
CHAPTER 8 – Memory Systems

Class-Wide Review:
- post Qs & Topics, study guide
- answer Qs
- camera’s on please
- will do “call ons” begin w/ K’s

Categories of Memory
are Simplifications!

Overview:
- classes of memory
- WM vs. LTM 
- DMRs
- LTP in Hippocampus
- Consolidation and MMO
- Associative Memory and AANs
- HM, Memory Deficits and Aging

Of Note:
- WM is very transient
- here LTM refers to enduring memories
>>  one day vs. Daily Memory Records

- Long Term Potentiation is the first
step in LTM (long-term) formation

- Overall process is called Consolidation 
and described by MMO ‘95 (later slide)

- Auto-Associative Networks store items
- AANs are robust to damage: patient HM

did not lose his LTMs



30.6  Brain areas that, when damaged, tend to give rise to declarative memory disorders. (Part 1)

hippo è fornix è mammillary bodies, anterior thalamus è cingulate cortex è rhinal cortex
SEE KEY NOTES

ç includes ERC



“What is Memory?” – this, perhaps, is not the best question to ask…
“What do I need to Remember?”  -- This is a more pressing matter.

Examples of What I Need to Remember
the sequence of words in a sentence (~WM) – so we can make sense of it
the gist of a sentence or topic so we know what to think and do
where I am driving to and how to get there (harder with AlzD)
the meaning of red, yellow and green traffic signals
words and their meanings (acutely lost in Semantic Dementia)
what I want to do today and who I will be interacting with
how to act appropriately in different social venues (see bvFTD)
to get dressed in the morning* and where my I-phone is  [& not in laundromats]
to check Facebook, Snapchat, Tinder, LinkedIn and Pinterest before I go out
the passwords to 50 different sites and my lock combination
what neurofibrillary tangles and the hippocampus are
to pay the rent so we do not get evicted
that I am running low on milk, Ramen noodles and marijuana (ADLs)
the name of the person I just met and the phone number I was just given
where the bathroom is
the names of my family members
to take the Quiche out of the oven
to check my pocket calendar so that I do not miss any more meetings

The DETAILS of this list are not 
testable but the GIST of the list is!

see McGurk below



30.1  The major qualitative categories of human memory.

episodic
memory

autobio-
graphical
memory

semantic
or world

knowledge

ALL declarative memories are 
excerpts of our 

Daily Memory Records! 

+
working
memory!  

WHAT WE LOSE 
WITH AGE:

Memory
Language

Problem Solving

The “CATEGORIZATION” 
function implied is misleading.  

THIS IS NOT how 
memory processes work

Read Chapters 24, 30 Purves
& Chap. 8 in  SNCD. 

This is all LTM (long-term memory)

WM / working memory ~ STM (short-term memory)?
EM = Episodic Memory (includes daily episodes & LTM)

except WM



30.1  The major qualitative categories of human memory REPRISED.

INPUTS FROM THE WORLD

/ DMRs

Declarative Knowledge AND EM

+

Top Down
Filters

Formation of Representations arises 
from the collision of neocortical Top-
Down signals and Bottom-Up inputs 
from the world.  This results in WM and 
EM contents. Transient EM (aka DMRs) 
is a vast store that lasts a day or more.  
There is a loop between the DMR store 
and our onboard World-K at both the 
outset and during consolidation where 
elements of the DMRs are integrated 
into our world knowledge; much 
extraneous context is let go.
.  

See SNCD and MMO-1995 for a deeper dive.

Memories are 
ACTIVATED NEURONAL 

REPRESENTATIONS

DMR = Daily Memory Records

Generation of EEM, enduring 
EM, is a separate consolidation 
process from Knowledge 
Integration, and storing gist is 
yet another distinct process

“bottom-up signals”

space has been
warped here!

see new notes – 2019, 2021

silly!



When Memory, Language, Top-Down and Bottom-Up COLLIDE

https://www.youtube.com/watch?v=2k8fHR9jKVM&t=6s

ç 62 why?

B B B B B B B B F F F F F F F F in 28 seconds

listening to 
Bah’s and Fah’s

counting Fah’s



How do I remember things?
two main processes

General
Declarative 

Memory 

Episodic 
Memory 

context is NOT repeated and so context DISAPPEARS over time:

Working Memory – WM chap. 9
7 ± 2 items, effortful, evanescent: last seconds
But is WM other processes? much, much more?

Day-Long / Daily Memory Records - DMRs
thousands of items, effortless, enduring, one-trial

Other Memory Terms: Episodic, Declarative, 
Autobiographical are all derived from DMRs

see notes on dichotomy

RT: how good are DMRs
in old age & AlzD?

except for particularly
notable epochs

For every memory, context
is the associated-details 
that were present during 
the writing of the DMR.

counting-memory 
of bahs, pahs = WM 
explaining it later 
is DMR



4.  What do DMR epochs look like?
- trans-cortical representations (applies to WM items, tba)
- binding depends gamma, theta and alpha band oscillations
- largely non-linguistic in nature: “knowledge tokens”

DMR Items, Frequency of Item Occurrence

Ganz and O’Malley, 2012
@ www.zfhindbrain.com

Consc. Epochs see VanRullen & Koch (2003); Alpha/Gamma see Ward (2003) in Trends in Cogn. Sciences

or Neuro3000.com
[eventually]



HOW does NEW knowledge enter our brains?

Rat Hippocampus
Santiago Ramon y Cajal

see On Intelligence (Hawkins, 2004)  and  Baars & Franklin (2003, 2005, 2007)

STREAM  OF
CONSCIOUSNESS DMR

CGM / FILTER

SENSORY 
INPUTS

neocortical 
SIGNALS

INTEGRATED
PERCEPT

200 msec to
consciousness via

gamma oscillations

Bottom-Up: Analytical Top-Down: Predictive

consciousness-
generating
machinery

DMR Items, Frequency of Item Occurrence

Ganz and O’Malley, 2012    @    www.zfhindbrain.com

Most of the items below are: DIGITAL

actually On Prediction DMR story overlaps 2003 Global Workspace model



LTP happens in the Hippocampus, but where are DMRs stored?

Santiago Ramon y Cajal

LTP also occurs in neocortex, 
amygdala, basal ganglia and 
other sites.

Dogma: Working Memory / WM is dominated by PFC (prefrontal cortex)
Dogma: Episodic Memories / EM initially stored in Hippocampus
But: How would you represent the rich, specialized contents of DMRs

in hippocampus, vs. the elaborate, massive specialized structures of neocortex?
Alt-M: The initial EM traces (aka DMRs) are stored in neocortex.

Hippocampus serves as an indexing system; creates chronology.
After Consolidation: Hippo no longer required; some chrono info is lost.
Prediction: once Hippo is lost, we lose ability to “chronologize” & consolidate

For a heroically Deeper Dive read MMO, 1995…incoming… plus AANs—soon!



One Possible Future, alas little time:
Discuss WM/STM, DMR, EM, LTM distinction
also LTP in context of STP, STD, PTP, Chapter 24.
add Deco-Rolls STD?

Most Simplified Story: UPDATED
PFC = short-term memory aka WM / STM   lasts seconds
DMR = stored  ~ immediately, lasts for days
LTM = days to decades = surviving elements of DMRs w/ consolidation

LTM is Knowledge + enduring episodic memory

DMR storage = f(specifics)
~ 20 years ago…chatting with Charlie Ellis about genetics, got 1st phonecall…

some details: go home, NU vulnerable;  someone: scared, me: angered
“its an attack”   [possibly verbatim]

DMR candidate Terms:   Day-Long Memory Record was Conscious Record Memory
immediate EM – seems to be a variant on WM / STM, only 125 hits in Scholar
transient EM – general use is randomized, 178 cites (Oct. 2019)

but Baars & Franklin 2003 specify a decay of hours for transient EM which is 
briefer than DMR; described as “a preconscious representation” and so
is totally different from DMRs, and subsequent Declarative Memory



Memory is a 
Gem with 

many Facets

Neurotransmitters (NETs) Systems are crucial to learning, memory and 
cognitive decline. But first we will cover the basics of synaptic plasticity and 
how LTP can be used to store information in the brain.

Human and Rat Memory Systems rely heavily on Episodic Memory which 
involves both neocortex and the Hippocampus which has LTP as well as spatial 
memory mechanisms involving Place, Grid and Head Direction Cells. The Hippocampus is 
also the place where the Hippopotamus goes to college

Working Memory is very different and in a later lecture we will get deeper 
into the WM weeds. Then we will be looking more expansively at human 
memory systems and their degradation with age.

For reference, a 1991 Review on 4 Hypotheses of Memory and Aging is 
available.  This provides many details of the rich history of aging-memory 
research and could be skimmed; we might mention a few select highlights, 

“All memory is associative”   
…valid claim?

Where do they go to college?  è



Deep Thoughts: Do RATS have Declarative Memories?

Advanced Memory Science!

2015, 
CSHL

Memories must Be:
. written quickly
. distinct

Grid Cells Engaged In:
. decorrelation

LTM depends upon
sharp waves
off-line consolidation
specialized cell types

I smell a rat… or dost a rat smelleth me?

summary: next slide



This system is required for DMRs & consolidating information into LTM.  Relative preservation 
of the WM system in AlzD suggests that this system is not integral to ongoing WM.  Instead 
WM seems to utilize “consolidated” LTMs that reside throughout neocortex, outside of ERC.  I 
had described hippo as an “indexing” system to enable DMRs to be stored in neocortex 
(where the representations are) but it is more substantively a contextualizing system that links 
space and time into a continuum AND all the place/time/context linkages are likely important 
for neocortex to be able to write DMRs b/c “more linkages”.  When we use mnemonics to 
push things from WM into our DMRs (eventually into LTM) we are, methinks, engaging hippo 
processing resources that normally do not play well with the very evanescent contents of WM.

ERC/Hippocampal System: 2nd best studied system in the Mamm. Brain?

2015 - CSHL

mnemonic phone #



anything repeated is 
mandatory

Figure 24.5  The rodent hippocampus

LTP: discovered in rabbit hippocampus
Lomo & Bliss, 1973 (Per Andersen, Oslo)
LTP/LTD = categories of long-term plasticity  

Rat Hippocampal Slice
- preserves synaptic connections
- LTP varies at different sites
- CA3 è CA1 = best studied
- Schaffer collaterals (branches)

è stratum radiatum

- required for consolidation of long term memory

] stratumradiatum

LTP is Long-Term
Potentiation

Basic Memory Science!



Figure 24.6  Long-term potentiation of Schaffer collateral-CA1 synapses

LTP Demonstration
2 stimulating electrodes
1 recording electrode in one CA1 cell
basal responses are same
post- high frequency stim of path 1:
only connection 1 is enhanced

LTP is stimulus dependent
LTP is specific for stimulated pathway

Purves’
Neuroscience
3rd Edition

ç Snapshots in Time
before and after EPSPs

EPSP = excitatory post-synaptic potentials



Figure 24.6  Long-term potentiation of Schaffer collateral-CA1 synapses

Time Course of LTP
same experiment as previous slide
only pathway 1 was “tetanized”
low-freq. stimul: 2 or 3 shocks/min

has no effect on pathway 2

lower panel
LTP can last for a year or more. 
J. Neurosci. 2002
LTP constitutes a form of info. storage

here EPSP = field EPSP recorded
from chronic electrode.

ç EPSPs not shown here, 
just the amplitude



Figure 24.7  Pairing presynaptic and postsynaptic activity causes LTP

Mechanism of LTP
synaptic stimulation
+ depolarization
= LTP

- not high frequency
- more physiological
- simulates convergence

of multiple inputssingle

Purves’
Neuroscience
3rd Edition



Figure 24.8  LTP at a CA1 neuron receiving inputs from two independent pathways

LTP is:

1. state dependent = f(cell voltage)
2. specific for stimulated pathway
3. associative: Proposed by Donald O. Hebb 

in Organization of Behavior in 1949  è modern AI!
4. Takes advantage of 1000-fold connectivity to 

allow infinite learning flexibility (~connectionism)

Is ALL
memory

associative?

Psychol. Rev. 1995 102:419-457 
Why there are complementary 
learning systems in the hippocampus 
and neocortex: insights from the 
successes and failures of 
connectionist models of learning and 
memory. MMO: McClelland JL, 
McNaughton BL, O'Reilly RC.

http://www.ncbi.nlm.nih.gov/pubmed?term=McClelland%20JL%5bAuthor%5d&cauthor=true&cauthor_uid=7624455
http://www.ncbi.nlm.nih.gov/pubmed?term=McNaughton%20BL%5bAuthor%5d&cauthor=true&cauthor_uid=7624455
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Reilly%20RC%5bAuthor%5d&cauthor=true&cauthor_uid=7624455


WHAT IS ASSOCIATIVE LEARNING?     … is it DEPENDENT on DMRs?

A Dog and His Man: Dog barking at man on his deck in his backyard

episode:
dog – visual appearance
action – barking at man
location – house on corner

Dog AAN

50 dog types

dog #39 =
brown terrier

dog’s visual
appearance

action:
barking

man
on porch

spatial:
wooden deck
in back yard

Man AAN

75 man types

Event: brief episode seen walking to work
impression: normally barky dog being barky
distinct: man on porch ignoring dog
explanation: dog hungry or seeking attention

One small epoch of a DMR.  Why does the brain bother to save stuff like this?
The event seems insignificant.  But is there more to the story?

REAL MEMORY SCIENCE IS MESSY è



For a deep-dive into Memory Systems. 
read MMO.  Available o.r.  

Note that systems converging on ERC
are distinct from those onto PPHG (see below)

OFC is part of Frontal Cortex.

STG aka Superior Temporal Gyrus is part of 
Temporal Lobe and might include face and 
word areas.

Insula is associated with hypothalamus 
and physiological functions.

Cingulate cortex is associated with pain, 
pleasure, reward and motivation AND the 
Default Mode Network!

Olfaction is an extremely powerful 
sensory modality.

Complementary Learning Systems:
Primate Medial Temporal Connections
McClelland, McNaughton & O’Reilly, 1995  aka MMO

AlzD: Nature of the Damage
- functional disconnectivity?
- encoding errors / ACh loss?
- damaged stores?

ERC

PPHG

what this 
dichotomy
really means is 
above our pay 
grade

Whose Brain is this Brain?  ala Whose Boat is this Boat?



Figure 24.9 The NMDA receptor channel can open only during depolarization

Coincidence-dependent calcium influx; removal of Mg++ block.  COINCIDENCE is ASSOC.
NMDA antagonists: block LTP, have no effect on responses to low-frequency stimulation

“PAIRING” è LTP

Why is Coincidence Detection Important for Memories?

depolarization
of spine is “weak”

STRONG
depolarization

coincidence IS associative!    ç



Blob
corrected image to
show “blob” in both
left eye & right eye
columns.

Interblob = grey matter
surrounding blobs.

Why called blobs? see note

blobs stained with cytochrome oxidase

Is Neocortex Info Processing Digital or Analog?  Relevant to Aging?
What does Digital vs. Analog have to do with Memory or LTP?

Objects are Digital
Action Potentials are Digital
Words are Digital
“dog” does not morph into “doc”
Analog: EPSPs & IPSPs, Voltage
analog = continuously varying, like waves
digital = discrete items, like fingers, 1s and 0s

Keep in mind that LTP occurs in such architectures (generally)

NEW VERSION OF SLIDE – FOCUS ON DIGITAL!

How does THIS do
digital information

processing?



WHERE AND HOW ARE 
MEMORIES STORED?
ϟ
V1…and the REST of 
Neocortex!
(not to mention MTL)

Visual Cortex and LTP

we’re MISSING A FEW DETAILS 
STILL...

MEMORY 101

preceding slide:
given what we know about 
memory and LTP, which 
brain regions should not 
undergo LTP?
primary sensory?

50,000 results…



1
-1
-1

1  -1  1

1   -1    1
-1  1   -1
1   -1   1

noisy
input

vector i

output
vector j

Auto-Associative Network
in Operation (AAN)

output sum:   1   -1   1
sgn (output)   1   -1   1

riin = incoming
pattern…aka 

axon
dendrite P

recurrent
collaterals

RT: Are AANs 
DIGITAL?

Before you can say WHERE
you’d like to know HOW!

MEMORY
STORAGE:

riin is now an
UPDATED pattern:

} This is a cartoon 
example of the 
math algorithm 
used in fixed 
point attractors: 
see notes.

CA3

to CA1 è

3 features
e.g.

orange
round

smooth
This pattern of 
features is output to 
other network nodes 
e.g. a word AAN that 
will return the word 
“nectarine”.



1
-1
-1

1  -1  1

noisy
input

vector i

output
vector j

AANs
mo’ details

riin

ORIGINAL: riin

UPDATED:

- we reach a fixed-point in a single step
- new input  leads to è new attractor
- otherwise: PNA, tonic firing, du/dt = 0.

AAN’s enable: item recognition,
categorization, pattern completion

totally
arcane:

proposed for CA3,
Hebbian learning
+ basis of AI / ML

axon
dendrite P

P = pyramidal
cell (in e.g. CA3)

recurrent
collaterals

Are AANs 
DIGITAL?

YES! …
and so is WTA activity

[form of Persistent Neural Activity]



What can we say more generally about
Neocortical Operations & Breakdowns?

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

Discussion Items (i) in AlzD is the early damage low cingulate CBF, loss of ACh neurons or ERC-
tangles? (ii) How are episodic, autobiographical, semantic and spatial memories laid down?  
(iii) If this all comes through DMRs, why are different kinds of memories differentially vulnerable?

General Purpose CPU:
- Nelson’s Phylogeny
- 6-layer neocortex
~ Synesthesia

Specialized Processors:
- Brodmann areas
- Innate Operations

e.g. V1 OS or DS
- Developmental 

Prosopagnosia
- Limitations of Recovery

after Stroke

My #2 Question for SysNeuro
TODAY remains GP-CPUs or 

Dedicated Processors?

keep in touch to 
learn more



AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

What might Cingulate & 
Precuneus actually be doing?

What can we say about changes & operations of Neocortical Architectures?
“Nothing in Neuroscience makes sense except in the Light of Neuroanatomy“

But what LEVEL of Neuroanatomy do we need to understand?

model systems:
rabbit retina

zebrafish CNS
C. elegans



AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

AAN

Is THIS what Memory Networks
actually look like? computationally

“Nothing in Neuroscience makes sense except in the Light of Neuroanatomy“
But what LEVEL of Neuroanatomy do we need to understand?

…if we can locate AANs and their connections, we can watch them change with age…

model systems:
rabbit retina

zebrafish CNS
C. elegans

dogs

places

small visual items

fruit names

men
women



Casper’s
Scream

Things of Note:
. massive amounts of white matter
. insula (~an internal gyrus)
. hippocampus is small (relatively)
. locate ERC, parahippocampal gyrus
. MTL also a minor part of section
. where is lateral temporal lobe?

how about STG, IPL?
what’s on Top?

. note that red nucleus is a midbrain
structure, as is Substantia Nigra

while caudate is part of basal ganglia



For a deep-dive into Memory Systems. 
read MMO.  Available o.r.  

Note that systems converging on ERC
are distinct from those onto PPHG (see below)

OFC is part of Frontal Cortex.

STG aka Superior Temporal Gyrus is part of 
Temporal Lobe and might include face and 
word areas.

Insula is associated with hypothalamus 
and physiological functions.

Cingulate cortex is associated with pain, 
pleasure, reward and motivation AND the 
Default Mode Network!

Olfaction is an extremely powerful 
sensory modality.

Complementary Learning Systems:
Primate Medial Temporal Connections
McClelland, McNaughton & O’Reilly, 1995  aka MMO

AlzD: Nature of the Damage
- functional disconnectivity?
- encoding errors / ACh loss?
- damaged stores?

ERC

PPHG

what this 
dichotomy
really means is 
above our pay 
grade

Whose Brain is this Brain?  ala Whose Boat is this Boat?



PPHG: Peri-Para-Hippocampal Gyrus

This is beyond the scope of what we can do this semester, 
but is essential reading for any would-be Memory Mavens!

2018, TINS

This is a nice modern (2018) synthesis of Electrophysiology and “Representational” Neuroscience



30.6  Brain areas that, when damaged, tend to give rise to declarative memory disorders. (OR NOT!)

Patient HM could store no new memories after bilateral 
removal of his hippocampus along with entorhinal 
cortex (adjacent to hippo.) and most of the amygdala

HILUS

Where are NFTs first found?
NFT = neurofibrillary (tau) tangles

Is ERC neocortex?  i.e. 6-layered?  Maybe.  See Notes.   Research Topic.

MTL

XXXX XXXX

XXXX



PURVES Box C  Clinical Cases That Reveal the Anatomical Substrate for Declarative Memories

Patients HM, NA and RB:
- no new memories
- old memories OK (sorta)
- hippocampus and associated

cortical regions damaged
- more details in Purves

Purves’
Neuroscience
3rd Edition

recently noted at BI: 1/31/18
topic of “language effects” on HM 
arose: Tulving might have taught 
HM new words, but it took many 
hundreds of trials, absent the 
“hippocampal/ERC assist” that lets 
you learn 30 new words a lecture! 
ç (ballpark guesstimate)

see notes



30.6  Loss of Hippocampus gives rise to declarative memory disorders. (Part 2)

another view of major memory, limbic structures:
novelty and salience are conjoined imperatives

XXX

*

XXX

Purves’
Neuroscience
3rd Edition

MTL = Medial Temporal Lobe
includes ERC, hippocampus, PHG.
hippocampus + neocortex = IQ

Temporal Lobe ALSO includes:
auditory cortex, object recognition
word meanings, face area,
Wernicke’s area, much more.

*corpus callosum
has 250 million fibers,
~ 1 out of 100 (20 billion)

para-hippocampal 
gyrus = PHG, 
includes:
parahippocampal AND
perirhinal cortices



Lateral View of Neocortex

MTL or medial temporal lobe lies “inside” the lateral portion of temporal lobe (shown here in red).  
The MTL includes ERC and para/peri hippocampal cortices as well as the hippocampal formation 
proper (which has 3 layers and so is NOT called neocortex).  The significance of the HM slide/notes 
was that removal in patient HM of the hippocampus/amygdala/ERC not only removed (or damaged) 
those regions BUT ALSO disconnected ACh fibers from their lower temporal lobe targets, presumably 
including the inferior temporal gyrus highlighted  in the diagram above (Easton cited Horel-1978 as 
making this claim).  This means that HM’s “dense amnesia” might be more due to a loss of encoding, 
possibly outside of the hippocampus [very speculative], and this could have major ramifications for 
EM, DMRs, memory storage and memory consolidation; stay tuned for updates.



cholinergic system in human brain

https://www.researchgate.net/figure/227180210_fig1_Figure-1-Major-cholinergic-
projections-of-the-central-nervous-system-Two-groups-of

Two Main Systems: (i) Basal Forebrain, (ii) Cholinergic brainstem nuclei
BF system projects throughout neocortex and is neuromodulatory
brainstem nuclei also project to Hippo, ERC.  IGNORE subnuclei labels.

ACh = acetylcholine.
ERC = entorhinal cortex

MS = medial septum
nBM = nucleus basilis

Chapters
10 and 11



cortical disconnection syndrome!
- at “end-stage” AlzD illness.
- NFTs in perirhinal, then ERC!

Wikipedia

Cerebral Cortex, 2000



free recall ≠ recog. memory

ç Topic of 2010 Divided Attn. Paper

What is WRONG
with these four
HYPOTHESES?

Leah Light, 1991
Ann. Rev. Psychol.

I just re-read this article (Fall, 2019) and was surprised at how little our real understanding has 
changed over the past 30 years!  The breadth and depth of this 1991 report is striking and equally 
striking is the extent to which it overlaps the many topics we’ve encountered this semester and the 
many questions that remain unanswered.  While this PDF is “testable” many items in here have been 
presented and so this is well worth the read for context and highlighting key concepts and findings.

a lot, iaw LL



From Stream of Consciousness (SoC) we RECORD excerpts into DMRs
Excerpts of DMRs are SAVED into Long Term Memory (LTMs) [consolidation]
Most learning/memory is Hebbian, which requires coincident firing
Multiplexing/concurrent rhythms is a computational multiplier, BUT …
ARE rhythms computations? [as opposed to mere carrier bands; see notes; 
new 2019] 

Much more on these topics at zfhindbrain.com:

Recap:  (1) MMO has nothing to do with WM (working memory)
(2) Episodic Memory (EM) is created “instantly” in a chrono DMR

(3) Surviving EM is termed “Enduring EM” and is written by hippo + neocortex
(4) LTM includes words, knowledge, eEM and ABM

(5)  Neocortex-MTL-Hippo interplay: its complicated (see SNCD Chapter 8)
(6) Patient HM, others fit with multiple scenarios; more in MMO

Of DMRs, EM, HM, MMO, LTM and Consolidation: a RECAP



This is the closest thing that I can find in the 
literature to DMRs, but it is more about the 
generation of consciousness via perception 
(moreso than WM).  But it does propose a 
Transient EM that persists for hours (clearly NOT 
WM!) and addresses processes that bring the 
sensory world into consciousness.  But it is not 
about the writing of consc. experience into 
DMRs or at least it’s not formulated that way…

I should consult w/ them!

Absent a read of this paper, a considerable part of frontier of consciousness / 
neocortical operations / memory formation will be missing. 



FROM:  “Orbitofrontal Cortex Pathology in AD”.      OFC mentioned by McClellan.

Do not sweat the details, but since orbitofrontal is involved in so many things it is of note.

Nothing in Neuroscience makes sense, except in the light of Neuroanatomy
see Q. in note

Tangles are Us



SUMMARY -- The Cognitive Neuroscience of Working Memory,  Annual Rev. Psych, 2015
1.  An enduring principle of the multiple-component model of working memory (Baddeley and Hitch, 1974) is that the 
short-term retention of information (a.k.a. “working memory storage”) and the control of how that information is 
used to guide behavior are subserved by distinct processes. With regard to the former, however, earlier ideas of 
specialized buffers have been largely superseded by state-based models.
2.  Although state-based models of working-memory storage are often categorized as “activated LTM” models or 
“sensorimotor recruitment” models, all are grounded in the idea that the attentional selection of mental 
representations brings them into working memory, and that the consequences of attentional prioritization explain 
such properties as capacity limitations, proactive interference from no-longer-relevant items, and so on.
3.  Recent research applying multivariate pattern analysis (MVPA) to fMRI and EEG data has provided compelling 
neural evidence for state-based models of working memory storage…according to Brad and Mark.
4. Some recent findings from computational modeling, extracellular electrophysiology, fMRI, and EEG, suggest that 
working memory storage may depend on the transient reorganization of synaptic weights, rather than on sustained, 
elevated activity.   PNA aka Persistent Neural Activity is sustained elevated activity: see SNCD.
5. The PFC likely represents higher-order information, such as task rules, goals, or abstract representations of 
categories, as compared to feature- and stimulus-specific representations in posterior cortex. Moreover, a critical 
mechanism for working memory function is the synchronization of PFC activity with activity in other brain regions.
6. One dimension of functional organization of PFC is a hierarchical caudal-to-rostral gradient of the level of 
abstraction of the rules and goals that guide behavior.
7. Top-down control signals emanating from PFC likely take at least two forms: signals that modulate gain by either 
enhancing task-relevant information or suppressing task-irrelevant information, and signals that can modulate the 
selectivity of information represented in posterior cortical regions.
8. Dopamine plays a critical role in working memory function. The complex interplay of midbrain dopamine in 
prefrontal and striatal circuits underlies “tonic maintenance” and “phasic gating” functions that govern the balance 
between cognitive flexibility and stability.

PREVIEW of CHAPTER 9



Path of cholinergic fibers not mentioned
Role in Memory Emphasized
Fornix projects to thalamus, mamm. bodies
might connect L/R hippocampus?

Where is 3D navigation of basic Neuroanatomy?
Research databases exist but teaching tools lag; check with Bob Sikes!

Easton:  the fornix (is) the route of subcortical 
communication with the hippocampus,
including cholinergic connections in monkeys. 

Too many structures!  But a major experimental manipulation 
of the ACh systems is to cut the Fornix.



30.8  Connections between the hippocampus and possible declarative memory storage sites. 

The connections are actually from association cortices to 
entorhinal, perihippocampal and parahippocampal cortex.  
Entorhinal cortex (ERC) has direct reciprocal connections 
with the hippocampus, but distant cortices project to ERC.

Simplistic view, 
OK for textbook

Which neocortical region 
should NOT undergo LTP?



“What is Memory?” – is not the question…
“What do I need to Remember?”  -- THIS is the question

For Example
the words in a sentence– so we can make sense of the sentence
the gist of the sentence to know what to think and do
where I am driving to, how to get there [confusion will be my epitaph]
the meaning of red, yellow and green traffic signals
what I want to do today and who I will be interacting with
how to act appropriately in different social venues
to get dressed in the morning and where my I-phone is
to check Facebook, Snapchat, Tinder, Instagram, Twitter before I go out
the passwords to 50 different things and my lock combination
what neurofibrillary tangles and the hippocampus are
to pay the rent so we do not get evicted
that I am running low on marijuana, milk and Ramen noodles
the name of the person I just met and the phone number I was just given
where the bathroom is  In a bar this is called “problem solving”!
the names of my family members
to take the Quiche out of the oven
to check my pocket calendar so that I do not miss any meetings

ç if this pops back in mind 10 min from now is it WM or LTM?

-more habit, basal ganglia, specific neocortical modules
Norm, who could not remember 
woman was his wife, was socially 
PERFECT, very nice guy, not Tim Apple

Norm



Are DMRs stored  
in the temporal / 

parietal / prefrontal 
cortices?

Bruno Averbeck &
Moonsang Seo, 2008
PLoS Computational Biology

REAL Systems Neurobiology:  Life in Prefrontal Cortex



models: we can agree that the Hippocampus and ERC are crucial to human cognition!

Neuropsychologia 50 (2012) 3156–3168

Thanks to Jamie Bunce & Shezal Padani; White Paper due out soon

2012 Great Review of role of ACh in Hippocampal Function, Encoding and  (not) Retrieval.

- nice history documenting manipulation of cholinergic system
+ gory details of hippocampal encoding, retrieval and nested oscillators
- not technically on “aging” but all aging/ACh/memory loss is ~built on this

This concerns episodic memory (EM) not Working Memory (WM)



Neurobiology of Aging (2015) 2709-2715

an ACh, Memory and AlzD study: an intense research area

Groton Maze Test on CN older adults
CN = cognitively normal

-includes AB+ and AB- individuals
-scopolamine was given to block ACh
-AB+ did worse on EM, WM, Exec. functions
- “cholinergic stress test” might help ID 
preclinical stage of AlzD = huge research area!

theory: ACh inputs to Hippocampus 
promote encoding of new info.

blocking ACh hinders encoding AND
promotes retrieval, qed:

scopolamine is Truth Serum!
- Scopolamine promotes CA3-AAN activity



What is memory? plus PFC diagram, plus Neuro slides

Neurotransmitters (NETs) Systems are crucial to learning, memory and cognitive decline. But first we will cover 
some articles relating to memory -- we will sample some material from a few background PDFs on memory and then 
examine some cognitive deficits associated with aging.

For upcoming Memory Lecture, we are going to sample content from 5 different PDFs – more info  TBA.  Might read 
whatever is most interesting to you. 

For reference, a 1991 Review on 4 Hypotheses of Memory and Aging might be provided.

We can then see how those ideas have played out in the 2015 Review on the Cognitive Neuroscience of Working 
Memory (which is not about aging per se, but we can see its 2015 implementation).

Working Memory is very different than Episodic Memory which relates to the 2015 Article I labeled 
as HippoReview is actually narrowly focused on Place Cells, Grid Cells and Memory and provides some background 
for animal studies of brain aging. [That's Hippocampus, not Hippopotamus].

We get deeper in the weeds with the 2015 PLoS article on Working Memory in Aging Brain Networks.

Finally, there is a compact but highly pertinent article on Aging, Memory, Attention and Context, which we will try 
to cover or might not: situation in flux. The title is: "Psychol Aging. 2010. Effects of aging and divided attention on 
memory for items and their contexts."

“All memory is associative”.   valid claim?
ignore older verbiage below...skipping most of this



CASE STUDY:  76 year old woman
referred by neurologist b/c: memory issues.  

NeuroPsych TESTS:   
- MMSE = 19 out of 30  [bad]
- could not copy simple cube
- could not draw clock face with hands
- repeated her own sentences w/in a few minutes

(during interview)
- during testing could “repeat back” sentences
- but poor performance on word generation
- poor performance on complex trails (confused)
- ExecFxg decline = bad b/c why?  [DQ]
ه inquired about resuming driving
ه companion tearful on exit summation
ه no scans available, diagnosis: MCI? other?

Before we can think about the nature of her damage, we 
first need to consider how memory normally works!

F(x) = Function … Fxg = functioningMMSE = mini mental status exam


