuals and illustrations
supporting Data Story
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\ Visuals and illustrations

supporting Data Story
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Ordinal Scale of Comparison of
Ranks of Species with respect to
closest and farthest species

N

Dropdown menu to select the

scale of comparison

Uniquely Colored
Legend for each species

7

Clickable color coded legends of
Species. By clicking on any species,
the visualization of selected species
will be highlighted on the ranking
/ scale given below and the species

profile will appear on right side

Species Profile with
details and closest
and farthest species
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Each colored connection
represents a species on the
ordinal ranking scale

N

Dropdown menu to select the
scale of comparison
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Viewing rankings of
all species together

M
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/

Scrolling through the list
of species and view their
closest and farthest species

N

Selection buttons for
selecting the ratio of
comparisons
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Concluding the data story
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5.7. Prototype

The prototype of this data story has been design on Figma and suited
for desktop view on web browser. It should preferably be viewed on
Google Chrome with full-screen or full width view.

Link to Figma Prototype : https://www.figma.com/proto/

TKahuCdH2uplL4NLy0tGxA6/Comparative-Neuroanatomy-
Copy)?page-id=0%3A1&node-id=301%3A2&starting-point-node-

id=301%3A2
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Fig 36 : Prototype View Settings on Figma for optimised view
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6. Design Evaluation
6.1. Expert Validation

For evaluation of the final design, two field experts were contacted to
evaluate whether the re-designed visualization is able to achieve its
desired objective or not.

| contacted Dr. Matteo Farinella (Scientific Multimedia Producer

at Columbia University, New York and member of Massive

Science Consortium and Art director of ‘Science for the people’
magazine) and Ms. Raj Kumari Sharma (a PhD Scholar in Movement
Neuroscience and Rehabilitation Technology Lab, IIT Bombay)

for evaluation of final design. The key evaluation points from the
feedback of both experts are as follows :

a. Both experts approved the content and structure of the data
story.

b. The use of terms like ‘Ordinal Ranking Scale’ and ‘Individual
Species Comaprison’ needs to be explained in more detailed
manner to the participants so that they understand its relevance
while comparing species.

c. Inthefirstvisualization, giving a hover based information pop-up
on the connections that can represent the names of the species
as well as their values of different parameters would add more
value to the visualization.
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d. Forthe firstvisualization, it was suggested to give more freedom
of exploration to the participants, by allowing them to be able to
construct the visualization from scratch like constructing the scale
axis themselves and allowing multiple species to comparisons
simultaneously.

6.2. Qualitative Feedback from Target Audience

The target audience feedback was sought out from 12 participants
from varied backgrounds and then key insights were found out, which
can be documented as a part of the future work.

47



Data Visualisation on Comparative Neuroanatomy (2021)

48



6.3. Key Findings

Based on the expert feedback, the redesigned visualization is able to
achieve the following objectives :

a.

The content takes a bit of technical language and verbose at
some points which with simplification can make the content
smooth and better to be understandable to target audience.

Length of content could be shortened and made more crisp.

Exploration of other graphs and more flexibility could also be
given by allowing participants to construct the visualization and
scales from scratch.

Embedding more interactivity in first visualization which
can present the quantitative figures, like giving data based
information pop-ups when participant hovers over the
connecting lines of ranking.

The conclusion of data story seemed a bit abrupt to some
participants, which can be made more conclusive or presented as
an ‘additional info’.

The significance of scales of comparison need to be explained in
detail.
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Based on participant feedback, the key findings are as follows :

a. All participants did not priorly know about ‘Brain Soup
Experiment’.

b. All Participants understood the key insights well. (trade-offs
between brain-body mass and neuron density in cortex).

c. Enthusiasts and High School students did interesting
speculations.

d. ‘Higher level of interest’ and ‘prior contextual knowledge’ was a
guiding factor in the perceived understanding and usefulness of
content.

e. Advanced Medical Sciences participants wanted more detail and
depths rather than simplification of the concept.

49



7. Limitations & Challenges

As per my experience with the project following are the limitations
and challenges:

a. Articulation of Data Story and connecting facts togetherin a
sequence and visualizing the data itself took a lot of time and
iterations, discussions, discarding previous ideas and starting
from scratch, to come up with the idea that could resonate with
the insights and how to scope the information in hand.

b. Due totime and skill constraint, could not implement some of
the additional features and the coded version of the prototype.

c. Current prototype needs to be re-iterated according to the
feedback and findings from the design evaluation part.

d. Could not do quantitative evaluation due to lack of time and the
limited number of participants available for evaluation.

e. Articulation and documentation of project report is less concrete
and concise, could have been better.
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8. Future Work

The future steps for this project can be:

a. Asof now, the prototype of this data story exists as a Figma
prototype which can be coded and made live on website to be
accessible to a wider audience.

b. Due to lack of expertise and domain knowledge, | invested a lot of
time in trying to understand the content of the research correctly,
in that case experts should be contacted within initial stages of
the project for discussions.

c. Thedesign does not covers instructional aspects related to the
topic in consideration, hence that area could be explored with
the help of visualizations as potential medium of instruction.

d. The visualization can be made more exploratory in nature by
allowing the participants to do comparisons on additional scales
like cartesian scale, logarithmic scales and so on.

e. Individual stories of different species can be explored more.

f.  Otherevaluations of the design could be done.
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9. Conclusion

The project explored the primary goal of redesigning an existing
visualization in the direction of a data story supported through
interactive visualizations that allow visual comparisons across
species on the basis of factors affecting cognition in a species. The
project merges illustrative and interactive approach towards data
visualization tied together with the help of narrative derived from
the ‘Brain Soup Experiment’ research. Based on the complexity
of the research topic, a stroytelling approach was taken to explain
the research findings to a novice target audience backed up by
scientifically accurate data.

The project highlighted data narrative on factors affecting the degree
of cognition in a species and finding patterns that allowed the
participants to speculate and do visual comparisons across species.
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