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Two sets of simulations were carried out in order to bring forward evidence
on the two basic theoretical approaches about the well-known implicit/explicit
memory dissociations: different memory systems (see e.g. Schacter et al., 1993;
Squire et al, 1993) versus one memory store or «processing view» (see e.g. Graf
and Ryan, 1990; Roediger, 1990). In a multi-layer back-propagation models we
simulated: 1) the anterograde amnesia effect (see Warrington and Weiskrantz,
1970, or why patients with anterograde amnesia show similar results as normal
patiens in implicit tasks, whereas they show poorer performance in recall/recogni-
tion tasks); and 2) the type of processing made over the stimuli (semantic vs per-
ceptual; see Graf and Mandler, 1984) that seems to affect only to explicit tasks, not
to the implicit ones. Results support the processing view in the sense that these
experimental dissociations can be explained as result of two different ways of pro-
cessing the contextual information. Morever this latter theoretical approach seems
to be more parsimonious than the different memory systems approach.

Simulacion de efectos disociativos en tareas de memoria explicita/implicita
desde un modelo conexionista. Se presentan dos series de simulaciones con el obje-
tivo de determinar cual de los dos principales enfoques teéricos acerca de la dicoto-
mia entre memoria explicita e implicita explica mejor las disociaciones experimenta-
les halladas: el enfoque de diferentes sistemas de memoria (ver p.e. Schacter et al.,
1993; Squire et al, 1993) vs el enfoque de un tnico sistema de memoria o «enfoque
del procesamiento» (ver p.e. Graf and Ryan, 1990; Roediger, 1990). En modelos
conexionistas multicapa de propagacion hacia atrds simulamos: 1) el efecto de amne-
sia anterégrada (o por qué los pacientes con tal tipo de amnesia muestran resultados
similiares a los obtenidos por sujetos sanos en tareas implicitas, mientras que rinden
peor que éstos en tareas de recuerdo o reconocimiento; ver Warrington and Weis-
krantz, 1970); y 2) el efecto del tipo de procesamiento hecho sobre los estimulos
(semdntico vs perceptual; ver Graf and Mandler, 1984) que parece afectar sélo al
rendimiento observado en tareas explicitas, no asi sobre tareas implicitas. Nuestros
resultados parecen apoyar los postulados defendidos por el «enfoque del procesa-
miento» en el sentido de que tales disociaciones experimentales representan dos
modos de procesar la informacién contextual asociada a los estimulos. Ademas este
enfoque es mds parsimonioso que el de los diferentes aimacenes de memoria.

Explicit memory measures, mainly
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to memory that does not require a cons-
cious retrieving of episodic or contextual
traces (as occurs in priming tasks, catego-
rization, habits and skills learning, classi-
cal conditioning, etc.; see Richardson-
Kiavhen and Bjork, 1988: Schacter, 1987,
1992: Schacter. Chiu and Ochner. 1993.
for reviews).

A large number of studies have shown
experimental dissociations between expli-
cit and implicit memory tasks, and so
giving consistency to that differentiation.
Thus. a very conclusive result comes from
the fact that the subjects who suffer from
anterograde amnesia obtain very poor
results in recall or recognition tasks but
they get the same results as normal sub-
jects in implicit tasks (Warrington and
Weiskrantz, 1970; for a review, see Shima-
mura, 1986). Similar results are found in
the case of schizophrenic patients (Sch-
wartz, Rosse and Deutsch, 1993) or ana-
esthetized patients (Roorda-Hrdlickova,
Wolters, Bonke and Phat, 1989). In the
same way, Graf and Mandler (1984) have
discovered that the kind of processing
carried out on the stimulus (perceptual vs
semantic) affects the observed execution
in explicit memory tasks, but it does not
affect the performance observed in impli-
cit memory tasks (see also, e.g.. Bowers
and Schacter, 1990; Graf and Ryan, 1990).

There are two general theories which
try to explain these dichotomies. The first
one, based mainly on a neurophysiologi-
cal tradition, states that different systems
or stores would explain such dissocia-
tions. Thus, Squire, Knowlton and Musen
(1993) defend the idea that declarative
memory is based on limbic/encephalic
structures, more recent in a philogenetic
sense than non-declarative memory, while
other types of memory not related to lim-
bic/encephalic structures (more ancient,
philogenetically speaking) would confirm
the execution in implicit memory tasks,
tasks that reflect the way in which living
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beings unconsciously respond to the envi-
ronment. We will call this approach the
«multiple systems theory» (see also
Schacter et al. 1993).

On the other hand, and from a more
cognitive tradition, various authors sup-
port the idea that dissociations between
both types of memory reflect the fact
that different processes of codification
and/or retrieval are involved in the access
to the same memory trace (see. e.g., Graf
and Mandler, 1984; Graf and Ryan, 1990;
Roediger, 1990; Roediger, Srinivas and
Weldon, 1989). That is why data-driven
tasks are more affected by perceptual
manipulation than conceptually-driven
tasks, while the latter ones are more sen-
sitive to semantic or conceptual elabora-
tions. We will call this approach the «pro-
cessing view theory» (see Roediger,
1990).

In order to bring forward evidence on
such two basic theoretical approaches we
conducted several simulations about two
well-established experimental dissocia-
tions.

SIMULATION I. Simulation of the
effects of anterograde amnesia in implicit
and explicit memory tasks.

We shall refer to the fact that amnesic
subjects obtain very poor results in recall
or recognition tasks, but they perform at
the same level as normal subjects in
implicit tasks (Warrington and Weis-
krantz, 1970).

Method

In order to simulate such effect we
shall begin by creating four different neu-
ral networks, whose basic structure appe-
ars in figure 1. All of these four networks
share a series of characteristics: they con-
sist of 3 layers back-propagation models
(called, from bottom to top, input layer,
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hidden layer and output layer). intercon-
nected through one-way bottom-up con-
nections with random initial values in the
range +0.10, which work with a sigmoidal
activation function and a back-propaga-
tion learning rule. The back-propagation
algorithm uses a learning rate of 0.30 (in
connections that linked input units to
hidden units) and 0.15 (in connections
that linked hidden units to output units).
The value of the momemtum term was
(.40 (sec Ruiz, Pitarque, Dasi.. and Alga-
rabel, 1994, for more details about the
back propagation networks).

The input layer was formed by 30
units grouped in 3 modules of 10 units
cach: the first one, or «contextual
module». collects the contextual informa-
tion asociated with the learning or the
retrieval of a certain item. On the
second, the «graphemic module» repre-
sents the graphemic information corres-
ponding to each item. And the third
represents the semantic information
corresponding to each word, it is the
«semantic module» (see figure 1). This
idea of subdividing the input level in dif-
ferent modules, already appears in other
works (see, e.g.. Murre, 1992; Ratcliff,
1990 Schreiber, Rosset and Tiberghien,
1991). As it is known, codification and
retrieval of an stimulus in recall and
recognition tasks, are not only determi-
ned by the physical or semantic feautu-
res of the item, but also the context in
which it was acquired plays a key role
(see. e.g.. Feustel, Shiffrin and Salasoo,
1983: Jacoby, 1983: Schreiber et al, 1991).
This phenomenon, initially revealed in
the «encoding specific principle» (Tul-
ving and Thompson. 1973). implies the
need to include a module of input units
in our model that allows us to represent
contextual information associated to
each item in a different way from other
type of information (for example, physi-
cal or semantic features associated with
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the stimulus). On the contrary, in data-
driven tasks (such as priming tasks, com-
pletion or identification tasks) perceptual
or graphemic information seems to be
more relevant in the retrieval of memory
items than contextual information. This is
the reason why our model will also
include a module of input units that
represents this graphemic information.

The hidden layer was always formed
by 10 units. forming only one module
only in the one-store or processing view
proposal, or grouped in 2 modules of 5
units in the two-store proposal (sce
figure 1).

The output layer was formed by four
units connected to all the units in the
hidden layer, regardless of whether they
are divided into one or two modules.

In figure 1, the differences between
the four networks are shown. To make it
more simple, not all the connections have
been represcnted in that figure, but
arrows show a total interconnection
among all the units that form the related
modules. The ONE/NORM nectwork
represents the one-store proposal (pro-
cessing view) for a normal subject. It can
be secen that all the input units are asso-
ciated with all the hidden units, so that
the stored information could be represen-
ted in just a trace, as proposed by authors
like Roediger (1990) or Graf and Mand-
ler (1984). On the other hand, the
TWO/NOR network represents the mul-
tiple-system memory approach in normal
subjects, in which the explicit module
receives inputs from the three inferior
modules, while the implicit module is not
connected to the contextual input
module. since implicit memory does not
seem to be related with the context in
which items are learned (see Squire et al.
1993).

As regards the simulation of amnesia
in the context of a neural network, we
have opted to identify the concept of
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Figure 1
Representative scheme of the four types of neural networks used in simulation 1. The three levels of
units that form each network are (from bottom to top): (a) input layer with 10 units representing con-
textual information associated with each item. 10 units representing the graphemic information and 10
units for semantic information: (b) hidden layer (explicit memory/implicit memory), with 10 units, sub-
divided., in the two-store proposal. into an explicit memory module (5 units) and an implicit memory
module (5 units): and (c) output layer with 4 units. More details in the text.
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amnesia with the removal or «freezing» of
certain connections, in such a way that
from the moment when the network is
«damaged», those connections will stop
modifying themselves as learning advan-
ces (see also, e.g., Murre, 1992; Wolters
and Phaf, 1990). So. ONE/AMN and
TWO/AMN networks represent the one-
store and two-store proposals, respecti-
vely, for amnesic subjects. As shown by
the ONE/AMN network, the connections
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that associate the units in the contextual
module with units of the hidden layer
have been deleted, while comparing the
TWO/AMN network with the
TWO/NORM network, the connections
that associate the units of the contextual
module with the units of the hidden
layer of the explicit memory module
have been also removed.

Given that the results obtained in a
back-propagation model can differ from
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one simulation to other. and since the
weights of connections are randomized at
the beginning of each simulation. so
being different (sce Kolen and Goel,
1991; Ratcliff, 1990), we carried out 10
different simulations (with the same
data) with each of the aforementioned
networks. In this way, cach of these repli-
cations would simulate the answers given
by 10 different «artificial» subjects, being
treated as such in the statistical analysis
carried out afterwards (see Murre, 1992).

Once the four types of network were
created, we then carried out the training
process of the networks (or training
phase). The task to simulate consisted of
a category learning task in which each
network had to learn to classify correctly
40 exemplars, each corresponding to one
of four different semantic categories
(belonging 10 exemplars per category).
In order to do so, a file formed by 40 sti-
muli (exemplars) was created, each one
formed by:

(a) a sequence of thirty 1 or 0
(input pattern), the first 10 represen-
ting the contextual information asso-
ciated to each stimulus. the next 10
representing the graphemic informa-
tion, and the rest representing the
semantic information associated to
each item. The modules that represen-
ted contextual and graphemic informa-
tion were random sequences of 1 and
0, given that graphemic and contextual
features can vary from one stimulus to
other. Contrary to this, the semantic
features that defined each examplar
were common 90% of the time within
the 10 exemplar that formed each
semantic category, while there was no
relationship among the four different
categories.

(b) a sequence of four orthogonal
vectors (formed by one 1 and three (:
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0001, 0010, 0100, 1000) that indicated
the category each examplar belonged
to (rarget pattern).

During the training phase the network
readapted the weights of its connections
during 5000 processing cycles (limit at
which we observed that the learning of
networks was satisfactory).

After the learning phase, we carried
out the test phase, each model being mea-
sured in a recall as well as in an identifi-
cation task. The recall task was operatio-
nalized presenting the contextual module
of the input pattern previously learned to
the network, and observing if it was able
to classify the cxamplar into the correct
category. On the other hand, in the iden-
tification task, the graphemic module of
the input pattern previously learned was
presented to the network, also observing
if the network categorized each examplar
correctly.

The execution of the network was
measured (dependent variable) calcula-
ting the square root of the quadratic
mean error (from now onwards, RMS
error) made during the classification of
the 40 examples. This value shows both
the root of the quadratic mean difference
between the activation value in each of
the output units and the activation value
that was expected in each case, taking the
average of the 40 patterns. That is to say,

RMS, o, = p=l

error — q

where o represents the activation of
the output unit i for the pattern p and
t, represents the expected activation for
that unit for the same pattern (target
pattern), s is the number of output units
(4 in our simulations) and ¢ is the num-
ber of input units (40 in our simula-
tions).
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Figure 2

Simulation 1: means of the interaction subjects by tasks in one-store networks
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In each network. and before the lear-
ning phasc, the RMS error was also mea-
sured, in both recall and identification
tasks. The aim of this was to measure the
cxecution of networks before they lear-
ned anything, in order to obtain a base-
line (or control line) from which the
results could be compared. The average
RMS error of all untrained networks was
0.50, with hardly any variability among
them. In this way, every execution of a
network which gives rise to a RMS error
below (.50 would be an indication that
the network recalled or identified in
some way the presented examplars.

Results and discussion

We analyzed scparately the data corres-
ponding to the onc-store proposal vs
corresponding to the two-store proposal.
We began by making an ANOVA 2*2 sub-
jects (normal vs amnesic: between subjects
variable) by task (recall vs identification:
within subjects variable) for the one-store
networks. This analysis showed as signifi-
cant the main effects of the variables task
(F(1,18)=15.939, MSe=0.000125. p<0.0001)
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T
IDENTIFICATION
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and subjects (F(1.18)=  76.480,
MSe=0.000125. p<0.0001). as well as the
interaction of both variables
(F(1,18)=67.053. MSe=0.000125, p<0.0001).
The means of this interaction for one-
store networks appear in figure 2.

A simple effects test for the analysis of
this significant interaction was carried
out, and the result was that the differen-
ces in the means between amnesic and
normal subjects in the recall task reached
statistical significance (p<0.01), while in
the identification task that difference was
not statistically significant. This result
coincides completely with the data found
by authors such as Warrington and Weis-
krantz (1970) in experimentation with
humans.

Regarding the analysis carried out on
the data coming from the two-store net-
works, the 2*2 ANOVA (subjects: normal
vs amnesic; task: recall vs identification)
also showed significant the main effects
of the variables task (F(1,18)=463.560,
MSe=0.0000056, p<0.0001) and subjects
(F(1,18)=64.147. MSe=0.0000056.
p<0.0001), as well as the interaction bet-
ween both variables (F(1,18)=20.927,
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Figure 3

Simulation 1: means of the interaction subjects by tasks in two-store nctworks.
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MSe=0.0000056. p=0.0002). The means of
this interaction for two-store networks
appear in figure 3.

A simple effects test for the analysis of
this interaction showed that the differen-
ces in the means between amnesic and
normal subjects in the recall task and in
the identification task reached the statis-
tical significance (p<0.01). The latter
result, indicating that the performance of
amnesic and normal subjects differs signi-
ficantly in the identification task, con-
trasts, however, with the data found
Warrington and Weiskrantz (1970).

Taking these results into account, the
one-store proposal seems to be more sui-
table than the two-store proposal simula-
ting the dissociative effects showed by
normal vs amnesic patients in explicit
and implicit memory tasks. The crucial
point of this simulation is that it demons-
trates that the damage in an specific
structure of the network affects only to a
certain kind of memory (the explicit
one), allowing a normal cxecution in the
other. Overall, the results found support
the predictive capacity of a distributed
connectionist model, in agreement with
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the results found by other connectionist
models of human memory (see, e.g., Mas-
son, 1991: McClelland and Rumelhart,
1985; Murre, 1992).

SIMULATION 2. Simulation of the
effects of the type of processing of stimuli
on implicit and explicit memory tasks.

Graf and Mandler (1984) subjected
two samples of subjects to two types of
tasks either a semantic processing of
words (in particular, each subject was
asked to rate them on a 5 points scale
depending on the level of
concretion/abstraction, number of mea-
nings, and pleasure or displeasure that
they connoted), or a graphemic or per-
ceptual processing (where subjects had
to decide whether two particular words
had letters in common, count the num-
ber of letters in each word that ortho-
graphically formed a closed space, for
example as in Q, P, or D, or were for-
med by intersecting lines, as occurs with
T. L, H, etc.). On confronting the per-
formance of both samples in a word
completion task (HOUS_ type) vs a
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recognition task, they saw that the
semantic processing of information only
affected the execution observed in the
explicit task (improving the percentage
of correct recognitions). but it did not
affect the performance observed in the
implicit task. These results are consis-
tent, and have also been achieved in
other types of tasks (sce, e.g.. Bowers
and Schacter. 1990; Graf and Ryan,
1990: Pitarquc, Algarabel and Mese-
guer. 1992).

Mcthod

The procedure of simulation took on
three steps. First, we subjected eight
ONE/NORM networks and eight
TWO/NORM networks, similar to those
used in the previous simulation. to the
learning of the 40 previous examples
corresponding to 10 different semantic
categories. during 3000 cycles, so that
these trained networks showed the know-
ledge that subjects have when they
undertake experiments such as the one
carried out by Graf and Mandler (1984).
Sccondly, half of the networks (each net-
work representing an artificial subject)
were made to process information
semantically. while the other half proces-
sed information perceptually. Finally,
their performance in a completion task
(implicit) and in a recognition task
(explicit) was measured.

With no doubt. the most complex part
of this simulation was to operationalize
what a semantic or perceptual processing
of an stimulus means in the context of a
neural network. We decided to operatio-
nalize the perceptual processing by pre-
senting the graphemic module of each
stimulus, not allowing the connections
that associate the input units with hidden
units to be modified, while the connec-
tions that associate hidden units with
output units were able to benefit from
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that graphemic processing. This is
because the perceptual processing of an
stimulus seems to be an automatic bot-
tom-up process not related with the crea-
tion of new associations between the
context and the item (see e.g. Graf and
Mandler, 1984). By other hand. to opera-
tionalize the semantic processing we
decided that networks processed the
input patterns of the graphemic and
semantic learned modules, giving a noise
of 50% to the contextual module
(because context can vary every time
that a stimulus is processed), letting the
connections modify by this semantic pro-
cessing. Each stimulus was processed,
perceptually or semantically, eight times
(that is to say. the group of 40 examples
was processed for 320 cycles).

The completion task was operationa-
lized by presenting to the networks the
first seven units of the graphemic
module previously lcarned (see figure
1). in a similar way to a typical comple-
tion task. In these tasks, the first letters
of a stimulus are presented (e.g..
HOUS_). and the subjects are required
to complete the chain with the first let-
ter they can think of. The recognition
task was opcrationalized by presenting
to the networks the input pattern lear-
ned corresponding to the threc input
modules (contextual, graphemic and
semantic; figure 1).

As in the previous simulation, the
RMS error was the dependent variable,
reflecting the level of accuracy in the
categorization of the previously learned
examplars. The rest of the characteristics
and parameters of this simulation remai-
ned similar to the simulation 1.

Results and discussion

As before, we analyzed separately the
data corresponding to the one-store pro-
posal vs corresponding to the two-store
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Figure 4

Means of the interaction tvpe of processing (perceptual vs semantic) by tasks (completion vs recog-

nition) corresponding to simulation 2 (one-store networks).
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proposal. With regard to the one-store
networks, an ANOVA 2#2_ type of proces-
sing of stimuli (semantic vs perceptual:
between subjects variable) by type of task
(recognition vs completion: within subjects
variable) showed as significant both the
main effects of the type of processing
(F(1.14)= 33.421, MSe= 1.795*10",
p<0.0001) and type of task (F(1.14)=
5327.125. MSe= 1.676%10", p<0.0001). as
well as their interaction (F(1,14)= 34.236,
MSe=1.676%10". p<0.0001). The means of
this interaction are represented in figure 4.
A simple effects test for the analysis of
this significant interaction showed that
the type of processing of stimuli did not
influence significantly the results obtai-
ned in the completion task (F(1,28)=
0.014, MSe= 0.0001, p = 0.91), while it did
on the explicit task (F(1.28)= 67.609.
MSe=0.0001, p < 0.001). in accordance
with the results obtained by Graf and
Mandler (1984) and other laboratories.
By other hand. with regard to the two-
store networks, the ANOVA 2%2 showed
as significant both the main effects of the
type of processing (F(1,14)= 19.249,
MSe= 2.078*10%, p=0.0006) and type of
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task (F(1.14)= 3993.438. MSe= 2.031*10",
p<0.0001). but not the interaction
(F(1,14)=  2.159. MSe=2.031*10",
p=0.1638). The means of this interaction
are represented in figure 5.

So our results, together with those
found by other authors (see, e.g., Grat
and Ryan, 1990; Schwartz et al, 1993).
seem to confirm then the validity of the
one-store processing theory to explain
such kind of explicit/implicit dissociations.

General discussion

The results of the simulations carried
out regarding the theoretical controversy
between one-store models vs two-store
models on explicit/implicit memory sup-
port the proposal that just one store can
explain the results found. The models
that simulated normal and amnesic sub-
jects assuming the existence of only one
memory store, have reproduced the data
in a large number of experimental inves-
tigations (see. e.g.. Challis and Sidhu,
1993: Graf and Ryan. 1990; Schwartz et
al. 1993). In considering the one-store
model simulating the ¢xecution of amne-
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Figure 5

Means of the interaction type of processing (perceptual vs semantic) by tasks (completion vs recogni-

tion) corresponding to simulation 2 (two-store networks).
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sic subjects, such performance in explicit
tasks does not seem to depend so much
on the damage in a certain structure, but
on the damage in certain connections. To
be more specific, those who would not
permit the conveying of information
concerning the context or episodic cha-
racteristics related to the stimulus, at the
time of the study. This is what seems to
be confirmed by the first group of simu-
lations. Besides, from a theoretical point
of view the results arc coherent with the
fact that a one-store proposal is always
more parsimonious than a theory which
treats different sub-systems as the rea-
son for the different experimental
effects found.

On the other hand, the results of the
second group of simulations (one-store
networks) that attempted to simulate the
dissociative effects of the type of proces-
sing to what the stimuli was subjected to,
coincide with those experimentally obtai-
ned by Graf and Mandler (1984) and
Graf and Ryan (1990). The data given by
simulations show how the performance in
the explicit task is better compared to the
implicit one when the stimuli have been
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previously subjected to semantic proces-
sing. In this sense, it is a confirmation of
the fact that there has to differentiate
between contextual information associa-
ted to a stimulus and the physical and
semantic features that describe it, in
accordance with the ideas pointed out by
Jacoby (1983; also see Feustel et al, 1993)
and already implemented in other simu-
lation models (Murre, 1992; Ratcliff, 1990;
Schreiber et al, 1991). In this way, while
semantic and physical features associated
to the processing of an stimulus are
usually constant, to a certain extent, from
a processing to another, contextual featu-
res vary. A connectionist model is able to
integrate into one trace all the informa-
tion (contextual, graphemic, and seman-
tic) associated with the repeated proces-
sing of a stimulus, in such a way that
assertions like that semantic knowledge
comes from the massive processing of
episodic traces (see e.g., Feustel et al,
1983) can be explained in a easy way
from such kind of networks. This is what
occurs in the second simulation shown
above, where the change of context asso-
ciated to the different processing of each
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item does not seem to affect its recogni-
tion afterwards.

The explanation of this would be,
according to the theory of Graf and colla-
borators (Graf and Mandler. 1984; Graf
and Ryan, 1990), that, while in an implicit
task there is just automatic activation,
strengthening and integration of pre-exis-
tent traces already consolidated through
previous learning, without new connec-
tions being created, in a recall or recogni-
tion task there is an elaboration of new
links that associate the context in which
an item appears with the memory trace
that represents it. The terms integration
and elaboration have been identified with
the synonym terms of familiarity, activa-
tion or perceptual fluency, and memory
for new associations, respectively (see, €.g..
Light et al, 1992). According to Graf and
Ryan (1990), these two different types of
processes would be responsible for the
results found in both types of memory
tasks. Our data totally confirm this idea.

To summarize, the simulations on the
whole have revealed that a multilayer
neural network based on the back-propa-
gation learning algorithm (or generalized
delta rule) is valid to simulate the experi-

mental evidence concerning the dicho-
tomy explicit memory/implicit memory.
Morever, it has been shown that it is not
necessary to postulate two different stores
to explain the dissociations between expli-
cit and implicit tasks. These results are in
accordance with those presented in other
areas of Psychology where similar connec-
tionist models have been applied to fields
as diverse as the conversion of written
characters in voice (e.g.. Seidenberg and
McClelland 1989), category learning
(Kruschke, 1992), implicit learning of
events structure (Cleeremans and McCle-
lland, 1991), language learning in children
(Plunkett and Marchman, 1991), or identi-
fication of faces depending on the context
(Schreiber et al, 1991), among others.
Negative results with back-propagation
networks, such as those found by Ratcliff
(1990), seem to be due to formal defects
in the training of these models rather
than in its incapacity to simulate the ove-
rall functioning of human memory.

Future research should validate the
model here proposed, using other experi-
mental dissociations regarding the con-
troversy of explicit memory vs implicit
memory.
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