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Johns	  Hopkins	  University	  	  
Science	  of	  Learning	  Ins>tute’s	  
	  	  

Scien>sts	  sharing	  their	  work	  on	  the	  science	  of	  learning.	  
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Neural	  Systems	  of	  Human	  Working	  
Memory	  Representa>ons	  and	  

Cogni>ve	  Control	  
	  

Susan	  Courtney	  
	  Department	  of	  Psychological	  and	  Brain	  Sciences	  

Krieger	  School	  of	  Arts	  and	  Sciences	  
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Why	  Is	  Thinking	  Hard?	  
	  

Jonathan	  Flombaum	  
	  Department	  of	  Psychological	  and	  Brain	  Sciences	  

Krieger	  School	  of	  Arts	  and	  Sciences	  
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Sensi>vity	  to	  Predic>on	  
Error	  During	  Learning	  

	  
Reza	  Shadmehr	  	  

Department	  of	  Biomedical	  Engineering	  	  
and	  Neuroscience	  
School	  of	  Medicine	  
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A	  Rat	  Learns	  to	  Imagine	  
	  

David	  Foster	  
Department	  of	  Neuroscience	  

School	  of	  Medicine	  
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How	  the	  hippocampus	  plans	  routes	  

During	  movement,	  current	  loca6on	  is	  represented	  

Brad	  Pfeiffer	  and	  David	  Foster,	  Johns	  Hopkins	  Neuroscience	  

9.12.13	  
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How	  the	  hippocampus	  plans	  routes	  
Brad	  Pfeiffer	  and	  David	  Foster,	  Johns	  Hopkins	  Neuroscience	  

During	  pause,	  plans	  are	  made	  then	  followed	  

9.12.13	  
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How	  the	  hippocampus	  plans	  routes	  
Brad	  Pfeiffer	  and	  David	  Foster,	  Johns	  Hopkins	  Neuroscience	  

Con6nually	  planning	  and	  doing	  

9.12.13	  
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tDCS	  in	  PPA:	  	  
Preliminary	  Results	  &	  

Challenges	  
	  

Kyrana	  Tsapkini	  
Department	  of	  Neurology	  

School	  of	  Medicine	  
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Effects	  of	  tDCS	  in	  primary	  progressive	  aphasia	  (PPA)	  
PI:	  Kyrana	  Tsapkini	  

Co-‐Inves6gators:	  Argye	  Hillis,	  Brenda	  Rapp,	  Peter	  Barker,	  Richard	  Edden,	  
John	  Desmond,	  Mar6n	  Lindquist,	  Constan6ne	  Frangakis	  

• 	  PPA:	  a	  devasta>ng	  neurodegenara>ve	  syndrome	  affec>ng	  
people	  50-‐60	  yrs	  old,	  primarily	  their	  language	  abili>es.	  
• 	  tDCS:	  a	  novel	  non-‐invasive	  technique	  of	  neuromodula>on	  
supposedly	  altering	  the	  synap>c	  poten>al.	  
	  

Ques>ons	  addressed:	  
• 	  Does	  tDCS	  plus	  language	  therapy	  (spelling)	  induce	  more	  
improvement	  than	  language	  therapy	  alone	  (sham)?	  Do	  effects	  
generalize	  in	  untrained	  items?	  
• 	  Do	  behavioral	  effects	  correlate	  with	  concentra>ons	  of	  GABA,	  a	  
neuropep>de	  par>curaly	  important	  for	  learning,	  at	  the	  site	  of	  
s>mula>on?	  
• 	  Are	  interven>on	  gains	  sustainable	  over	  >me	  and	  do	  
improvements	  generalize	  to	  other	  language	  and	  cogni>ve	  tasks?	  
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Using	  Brain	  S>mula>on	  to	  
Understand	  and	  Augment	  	  

Motor	  Learning	  
	  

Pablo	  Celnik	  
Department	  of	  Physical	  Medicine	  and	  Rehabilita>on	  

School	  of	  Medicine	  

11	  

trajectory	  
errors	  

(degrees)	  

Excitatory	  tDCS	  Sham	  tDCS	  

Augmen>ng	  Motor	  Learning	  with	  Non-‐Invasive	  Brain	  S>mula>on	  
Pablo	  Celnik,	  MD	  

Transcranial	  Magne>c	  S>mula>on	  (TMS)	  –	  Transcranial	  Direct	  Current	  S>mula>on	  
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Anodal	  tDCS	  over	  M1	  enhances	  skill	  reten>on	  

Baseline Early Adaptation Late Adaptation After effects 

CB	  tDCS	  /M1	  tDCS/	  Sham	  

No visual 
feedback 

Cerebellar	  tDCS	  enhances	  motor	  acquisi>on	  

Reis	  et	  al.	  PNAS	  2009	  

Galea	  et	  al.	  Cereb	  Cortex	  2011	   12	  
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Automated	  Skill	  Assessment	  
for	  	  

Individualized	  Training	  in	  
Robo>c	  Surgery	  	  

	  
Greg	  Hager	  

Department	  of	  Computer	  Science	  
Whi>ng	  School	  of	  Engineering	  
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Automated	  Skill	  Assessment	  for	  	  
Individualized	  Training	  in	  Robo>c	  Surgery	  	  
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Assessment	  

Greg	  Hager	  (CS),	  Gyusung	  Lee	  (Surgery)	  
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In vivo Engagement of 
Astrocyte Networks 

	  
Dwight	  Bergles	  

Department	  of	  Neuroscience	  
School	  of	  Medicine	  
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In vivo engagement of astrocyte networks 

GLAST-CreER;R26-lsl-GCaMP3 

1mm	  GCaMP3 
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Plas>city	  and	  Learning	  in	  
Somatosensory	  Cortex	  

	  
Steven	  Hsiao	  

Department	  of	  Neuroscience	  
School	  of	  Medicine	  
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Cells	  with	  Mul>digit	  Recep>ve	  fields	  emerge	  on	  
trained	  digits.	  

Learning	  is	  rapid	  in	  both	  humans	  and	  non-‐
human	  primates	  

Ajen>on	  targets	  trained	  digits	  

Ajen>on	  and	  Learning	  

Task	  

Non	  human	  primate	   Human	  subjects	  

80	  
60	  
40	  
20	  

%
	  M

ax	  resp	  

Tac>le	   Visual	  

Natalie	  Trzcinski	  
18	  



9/25/13	  

10	  

Defining	  The	  Gene>c	  Basis	  
For	  Individual	  Differences	  

In	  Learning	  	  
	  

Mengnan	  Tian	  
Department	  of	  Neuroscience	  

School	  of	  Medicine	  
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Papassotiropoulos	  et	  al	  (2006),	  Science	  314:475	  
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Makuch	  et	  al	  (2011),	  Neuron	  71:1022	  

Loss	  of	  Kibra	  Impaired	  Mouse	  Learning	  and	  Memory	  

H,	  hippocampus;	  P,	  parahippocampal	  gyrus	  

P=0.000004	   P=0.000004	  

•  KIBRA	  was	  significantly	  over-‐expressed	  in	  AD-‐affected	  
hippocampal,	  posterior	  cingulate	  and	  temporal	  cortex	  
regions.	  

•  T	  carrier	  had	  higher	  glucose	  metabolism	  than	  did	  
carriers	  in	  posterior	  cingulate	  and	  precuneus	  brain	  
regions.	  

•  Non-‐carriers	  of	  the	  KIBRA	  rs17070145	  T-‐allele	  had	  
increased	  risk	  of	  late-‐onset	  AD	  in	  association	  studies.	  

Corneveaux	  et	  al	  (2010),	  Neurobiology	  of	  Aging	  31:901	  
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Virtues	  of	  Wonder:	  A	  Seedbed	  
for	  Discovery	  and	  Healing	  

	  
Gail	  Geller	  

Department	  of	  Medicine	  and	  	  
Berman	  Ins>tute	  of	  Bioethics	  

School	  of	  Medicine	  
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Virtues	  of	  Wonder:	  A	  Seedbed	  for	  
Discovery	  and	  Healing	  
	  
	  
	  
	  
 
 

	  	  	  	  Inter-‐divisional,	  mul6-‐disciplinary	  project	  team	  
Co-‐PI: 	  Gail	  Geller,	  ScD,	  MHS	   	  	  BI,	  SOM	  
Co-‐PI: 	  Maria	  Merrij,	  PhD 	  	  BI,	  BSPH	  

	  Charles	  Limb,	  MD,	  PhD	  	  	   	  	  SOM,	  SOE,	  Peabody	  
	  Barbara	  Landau,	  PhD 	  	  KSAS,	  Provost’s	  Off.	  
	  Elaine	  Hansen,	  PhD 	  	  CTY	  
	  Susan	  Magsamen 	  	  BSi	  
	  Amy	  Shelton,	  PhD 	  	  CTY,	  SOE	  

“The	  most	  beau-ful	  thing	  we	  can	  experience	  is	  the	  
mysterious.	  It	  is	  the	  source	  of	  all	  true	  art	  and	  all	  
science.	  	  He	  to	  whom	  this	  	  emo-on	  is	  a	  stranger,	  who	  
can	  no	  longer	  pause	  to	  wonder…,	  is	  as	  good	  as	  dead;	  
his	  eyes	  are	  closed.”	   	   	  Albert	  Einstein	  

Orien6ng	  Concept	  
•  The	  “capacity	  for	  wonder”	  underlies	  several	  
virtues	  of	  character	  -‐	  humility,	  crea-vity,	  
curiosity,	  gra-tude,	  respect,	  and	  compassion	  –	  
that	  are	  integral	  to	  discovery	  and	  healing.	  	  

Statement	  of	  Problem	  
•  These	  virtues	  tend	  to	  be	  ex>nguished	  rather	  
than	  nurtured	  by	  the	  culture	  and	  worldview	  of	  
many	  educa>onal	  ins>tu>ons	  at	  every	  level.	  	  	  

Goals	  
•  to	  advance	  our	  understanding	  (through	  rigorous,	  
transdisciplinary	  conceptual	  and	  empirical	  
analysis)	  of	  the	  “capacity	  for	  wonder”	  and	  its	  
rela>onship	  to	  the	  specific	  virtues	  of	  character.	  	  

•  to	  infuse	  teaching	  and	  learning	  with	  wonder	  so	  
as	  to	  cul>vate	  these	  virtues	  in	  the	  leaders	  of	  
tomorrow.	  

Provisional	  concep6on	  of	  ‘wonder’	  	  
An	  experience	  of:	  
•  surprise	  at	  the	  unexpected	  
•  ajrac>on	  to	  the	  unknown,	  and	  	  
•  an	  awakening	  of	  the	  imagina>on	  in	  the	  face	  of	  what	  
might	  be	  

22	  
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Neurobiology	  of	  language	  
plas>city	  	  

	  
Brenda	  Rapp	  

Department	  of	  Cogni>ve	  Science	  
Krieger	  School	  of	  Arts	  and	  Sciences	  

23	  

Neurobiology	  of	  language	  plas>city	  	  
1.  To	  what	  extent	  is	  the	  

normal	  network	  recruited?	  	  
2.  	  Is	  there	  recruitment	  of	  

novel	  substrates?	  
Challenge:	  	  normal	  variability	  

IPPC	  Analysis	  

	  
Blue:	  control	  group	  
Red:	  	  DPT	  

1.	  Mahalanobis	  distance	   2.	  Peak	  probability	  map	  
(control	  group)	  

Blue:	  control	  group	  peaks	  
Green/yel:	  DPT	  normal	  range	  
Red:	  	  DPT	  novel	  recruitment	  

DPT	  
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The	  Cocktail	  Party	  Problem	  
	  

Mounya	  Elhilali	  
Department	  of	  Electrical	  and	  Computer	  

Engineering	  
Whi>ng	  School	  of	  Engineering	  
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Cocktail	  party	  problem	  

Sensory	  	  
processing	  

Cogni>ve	  	  
control	  

Percep>on	  

Sensory-‐driven	  	  
Auditory	  aUen6on	  

ü  Adap>ve	  processing	  
ü  Neural	  plas>city	  
ü  Priors	  

Time	  

𝑥(𝑡)	  

𝑦↓𝜃 (𝑡)	   𝑧↓𝜃 (𝑡)	   𝑧 ↓𝜃 (𝑡)	  Feature 1 

… 

Feature 

𝜃  
… 

Feature N 

Simulated	  &	  real	  scenes	  

Factorial	  interac-ons	  	  
among	  perceptual	  aGributes	  

Inference	  as	  basis	  for	  sensory	  integra-on	  
Specific	  to	  audi-on??	  

Ajend	  to	   Ajend	  away	  

Neural	  underpinnings	  
Window	  into	  adap-ve	  sensory	  processing??	  

Mathema6cal	  	  
Modeling	  

Experimental	  	  
Inves6ga6on	  

Engineering	  	  
Systems	  

26	  
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Ar>ficial	  Intelligence	  to	  
Simulate	  Radiologists’	  
Learning	  and	  Reasoning	  

	  
Andreia	  Faria	  

Department	  of	  Radiology-‐Magne>c	  Resonance	  
Research	  

School	  of	  Medicine	  	  
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Combina>on	  of	  Mul>-‐modal	  Quan>ta>ve	  Analysis	  
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Metacogni>ve	  Responses	  
to	  Math	  Errors	  

	  
Luke	  Rinne	  

Department	  of	  Educator	  Prepara>on	  Programs	  
School	  of	  Educa>on	  
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Metacogni>ve	  Responses	  To	  Math	  Errors	  
Luke	  Rinne,	  JHU	  School	  of	  Educa>on	  

10200	  ÷	  7	  =	  1600	  
	  

•  Is	  metacogni>on	  more	  than	  just	  computa>on	  ability?	  
–  Skill	  in	  assigning	  confidence	  is	  s>ll	  developing	  during	  
adolescence,	  well	  ater	  arithme>c	  has	  been	  acquired.	  

–  Impairment	  with	  MLD,	  but	  not	  low-‐achievement	  in	  general.	  

•  How	  does	  metacogni>on	  affect	  learning?	  
– What	  happens	  aLer	  errors?	  Slowing?	  Improved	  accuracy?	  

•  What	  are	  the	  biological	  bases	  of	  metacogni>on?	  
– We	  know	  about	  ERN,	  but	  cor-sol	  may	  also	  be	  important.	  
–  Cor>sol	  likely	  aids	  responses	  to	  error	  (in	  ways	  we	  don’t	  
understand	  well	  yet),	  but	  is	  also	  a	  factor	  in	  math	  anxiety.	  

Correct	  or	  Incorrect?	   Are	  you	  posi>ve?	  

30	  
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Grammar	  in	  Neural	  Networks	  
	  

Paul	  Smolensky	  
Department	  of	  Cogni>ve	  Science	  
Krieger	  School	  of	  Arts	  and	  Sciences	  
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!

WG!

Paul	  Smolensky	  (Cogni-ve	  Sci.,	  KSAS)	  	  	Grammar	  in	  neural	  networks	

  	B
D C

Patient 
F by 

Agent 

E G
Aux 

Complex  
structures  encoded  
in  distributed  

activation  pa5erns	

New  mathematical  theory  of  computation:    
computing  with  activation  in  neural  networks	

Syntax:  Plural  subject  ⇒  plural  verb.	
Phonology:  No  syllable-‐‑final  [h].	

Grammar  encoded  in  synaptic  weights  	

New  formal  theories  for  grammar  ⇒  
progress  in  linguistics    

(formally  explaining  pa5erns  in  
languages  across  the  world)  	

Past	  work:	
●	  	  Math/computa>on	  theory	
●	  	  Linguis>cs	
●	  	  Psycholinguis>c	  behavioral	  modeling	
●	  	  Philosophical	  issues	  rela>ng	  mind	  to	  brain	

	  	
	  	Future:	

Seek	  collabora>ons	  in	  neuroscience	
●	  	  E.g.,	  phonology:	  simple	  grammars	
o  e.g.,	  Cs	  and	  Vs	  in	  syllables	
o  possibly	  in	  animal	  models	 32	  
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The	  Cogni>ve	  Timeline	  
	  

Michael	  Yassa	  
Department	  of	  Psychological	  and	  Brain	  Sciences	  

Krieger	  School	  of	  Arts	  and	  Sciences	  

33	  

The Cognitive Timeline 

How does the brain process the temporal aspects of episodic memory? 
 

Investigators: Jim Knierim (Neuroscience), Noah Cowan (Engineering), and Mike Yassa (Psychology) 
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Which	  came	  first?	  Sequence	  of	  odors	  
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Reinforcement	  Learning,	  
Acetylcholine,	  and	  

Astrocytes	  
	  

Marshall	  Shuler	  
Department	  of	  Neuroscience	  

School	  of	  Medicine	  
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The	  Motor-‐cogni>ve	  
Interface,	  Skill	  and	  Gaming	  

	  
John	  Krakauer	  

Department	  of	  Neurology	  
School	  of	  Medicine	  
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Fear	  Condi>oning	  in	  Humans	  
	  

Chang-‐Chia	  Liu	  
Department	  of	  Neurological	  Surgery	  	  

School	  of	  Medicine	  
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Can	  Brainpower	  Be	  
Boosted?	  (Safely)	  

	  
Barry	  Gordon	  

Department	  of	  Neurology	  and	  
Cogni>ve	  Science	  	  
School	  of	  Medicine	  
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