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MULTIPLE MEMORY SYSTEMS 
DIFFERENT BRAIN SYSTEMS FOR DIFFERENT TYPES OF MEMORIES

Adapted from Squire (1992)
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DECLARATIVE MEMORY SYSTEM 
EPISODIC VS SEMANTIC MEMORY

Declarative memory:  
Memories that can be “declared” or made “explicit” 
Flexible expression 

Two types 
Episodic (autobiographical) memory 

Memory for events, personal experiences 
Memory of the event is tied to the spatial and 
temporal context in which it occurs 

Semantic memory 
Memory for facts, general knowledge of the world 
Context-independent



DECLARATIVE MEMORY SYSTEM 
EPISODIC VS SEMANTIC MEMORY

Patient K.C. (interviewed by Endel Tulving)

Episodic memory Semantic memory



DECLARATIVE MEMORY SYSTEM 
EPISODIC VS SEMANTIC MEMORY

Depend on the medial temporal lobes 
(hippocampus + parahippocampal region)

Allen & Fortin (2013)

Birds also have a hippocampus, which arises from the same
developmental origin as mammals (59, 60, 75). As in mammals,
a hippocampal-septal pathway is a major feature of the avian
hippocampus (75, 76). The avian hippocampal subregions are not
as visually obvious (Fig. 1) but nonetheless show homologies to
those in mammals. Based on anatomical connectivity, Atoji and
Wild (60) noted that the dorsomedial area of the hippocampus
is similar to the mammalian subiculum and CA regions, whereas
the V-shaped layer in the ventromedial portion is similar to the
mammalian dentate gyrus. However, a consensus on the exact
homologies of hippocampal subregions is lacking (59, 60, 75).
Functionally, the avian hippocampus is similar to the mammalian
hippocampus. Neurons in the avian hippocampus also show dis-
tinct place fields (reviewed in ref. 77), and lesions to the avian
hippocampus specifically disrupt spatial memories (78–80). No-
tably, hippocampal lesions similarly impair spatial memories in
turtles and goldfish (61), further evidence that theses functional
similarities result from a long neurobiological ancestry.

Parahippocampal Region. In mammals, the hallmark of cortical–
hippocampal connectivity is the existence of associative cortical
structures that serve as an interface between the hippocampus
and the rest of the neocortex. These associative regions include
the entorhinal cortex, perirhinal cortex, and parahippocampal
cortex [postrhinal cortex in rodents (81)], which are collectively
referred to as the parahippocampal region (Fig. 1). There are
two main information processing pathways within the para-
hippocampal region (Fig. 2A). The “what” pathway, composed
of the perirhinal and lateral entorhinal cortex, is important for

processing and representing features of specific objects or items.
In rodents and primates, this system receives information from
all sensory modalities (81–83), is critical for object memory (84–
86), and contains neurons that respond to specific objects (47,
87–89). The second pathway processes “where” information and
is composed of the parahippocampal/postrhinal cortex and me-
dial entorhinal cortex. This system primarily receives visuospa-
tial information (81, 83). Consistent with a role in processing
“where” information, neurons in a subregion of the medial
entorhinal cortex fire in a triangular grid pattern as animals ex-
plore an environment [grid cells (90)]. Evidence for grid cells has
been reported in rodents (90), nonhuman primates (91), and
humans (92), as well as in bats (74). Although species differences
exist in the information processed by these pathways, the distinct
informational segregation is conserved across rats, nonhuman
primates, and humans (8, 83, 93).
In birds, the primary inputs and outputs of the hippocampus

originate in the area parahippocampalis (60) (Figs. 1 and 2B).
Afferents to area parahippocampalis arise from several locations,
including the dorsal ventricular ridge and hyperpallium. Its
efferents project back to the same structures and to the V-shaped
layer and triangular region of the avian hippocampus. Therefore,
the avian hippocampus has access to information from all mo-
dalities through the area parahippocampalis (60), much like the
mammalian system. However, it is unknown whether the dorso-
lateral and dorsomedial subregions of area parahippocampalis are
involved in segregated informational streams. As in the medial
entorhinal cortex in mammals, grid-like cells have been observed

Fig. 1. Brain regions important for episodic memory. Anatomical comparison of the hippocampus (avian hippocampus), parahippocampal region (avian area
parahippocampalis), associational neocortex (avian dorsal ventricular ridge), and prefrontal cortex (avian nidopallium caudolaterale). Themammalian hippocampus
shows distinct subregions, which are less evident in the avian hippocampus. Themammalian parahippocampal region is shown in diagrams (adaptedwith permission
from ref. 81. CopyrightWiley-Liss, Inc.) to highlight the conserved relative spatial locations among species, with similar adjacent locations of area parahippocampalis
and hippocampus in birds. Neocortical areas inmammals and associational areas of the dorsal ventricular ridge are outlined. The prefrontal cortex is shown inwhole
brains in mammals (medial surface in rat) and in a sagittal section in the bird. Human, nonhuman primate (Macacamulatta) and rodent (Rattus norvegicus) sections
were adapted with permission from http://www.brains.rad.msu.edu, and www.brainmuseum.org supported by the US National Science Foundation, and bird
(Taeniopygia guttata) sections from http://zebrafinch.brainarchitecture.org. DG, dentate gyrus; DL, dorsolateral region; DM, dorsomedial region; EC, entorhinal
cortex, HC, hippocampus; PER, perirhinal cortex; PHC, parahippocampal cortex; POR, postrhinal cortex; Tr, triangular region; V, V-shaped layer.

Allen and Fortin PNAS | June 18, 2013 | vol. 110 | suppl. 2 | 10381
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NON-DECLARATIVE MEMORY SYSTEM 
HETEROGENEOUS GROUP OF MEMORY ABILITIES

Different types of memory that cannot be “declared”, 
that cannot be made “verbally explicit” 

Memory is expressed by changes in performance or a 
change in bias 

Not flexible 
Tied to the same stimuli and/or responses
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NON-DECLARATIVE MEMORY SYSTEM 
SKILLS AND HABITS

Motor skills
Review: Milner, Squire, and Kandel
449

Figure 2. H. M. Showed Improvement in a Task Involving Learning Skilled Movements

In this test, he was taught to trace a line between the two outlines of a star, starting from the point S (Figure 2A), while viewing his hand and
the star in a mirror. He showed steady improvement over the 3 days of testing, although he had no idea that he had ever done the task before.
(The graph in Figure 2B plots the number of times, in each trial, that he strayed outside the boundaries as he drew the star.) Adapted from
Milner (1962).

choice. In contrast, H. M. had no difficulty with a verbal reaches the points of the star, one tends to move the
hand in the wrong direction. Eventually, with practice,version of the task, which required the matching of con-
we can all learn to draw the outline of a star in a mirror.sonant trigrams. However, as with other short-term ver-
It is a new sensorimotor skill, a visual-motor skill, andbal memory tasks, he succeeded only by constant re-
it is acquired across many trials. Milner was able tohearsal; his lips could be seen moving throughout the
show that H. M. could learn that kind of task quite well.delay period.
She took H.M. through 30 trials ofmirror drawing spreadThese and other related studies (Milner and Taylor,
over 3 days, and he exhibited a typical learning curve1972) concur in showing that H. M. can register percep-
(Figure 2B). Yet at the end he had no idea he had evertual information normally, but that the information
done the mirror drawing task before: this was learningceases to be available to him within about 30–40 sec-
without any sense of familiarity. Nowadays, we are wellonds. Milner (1972) suggested that such results support
aware that such dissociations are possible following athe distinction between a primary memory process with
discrete brain lesion, but for Milner, looking at it for thea rapid decay and an overlapping secondary process
first time, it was quite astonishing. Her finding contrib-(impaired in H. M.) by which the long-term storage of
uted some of the early evidence that there is more thaninformation is achieved.
one memory system in the brain.
Interestingly, even before the study of patient H. M.

There Are Multiple Memory Systems in the Brain
inaugurated empiricalworkon the differentmemorysys-H. M.’s failure on delayed matching and delayed com-
tems of the brain, similar ideas had been proposed byparison tasks, which assess memory after a single pre-
philosophers and psychologists on the basis of intuitionsentation, did not rule out the possibility that he might and introspection. For example, in 1949, Gilbert Ryle, a

be capable of some learning with intensive practice, or philosopher of mind at Oxford, proposed the existence
indeed that certain kinds of learning might take place of two types of knowledge: knowing how, as in knowl-
at a normal rate. Accordingly, Milner and her students edge of motor skills, and knowing that, as in the knowl-
embarked on a variety of learning studies with H. M., edge of facts and events. Some years later Jerome
including stylus maze tasks, both visual (Milner, 1965) Bruner, one of the founders of cognitive psychology,
and tactual (Corkin, 1965). With one notable exception, called “knowing how” a memory without record. Mem-
these studies merely served to demonstrate H. M.’s ex- ory without record, Bruner argued, occurs in the case
treme difficulties with new learning, as evident also in of experiences that “change the nature of the organism,
his daily life. The exception was in the domain of motor change his skills, or change the rules by which he oper-
skills, where, in 1962, Milner showed that H. M. could ates, but are virtually inaccessible in memory as specific
learn a mirror-drawing task efficiently with stable reten- encounters.” Here, the neural machinery that supports
tion from day to day (Figure 2A). a behavior is presumably modified directly. He called
If one is shown a picture of a double-margin star “knowing that” a memory with record, a repository of

(Figure 2) and asked to draw a line between the two information about the facts and events of everyday life.
margins, one cando that very easily. However, if one has The demonstration of intact motor skill learning in
to do it while seeing one’s hand and the star reflected in patient H.M.marked the beginning of aperiod of experi-

mental work that eventually established the biologicala mirror, then it becomes quite difficult. When one

Mirror drawing Riding a bike

e.g., concept of countersteering 
at higher speeds 

 (turning left to go right) 



NON-DECLARATIVE MEMORY SYSTEM 
SKILLS AND HABITS

Examples of cognitive skills

e.g., finding tumors in X-rays

Note: the line is sometimes blurry between “cognitive skills” and “perceptual learning” (see later)

Cognitive skills are thought to involve repeated trial-and-error learning — or stimulus-outcome associations — 
whereas perceptual learning is thought to develop more gradually and unconsciously

e.g., mental rotations in gamers



NON-DECLARATIVE MEMORY SYSTEM 
SKILLS AND HABITS

Depend on the striatum (caudate nucleus + putamen)
The Basal Ganglia

In what brain disorders are those structures affected (basal ganglia)? 

How would you expect such patients to perform on tests of skill learning?

Striatum

Exam:



NON-DECLARATIVE MEMORY SYSTEM 
SKILLS AND HABITS

There is a distinction between actions and habits

Username: Norbert FortinBook: The Neurobiology of Learning and Memory, Second Edition. No part of any book may be 
reproduced or transmitted in any form by any means without the publisher's prior written permission. Use (other than pursuant to 
the qualified fair use privilege) in violation of the law or these Terms of Service is prohibited. Violators will be prosecuted to the 
full extent of the law.

Initial learning of 
complex behavior 

(e.g., learning to drive)

Learning to perform complex 
behavior on “autopilot” 

(e.g., driving after many year of 
practice)

“Given this stimulus/situation, 
if I do this response I should 

be getting this outcome”

“ (no thought) “ 

Series of stimuli lead to series 
of responses

ACTIONS HABITS

Primarily depends on dorsomedial 
striatum during initial learning, and 

on dorsolateral striatum as they 
become more automated

Probably involves a mixture 
of memory and brain systems



NON-DECLARATIVE MEMORY SYSTEM 
SKILLS AND HABITS

How to tell action and habits apart?
Username: Norbert FortinBook: The Neurobiology of Learning and Memory, Second Edition. No part of any book may be 
reproduced or transmitted in any form by any means without the publisher's prior written permission. Use (other than pursuant to 
the qualified fair use privilege) in violation of the law or these Terms of Service is prohibited. Violators will be prosecuted to the 
full extent of the law.

If devaluing the outcome has an 
effect, then the behavior is an action 

If it does not have an effect, then 
the behavior is a habit
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NON-DECLARATIVE MEMORY SYSTEM 
PRIMING AND PERCEPTUAL LEARNING

Priming: Exposure to one stimulus influences the response to another stimulus

Example 1: “NURSE” is recognized more quickly following “DOCTOR” than following “BREAD”

Example 2: recognizing picture fragments

Perceptual learning:
The more experience you have with some aspect of sensory processing, 
the better you’ll be at it                            (see also “cognitive skills” earlier)



NON-DECLARATIVE MEMORY SYSTEM 
PRIMING AND PERCEPTUAL LEARNING

Depend on many cortical areas
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NON-DECLARATIVE MEMORY SYSTEM 
CLASSICAL CONDITIONING (PAVLOV, 1927)

Involves the pairing of a stimulus of innate significance (Unconditioned 
Stimulus; US) with a neutral stimulus (Conditioned Stimulus; CS) 
The CS will then elicit a Conditioned Response (CR) that is similar to the 
Unconditioned Response (UR) 

Ivan Pavlov



NON-DECLARATIVE MEMORY SYSTEM 
CLASSICAL CONDITIONING IN POPULAR CULTURE



NON-DECLARATIVE MEMORY SYSTEM 
CLASSICAL CONDITIONING (PAVLOV, 1927)

Fear conditioning

Depends on the amygdala

Eyeblink conditioning

Depends on the cerebellum

Some famous examples (there are many others)



NON-DECLARATIVE MEMORY SYSTEM 
CLASSICAL CONDITIONING (PAVLOV, 1927)

Eyeblink conditioningFear conditioning

Depends on the amygdala Depends on the cerebellum



MEDIAL TEMPORAL LOBES 
Hippocampus and Parahippocampal region

STRIATUM CORTEX AMYGDALA
CEREBELLUM

REFLEX 
PATHWAYS

MULTIPLE MEMORY SYSTEMS 
DIFFERENT BRAIN SYSTEMS FOR DIFFERENT TYPES OF MEMORIES

MEMORY

DECLARATIVE NONDECLARATIVE

SEMANTIC EPISODIC

PRIMING &
PERCEPTUAL

LEARNING

SIMPLE
CLASSICAL

CONDITIONING

NONASSOCIATIVE
LEARNING

SKILLS 
& HABITS

MOTOR
COGNITIVE

SHIFTS IN JUDGMENTS
AND PREFERENCE

EMOTIONAL 
RESPONSES

HABITUATION
SENSITIZATION

FACTS EVENTS

SKELETAL
RESPONSES

Adapted from Squire (1992)

Larry Squire



NON-DECLARATIVE MEMORY SYSTEM 
NONASSOCIATIVE LEARNING

Habituation 
Process by which you have a decrease in psychological and 
behavioral response to a stimulus after repeated exposure to that 
stimulus over a duration of time 

e.g., you learn to ignore a new noise if nothing bad happens

Eric Kandel

Sensitization 
Process by which you have an amplification of a response after 
repeated administrations of a stimulus. 

e.g., rubbing in the same spot

http://en.wikipedia.org/wiki/Stimulus_(physiology)


NON-DECLARATIVE MEMORY SYSTEM 
NONASSOCIATIVE LEARNING

Habituation and sensitization are studied extensively in Aplysia

Dr. Kandel received the 2000 Nobel Prize in Physiology or Medicine 
(with Arvid Carlsson and Paul Greengard) for his research on the 

physiological basis of memory storage in neurons





MULTIPLE MEMORY SYSTEMS 
WHY DO WE HAVE MANY?

Sherry & Schacter (1987) article is a landmark paper in 
that area 

They proposed the notion of functional incompatibility 
Distinct memory systems evolve only when there is 
functional incompatibility between the properties of an 
existing system and the demands posed by a novel 
environmental problem. 



MULTIPLE MEMORY SYSTEMS 
WHICH ONES DO WE USE AND WHEN?

We are using all of them simultaneous to encode 
information in parallel 
When we recall info, the systems compete. One of the 
systems will “win” in each particular situation. 
Examples of multiple memory systems at work

NEUROBIOLOGY OF LEARNING AND MEMORY 65, 65–72 (1996)
Article No. 0007

Ina ctivation of Hip poc a m pus or C aud ate N ucleus with Lid oc aine
Differentially Affe cts E x pression of Pla c e and Response Le arning

MARK G. PACKARD* AND JAMES L. MCGAUGH†,1

*Department of Psychology, University of New Orleans 70148; and †Center for the Neurobiology of Learning and Memory
and Department of Psychobiology, University of California, Irvine 92717

response learning, respectively (2), in a visually cued ex-
tramaze environment, hippocampal-dependent placeInvolvement of the hippocampus and caudate nucleus in

place and response learning was examined by functionally learning is acquired faster than caudate-dependent re-
sponse learning, and (3) when animals shift to caudate-inactivating these brain regions bilaterally with infusions

of lidocaine. Rats were trained to approach a consistently dependent response learning with extended training, the
hippocampal-based place representation remains intact.baited arm in a cross-maze from the same start box (four

trials/day/14 total days). On Days 8 and 16 a single probe q 1996 Academic Press, Inc.

trial was given, in which rats were placed in the start box
opposite that used in training and allowed to approach a

INTRODUCTIONmaze arm. Three minutes prior to the probe trial, rats
received bilateral injections of either saline or a 2% lido-

Throughout the history of research on animalcaine solution (in order to produce neural inactivation)
into either the dorsal hippocampus or dorsolateral caudate learning there have been conflicting views concern-
nucleus. On the probe trials, rats which entered the baited ing the fundamental issue of what animals learn.
maze arm (i.e., approached the place where food was lo- Cognitive theorists such as Tolman (1932; 1948) pro-
cated during training)were designated place learners, and posed that animals acquire knowledge of ‘‘what-
rats which entered the unbaited maze arm (i.e., made the leads-to-what’’ that result in expectations of the con-
same turning response as during training) were desig- sequences of their behavior. In contrast, following
nated response learners. Saline-treated rats displayed

the pioneering work of Thorndike (1898; 1933) andplace learning on the Day 8 probe trial and response learn-
Pavlov (1927), other theorists proposed that animaling on the Day 16 probe trial, indicating that with ex-
learning consists of the formation of stimulus–re-tended training there is a shift in learning mechanisms
sponse (S-R) habits (Hull, 1943; Guthrie, 1935) or,controlling behavior. Rats given lidocaine injections into
simply, the learning of motor responses.the hippocampus showed no preference for place or re-

sponse learning on the Day 8 probe trial, but displayed In experiments addressing this issue, rats were
response learning on the Day 16 probe trial, indicating a trained in mazes and subsequently tested in a vari-
blockade of place learning following inactivation of the ety of ways in an attempt to discover whether the
hippocampus. Rats given lidocaine injections into the cau- learning was based on acquisition of knowledge or
date nucleus displayed place learning on both the Day 8 learning of responses (e.g., Tolman, Ritchie, & Kal-
and the Day 16 probe trials, indicating a blockade of re- ish, 1946, 1947; Blodgett & McCutchan, 1947, 1948;
sponse learning following inactivation of the caudate nu-

Blodgett, McCutchan, & Matthews, 1949; Thomp-cleus. The findings indicate: (1) the hippocampus and cau-
son & Thompson, 1949; Hill & Thune, 1952; Schar-date nucleus selectively mediate expression of place and
lock, 1955). For example, after animals were trained
to enter one arm of a T-maze where they were re-

1 This research was supported by NRSA Grant 1 F32NS08973- warded with food in a goal box, had they learned a
01 (M.G.P.) and USPHS Grant MH12526 from NIDA and NIMH turning response or, alternatively, had they learned
(J.L.M.). The authors thank Norman White, Norman Wienberger, where food was located? In order to examine this
and Richard Thompson for helpful comments on an earlier version

question, Tolman and colleagues introduced theof the manuscript. Address correspondence and reprint requests
cross-maze paradigm (Tolman et al., 1946, 1947).to Mark G. Packard, Department of Psychology, University of

New Orleans, New Orleans, LA 70148. The cross-maze is essentially a T-maze built such

65
1074-7427/96 $12.00
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All rights of reproduction in any form reserved.
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MULTIPLE MEMORY SYSTEMS 
WHICH ONES DO WE USE AND WHEN?

Packard & McGaugh 1996

Cue A

Cue B

Cue C

Day 1 ...

Cue A

Cue B

Cue C

Day 8 
(1 probe test)

?

Cue A

Cue B

Cue C

?

Day 16 
(1 probe test)

Cue A

Cue B

Cue C

Day 9 ...

Rats go to same side of room 
(unless hippocampus is inactivated)

Rats make a left turn 
(unless striatum is inactivated)

Jim McGaugh (UCI)


