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Introduction
From 2015-2018, the NextGenVis Research Training program funded fifteen PhD students
across Europe to work on important issues related to human vision. The students investigated
topics ranging from basic clinical questions about eye and brain disease through to
computational models of vision that inform the rapidly expanding field of machine learning.
Here we provide a short summary of at least one major output from each student and
describe its potential future relevance to healthcare and industry.
This leaflet presents the situation by the end of our program. If you would like to know more
our research and current progress, please visit www.nextgenvis.eu for further details and links.
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Effects of
brain
damage on
vision

Vision in
albinism
Albinism is a congenital disease characterized
by reduced pigmentation in the eyes and skin.
Sometimes it is hard to diagnose people with
albinism and to predict its effects on vision –
differences in skin and eye pigmentation do
not always map clearly onto functional and
neurological changes. Puzniak, Ahmadi and
colleagues have shown that MRI
measurements of the optic nerves can
provide a simple index that correlates with
other aspects of the disorder – particularly vision loss. This is especially true for the
optic chiasm – the point where the optic
nerves from the two eyes join and then split
again.
The information found in their research may
be used, in combination with other measures,
to help clinicians provide a more accurate and
useful diagnosis and prognosis to patients.
In the long term, this research will also tell us
how the developing brain can adapt in the
face of congenital vision loss, which will have
important implications for other visual
disorders.
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evidence of such vision recovery. The take-

Carvalho and colleagues have developed new

home message is that there are profound,

techniques to measure functional vision in the

age-related differences in brain plasticity. If vi-

presence of visual field loss objectively. They

sual training aimed at the restoration of visual

do this by measuring the responses of the vi-

function is to have any effect, it must be start-

sual brain – even when ‘filling-in’ is occurring.

ed as early in life as possible. This may have

These objective measurement techniques

little or no effect in older adults unless some

may be further developed into methods that

novel way can be found to restore a juvenile

can aid the early diagnosis of glaucoma and

state of brain plasticity.

RP, as well as to monitor and evaluate the
progression of these diseases and their
response to therapies, thereby improving the
prognosis for patients suffering from these
conditions.

Clinicians

sometimes

encounter

patients

with brain damage that may affect their visual function. It is useful to know how much residual function remains in these patients – for
example, when generating a prognosis for a
very young child with congenital brain damage. It is also useful to know how much function might be recovered in patients who suffer
brain damage later in life – for example, as the
result of a stroke.
Bhat and colleagues have found remarkable
preservation of function in children suffering profound congenital damage to the visual brain. Extensive reorganization is possible
during the early development of these patients in infancy and functional vision loss can
be far less severe than might be expected
based solely on anatomical brain scans.
However, the opposite is true in adult patients.
Despite some high profile papers from other
groups suggesting that extensive training can
lead to vision recovery in the blind hemifield
of older stroke patients, Bhat et al found no
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Measuring
the effects of
eye disease
Patients with progressive forms of vision loss
are, paradoxically, often unaware of this loss.
The brain ‘fills in’ the missing information so
effectively that the disease is often masked for
a long time. In ophthalmology, this masking of
the visual field loss is an important reason for
delays in the detection of eye diseases such as
glaucoma and retinitis pigmentosa (RP).
These delays in diagnosis may result in delayed treatment and, in turn, in increased
chances of blindness. Moreover, patients who
are unaware of their visual field defects have
increased difficulty in coping with the
activities of daily life.

Joana Carvalho and colleagues developed new
techniques to measure the effect of eye disease
on the brain

Alessandro Grillini
University Medical Centre Groningen

Eurogrant.for patients suffering from these
diseases.

New
technology
for
diagnosing
eye disease

Posterior Cortical Atrophy (PCA) is a brain disease that causes degeneration in the visual
and attentional regions of the brain. It can be
a precursor to Alzheimer’s disease. Patients

id visual assessment procedure based on eye

with PCA often suffer from both

tracking that can aid in the diagnosis of

‘simultanagnosia’ and ‘foveal crowding’.

glaucoma. The assessment is non-invasive,
ly early stage and does not require the patient
to perform a complex task.
The technology has the potential to revolutionise some aspects of early visual screening.
The core technology has been field-tested at
three sites:
University Medical Center Groningen, Royal
Dutch Visio in Haren and the Indian Institute of
Technology in Delhi. Further tests are planned
in the near future.
A group including Grillini, Semeniuta, Gnolo
and van Dijk (below) have won additional
funding for their ‘Reperio’ business plan,
awarded through NextGenVis partner

Hadassah Medical Organization

Effects of
brain
disease on
vision

Grillini and colleagues have developed a rap-

provides diagnosis of the disease at a relative-

Peter de Best

Alessandro Grillini and colleagues are developing
a revolutionary new way of diagnosing eye disease based on eyetracking.

neurodegenerative diseases. This research
also may lead to more improved diagnosis
and treatment for this disease in the future.
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Imaging the
layers of the
brain

Simultanagnosia is the failure to perceive mul-

The brain’s grey matter is divided into indi-

tiple visual attributes simultaneously across

vidual layers that are fractions of a millimetre

the visual field.

deep. The way information moves between
these layers is fundamental to the operation

Foveal crowding is the interference between

of a healthy brain. Yet, until very recently brain

neighbouring stimuli in the central visual field.

scanners have been unable to resolve these

The first is generally attributed to restricted

individual layers – both because they are so

spatial perception with patients ‘seeing’ only

small and because there has been no analysis

a single location at once. Foveal crowding, on

software to process depth-resolved data.

the other hand, suggests almost the opposite
effect - multiple objects in the visual field

Van Dijk and colleagues have created a state-

locations contributing to each location. Using

of-the-art brain imaging pipeline that allows

cutting-edge quantitative brain imaging tech-

for the accurate analysis of functional MRI data

niques, De Best and colleagues have shown

over cortical depth. In the short term, they will

that the visual brain represents the world dif-

use these analysis methods to understand the

ferently in PCA patients compared to controls.

local processing of the human brain in more

These findings give us a new understanding of

detail, and this method supports several Next-

how the brain reorganizes in the face of

GenVis projects. In the intermediate and long
term, this depth-resolved analysis could

become the standard for neuroimaging

on data from a different type of brain scanner:

experiments, greatly increasing the informa-

a magnetoencephalography (MEG).

tion that can be extracted from the next
generation of MRI scanners for the benefit of

MEG signals tell us about the electrical activity

both fundamental and clinical science.

of neurons in the brain and therefore provide
an instantaneous and direct read- out of brain
activity. Edadan and colleagues have opened
up a new technology for quantifying the
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New ways
to measure
maps in the
brain
Understanding how the human brain represents the world is a fundamental part of
neuroscience. Techniques developed over the
past decade by NextGenVis partners now
allow us to measure precisely the mapping of
visual space into the visual brain.
This population receptive field (pRF)
mapping technique is fundamental to a number of other projects conducted by
NextGenVis students.

activity of the brain by adapting the pRF
technique to use MEG data, which can be
applied to both healthy subjects and clinical
patients with eye brain diseases that can
affect vision.
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Configural
face
properties

patterns of activity in the visual cortex which
may be applied to communication with
patients with lock-in syndrome.

Marc Himmelberg and
Freja Gam Østergaard
University of York and Lundbeck A/S,

Faces are visual stimuli with immediate

Copenhagen

relevance for everyday social interactions,

Diagnosing
degenerative
brain disease

yet it is still not well understood how they are
detected and recognised by the brain. Gnolo
and his colleagues developed a mathematical
description of how the visual properties of
faces contribute to the perception of
‘faceness’.

Akhil Edadan and and colleagues worked on new
techniques to quantify the activity of the brain by
applying the pRF techniques to MEG data.

can reconstruct imagined letter shapes from

The approach was inspired by fundamental

Neurodegenerative diseases such as Parkin-

lines of symmetry used by painters for

son’s Disease (PD) can have effects on the

hundreds of years. To evaluate the importance

human visual system. These changes in vision

of the identified features, he measured human

could, if understood, form the basis for new

sensitivity to changes in these characteristics

technologies for diagnosing diseases and

which included, vertical symmetry, the nose-

monitoring their progression. Himmelberg

mouth axis, and the tilt of the eyes. Doing so,

and colleagues have shown that changes in

Gnolo identified the six most relevant features

the visual system of animal models of PD are

that contribute to “faceness”.

complex and reliable enough to allow us to

These characteristics will be used in ultra-high

diagnose the presence, progression and even

field fMRI studies to make predictions about

the subtype of the disease. They have also

neural processing in face-related brain areas.

used fMRI in humans to make careful measurements of baseline neuronal responses

In humans, pRFs have predominantly been
measured with MRI scanners. These data are
based on blood flow and are therefore relatively slow and indirect readouts of brain activity. Edadan and colleagues have now developed a new type of pRF measurement based

Besides the work on face features, Gnolo con-

that could allow us to extend their animal

tributed to the development of decoding

work to the clinic. In parallel, Østergaard and

methods of brain signals. Together with

colleagues have examined the effect of genes

colleagues he developed an algorithm that

relevant for PD pathology on deep brain
structures in rats using fMRI.

A group including Himmelberg, Østergaard
and Molz (below) have won a small amount of
funding for their ‘ClassiFLY’ technology, awarded through NextGenVis partner Eurogrant.
They are currently applying similar machine
learning techniques to rodent models of PD
(with Lundbeck A/S, Copenhagen) to assess
whether we can accurately classify PD rodents
based on their visual responses to coloured
stimuli. Finally, they are also assessing the
utility of these machine learning methods to
measure the effect of new therapeutic agents
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A new
approach to
curing ‘lazy
eye’

Brain
mapping in a
rare eye
disease

benefit from gene therapy as well as laying
the groundwork for additional therapies.

in Parkinson’s rodents.
Amblyopia or ‘lazy eye’ is a leading cause of

Achromatopsia is a rare but significant con-

Diagnosing and monitoring PD patients based

vision loss in young Europeans, affecting more

genital eye disorder that leaves patients with

on their visual function would have a positive

than one out of hundred individuals. If detect-

reduced central vision and complete colour

impact on the approximately 1.2 million EU

ed early in life, the conventional therapy for

blindness. In addition to the dysfunction of

residents with PD. In the long term, it is hoped

this brain disease is to occlude or ‘patch’ the

the retina, the brains of achromatopsia

that this novel assay can be used to rapidly

unaffected eye – a treatment that is thought

patients may also develop differently com-

test new therapeutic agents as treatments to

to encourage the brain to become more sen-

pared to those of people with unaffected

slow the progression of PD and other neuro-

sitive to information from the amblyopic eye.

retinas.

logical diseases that affect millions around the

If left untreated in childhood, the disease

globe.

becomes relatively intractable and can result

A remarkable new therapy for achromatopsia

in life- long vision loss in one eye. Kurzawski

is now being tested in Europe. Gene therapy

and colleagues have shown that a new type of

can restore function to the retina, but to pre-

therapy (patching the unaffected eye for short

dict its effectiveness on restoring patients’

periods) shows promise for treating this

vision, we also need to understand how the

disease in adults.

brains of these patients change – both in
response to the disorder and in response to

Interestingly, this therapy is almost the oppo-

the gene therapy. Molz and colleagues have

site of the conventional childhood treatment:

used MRI to map both structure and visual

reducing vision in the amblyopic adult eye

function in brains of patients with achroma-

seems to lead to an increased cortical

topsia and compared them with healthy con-

sensitivity to this eye’s input. If these findings

trols. This is the first study to characterise the

are confirmed, they may lead to a radical new

brain changes associated with this disorder in

type of therapy for adults with this visual

a larger cohort of these patients and will

disorder.

allow clinicians to predict more accurately
how individual achromatopsia patients might

Barbara Molz and colleagues are investigating
the effects of a rare eye disease on the brain.

Stanislau Semeniuta
and Alejandro
Hernández-García
Pattern Recognition Company GmbH and

speed up training of deep neural networks for
Hernández-García and colleagues have ad-

generic applications, specifically in domains

dressed the problem of training deep neural

where little training data is available.

networks with little data, taking inspiration
from neuroscience.

Whitematter Labs GmbH

Improving
machine
vision

Recently, artificial neural networks have
achieved impressive results in the domain of
image recognition and identification when
trained with large amounts of data. However,
in many applications, like the medical domain,
these large datasets are harder to obtain. One
solution is to tune each network manually on
a case-by-case basis. This is time consuming

Semeniuta and colleagues have developed

and means that the training procedure cannot

novel machine vision algorithms that have

be generalised to new domains.

direct application to the fields of object recognition and scene segmentation. These algo-

An alternative approach is to artificially create

rithms are inspired by basic research on hu-

new training examples out of available data

man visual neuroscience and allow researchers

(“data augmentation”). For example, in the

to ‘close the loop’ between the next genera-

domain of object recognition images can be

tion of vision research and the emerging field

scaled, cropped, rotated, changed in contrast

of deep neural network applications.

and so on to generate new examples. Importantly, unlike manual fine tuning techniques,

The development of these new types of ‘see-

data augmentation is applied on the training

ing machine’ allows neuroscientists to test

data, not the network. Thus, it can be applied

theories about real brains much faster than

to any type of neural network.

would normally be possible. In addition, the
neural networks that result from this applied

This project demonstrates the high perfor-

research will be smaller, faster, more efficient

mance of data augmentation techniques. They

and easier, and more inexpensive to train.

can achieve the same performance or even
higher compared to manually-tuned models.

As well as providing new theoretical frame-

They can also be adapted to other types of

works for understanding how the human

network and training data. Furthermore, they

nervous system works, the improved accuracy

have shown that the internal representations

of these algorithms will benefit the manufac-

of the networks trained with their approach

turers of ‘smart visual prosthetics’ – devices

become more similar to the activation pat-

that interpret the visual world for patients

terns in the brain. This work holds promise to

with visual impairments.
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