. July 10, 2012 from Alina to Dad - Page 1 of 16
~ Tuesday, July 10,2012

~ DearDad,

- | hope yau can read my Eetter thss
- time. | actuai!y did use 14-16pt font
. in the EaSt @ne havmg r@membered
' Oéf)f your ment ion @f the gﬁasses issue. aﬂd o
NOP hopmg to mmpensate far that in case -
it’s sti il unresa&ved but appareméy E
- di dn’t mmpensate enwgh ® This
“time, | set the font to 30. | really h@@e
~ that helps. If you can read this, in my
next reply | could resend my last
letter with a bigger font so you can
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. two letters you sent — and

July 10 2012 from Aima to Dad - Page 2ofle

read what it saad (un!ess yau re ab!e ] |
to get gEasses or read it by then).
| just got your letter today. Iread
it immediately. | was greét!y relieved
‘to hear from you, as I'd started to get
‘worried about the fact that you
-/_;.;_fweren t even writing since the first
' ‘Meke said

f;‘v@u hadﬂ t wrettem m h@m atall, whxch.ﬂ E
“ersed me too. | now see fmm your
~ letter that you don’t have Mike’ s

address mem@ﬂzed T’hzs s hES

- address

3157t IR
.Apt2620 U T |
Mi meapo!is anescta 554-15 |
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July 10, 2012 from Alina to Dad - Page 3 of 16

 Mike and I were talkmg about you
this morning. | was telling him that I'd
sent youa letter mid- week last Week
and was getting cancerned not to
hear back yet as you'd have nothmg
~ but time to read and reply toa ie‘tter
and would—1 wouid think—be eager
 to. Since | hadn’t receaved anything -
as of yesterday evening, lwas
- beginning to wonder. So | called the
N jail facmty taday, too begmnmg the -
- process of inquiring. | left a message
- with your “counselor” (l assume |

mental heah‘:h counselor, hke-

I ' ose name was
-somethmg | think. But| haven t
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July 10 2012 from Alina to Dad Pége 4 of 16 |
recei ived a call back yet. Now that 've
received a Eetter fmm you, | don’t feei |

quite as wamed lwasn 't pamcked or -
anythmg, as i ﬂgured there may be

- some legit ma'fce reason, but!

| «certam!y was aware of and wondermg
‘about your | iack of c:n’tact Mike was

pmbabiy mare wer;rfed than | was yet | v
since I'd heard fmm y@u at least, but ! |

o mnvmced him to gwe ita b!t more

" y’time All the same, I'm glad to have
“-’;rece ived a reply fi nai!y (Okay, so it was |
Gniy like Wed-Thu that my letter

 would have beeﬂ sem: out last week

. so not THAT Ecng, but still) and knaw
what S go ng on.
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o July 10, 2012"from A!ina thad - Page 5 of 16

Readmg your !etter made me very
- sad. | am so sorry that your current

position is presenting such boredom -
“and aE! else for you. | d@ﬂ’tknow if

o yGU re a%éewed to receive anythmg

‘your current Becatmn like books aﬂd
Psuch but rather than wait for a
*%@.ﬁg-egggnse from _fy,@u telling me what

' youcan have, Eth@ught ‘djustsend

| f’?'samethmg 'm guessmg this. Eet‘ter
~will reach y@u befere the b@@k does
~ I'went on Amazon and Eogked up
”Earge print paperback” to see what
types of titles might come up, and
~ one I'd heard of (a best seller) called
~ “The Hunger Games” was among the
~ available titles. It's ordered, and
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- . protection, you should

July 10, 2012 from A!ma to Dad - Page 60f16

) _shauld ship tomormw and reach you
by Wed-Thu next week (Ju!y 19- 20) at
the latest—assuming the prison |
allows it thrc}ugh Again,lcant

- magme they Wouidﬂ t, since yau re

~ notin IMU for aﬁy reasan but yaur
~ own protect!on (and for your
ﬁhave readmg

* materials!—and a way to read

them e 1T tgets rejected because -

. you’re nit_zaiicwed to have books Oh o
~ well, it wasn’t terrsbiy expensive and’

| is worth that risk if there sa chance |
~you can have it. Ly
-~ But please !et me know what—-—af |
N anythmg-——yaou_ re allowed to have.
~ Oh, and Mike said he was going to -
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July 10,2012 from Alma to Dad - Page 70fi6

- "wrrte up a letter 'tcmght too, and he

might buy you a book as well. So
- assuming it doesn’t get rejected you

* might have two books coming to you, -
~and they’ll be §arge print sowe're

' “-hOPing they d be Eeglbie for you whsie -
- you're wa!tmg on a saiutmn for the
| _;;fg;ez:glasses S o

Speakmg Of gEasses !oaked a’t the -

' N 'websste f;rthe facility and caHed the

mail room, and they bas&caiiy to!d me -

~ that you need to have your
‘Optometrist at the jailsendan
“authorization slip to the mail reom
'gwmg you an excep’uon to recesve ,
‘glasses. | don’t think you said
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July 10, 2012 from Alina to Dad - Page 8 of 16

~ anything about the Optometrist

- already domg that, so | orobably cant

send anythmg vet. If you have him de

that, then let me know, I'd be happy

to buy you a pair off Amazen Untli
then, apparentiy | can’t send you

‘[f'ﬁ;anythmg but letters and, ifwe're

: »-;;z;—,!ucky, bogks and other pubhcatzons
~ {maybe newspaper or magazme
o SLﬁbSC!’Ip‘UQﬁS) | o

| Piease fmd out 'the fciiewmg for me: :

o » 1 What can you receive? Are bmk

:okay, and d@ they havetobe

paperback like the other place or -
- is hard cover fine too? (the B
- guidelines | found didn’t specify
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- July 10,2012 from Alina to Dad - Page 9 of 16

that | saw, other than to say

sexually explicit stuffisn’t okay) -
. When | was looking around atthe
~ website, regarding visitation and
: -sendmg money and such, Efaund -
 thatto send money via online,
~they use a third party company
| "‘,AjcaHed “JPay . Have you hear_.\_ o
| a”_fthat yet? Thmugh that campany, o
i _,--,f.apparentiy peoplecan |
o carrespond with mmates vsa |
o v;emasl (at emrbetaﬁt pmes and it
 didn’t seem that much faster
'~ than snail mail, given the built-in

delays), can have "Vid-eofv?is;!ts

(assuming the facility allows for '
. that and With ‘visitation |
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July 10, 2012 from Alina to Dad - Page 10 of ‘16

| approvai” fOr the person domg |
the vusmng, like normal... Maybe -

 you could find out if that’s an

| thlon then maybe Mike cou!d

~ video visit with youonce ina |
o '_While?) and buy a device called
| - “IP3 player” (dependmg on the
i :,facmty s approval)—An MPS
! ~ player that is specsfacaiiy
j_",'_-a-":   '_'appmved for incarceration, i
o --:."4_,;.-guess (but 1 guess each fac:hty
~ would staii have to approve or

;decime itasan optson) } took a aﬂ. -

S mterest in the JP3 p!ayer idea.

| guess that you could listen to FM
- radioonit, or purchase and |
o ;download sengs to s't: from a kmsk

©V.246.000269 -



July 10, 2012 from Aliha to Dad - 'Page ilof16

~inthe facr!rty The song-

~ purchasing idea might be a brt

~ prohibitively expensive or o
: cumbersome (such as, with very
few kiosks, it may be hard to get |
| oppertumtres to _%browse and -

o select musrc) but | thought we.

could. ieok into whether you’d be

~ allowed to have a JP3 plaver ! d

‘-fneed to knew if you A are

 allowed to receive it atall (aﬂ o
- }'-"more specrﬂca!!y, if you’ re.. "

 allowed to rec eive r‘r. whrE

',_confmed to !MU) and B. can

bring it wrth you to the ¢ mother s
~institution” when you're
h transferred rr you can t brmg it
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July 10, 2012; from /—\ii‘na to Dad -Page120f16
~ with you, and with so shorta _' |
‘time left at She!ton (assummg 6
weeks is the max, and it will have
been 3+ by the time | get a reply
from you), I'd probably waitto
buy the JP3 piayer until you’re at

| v‘the new place.. You probably
~ wouldn’t have it for more than a

- Week by the time it could get to
A‘_,_yeu But let me kncw what yau o

"could fmd out abaut JP3 piayers
| "because maybe that’s a way for
B youtoat least have samethmg

~ besides the echoes of prisoners

~ tolisten to. | also wonder if the
- songs would be transferrable, so
that you coulad transfer them off
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~ July 10, 2012 from Alina to Dad - Page 13 of 16

- of it after you’re out so you could
~ keep the songs. Or who knows,
" maybe it’d be a decent enough
player that you ‘d want to
~ continue using it later to Insten to
: _“the music you bought there

}.Please !et me know Especzally about

N .'?f;the readmg 83355@5 thing. | really

- wantto help you stay cemfertabie

~ but ! think you're the one who'd havé

" to find out certain thmgs or request

o certam optmns But, once we have

- answers to some of those things, we
~can work toward getting you some
- accommodations if that’s an option.
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July 10, 2012 from Alina to. Dad Page 14 of 16

Watch for the book in the mail 1
hope they let it through And
‘moreover, | hope that the prmt in the -
book i is large enough that you can. |
‘have semethmg toread while
| awaitlng a solutuon for the glasses

~ issue. Ithlnk Mike wsll be sending yeu

| 3l letter possﬂnly a beok and calling

~ me back later temght to get the mfo |
| ifyou gave abeut the phone thmg

= 'Hopefu!l;,

| we can get it all worked
~outl Oh and 1 Ioeked at the VISitor
info and such Leoks like they a!Eow
“up to $15 cash per person vnsutsng
- for a vendang machme and such. And
the room, as they describe it, sounds -
kmd of Ieunge y So, defmlteiy
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* luly 10, 2012 from Alina to Dad - Page 15 of 16
sounds different and—with any luck—
‘more comfortable (espemally if the

~visits are that Iong) than the VISItS at |

;PCJa:lwere o -
~ One last thmg, | thmk the main

- »thmg I said in my last letter was that |
- 'd been delayed/forgetful tosendin

| ".;,; the quest!onnalres for me and John
but that | did it last week. So | don t
~ know how long it takes toget
| apprrved but l hope to have that
| -_saon tao - |

 Love you, Dad I hope you were abie
'to read this okay And if you could

read it but it still is a bit small for you

sans glasses let me know and I'll add
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July 10, 2012 from Alina to Dad - Page 2 of 16 -

read what it said (unless you're able
to get glasses or read it by then).

| just got your letter today. | read
it immediately. | was greatly relieved
to hear from you, as I'd started to get
worried about the fact that you
weren’t even writing since the first
two letters you sent — and Mike said
you hadn’t written to him at all, which
worried me too. | now see from your
letter that you don’t have Mike's
address memorized. This is his

address:
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' July 10, 2012 from Alina to Dad - Page 3 of 16

- Mike and | were talking about you
" this morning. | was telling him that I'd
~ sent you a letter mid-week last week,
‘and was getting concerned not to
hear back yet as you’d have nothing
but time to read and reply to a letter,
and would—I would think—be eager
to. Since | hadn’t received anything
as of yesterday evening,  was
beginning to wonder. So | called the
jail facility today, too, beginning the
process of inquiring. | left a message
“with your “counselor” (I assume

“mental health counselor, like| N

R  ose name was

-som‘ething | think. But| haven't
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- July 10 2012 from Alma to Dad - Page 4 of 16

received a caH back yet. Now that I've
recelved a letter from you, | don’t feel
quite as worried. | wasn’t panicked or
anything, as | figured there may be
some legitimate reason, but |
“certainly was aware of and wondering
about your lack of contact. Mike was
probably more worried than | was yet,
'since I'd heard from you at least, but |
convinced him to give itabitmore
time. All the same, I’'m glad to have
received a reply finally (okay, so it was
only like Wed-Thu that my letter
would have been sent out last week,
so not THAT long, but stl!i) and know
what’s going on.
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July 10, 2012 from Alina to Dad - Page 5 of 16

Reading your letter made me very
sad. | am so sorry that your current
position is presenting such boredom
and all else for you. | don’t know if
~you're allowed to receive anything in
your current location, like books and
such, but rather than wait fora
response from you telling me what
you can have, | thought I'd just send
something. I'm guessing this letter
will reach you before the book does...
| went on Amazon and looked up
“large print paperback” to see what
types of titles might come up, and
one I'd heard of (a best seller) called
“The Hunger Games” was among the
available titles. It's ordered, and

. V.246.000294




July 10, 2012 from Alina to Dad - Page 6 of 16

- should ship tomorrow and reach you
by Wed-Thu next week (July 19-20) at
the latest—assuming the prison .
allows it through. Again,lcan’t
imagine they wouldn’t, since you're
not in IMU for any reason but your
- own protection (and, for your
protection, you should have reading
 materials!l—and awaytoread
them...)... If it gets rejected because
~you’re not allowed to have books, oh
well, it wasn’t terribly expensive and
is worth that risk if there’s a chance
you can have it. |
" But please let me know what—if
anything—you’re allowed to have.
Oh, and Mike said he was going to

V.246.000295



July 10, 2012 from Alina to Dad - Page 7 of 16

write up a letter tonight too, and he
might buy you a book as well. So
assuming it doesn’t get rejected, you
might have two books coming to you,
“and they’ll be large-print so we’re
hoping they’d be legible for you while
you’re waiting on a solutlon for the
glasses.

- Speaking of glasses, | looked at the
~ website for the facility and called the
mail room, and they basically told me
that you need to have your
Optometrist at the jail send an
authorization slip to the mail room

- giving you an exception to receive
glasses. | don’t think you said |
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July 10, 2012 from Alina to Dad - Page 8 of 16

‘anything about the Optometrist -
already doing that, so | probably can’t
" send anything vet. If you have him do
that, then let me know, I'd be happy
to buy you a pair off Amazon... Until
then, apparently | can’t send you
anything but letters and, if we’re
lucky, books and other publications
(maybe newspaper or magazine
subscriptions). |

Please find out the following for me:
1. What can you receive? Are books
okay, and do they have to be |
paperback like the other place or
is hard cover fine too? (the -
~ guidelines | found didn’t specify -
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July 10, 2012 frqm Alina to Dad - Page 9 of 16

that | saw, other than to say
sexually explicit stuff isn’t okay)
. When | was looking around at the
‘website, regarding visitation and
sending money and such, | found
~ that to send money via online,
“they use a third-party company
called “JPay”... Have you heard of
that yet? Through that company,
apparently people can
~ correspond with inmates via
email (at exorbitant prices, and it
didn’t seem that much faster
than snail mail, given the built-in
“delays), can have video visits
(assuming the facility allows for
~that, and with “visitation |
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July 10, 2012 from Alina to Dad - Page 10 of 16

approval” for the person doing

- the visiting, like normal... Maybe
- you could find out if that’s an

option, then maybe Mike could
video visit with you once in a

‘while?), and buy a device called

“JP3 player” (depending on the
facility’s approval)—An MP3
player that is specifically
approved for incarceration, |
guess (but | guess each facility
would still have to approve or
decline it as an option). | took an

‘interest in the JP3 player idea. | -

guess that you could listen to FM

- radio on it, or purchase and
- download songs to it from a kiosk
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July 10, 2012 from Alina to Dad - Page 11 of 16

in the facility. The song-
purchasing idea might be a bit
prohibitively expensive or |
‘cumbersome (such as, with very
few kiosks, it may be hard to get
opportunities to browse and
select music), but | thought we
could look into whether you’d be
allowed to have a JP3 player. I'd |
‘need to know if you A. are |
allowed to receive it at all (and,

“more specifically, if you're

allowed to receive it while
confined to IMU), and B. can
bring it with you to the ’ mother
institution” when you’re |
transferred. If you can’t bring it
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July 10, 2012 from Alina to Dad - Page 12 of 16

with you, and with so short a
time left at Shelton (assuming 6
weeks is the max, and it will have

~ been 3+ by the time | get a reply

from you), I'd probably wait to .

- buy the JP3 player until you’re at

the new place. You probably
wouldn’t have it for more than a
week by the time it could get to

- you. But let me know what you
“could find out about JP3 players,

because maybe that’s a way for

youto at least have something

besides the echoes of prisoners

to listen to. | also wonder if the
songs would be transferrable, so
that you could transfer them off.
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July 10, 2012 from Alina to Dad - Page 13 of 16

of it after you’re out so you could
keep the songs. Or who knows,
maybe it’d be a decent enough
player that you’d wantto
continue using it later to listen to
the music you bought there.

Please let me know. Especially about
the reading glasses thing. | really

- want to help you stay comfortable,

- but I think you're the one who’d have
to find out certain things or request
certain options. But, once we have
answers to some of those things, we
“can work toward getting you some
accommodations if that’s an option.
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July 10, 2012 from Alina to Dad - Page 14 of 16

Watch for the book in the mail.
hope they let it through. And
moreover, | hope that the print in the
" book is large enough that you can
‘have somethmg to read while
- awaiting a solution for the glasses
issue. | think Mike will be sending you
‘aletter, possibly a book, and calling
me back later tonight to get the info
~ you gave about the phone thing.
Hopefully we can get it all worked
out! Oh, and I looked at the visitor
info and such... Looks like they allow
“up to $15 cash per person visiting”
for a vending machine and such. And
the room, as they describe it, sounds
kind of lounge-y... So, definitely
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July 10, 2012 from Alina to Dad - Page 15 of 16

‘sounds different and—with any luck—
 more comfortable (especially if the

visits are that long) than the visits at
- PC Jail were. |

One last thing, I think the main

thing I said in my last letter was that
I'd been delayed/forgetful to send in
the questionnaires for me and John,
but that | did it last week. So | don’t
know how long it takes to get
approved, but | hope to have that
-soon, too. |

Love you, Dad. | hope you were able
to read this okay. And if you could
read it but it still is a bit small for you

- sans-glasses, let me know and I'll add
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July 10, 2012 from Alina to Dad - Page 16 of 16

another 5-10pts to it or something if |
have to in the next letter. ~
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I just found out that your glasses

- broke. Last week I was getting a little
upset because [ had not heard from you '
as I normally do, since you had been in
the new facility. Alina told me about how
they sent you to solitary confinement, so
1 ﬁgufed we might just have to Write'l :
letters for a little While. But this week I
was starting to get very anxious not
having received a letter because I thought
they were barring you from |
communicating so'they»could‘ beat you
up every day or something. I'm relieved
to hear that this is the problem but I’'m so

V.246.000307




sorry. You must be miserable not being
able to see or read.

When Lin told me that, it made me
think of that Twilight Zone episode
where the guy wakes up and realizes that
he’s all alone in the world, so now that
there are no more people around to bug
him, he can just read all the books that
~are lying around in the library. But as
soon as he sits down to read, he drops his
. glasses and they break on a stone.

Lin said there might be a way for you
to call from some phone in the courtyard
or something and we’re going to try to
figure out how to make it happen. She
said she was working on getting your
glasses taken care of. In the meantime,
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we’re going to try to get yousome
reading material that you can see.

I’ve been keeping busy on school
stuff. Last week I presented to the group
(at the meeting of our labs). My topic
was on language and neuroimaging; I
~ was covering a couple experiments and
~ had a lot of material. They had me
present for an hour again this week =~
"because it’s not that often that we talk
‘about language stuff at that meeting.

I think I’'m getﬁngclose to a point
- where we might run this experiment. I
hope so. There were a couple issues I had
to address, and there may be more. I’'ll
feel a lot better once this thing is through
the MEG. The editing has been a real

"~ V.246.000309




pain in the neck, although I came up with
some ideas (right at the end, as always) -
about how to speed up the process if I
ever have to do this again. The
experiment is also not going to be fun for
whatever poor sap has to sit for it (that
poor sap is probably me, to begin with).
But I’m hopeful that the data will be
good We’ll see.

~The PhD stuff 1s really tlme- |
consuming, and I'm basically focusmg

all my attention on that, and on ensuring

“that no funny stuff goes on in these legal
issues. I’m sure these people will do
everything they can to try to get their
hands on some money they’re not
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entitled to, but with any luck the law will
be observed. I | |
I know that there are other things you
want to do but it all just takes so much
time. We’re notlcmg that there are also a
lot of setbacks I see the legal proceedmg
“that’s already begun as a much higher
- priority and more impactful on so many
different levels. o
- I’m also catching wind that Alina’s |
website is a major problem for our
harassers. I heard about some
| comphments and posmve reviews re the
site. Apparently she’s spelling out some
tacts that are very inconvenient for the
police as they d'esperately-'try to shift the -
blame for their botched investigation to
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anyone they can. I’m sort of getting the
impression that all those people are'
pretty much afraid to poke their head out
thelr front door these days.

Listen, I’d like you to focus all your
energy: on staying safe, healthy, and sane
while you’re in there. And remember to
stay on everybody’s good side so they
give you extra dessert and whatever. I
know it sucks not feelmg like you can do
anything about the situation out here but
I think things are going fine for now. I'm
going to keep checking up to see that -
your needs are met. F ortunately I’'m not
so strapped for time now that these
presentations have subsided. Alina also
mentioned to me that the food was more

V.246.000312




edible in that facility and I’m glad to hear
that at least. ‘
You have a lot of people out here that

- really love you and are Waltmg for your
safe return.

Love, _
Michael

. V.246.000313
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HM in Context | wce

INTELLIGENCE/INVESTIGATIONS
~ Henry Gustav Molaison is arguably one
- of the most important figures in the history
of neurosuence He lived from 1926 to
2008, and for most of his life suffered from |
a severe anterograde amnesia, or |nab|I|ty
 to form new memories. He developed
| epilepsy in his teens, experlencmg his first
- grand-mal se|zure on his 16' blrthday Over
time, Molaison’s epileptic condition became
so disabling and so intractable that he and
“his family finally consented to an
experimental treatment offered by W|I||am
Beecher Scoville. The operation was
~ conducted in 1953, when Molaison was 27.
The operation was a medial temporal
" lobectomy, in which parts of the
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| hippocampuS and nearby brain structUres -
were removed bilaterally. Molaison was the
first and last non-schizophrenic patient in
history to undergo this operation, as his
resulting amnesiawas immediately clear
after the surgery. vPostope'rativer, he was
“able to vcarry out normal conversations and
appeared normal to, the casu,al;‘obs,e'rver,
apart from extreme forgetfulness. Among
other things, he did not know whether his
hair was black or gray. Among the most

- celebra_ted aspects of this persdn were his

great willingness to be studied and his

~desire to help others learn about his
condition.'Oflcourse, he is mostly widely
known by his initials, HM.
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The goal of this paper is to give an
overview of HM’s condition, along with
enough historical and conceptual context
that the reader should be able to gain an
appreciation for why this person was
important, what he meaht to psychology
and neuroscience during his life, and what
he continues to tell us about how the brain
and mind work. One possible |
“characterization of the function of What is
now known as the “medial temporal lobe
memory system” will also be discussed.

Overview of HM’S Condition

Probably the primary reason HM has
been so important to the neuroscientific
study of memory is that both his surgical
lesions and his cognitive impairment were
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very well circumscribed. When Scoville |
performed the surgery; he removed
contiguous areas of HM's medial temporal |
lobe (MTL), including the uncus, amygdala,
and antekior portions of the hippocampal
formation (Scoville & Milner 1957). The
" ablation was very symmetrlcal bllateraIIy
(Corkin et al 1997), allowing for cleaner
attributibn of cognitive function to specific |
brain structures. As for cogmtlve function,
the speC|f|c defect resulting from the
surgery was 3 severe anterograde amnesia
that was originally characterized as gIobaI in
the sense that all modalities of memory
seemed to be affected: verbal, visual,
auditory, olfactory, etc. Nevertheless, this
defect did not appear to have brought with
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it any intellectual deficits per se. HM still
spoke and performed routine tasks
normally, and his Verbal, Performance, and -
Full Scale 1Q scores on the Wechsle,ré
Bellevue scale actually rose postoperatively,
perhaps due to reduced cognitive
interference from epileptic activity (Milner -
et al 1968). Researchers were therefore
able to p05|t a direct connection between
“medial temporal lobe structures and the
~ ability to commit information to long-term
" memory, which was profoundly impaired
after HM's operation. |

Of course, a major aspect of HM’s
impact was not just that scientists could
pointto a correspondence between the
MTL and normal memory functioh, but that
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any correspondence even existed — that
memory function of the kind impaired in
" HM could be localized at all. For one thing,
while brain areas lesioned in HM were
clearly important for formation of Io'ng-
term memories, they were apparently not
the seat of the memory store itself. HM’s.
memory for events antedating his Operation
| was largely sparéd; he could recall incidents B
~from his school years or jobs that he had
held in his late teens and early twenties
(Milner et al 1968). This pattern suggésts ,
that MTL damage impairs storage of new
memories, not retrieval of old memories
(Marslen-Wilson & Teuber 1975). Moreover,
“evidence from other amnesic patients
shows a double dissociation between
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anterograde and retrograde amnesia: a
| comparison between patients EP and KC
(discussed below) reveals that EP performs
“better in terms of remote autobiographicall
recollection, whereas KC performs better
acquiring new information (Bayley & Squire
- 2002). However, this picture is complicated
| by the fact that MTL lesions often induce a -
recent retrograde amnesia. HM had |
memory loss for events in the two years
prior to his operation, and Obj'ective tests
showed some impairment in recall of
events that occurred up to 11 years pre-
surgery (Corkin 1984, ***). These recall
" deficits for immediately preoperative time
periods are typically attributed to processes
of memory consolidation, where memories
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are only gradually redistributed to the
neocortex and become independient: of the
medial temporal lobe (Squire 2009). |

Another important distinction can be
‘made between |ong-term and immediate
recall. Although he was unable to

" reproduce information after an extended
interval, HM was able to retain |
conversations and narratives in short- term ,
memory, and had a low-normal digit span..
Interestingly, HM’s immediate retention
was not determined by any fixed period of
 time; rather, continued retention depended
on conditions affecting attention. He could
remember a three-digit sequence or other
information f_Or as long as 15 minutes

- through continuous repetition. But when o

V.246.000342



information could not be rehearsed, as in

the case of faces or designs, it faded quickly, |

becoming.irretrievable in less than a minute

(Squire 2009). Also, retained information

was lost when HM'’s attention was diverted

or when his attention span was exceeded

even by a single item (Corkin 1984,

‘Drachman & Arbit 1966). Though

dissociable from long-term memory,

however, it is doubtful that one would find

" a brain module in charge of short-term |

‘memory. Instead, deficiencies in immediate
recall such as those exhibited by patients

‘with Alzheimer’s disease and Korsakoff’s

syndrome hail from more widesprééd

oathologic changes in the brain (Corkin

1984, ***).'Thus while long-term memory
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encoding is accelerated by MTL structures,
there is reason to think that immediate |
retention may be site-specific. Immediate
retention may not even depend on synaptic
plasticity, a 'point which will be explored in
more depth below. o

Anatomical Considerations

Initially, a correspondence between the
hippocampus and memory function was
“implicated in Scoville and Milner’'s 1957
report o.flamnesia in seve‘rall patients who
had undergone medial temporal lobe
- resections, in most cases to treat '

‘schizophrenia. The central thesis of this
‘paper was that the posterior extent of the
resection was positively related to the
severity of the resulting memory
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~ impairment. Specifically, patients in which
only the uncus and amygdala were removed
exhibited no persistent'memory deficit, |
‘whereas patients suffering damage to the
hippocampus and hipprampaI gyrus had
impaired recall; the most graVe memory |
deficits appeared in patients with the most
extensive hippocampal lesions, and HM was
one such patient. |

Work in decades to 'followpro\/ided a
more nuanced picture of the brain areas
involved in memory f_u.nction. Scoville (1957)
noted that all of his patients with bilateral
‘hippocampal lesions exhibited considerable
" memory deficits, while a patient with an
extensive unilateral resection in which the
right inferior temporal |obe and
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hippocampus were removed showed only
transient memory impairment. It has since
been speculated that other }patients with

- amnesia following unilateral MTL ablations,
such as Penfield’s patient PB, had

| preexi's'ti‘ng lesions in the opposite
hemisphere. Indeed, at autopsy, a
histological examination of PB’s b'r‘ain
confirmed that, along with surgical
ablatlons of the anterior hlppocampus and
other MTL structures on the left, there was
cell loss | in the hippocampus and dentate |
gyrus due to epilepsy-associated
hippocampal sclerosis in the right
hemisphere (Corkin et al 1997, Margerison
& Corsellis 1966). PB’s case among others

- also bore on the issue of isolating the key
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brain structures mvolved in the amnesic
syndrome while the 1957 report certalnly

| jmphcated the hippocampus in memory
functions, it was not clear whether the
~uncus and a'mygdala might also play a role
since they were also removed in each of
Scoville’s MTL resections. But the bilateral
‘component of PB’s lesions was limited to -
the hippocampus and dentate gyrus.

The hippocampal formétion consists of
the hipp0campUS,' dentate gyrus, s'ubicu|ar
complex, and entorhinal cortex. The -
‘entorhinal cortex receives about 60% of its
input from the perirhinal and
parahippocampal cortices, which in turn
receive input from sensory cortex. The
entorhinal cortex sehdsprojections to the
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intraventricular aspect of the hippocampal
formation, consisting of the hippocampus,
dentate gyrus, and subicular complex.
Primate studies have indicated that all of
‘these connected structures — but not the
amygdala —are |mp||cated in recognition
“memory (Corkln et al 1997, ***). Damage to
the mammillary bodies, which receive
strong projections from the hippocampus,
has also been connected with Korsakoff-
type amne5|a (Scoville & Milner 1957, >“""*‘)

Questlons then arise as to how these
various structures contribute to memory
~ function. There is some support for the idea
that damage to each of these structures
impairs memory function by degree. That is,
bilateral damage confined to the |
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 hippocampus and dentate gyrus, as in PB,
‘does result in considerable memory
impairment but not as severe as that seen
in HM, whose lesions included anterior
portiohs of the parahippocampal gyrus as
well. Lesions eXtendihg to more posterior
" parts of the parahippocampal cortex .
produce an even more profound amnesic
condition than HM’s, as observed in patient
"EP (Squire 2009). Another possibility is that
the various structures in the MTL have
different functions, and that the more
structures are damaged, the fewer
strategies are available for conductinga
task. For e'xample, it may be that the
hippOcampus is responsible for conscious
recollection of episodes whereas the
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“perirhinal cortex handles familiarity
judgments absent of episodic context
“(Corkin 2002, Brown & Aggleton 2001).

Connec'ti_vilty is no doubt also an
important factor in ascribing function to
these various _brain'areas. Since the
~ parahippocampal and oerirhinal cortices,
the entorhinal cortex, the intraventricular
hippoc‘ampal format‘ion,.and the
- mammillary bodies are to some extent
organized in a sort of feed-forward chain, it
makes sense to think that disruptionat
different points on that chain could resultin
similar functional defects. For example,
despite that the posterior 2 cm |
(approximately 50%) of HM's hippocampus
was spared, iit was atrophic and was most
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likely deafferented and therefore
nonfunctional due to the total ablation of -
his entorhinal cortex (O"KanAe et al 2004,
“Corkin et al 1997). Interestingly, cortical
conhections to the hippocampus appear to

~ be more central to normal memory function
than subcortical ones. |nterruption of the
descending fibers from the hippocampus by
‘sectioning the fornix bilaterally produces at
most a transient memory'deficit (ScoViIIe &
I\/Illner 1957). Conversely, although the
fornix and mammillary bodies were spared
in HM, these were not sufficient to maintain
normal memory function (Corkin et al 1997).
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~Early Progress of our Understanding of
Anterograde Amnesia |

HI\/I’s_'mnemonic pathology was
“originally thought to encompass all aspects
- of long-term memory encoding, but an |
important challenge to this notion came
~with Milner’s (1962) discovery that HM
exhibited normal learning of a p'ercethal- |
" motor task, that of mirror-tracing. HM
‘traced a star pattern refle'cted in a mirror, a
task which “requires subjects to inhibit and
reverse powerful associations between |
vision and motor control of hand and arm
‘movements” (Gabrieli et al 1993). HM
showed improvement on this task over a
period of three days, and normal retention
over time. In time it became clear that
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amnesics could improve their performance
on a range of motor tasks, such as rotary |
pursuikt, in which Subjects are required to
keep a stylus in contact with a target on a
spinning disc (Corkin 1968). In the early
~ years following these discoveries, motor
learning was regarded as an exception to
the global nature of MTL-associated
amnesia. |

| An interesting point a'boUtthis motor
learning was that HM gained these skills
,'Witho’ut an awareness of any pr,evi'ous‘
exposure to the task, a phenomenon |
referred to ‘as source amnesia (Schacter et
al 1984, Shimamura & Squire 1987). |
Amnesic subjects had no conscious
recollection of the events in which they had
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- learned the skills. This was a rather

intriguing dissociation, and HM’s amnesic

syndrome presentéd an opportunity to
“examine the boundaries of apparently

different memory functions. Ovér time

| 'the‘reamassed a significant amount of

" anecdotal evidence for other forms of
‘mnemonic sparmg in amne5|c patients. For

example, in 1966 HM was able to draw the |

floor plan of a house that he had moved to

| postmorbldly and lived in for eight years

(Corkm 2002). On different occasions he has

also shown I|m|ted-awareness of certain

public events, such as the fact that Kennedy

had been assassinated (O’Kane et al 2004).

With additional information about
~ impaired versus spared memory in
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anterograde amnesia came new categorical
distinctions among classes of memory. One
“influential proposal by Tulving (1972) made
~adistinction between episodic and |
semanticmemory'. Episodic memory
records personal and autobiographical
‘events, whereas semantic memdry deals
with general facts or ideas. While there is |
considerable overlap between the two
memory types, they can be contrasted by
“their content and Vor‘ga»nization. Episodic |
memories detail the perceptible properties
- of the events they represent, whereas
semantic memories operate on a more
abStract basis; 'pérceptible attributes of
~events are only important to semantic
memory in that they allow identification of
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semantic symbols or referents within the
‘knowledge store. Also, since ep'isodic
memory records an ongoing sequence of
physical events, its contents are organized
in temporo-spatial relation to one another,
‘whereas semantic memories are |
presumably organized in a more erX|b|e
‘multidimensional system of relatlonshlps

| Although some researchers have
poihted to a lack of evidence for the
d|SSOC|ab|I|ty of eplsodlc and semantic
_'memory (Gabrlell et al 1988), it is |mportant
to note that Tulving presented these
categories as “orienting attitudes” or “pre-
 theoretic positions” akin to, say, the
distinction between sensory and per-cep,tual
processes. No one challenges the idea that
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sensation and perception are two tightly
intertwined domains, but “nevertheless, it
frequently makes good sense to talk about
laws and principles govermng one set of
phenomena independently of those
applicable to the other.” In other words, the
“episodic-semantic distinction may providea
descriptively useful set of labels withouta
‘demonstration of its psychological reality
per se. Albeit on a severely impaired basis,
HM and other amnesics have shown
significant learning of semantic-type |
_information, both in laboratory teaching
experlments and upon exammat|on of
postmorb|dly accumulated knowledge such
35 names of famous individuals (Gabrieli et
al 1988, Hayman & Macdonald 1993, Ba'yley
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& Squire 2002, O’Kane et al 2004). Even in
~ the face of these small semantic, -
achievements, one is still struck by the
profundity of the episodic deficit that
“results from MTL damage. One study
indicates that children with bilateral
hippocampal .pathOIogy can uhdergo
apparentlynormal language d'evelopment
and can accumulate in their knowledge'
store an impressive array of facts about
word meanings, famous people, and other |
cultures in spite of episodic losses “so
disabling that none of the patients can be
left alone, much less lead lives
commensurate with their age, |
| circumstances, and aspirations” (Vargha-
- Khadem et al 1997). |
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Another landmark development in the
,_evdlving categorization of memory |
functions was a reevaluation of motor and
certain other types of skill learning. Cohen
& Squire (1980) proposed a distinction |
between declarative and procedural forms
- of knowledge after conducting an
experiment involving mirror-r‘eading,
Amnesic subjects’ learning was comparable
to that of normal controls on a task
condition where subjects read novel (non-
repeated) triads of words backwardsina
mirror,'Whereas on a task condition in
which word triads were repeated, normal
controls showed greater 'im'provement than
amnesics. This showed that while amnesic
subject’s could engage in reVerse'remapping
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of the letters or writing, they could not |
remember specific words already seen as
well as the controls did. Since mirror-
reading minimizes perceptual-motor
involvement, it was cited along with several
other skills such as numerical rule learning
or eye-blink conditioning as examples of
non—motor tasks gOverned by rulesor
procedures that were learnable by amnesics.
Thus a procedural categoryv of knowledge
‘that encompassed both motor and non-
motor skills seemed necessary, to be
contrasted with declarative or data-based
knowledge. |

Modality or Something Else?

- The declarative'-pro'cedural dichotomy in
particular raises questions about whether
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the modality of the information or
something else constitutes the dividing line
between spared and impairéd memory in
anterograde amnesia. Although declarative
knowledge will often coincide with episodic,
s.émantic, auditory or visual modalities
while procedural knowled'ge will often
coincide with motor or perceptual skills,
there are striking counterexamples that
show that modality is not the fundamental
difference between the two categories.
Patient EP suffers from an even more
extreme anterograde amnesia than HM
after contracting viral encephalitis
(Stefanacci et al 2000), but was able to
learn enough information to produce the
third word in a word triad (for example,
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“TRAIN frightened KANGAROO”) when
prompted with the first two in an
experiment by Bayley & Sqwre (2002)

What is interestmg about EP’s
‘accomplishment is that the semantic

- knowledge galned appeared to be non- N
declarative in nature, despite that semantic

memory would ostensibly fit squarely inthe

declarative category. There are several

~ways in which EP’s knowledge of the word

triads indicates non-declarative patternihg.

- First, the knowledge was engrained‘through

massive repetition: he was exposed to 48

training trials over a period of 12 weeks.

More i‘mportantly, EP’s recall and use of the

~ knowledge differed from that of controls.

Despite that after studying the material he
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" was able to complete triads in a free recall
condition with 18.8% accuracy, he -
~ expressed no awareness of whether he was
giving the right answer, and assigned the
same confidence ratings to right answers as
to wrong answers. Similarly, when- t,est'ed
~ on the material in abinary forced-choice
~ condition, EP’s pér’centage of correct
answers was measurably above chance. But -
“unlike normal co'ntrcls', who on average give
" correct responses more'quicklythan
incorrect ones, EP’s response times for right
and wrong answers were identical. These
pomts suggest that EP lacked conscious |
_cohtrol over the knowledge, a property
inconsistent with canonically declarative
me'mory. Beyond that, EP’s learned
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responses did not generalize like one would
expect of declarative knowledge. After '
learning a triad such as “VENOM caused
FEVER”, subjects were tested on the trained
triad (“VENOM caused ???”) as well as a.
'synonym-swap.ped triad (“VENOM

induced ???”). Normal controls’
performance on the synonym test
‘diminished only slightly in comparlson W|th
the standard test, whereas EP’s
performance was devaSta't"ed when
synonyms were introduced. The massive
repetition needed for Iearhing, the lack of
conscious access to the memory, and the
rigidity of the knowledge were interpreted
as evidence that the 'infofmation, though
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semantic in hature, was acquired by non-
declarative means. o

Indeed, even within a modality, changes
in how the information is presented can
have an effect on whether an amnesic
subject can learn the material. One study

showing this involved patient KC, who |

developed anterograde and retrogradet N
amnesia after a moto’rcyéle accident
(Hayman & Macdonald 1993). The stimulus
used in this experiment consisted of |
creative definitions for 96 familiar target
words: “an underpald textile worker —
SILKWORM”. Aside from repetltlon a major

factor affecting KC’s successful

memorization was interference. Subjects
exhibit “negative transfer” when, after
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“having acquired an A-B association, an

attempt is made to train an A-C association
(Martin 1971). An important point of this

“study was to compare an error-free learning

condition in which subjects simply studied
the definition-word associations with an

‘error-prone condition where subjects saw a

definition ventured a guess asto the

“associated word, and only then were shown f
the word along with the deflnltlon The

errors elicited by the second condition
would presumably thwart the learning
effort by introducing competing |

| assoc1at|ons The experlment showed that

both pre- experlmental mterference in the

form of pre-existing cue associations and

intra-experimental interference in the form
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-~ of error-prone learning methods additively

attenuated performance. The difference
was considerable, with a retention rate of
29% in the presence of both sources of
interference, and 84% in the presence of
neither.

~ The authors argued the point that most
past studies had used error-prone methods

~ to teach semantic material, WhICh had

probably sabotaged retention. For example
the widely cited results of a study
'conducted by Gabrieli et al (1988) may not
be a decisive indicator of amnesics’ |nab|||ty
to learn new semantic information because
on every set of trials, subjects were shown a
word along with the definitions of all eight
words in the set, and had to choose from
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among them until all the definitions were
eliminated. This method encourages a large
number of errors (Hayman & Macdonald
1993), which probably have the effect of
throWing erroneous associations in the way
~ of correct orjes. This consideration has
carried with it the suggestion that amnesics’
past failures to acquire new semantic
information might have less to do with the
modality per se and more to do with
chronic characteristics of how the |
information is presented or organlzed Asa
contrasting example, motor skills are

| typlcally trained through massive repet|t|on
of a sequence of actions, and not through
repeated presentation of a choice among
different potential actions. |
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Toward a Deeper Understanding

Study of HM and of other patients with
medial temporal lobe damage has shed a
great deal of light on how memory
functions are organized in the braln But
ideally, we WOUld like to gain knowledge
" about what exactly is going on in the
hlppocampus or nearby structures that
makes them SO |mportant to the formation
of long- -term memories. |

One geﬁneral notion is that since most
types of information seem to be learnable
in spite of MTL'damage.when one resorts to
massive repetitiOn, perhaps MTL structures
somehow simulate or operate in lieu of |
repetition. For example, it could be that the -
hippocampus acts as a temporary
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information buffer that quickly stores
memories and then replays them over time
so as to train the répresentation in
neocortex. In support of this, there is
evidence that hippocampal representations
replay during sleep states (‘Redish'2001 |

| **%), Alternatively, it could be that the
hlppocampus is responS|b|e for the -
disinhibition of neocortlcal nodes actlve in a
representatlon which should allow for |
long-term potentiation (LTP) processes to
occur very quickly,vwher':eas LTP would be
stymied in avnormla'l,'inhibited state |
(MacKay et al 2007). Both of these ideas are
essentially degree-oriented; the role

posited for the hippocampus is related to
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the speed or magnitude of information
retention.

But a problem still left over after these
eXpIanations have been inVoked is that the
information stored with the benefit of MTL
structures often seems to possessa
different character than that stored through
brute engrainment. Again, among the more
striking examples of this was patient EP’s
lack of conscious access to trained semantic
“sequences, and the rigidity of the
information. HM has shown similar rigidity
- in regard to newly acquired memories.
When tested on his ability to memorize a
path through a gtid like maze, he was.able
to succeed only when the maze was smaII
enough that the potential wrong turnsin
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the sequence did not exceed his immediate
attentionispan‘. Through repetition, he was
able to learn a path in a small, truncated
version of a larger maze. But when faced
again with the larger maze, he was not able
to retain any portion of the path through it,
even though the Iarger path mcorporated
the smaller path HIV] had already
memorized (Milner et al 1968). Similarly,
HM often showed patchy recall of
postmorbidly' vauired semantic _knoWIedge.
He sometimes recalled Kennedy as having B
been assassinated, and at other times
reported that Kennedy was still alive
(O’Kane et al 2004).

It is difficult to attribute these issues to
on-line performance defects. These patients
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can reason about the material in apparently
normal ways. During training, EP frequently
commented on the stimuli: “when
presented with the sentence ‘TRAIN
frightened KANGAROO, he regularly
‘commented that he had visited Australia
during his time in the Merchant Marines
“and that this kind of incident could indeed
occur” (Bayley & Squire 2'002). The défeCt,
then,,app‘arently relates to how the
information is represented in memory.
Espeually when one considers that different
cues seem to eI|C|t recall of different details
in amnesics, it becomes plausible to thlnk
that MTL structures could play a role in
organizing memories in the brain, beyond
'just accelerating storage. |
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The necessary perspective on this issue

~ could come from a surprising source.

- Although this paper has been entirely
concerned so far with the role of MTL
structures in amnesia, a debate has been

- raging for several d‘e'cades about whether
the hippocampus is involved in memory or
spatial mapping (Eichenbaum 2000, Redish
2001). The _f’cdgnitive map” perspective was
sparked by the discovery of place cellsin
1971 (O’Keefe & Dostrovsky). In its simplést -
- conception, a place cell is a neuron that
fires every time an animal — typically a rat -
goes near a particular p’lace within an

' environment.

‘Two important ideas about place cells
could make them relevant to the current
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discussion. First, place cells are not place

- cells, or at least not exclusively. A growing

body of research is uncovering properties of
place cells that are inconsistent with a
Cartesian-style representation of space. For
one thing, the pléces coded by placecells
are not uniformly distributed within a spéce-,

as one would expect of spatial mapping, but

instead congregate near salient cues within
the 'e,nvi'ronment. A'Iso', place cells are not
necessarily connected in a coherent
topology that mirrors the space itself;

“instead, different place cells within a
" population appear to be tied to specific
features of the environment. For example,

in a double rotation task, where proximal

“cues in the environment are rotated 90
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degrees one way, and distal cues are
rotated 90 degrees the other way, different
~cells in a population will maintain their |
place-coding in relation to different sets of
cues, such that two cells that coded the |
same place originally will code two different
‘places after rotation (Shapiro & .
Eichenbaum 1999). Moreover, it has been
found that place cells do not necessarlly
code places in the environment reliably, but
rather what seem to be places within a
larger task framework. In spontaneous-
“alternation tasks, rats run a W-shaped maze
and are trained to alternate left turns and
right turns upon reaching the end of the
center track. In these experiments, a
‘majority of cells coding places on the center
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track do so only for left turns or only for-

right, but not both (Eichenbaum 2000,

Wood et al 2000). This pattern is more
consistent with the repeating temporo-
spatial topology consequent to task design
than it is with the physical space itself.
Beyond this, hlppocampal cells respond to a
much greater range of stimuli than just
places, including olfactory stimuli and even
reward valence of odors (Wood et al 2000).
Considerations like these have prompted

 some researchers to view hippocampal cells
-as codlng a “memory space” or eplsodlc

mapping domain and not just a spatial map
(E|chenbaum 2000, Wood et al 1999).

Second, place cells are interesting both:
in their remapping properties and in their
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|

apparent functioning as a sort of world

model or spatial map. When a rat is

introduced to new environment, cells
within its'hippocampus begin to code
specific places. These places are “stable” in
that when the rat returns to that

- environment after a period of absence,

each cell codes the same place as it did

before. However, when LTP is prevented by
~ blocking NMDA, place fields do not remain

stable — but they do form. The key isthat if
NMDA antagonists are applied and the rat is
then placed in a new enwronment A,

'hlppocampal cells will code place flelds

when put in an intervening environment B

~and then re-introduced to environmént A,
cells code different place fields than the
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ones they used to. This “forgetting” can
occur during an intervening hiatus of as
little as five minutes. But importantly, cells
that already code places in an environment
*b»efore NMDA-antagonistic treatment
continue to code those same places when
the rat is again placed in that environment
(Shapiro & Eichenbaum 1999, ***). This
shows that synaptic plasticity is needed for
hippocampal cells to form stable place |
'fiel'ds, but is not needed simply for the
formation of place fields, or for the
activation of existing, stable place fiel,ds.'

Rats’ performance on the radial maze
shows what appear to be the effects of
~ these hippocampal representatibns. Radial
mazes are circular tracks with arms
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.extendmg dlstally in different dlrectlons

Efficient retrieval of food rewards from the |
arms of the maze requires a mental
repres'entation’ofwhich arms have already
been visited. Interestingly, after rats are |

allowed to learn the task and familiarize

themselves with the radial maze, knocking

“out their NMDA has no effect on their
subsequent ability to effectively navigate

the maze, despite that working memory is

~required. However, if NMDA is knocked out
| prior to learning the radial maze

environment, the rats’ performance is

}drastlcally impaired compared with that of
~normal controls (Shapiro & Eichenbaum

1999, Shapiro and O’Connor 1991). The
suggestion here is that synaptic plasticity is
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required to build a represehtation of the
space, but not to use working memory
given an adequate representation.
Additional 'support for this idea comes from
the finding that hippocampal lesions impair
performance on the radial maze when rats
are required to build a spatial
representation of the environment and
remember which arms consistently contain
food (the PLACE task), but the same |'esions |
“do not impair performance when |
placement of rewards was randomized
‘among the arms on each trial but marked
by textured floor inserts (the CUE task).
These two tasks appeared to be of
cOmparable'difficulty for unlesioned rats;
after Iésions, rats regained criterion inthe
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CUE task but not the PLACE task (Nadel &
MacDonald 1980). This implicates the
hippocampus in formation of spatial

| representatlons and is further reinforced

by a more recent fmdlng that hlppocampal |

'ceIIs appear to function as a cognitive map -

for “model-based” decision-making,
whereas the dorsal striatum and ventral

‘striatum appear to code ‘ model free”

situation-action representations and act|on-
outcome representations, respectively (Van
der Meer et al 2010)

A P0551ble Synthesis

Taken together, these two important
ideas about hippocampal cells suggest
tantalizing correspondences with human
Iearmng as observed in anterograde
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amnesia. In the spatial domain, it looks like
hippocampal cells form structured
representations of the environment quickly,
that these structured representations
become stable on the basis of synaptic
plasticity, and that working-memory use of

~ these representations does not appear to

depend on synaptic plasticity. Additionally,

- the fact that hippocampal cells encode a
great deal more than just spatial layouts —
possibly providing a sort of integrated
“episodic memory map — creates the
possibility that the phenomena observed in
the spatial domain may extend to a much
wider range of domains, especially in
humans, who presumably engage in a much
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more sophisticated array of tasks and
behaviors than rats do.

Phenomena observed in rat studies,
then, resemble those observed in MTL-
associated amnesia. Specifically, the fact
that working'memory used in a radial m’az'e
task functions in the absence of synaptic
plasticity suggests that immediate memory |
“in amnesics may do the same, and would
orovide an explanation as to why the
“information is lost when attention is
diverted. A new activation pattern rép‘laces
the old one, and the old one can only be
recalled if there exists a record of it in the
~ form of connection weights. If the
hippocampus or other MTL structures are
important for rapid formation of structured
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representations of the environment or
events, it becomes understandable why

| episodic memory in particular would suffer

such a devastating impact when MTL
structures are destroyed. The arbitrary
events and stimuli constituting episodic
experiences would either fail to be
recorded or would be recorded piecemeal,
rendering them worthless When it comes to

reconstructing an episode later.

This explanation would also shed some
light on the declarative-procedural
distinction and the rigidity of information

learned by amnesics. A failure to form

structured representations could cause
problems encoding associations in general
which could make it very difficult to
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integrate information such that it would be
dynamically accessible in the way |
~ declarative information is. A loss of the
system of relationships in which a piece of
factual knowlédge embeds could essentially
depr'ive one of the cues or cohceptual
pathways needed to retrieve that
‘knowledge. Meanwhile, massive repetition
could be used to train associations which -
would essent|ally exist in |so|at|on
disallowing retrieval of the memories
through the broader system of declarative
associations most people are accustomed
o, o S __
But inkaing this kind of an explanation
raises one question. Aside from memory
deficits, failure to form the kinds of
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representations suggested above should
result in on-line performance deficits similar
to the rats’ inability to efficiently 'navigate
an unfamiliar radial maze. Yet a large
amount of the literature on HM shows
“intact ébil,ity to perform a very wide range
of tasks. Beyond normal IQ and digit span,
HM was reported to understand jokes and
- puns, and a recent battery of linguistic
evaluations showed normal performahcev |
compared to that of controls on such tasks
as spelling, pictufe namihg, past tense and
plural production, and syntax or thematic
role comprehensidn (Kensinger et al 2001).
Similarly, even in the visual-spatial domain,
HM was quickly able to detect anomalous
features of cartoon drawings, and B
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performed normally on tachistoscopic tests
of letter recognition and letter masking
(Milner 1968). HM also showed strong
performance on the Mooney face
perc‘eptioniltask, in which subjects are
required to give the gender and
approximate age of a person whose face is
shown as a somewhat'ab'stract set of black

" and white contours (Milner 1968, Mooney

\1956)‘ In initial trials of an'i'nco‘mplete |
pictures task (Gollin 1960), HM's
performance was comparable to that of
controls, indicating that his perceptual
abilities were iht_act in this regard (Milner
1968). On a4 general anecdotal level, HM
impressed those he interacted with as being
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cognitively intact, aside from extreme
forgetfulness. | |

But it should be noted that the tasks
listed above are ones in which it is plausible
that successful perform'avnce' would depend
~ on chunked representations or highly over-
trained rules or procedures. The |
~constellation of tasks on which HM showed
| impaired perfor'mance appear to be ones
that require dynamic integration of multiple
elements, rules, or references frames. HM
showed deficient performance when
copying the Rey-Osterrieth figure or when
attempting to navigate from one room to
another using the floor plan of a building
(Corkin 1984). He was also impaired on a
hiddeh-figures task in which “particular
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geometric patterns have to be discovered
and traced out within a network of |

-~ embedding and overlapping lines” (Milner
1968). Chances are it would be difficult to
rely Qh chunked patt_erns for these types of
| }tasks, where shapes have to be,cocjrdinated
with one another or allocentric-egocentric |
| transformations must be computed

Ina Imgmstlc domain as weII HI\/I
showed performance deficits detectlng
ungrammatlcal sentences where
grammatlcal errors could only be identified
by evalu_atlng several wordsin a sentence (it
“was not enough to recognize that one word
was problematic). An example would be,
“John gave me the car that he couldn’t
drive by ourselves,” in which detecting the
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error requires an evaluation of whether
pronouns agree. In contrast with these
subtler combinatorial prdblems: HM made
no errors |dent|fy|ng scrambled sentences
as ungramma’ucal “Has house she decided
to a buy.” HM’s solid performance on these
‘more bIatantIy problematic sentences
showed that he understood the task and
was following the instructions. A number of
other deficits were shown in the same set
of experiments, all involving sentences |
where HM encountered some novevl usage,A
~ ambiguity, or combination of elements
(MacKay et al 2007). This again underscores
that integration of multiple' elements,
frames, or rules appears to cause problems
to surface in HM’s ability to negotiate the
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task. Consistent with this idea are the
observations that HM uses an inordihately
large quantity of clichés or stock phrasesin
his speech (MacKay et al 2007), and that,
“when asked to repeat an unrelated word
| string exceeding his normal span, will
produce large numbers of ‘recombination’ '
errors; for example, he will substitute the
response ‘waste’ for the list words ‘wake’
and ‘taste’” (Marslen-Wilson & Teuber
1975). These points seem to suggest a
reliance on chunked or over-trained
patterns in the absence of an ability to
successfully organize multiple elements or
combinatorial information. |

It appears that the constellations of
tasks on which HM’s on-line performance
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Was'either impaired or spared can be
pointed to as reinforcement for the idea
that medial temporal lobe damage results
in an impaired ability to build and maintain
structured representations'relying on the
association or integration of multiple |

- chunks or elements. Lacklng such an ablhty,

individuals have difficulty negotiating novel

situations where coordination of multiple

combinatorial elements or reference frames
is needed.‘ Moreover, a failure to‘cohstruct |
representational frameworks leaves learned
factual and experiential knowledge isolated
and often irretrievable, and has an
especially grave impact on episodic memory.
These representational frameworks most
likely depend on quickly emerging tuning
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- properties in hippocampal or other cells,
and their stability over time — mediated by
synaptic plasticity — probably Corresponds
to long-term memory. Importantly, this
view goes beyond a hypothesis that the
hippocampus increases the speed or
magnitude of memory encoding, instead
positing a "'role for MTL structures in the
structured organization of memory, with
implications for declarat'ive knowledge;“

Final Thoughts

"HM’s contribution continues to be
‘important as we investigate the role and
functlon of the medial temporal lobe |
memory system. Our knowledge of his
condition transformed throughout his
lifetime and continues to transform as time
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goes on. The line of research and questions
posed by HM’s amnesia now runs parallel
‘with other investigations into hippocampal
or medial temporal lobe function relatedto
spatial mapping. As these two major lines of
~ research inform one another, it may be
possible to ascribe a parsimonious |
functional account to the brain structures -
involved. This pap'elr outlined one possibility
for such an account. Something that
remains clear, whatever'the' case; is that
HM’s contribution to science will continue

" to be a very central one in the coming |

~ decades. | |
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July 20, 2012 | RECEIVED

- JUL 232012
Steven Powell Wee
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Dear Mr, Powell,

Along with my co-author [N I’ writing a book about your son Josh and his wife
Susan, to be published by St. Martin’s. As you know, there are a couple of other books in the
works, including your daughter Jennifer’s and one by_ We believe ours will be the
most fair and the least biased (it will not be told from the view point of any one person; including
the Coxes). As I've written or said to Alina, I - others, T don’t want to
demonize Josh; I want to get to know him.

I am hoping that I can meet with you. I’d be willing to provide questibns in advance. If not in
person, would you speak with me on the phone? ‘

I’m still hoping to interview Alina, -as spoken to her on my behalf, and I have called R
and written her but have not reached her. Maybe after I meet with you she will be more willing
to talk with me. ‘

Would you write me and let me know if I may come see you?
Thank you. |

Sincerely,
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