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Chapter 1  

Memory Systems 

 

The term memory is used in modern psychology to refer to the encoding, storing and 

retrieving of information (Baddeley, 1998). An important distinction can be made 

between primary or short-term memory, and secondary, or long-term memory. James 

(1890) distinguished between primary and secondary memory. For James, primary 

memory contains vivid traces that will last only a few seconds unless a conscious 

effort is made to keep them in mind (e.g., by rehearsal in the case of words), whereas 

secondary memory refers to the recollection of representations that have been absent 

from consciousness. Hebb (1949) further suggested that primary or short-term 

memory (STM) is based on temporary electrical activation of synaptic connections, 

while secondary or long-term memory (LTM) reflects the growth of permanent links 

between groups of neurons. Studies with neuropsychological patients have shown 

evidence for the division between short- and long-term memory. For example, Milner, 

Corkin and Teuber (1968) described the case of H.M., a patient with preserved STM 

but who was unable to commit any new material to LTM. The opposite dissociation 

was shown by Shallice and Warrington (1970), who studied K.F., a patient who could 

not remember more than two digits in the short-term but who had a seemingly normal 

long-term learning capacity.  

James (1890) also distinguished different types of memory within LTM, 

devoting separate chapters in The Principles of Psychology to memory and habit. He 

understood habit as a mechanical, reflexive action due to the plasticity of organisms to 

outer agents. That is, the repeated exposition to external stimuli would cause some 

permanent change inside the organism. In the opinion of James, the creation of a habit 

simplifies the movements required to achieve a given result making them more 

accurate and diminishing the conscious attention with which acts are performed. 

Memory, on the other hand, involves a conscious awareness of the past. It is the 

knowledge of an event or a fact with the added consciousness of having experienced 

that event or known that fact before. Memory, according to James, implies a more 

active approach from the individual than habits and it is intimately linked with 

attention: “The attention which we lend to an experience is proportional to its vivid or 

interesting character; and it is a notorious fact that what interests us most vividly at 

the time is, other things equal, what we remember best” (James, p. 670). Thus, James 

described some of the main characteristics that are still today used to illustrate the 
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different systems of LTM, with an unconscious system that requires repeated 

exposure to a given context and that allows automatic, attention independent 

performance, and a conscious system that requires an active role of the individual, 

produces increased awareness and demands attention.  

The distinction within LTM between habit and memory proposed by James 

(1890) was refined by Ryle (1949) who distinguished between memory for skills and 

memory for facts. Ryle argued that expert performance of a skill proceeds in a similar 

way to that of a habit in the sense that it can be executed in a relatively automatic 

fashion and it is manifested through the performer’s behavior. Possessing a skill 

reflects knowing how, and it is as much an index of intelligent behavior as the 

knowledge of facts or knowing what. For Ryle, knowing how represents a disposition 

to act in a certain way given a set of conditions whereas knowing that represents 

possessing the knowledge that a fact is true. Ryle proposed that skills can be acquired 

by learning and practicing a set of rules or by pure practice and exposition to 

examples, as the grammatical rules of a first language are acquired. In either case, 

knowledge of skills would be difficult to express whereas knowledge of facts would 

take a more declarative and verbalizable form. 

Tolman (1948) contributed to the characterization of the different systems of 

LTM, introducing concepts such as flexibility of representations and transfer, and the 

distinction between learning and performance. Using rats in tasks of maze navigation 

learning, Tolman found that the animals inferred shortcuts that were inconsistent with 

their previous learning history but that guaranteed reaching the goal in new settings. 

He interpreted this as evidence of “insight” and development of knowledge 

representations in the form of cognitive maps of the environment. Tolman 

hypothesized that cognitive maps could be coded in a narrow and “strip-like way” or 

in a relatively more comprehensive and broad form. Free roaming and exploration of 

the environment would produce encoding in terms of a broad map but extended 

practice of the training path would promote a strip-like map, that is, a constricted 

association between the position of the animal and the position of the goal. The 

difference between the two types of maps would be evident when the rat was 

presented with some change in the environment to test how well the knowledge could 

be transferred to a new situation. Then, a narrow strip-like map would yield lower 

probability of success in the new set up, whereas a broad and comprehensive map 

would help better to find the solution to the problem. The concepts of flexibility and 

transferability of representations described by Tolman play a central role in modern 

conceptions of the LTM system. 



Chapter 1 

5 

 

A series of neuropsychological studies have shown evidence in support of a 

division of LTM along the lines proposed by James (1890) Ryle (1949) and Tolman 

(1948). For example, Milner et al. (1968) discovered that the patient H.M., affected by 

amnesia due to a lesion to the medial temporal lobe, was unable to keep information 

in LTM but preserved the capacity to learn relatively simple motor skills like mirror 

drawing. Studies with amnesic patients have also shown repetition priming effects, 

that is, an improved perceptual identification of objects or words resulting from 

previous exposure to those items (Warrington & Weiskrantz, 1968). Graf and 

Schacter (1985) found large priming effects (faster and more accurate responses) 

when word stems to be completed belonged to a list of words presented for study 

previously, as compared with control words that had not been presented before. The 

most important finding was that the priming effect was also present in amnesic 

participants, who also showed very little capacity to recollect explicitly the words 

from the study list. Graf and Schacter hypothesized that priming effects reveal a type 

of memory that they called implicit. Implicit memory is based on the activation of 

preexisting memory representations, whereas explicit memory requires conscious 

recollection of previous experiences. Cohen and Squire (1980) found that amnesics 

could learn the skill of mirror reading at the same rate as controls whereas they 

showed severe impairments in their memory for words. Cohen and Squire proposed 

that mirror reading belongs to a class of operations, pattern-analyzing skill, that 

together with perceptual-motor skills, require processing of information based in rules 

and procedures and seem to be spared in amnesia. They used the term procedural 

memory to refer to this type of processing operation. Procedural memory enables 

amnesics to encode rules for acquiring skills but not the information that results from 

applying them (defined by Cohen and Squire as declarative memory). Applying the 

distinction of Ryle, amnesics show knowing how (spared procedural memory) but are 

impaired in knowing what (declarative memory).  

The distinctions between procedural/declarative and implicit/explicit memory 

have been integrated into a framework that describes LTM as composed of a number 

of memory systems based in different structures in the brain (Eichenbaum & Cohen, 

2001; Schacter & Tulving, 1994; Tulving, 1985). This framework proposes the 

existence of a declarative, explicit memory system as opposed to a collection of 

subsystems that share independence from the hippocampus and which are referred to 

as non-declarative or implicit memory (Squire, 1992, 2004). Declarative memory 

includes memory that is tied to our own personal experiences (episodic) and memory 

for general facts that is disconnected from the learning episodes (semantic). Non-

declarative memory contains memories resulting from classical conditioning, priming 
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and a broad subclass referred to as procedural memory, which includes habits and 

motor skills such as riding a bicycle. 

Declarative and non-declarative memory systems differ in their neural 

correlates. It is clear that declarative memory involves structures in the medial 

temporal lobe (the hippocampus and surrounding cortices) and areas in the frontal 

lobes (Schacter & Tulving, 1994; Squire, 2004). The hippocampal region 

(hippocampus and hippocampal cortex) seems to have a more crucial role in the 

declarative system and especially in the consolidation of memories than the frontal 

lobes. For example, with damage to the prefrontal cortex, storage of memories is still 

possible, but the result might be distorted representations associated with the wrong 

context (Budson & Price, 2005). In contrast, damage to the medial temporal lobes 

makes it impossible for recent information to be retained (Budson & Price; 

Eichenbaum & Cohen, 2001). Non-declarative memory, on the other hand, depends 

on structures located in the striatum, cerebellum and neocortex (Eichenbaum & 

Cohen; Schacter, 2000; Squire, 1992). 

Non-declarative and declarative memory systems differ in the way the 

knowledge is acquired, represented and expressed. Acquisition in the non-declarative 

system requires practice (many repetitions of the behavior or many presentations of 

the association to be learned), whereas declarative memory information can be 

acquired through a cognitive activity such as observation in (Tulving, 1985). In non-

declarative memory, information is acquired in a gradual form and often without the 

subjects being aware of what kind of information has been acquired, whereas 

declarative memory encodes what is especial about a single event (Squire, 1992). 

Knowledge in the non-declarative system can only be expressed through performance 

and a high degree of reinstatement of the learning conditions is required. On the other 

hand, acquired knowledge in declarative memory can be expressed more flexibly and 

in different behavioral forms (Eichenbaum & Cohen, 2001; Schacter & Tulving, 

1994; Squire, 1992, 2004; Tulving).  

Flexibility is an important characteristic of declarative memory because it 

implies a greater transferability of knowledge to new situations. It has been suggested 

that declarative memory representations are flexible and transferable because they are 

based on relational representations (Eichenbaum & Cohen, 2001). According to 

Squire (2004), the hippocampus forms conjunctions between arbitrarily related events, 

encoding information in terms of relationships among different items. These relational 

representations involve many different cues that can be re-activated in novel 

situations. Cohen, Poldrack and Eichenbaum (1997) place great emphasis on the 

capacity of the hippocampus to code relations as the key feature to distinguish 
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declarative from non-declarative memory. For Cohen et al., non-declarative memory 

involves non-relational representations that are linked to the processing modules that 

were engaged in the learning episode. In other words, non-declarative memories are 

individual isolated representations encoded only within the brain areas in which 

perceptual or motor processing occurred during learning. This would account for the 

inflexibility of non-declarative memory and its lack of transfer to new contexts 

because the experience-related changes that occur in the brain affect only to the 

processing elements engaged during the initial learning episode. Therefore, the 

memory of the learning experience will only be evident when the same processors are 

activated again. Declarative memory, on the other hand, encodes information about 

relations between the different outcomes of the processing events (Cohen et al.; 

Eichenbaum & Cohen, 2001), that is, relevant relationships between the items instead 

of perceptual characteristics of the stimuli. Cohen et al., view declarative memory as 

the system that binds the information about the relevant cues present in the 

environment while the learning episode took place.  

Importantly, amnesics can remember relational memories formed long time 

before the onset of the amnesic syndrome (Eichenbaum & Cohen, 2001; Squire & 

Kandel, 2000). Thus, the role of the hippocampus might be the modulation of the 

initial representations established in cortical areas when the information was first 

processed (Squire & Kandel). The hippocampus “binds” together the different 

independent cortex areas, which constitute the ultimate storage sites of the memories, 

so they remain strongly connected, and this binding process requires a long, but 

limited period of time (Eichenbaum & Cohen; Squire & Kandel). The evidence for the 

involvement of structures in the medial temporal lobe, and especially the 

hippocampus, in the formation of relational memories that link the outputs from 

secondary-processing cortical areas comes from many neuroanatomical (Hampson, 

Rogers, Lynch & Deadwyler, 1998; Staubli, Le & Lynch, 1995), neuropsychological 

(Chun & Phelps, 1999; Gabrieli, Cohen & Corkin, 1988; LaBar and Phelps, 2005; 

Ryan, Althoff, Whitlow & Cohen, 2000; Smith, Hopkins & Squire, 2006), behavioral 

(Greene, Gross, Elsinger & Rao, 2006; Maguire et al., 1997; Nagode & Pardo, 2002) 

and animal studies (Bunsey & Eichenbaum, 1993; Eichenbaum, Stewart & Morris, 

1990).  

 

Conclusion 

The theories and empirical findings reviewed in this chapter describe a view of 

memory as composed of two main general systems that process, store and retrieve 

information in different ways and that also differ in their neuroanatomical subtracts. 
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Declarative memory is mainly based in structures in the medial temporal lobe and 

deals with information that has been already processed in secondary motor and 

perceptual areas of the cortex. The representations that it stores contain information 

about functional relations between the elements of a given learning episode. Keeping 

information in terms of functional relations implies that the resultant representations 

are flexible, abstract and independent of the perceptual characteristics of the stimuli, 

which facilitates their application to novel contexts. Non-declarative memory is based 

in different structures like the striatum, neocortex and cerebellum. It involves 

perceptual and motor information that is linked to the processing modules where the 

initial learning took place, with no secondary processing added. The knowledge stored 

is highly specific and only manifests when the processors engaged in the original 

learning experience are reactivated. The consequence is that non-declarative memory 

produces highly specific representations that lack the flexibility of declarative 

memory representations. If declarative memory produces highly transferable 

relational representations, the question of interest from a training perspective is 

whether there are any variables that can be manipulated during learning in order to 

promote the use of declarative memory. The following chapter deals with this 

question. 

 

 




