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Making Sensory Neuroscience Comparative: 
A Review and Analysis of Orientation Selective Retinal Ganglion Cells

Look here more often for orientation
selective visual neurons…

Abstract

Atticus Moats and Dr. Nicholas Brandley- Dept of Biology and Sensory Communication Sciences

Methods

Introduction Results: Comparisons OS-RGCs across Animals
Sensation is how humans and animals observe and 

learn in their surrounding environments. There are 
generally three steps for sensation: the activation of 
sensory receptors, sensory transduction, and perception. 
Perception and transduction are definitions that fluctuate in 
sensory neuroscience. The retinal ganglion cells are 
neurons of the visual pathway that play a role in the 
processing of shapes in animals. They can be classified by
their receptive field size, shape, and sensitivity to stimuli. 
Orientation selectivity (OS) is when a neuron cell spikes 
responding to a static bar stimulus at a rotation.

Comparative Vision- Biases and History 

The discovery of orientation 
selectivity was tied with research in 
the retina, but over time orientation

Orientation Selective Retinal Ganglion Cells 
(OS-RGCs) and their Statistics

A model diagram of the 
retinal distribution of cells. 
The ganglion cell layer 
includes RGCs. Adapted 
from (Bear et al., 2016)

Comparative vision has been largely unexplored or re-
evaluated in early OS neurons of multiple animals. 
Comparative animal models guide how we do sensory 
research, in general, and are key to creating better 
models for intraspecies analysis. There are some biases 
which I call the perception-cognition brain (PCB) bias.  

PCB Bias in Research
• Perception-brain bias. 
• Within sensory neuroscience there are biased patterns in scientific 

methodology. Human sensory experiences influence the research 
process of sensation in other animal models (Caves et al., 2019). 

• Cognition-brain bias
• Cognition research can influence this bias the most. Cognitive results 

are usually expected to be human and not found in other animals. 
When researchers look for cognitive evidence in non-human animals, 
there is an emphasis on collecting comparative results in the brain 
(Premack, 2007). 

…instead of 
there

while conducting retinal ganglion 
research across many animals
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1. OSRGC papers on PubMed (n=138)
2. Skimmed 55 papers,
3. Chose 15 that included OSRGC 

research,
4. Did a literature analysis of each, 
5. Defined OSIs for each retina sample,

A Polar Plot and Scatter Plot of the OSI v. 𝛉 of each Paper. A) and B) show the 
same data points, but the polar plot helps visualize the orientation bar stimuli. In 
A) the orientation stimulus looks to be concentrated between 270°- 0° and the 

strength of OSI looks varied in that group. In B), there is no visible linear trend 
with all the animals. There may be a negative linear trend with all zebrafish.

Two Histograms of the Sample and Population 
search from PubMed of OSRGC studies. 

Search query: “orientation selectivity in retina 
ganglion cells.” Top) shows the year each paper 
was published in the sample of papers I read for 
data collection on OSRGCs (n=15). Some of the 

papers included transformations of neuronal 
spiking data that were too difficult to use, but I 
still include those data points as animal models 

used for OSRGC research. Rabbits were and 
continue to be an important animal model used. 

Around 2010, we see an increase in use of all 
Zebrafish, but larval zebrafish more. Mice are 

becoming increasingly used after 2010 too. 
Bottom) the distribution of all papers that were 

queried from PubMed (n=138). There is an 
increase in studies conducted on OSRGCs in 

recent years.

In most papers, spiking data isn’t published and determining OSI is unclear 
due to unstandardized scientific communication. Two snippets collected from 
He 1998 and Nath and Swartch 2017, left to right. A) this was a polar spiking 
graph reported, but the OSRGC cells were already classified as vertically (90 

deg) or horizontally (0 deg) selective. There are no labels for the value of 
spiking. B) is a graph that shows spiking and a polar graph. It was unclear in 
the description what this polar graph was showing. Either OSI (0 < X < 1) or 

spiking (# < X < #).

Discussion

Figures and equations from Mazurek 2014
We need improvements in graph presentation and 
better data sharing for RGCs. A) and B) show the 
equations they compared. C) is the recommended 
new data transformations of direction selective 
and orientation selective data. D) An example of 
an improved spiking graph. The grey arrow 
shows the LORI value and the radiation from the 
center is labeled by Hz (spiking/s). 

6. Published work on GitHub 
for reproducibility

7. Licensed it under the GNU 
General Public License v3.0
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A rectangle stimulus used to probe for orientation 
selective cells. The stimulus is usually a solid color and 

briefly flashed onto the neuron field of interest. Here the 
rectangle is rotated by 15°. Neurocellular recordings 

are made within the retina. Adapted from He (1998). 

R(15 degrees) = some neural 
spiking
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(Right) Orientation Selectivity Index (OSI) to compare relative strength of 
an OS-RGCs. (Above) Orientation selective cellular recordings made in the 
V1,not the retina, of a prosimian bush baby. A: shows the strength of neuron 
firing in V1 for orientations (0, 45, 90, and 135°) . Dark shows strongly 
activated and white shows weak activation. B: a vector summation of all the 
different orientations from A. Adapted from Xu (2005) and  GoogleImages

selective research has moved towards the brain while 
retaining a few statistical methods.

https://www.zotero.org/google-docs/?fQVjOP
https://www.zotero.org/google-docs/?Mybl8X
https://www.zotero.org/google-docs/?TrLBOH

