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Expected Outcomes

Outcome 1: Students will learn how to read, analyze, understand, and 

orally summarize a recent scientific paper in the subject areas of 

behavior and neuroscience.

Outcome 2: Students will learn about the structure of a typical research 

paper in neuroscience or behavior.

Outcome 3: Students will learn strategies for making effective oral 

presentations using slides and graphics and demonstrate creativity for 

engaging audience participation and discussion.

Outcomes

Outcome 4: Students will learn about the human and social 

dimensions of scientific research by learning about the authors, the 

institutions at which they work, the journals where the work is 

published, and the funding sources for research.

Outcome 5: Students will learn about electronic resources for 

searching and abstracting recently published papers in the scientific 

literature, and they will learn about various on-line support resources 

including encyclopedias, citation analysis services, review articles, 

news stories, and on-line resources.

Outcome 6: Students will learn to work in groups.

Calendar
# Date Leader Title Q? Reprint Slides

1 01/28/14 Hopkins Organizational Meeting none NA

2 02/04/14
Glen Francisco & Glen 

Malaret
TBD

3 02/11/14

02/18/14 WINTER BREAK

4 02/25/14

5 03/04/14

6 03/11/14

7 03/18/14

8 03/25/14

04/01/14 SPRING BREAK

9 04/08/14

10 04/15/14

11 04/22/14

12 04/29/14

13 05/06/14

14 TBD

http://courses.cit.cornell.edu/bionb4110/
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BIONB 4110

To receive credit for this course, participants will:

- Attend all 13 meetings (9/13 – 70%)

- Written short answers to questions on weekly journal 

article.

- Presentation of one research article

- Consult, then pick an article

- Post article one week in advance 

- Post 3 to 5 discussion questions on course website

- Prepare presentation, review with CDH

- Make presentation in class

- Send Final power point to instructor for posting on course 

website

Selecting an Article for Journal Club

Don’t rush, pick carefully.

Shorter papers (3-5 pp; not 20 pp)

Contains original research (not a review paper)
reviews useful for background

note: some review papers present a conceptual point of view or 
concept (OK,  but may be longer) 

Science, Nature, Nature Neuroscience

News sections of Science, Nature, Tuesday NYTimes

Cornell Chronicle reviews – Cornell specific

Search websites:  Google scholar

Web of knowledge (web of science) 

Faculty of 1000 prime (Neuroscience)

Finding E-data base

go to library

http://www.library.cornell.edu/

Database search: 

Web of Knowledge

Web of Science

Faculty of 1000/prime 

Parts to the paper

Author

Institution

Journal

Introduction

Methods

Results

Discussion

References

Supplemental Materials
Citation

DOI

Summarizing the Paper

• Provide some background (read the intro) 
carefully.

• Look up related papers

• Methods used

• Results in order 
– hypothesis, experiment, result, why significant

– hypothesis, experiment, result, why significant

• Cut and paste figures from PDFs one piece at a 
time. 

• Add discussion points for participation of class

Engaging the Audience

Be original in your explanations:  put the 

science in your own words.  Use analogy, 

everyday examples. Models. Props.

Avoid jargon whenever you can.  Make it 

accessible to others.

Think of questions to ask the group.

http://www.library.cornell.edu/
http://f1000.com/prime
http://www.library.cornell.edu/
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Reading the Article in advance

• Look up unknown words using Google.

• Wikipedia – use with caution

• Scholarpedia

• On-line encyclopedias

– Encyclopedia of Neuroscience (2009)

– Encyclopedia of Behavioral Neuroscience 

(2010)

– Encyclopedia of perception

– Review articles

– News

Visit with faculty to discuss

• background reading

• presentation strategy

• image management

• animations

Supplement Materials

• Read and review

• Video and other materials of interest

• More data

Neuroscience/Behavior Journals

See also:   http://psychology.wikia.com/wiki/List_of_neuroscience_journals

More journals

http://redwood.berkeley.edu/i-stevenson/neuro_journals.html

“Explicit Encoding of Multimodal Percepts

by Single Neurons in the Human Brain”

Rodrigo QuianQuiroga,  Alexander Kraskov, Christof
Koch and ItzhakFried

Presented by Michael Cohanpour and Dr. Carl Hopkins

BIONB 4110 Spring 2013

“Each concept—each person or thing in our 

everyday experience—may have a set of 

corresponding neurons assigned to it”

http://cornell.worldcat.org/title/encyclopedia-of-neuroscience/oclc/237029015&referer=brief_results
http://cornell.worldcat.org/title/encyclopedia-of-behavioral-neuroscience/oclc/641281324&referer=brief_results
http://cornell.worldcat.org/title/encyclopedia-of-perception/oclc/311057558&referer=brief_results
http://psychology.wikia.com/wiki/List_of_neuroscience_journals
http://redwood.berkeley.edu/i-stevenson/neuro_journals.html
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The 

Journal
• Current Biology

• Modest impact factor of 

9.647, according to Journal 

Citation Reports

• Semimonthly journal 

(published twice a month)

• Covers all fields of biology 

including neurobiology and 

molecular biology 

• Published by Cell Press

Rodrigo Quian

Quiroga

• A native of Argentina

• Professor and head of the 

Bioengineering Research group at 

the University of Leicester in 

England.

• Autor of the recently published 

Borges and Memory: Encounters 

with the Human Brain (MIT Press, 

2012)

• Worked at ChristofKoch’s Lab at 

Caltech (where he was a Sloan Post-

Doctoral Fellow)

• Developed optimal spike sorting 

method, used in the experiment 

Christof Koch
• Professor of Cognitive and 

Behavioral Biology at the Cal 

Tech

• Chief Scientific oǣcer at the 

Allen Institute for Brain 

Science in Seattle.

• His primary collaborator in the 

endeavor of locating theneural 

correlates of consciousnesswas 

the lateFrancis Crick.

Itzhak

Fried 
• ItzhakFried is a professor of 

neurosurgery and director of the 

Epilepsy Surgery Program at 

the U.C.L.A. David Geǟen 

School of Medicine

• Professor at the Tel Aviv 

SouraskyMedical Center and 

Tel Aviv University

Alexander 

Kraskov

• Postdoctoral fellow with 

Dr. Koch at Caltech

• He is presently a Senior 

Research Fellow at the 

University College of 

London Institute of 

Neuroscience.

Research Locations

• Department of Engineering, University of Leicester

• Computation and Neural Systems, California Institute of

Technology, Pasadena, CA 

• Department of Neurosurgery, David Geffen School of

Medicine, and Semel Institute for Neuroscience and Human

Behavior, University of California, Los Angeles

• UCL Institute of Neurology  London, UK

• Functional Neurosurgery Unit, Tel Aviv Medical Center and

Sackler Faculty of Medicine, Tel Aviv University
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Horace Barlow

William Levickand Horace Barlow

Barlow HB (January 1953)."Summation  and 
inhibition in the frog's retina". The Journal of 
Physiology119 (1): 69-88.

PMC1393035. PMID13035718

άLƴ ŦŀŎǘΣ ϥƻƴ-off' units seem to possess the 
whole of the discriminatory mechanism
needed to account for this rather simple 
behaviour. The receptive field of an 'on-off' 
unit would be nicely filled by the image of a fly 
at 2 in. distance and it is difficult to avoid the 
conclusion that the 'on-off' units are matched 
to this stimulus and act as 'fly detectors'.

Jerry Lettvin(1920-2011)

1952

Lettvin, J.Y; Maturana, H.R.; McCulloch, W.S.; Pitts, W.H.,What 
the frog's eye tells the frog's brain,Proceedingsof the IRE, Vol. 
47, No. 11, November 1959

Retinal ganglion cells

1) Contrast detectors  OFF
2) Convexity detector:  tells whether the object has a curved boundary.
3) Moving edge detectors detects movement.
4) Net dimming detectors: detects whether dimming has occurred in the largest 

area

All above are independent of general illumination.  30 x as many of the first two 
types as others.  
1) Other ςnot defined

Previous Publications
R. QuianvǳƛǊƻƎŀмΣнϞΣ [Φ wŜŘŘȅмΣ DΦ YǊŜƛƳŀƴоΣ /Φ YƻŎƘм ϧ LΦ CǊƛŜŘнΣп όнллрύ 
Invariant visual representation by single neurons in the human brain. Nature. 
435 (23) 1102-1107

Figure 1a shows the responses of a single unit in the left posterior hippocampus to a selection of 30 out of the 87 
pictures presented to the patient. None of the other pictures elicited a statistically significant response. This unit fired 
to all pictures of the actress Jennifer Aniston alone, but not (or only very weakly) to other famous and non-famous 
faces, landmarks, animals or objects. Interestingly, the unit did not respond to pictures of Jennifer Aniston together 
with the actor Brad Pitt (but see Supplementary Fig. 2). Pictures of Jennifer
Aniston elicited an average of 4.85 spikes (s.d.¼ 3.59) between 300 and 600 msafter stimulus onset. Notably, this unit 
was nearly silent during baseline (average of 0.02 spikes in a 700-ms pre-stimulus time window) and during the 
presentation of most other pictures (Fig. 1b). Figure 1b plots the median number of spikes (across trials) in the 300ς
1,000-ms post-stimulus interval for all 87 pictures shown to the patient. The histogram shows a marked differential 
response to pictures of Jennifer Aniston (red bars).

Microwireelectrodes

http://www.jphysiol.org/cgi/pmidlookup?view=long&pmid=13035718
http://en.wikipedia.org/wiki/PubMed_Central
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1393035
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/13035718
http://jerome.lettvin.info/lettvin/Jerome/WhatTheFrogsEyeTellsTheFrogsBrain.pdf
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The electrodes (Fig. 1) consisted of MR imagingςcompatible, flexible, polyurethane probes with six or sev-en 1.5-mm-wide platinum 
contacts with intercontactsep-arationsof 1.5 to 4 mm. These contacts enable EEGrecordingat various sites along the electrode 
trajectory.Inaddition, the lumen allows insertion of 40-m heavyformvarςinsulated platinum/20% iridium microwires. Themicrowires
(with impedances ranging from 200ς800kOhms) are capable of resolving the activity of multiple orsingle-unit neurons. Typically, four 
to nine microwiresareinserted, extending 4 to 5 mm beyond the tip of eachmicroelectode. The microdialysisprobe (Fig. 1) is intro-
ducedthrough the same lumen and consists of a cupro-phanmicrodialysismembrane (200 15ςm diameter).Two fused silica tubes 
contained within the membrane areusedfor inflow and outflow, respectively, of the dialysate(inflow: outer diameter [OD]/inner 
diameter [ID] = 105/40 m, length = 39 cm; outflow: OD/ID = 150/75 m,length= 39 cm, connected to the fraction collector withfused
silica tubing; OD/ID = 375/150 m, length =120 cm).

Ventral stream: “what” 

pathways: retinal circuitry Ą

occipital lobe (VI, primary 

visual cortex) Ą inferotemporal

cortex (V1 neurons represent 

minute details that compose a 

visual image)

Dorsal stream: “where” 

pathways, upstream to Posterior 

Parietal cortex

Background

The idea of neurons that store memories in such a highly specific 
manner goes all the way back to William James, who in the late 19th 
century conceived of “pontificial cells” to which our consciousness is 
attached. The existence of these cells, though, runs counter to the 
dominant view that the perception of any specific individual or object 
is accomplished by the collective activity of many millions if not 
billions of nerve cells, what Nobel laureate Charles Sherrington in 1940 
called “a millionfold democracy.” In this case, the activity of any one 
individual nerve cell is meaningless. Only the collaboration of very 
large populations of neurons creates meaning.

Which view is true– a sparse representation or a distributed 
representation? 

Long-Term Memory

• Declarative Memory

– Episodic (memory of specific personal 

experiences)

– Semantic (factual information)

• Procedural Memory 

– Memory for performance of specific actions 

• Declarative memory focus of this study

–Concept cells  are the “building blocks of 

declarative memory” (hypothesis by Quiroga)

The Medial 

Temporal Lobe 

(MTL)

ñlived in the presentò

• Through studies of 

lesions in the 

Hippocampus and MTL, 

the MTL has been 

linked clearly to the 

creation of declarative 

memories and 

associative memory

• Ex. Patient H.M. had 

most of MTL removed 

bilaterally because of 

severe, intractable 

epilepsyĄ anterograde 

amnesia (STM -/ -> LTM)
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MTL rough 

anatomy

From sensory 

cortical areasĄ

• Parahippocampal

and perirhinal

cortices to…

• Entorhinal

cortex…

• Which in term 

connects to the 

HIPPOCAMPUS

Questions left to be answered…

• There are many. 

• Main: How are new memories represented in 
neurons of the MTL? What type of neural 
representation can we see for a given stimulus? 
How long does it take for these memories to be 
formed? 

• How do we associate and relate different stimuli? 
How is this represented? 

• Memory is based on the meaning we attribute to 
what we recall (think about this, is quite intuitive) 

Primary Hypothesis: single neurons  

(“concept cells”) can encode percepts in 

an explicit, selective, and invariant 

manner, even if evoked by 

different sensory 

modalities.

As you have read, they came to many 

conclusions about these concept cells and 

their role in declarative memory function. 

The Experiment

• Recordings taken from patients with intractable epilepsy, who have been 

implanted with intracranial electrodes for clinical reasons. 

• Electrodes implanted for purpose of localizing seizure origin (often the 

MTL)

• This gives researchers the opportunity to record the activity of single 

neurons. In the past, EEG has been used to study neural populations of 

these patients but this has limitations 

• To measure single cell activity, a recording set up (developed at UCLA) 

placed microwiresat the end of these intracranial electrodes. This allows 

single-cell recordings of conscious patients

The Experiment (continued)

• Patients sat in bed, facing a laptop computer where pictures, text or sounds 

were presented (multimodal aspect)

• Subjects had to respond whether the picture, sound or text corresponded to 

a person or not by pressing the ‘Y’ and ‘N’ keys, respectively. This is to 

enforce attention to the stimuli.

• To maximize the probability of getting neuronal responses, the stimuli used 

were chosen from previous ‘screening sessions’ where a set of about 100 

different pictures of people well known to the subjects, landmarks, objects 

and animals were shown for 1 second, 6 times each in pseudo-random 

order The pictures used in the screening sessions were partially chosen 

according to the subject’s preferences. 

• These salient stimuli are referred to as the “stimulus set”. 

What is needed to separate 
all of these spikes?

Which neuron is more 
selective, 1 or 3? 
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Spike sorting Tutorial

Rodrigo Quian Quiroga

http://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroenginee
ring-lab/spike-sorting Problem: detect and separate spikes 

corresponding to different neurons

It should look like thisé

What is wave clus? Who was responsible for its 

development?

Spike sorting mechanism

• Wave_clus, a fast algorithm developed by Quirogaet al. in 2004 for the sole 
reason of spike detection and sorting. 

• The microwirescapture the action potentials from the neurons. However, what 
we need is to know WHICH spike corresponds to which neuron.

• Spikes were detected using an automatic amplitude threshold (whether or not 
there was a significant deviation from baseline)

• After detection, spike sorting was in two steps

i) the wavelet transform was used to extract relevant features of the spike 
shapes, which were the inputs to the clustering algorithm, 

ii) clustering; i.e. assigning spikes with similar shapes to the same 
neuron, done using super-paramagnetic clustering    

• Clusters were then classified as single-unit (spikes from one neuron) or multi-
unit (spikes from several neurons that can not be separate due to low 
signal/noise ratio

• For this experiment of the 750 responsive units, 79 had a significant 
response to at least 1 stimulus.  These were the neurons studied. 

So, someone summarize what we have so far.

http://www2.le.ac.uk/departments/engineering/research/bioengineering/neuroengineering-lab/spike-sorting
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Who is that nice man on the top left corner? What does this say about 
these neuronal representations?

Data Analysis: 

Terms

• Visual Invariance

• Multimodal (Triple) Invariance

• Non-topographical organization 

• Responsive units

• Response latency 

More on response latency

In further tests done by Quirogaet al, the 
response onset of MTL neurons was more than 
100–150ms later than what would be expected if 
it resulted from direct feed-forward projections 
from the inferotemporalcortex.

Possible integration with cortical areas?

Pre-frontal cortex areas specialized in 
categorization? 
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More terms

• Sparse coding: kind of neural code in which 

each item is encoded by strong activation of 

small set of neurons

– Very selective, we see that neurons fire to very few 

of stimuli present 

– As opposed to cortical areas, whose neurons 

respond to many stimuli

– In human MTL, neurons typically fire to only 2-

3% of patients stimulus set. 

• Expicit vs. Implicit? 

• Quantified in a fairly objective way by 

evaluating the ability to predict stimuli from 

the firing of neurons. 

“Hierarchical 

processing in the 

MTL”

Hippocampus: Most visual 

invariance, most sound responses, 

most text responses, and most 

triple invariance of all the areas 

studied (Hippocampus, 

Entorhinalcortex, Amygdala, 

Parahippocampalcortex) 

What is the hierarchical 

structure of the MTL? In which 

MTL area is the most 

multimodal invariance seen? 

What information about 

declarative memory can be 

understood from this 

measurement?

Converging evidence from the evaluation 

of patient H.M. and many other studies 

have shown that the hippocampus, and the 

MTL in general, is not necessary for 

visual, but that it is crucial for the 

acquisition of declarative memories.

Why “concept” cells?

• Multi -modal and visual invariance

• Explicit representation, sparse coding, abstractions (A picture of Diego 

Maradonawas shown to a soccer fan, still recognized the picture as being 

of Diego Maradonabecause of Jersey or other features; this single-unit still 

fired to other pictures of Diego Maradona, both older and younger)

• Also, for example, a Jennifer Aniston cell fired to a picture of Lisa Kudrow. 

What concept do these two stimuli share? 

•

What does Quiroga

propose?

Neuronal ensemble/assembly: Concepts are 

encoded by a relatively small neuronal 

population

That concept cells are 

“not necessary to 

recognize [the stimulus], 

but to create new 

associations and 

memories”

That concept cells are 

involved in the “flow of 

consciousness” Pattern completion, overlap 

of representation
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Summary

1) single neurons in the human medial temporal lobe (MTL) 

respond selectively to representations  of the same individual 

across different sensory modalities 

2) the degree of multimodal invariance increases along the 

hierarchical structure within 

3) such neuronal representations can be generated within less 

than a day or two.

What is the importance of this paper to concepts of 

declarative memory?

Questions? Comments?


