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The Neuropsychological Approach to

Summarization

Probably the most influential work in the area of text
understanding has been Bartlett’s theory of schemata
(Bartlett 1932). Bartlett’s experiments suggested that,
in understanding and remembering stories, humans re-
late the (new) material they hear or read to familiar
schemata of related past experiences they have already
developed. Thus, there is no need for the memoriza-
tion of detail, neither of the exact form and structure
of the story. An important aspect of the original for-
mulation of his schema theory is the fact that schemas
are not static and deterministic, but rather "active"
and "developing" structures (Bartlett 1932).

Recently, a number of experimental psychological
findings have replicated and augmented Bartlett’s orig-
inal theories, e.g. (Alba & Hasher 1983). These stud-
ies have been devoted to distortions of memory due to
memory-based perception and understanding (Schac-
ter et al. 1995) but most relevantly to "natural sum-
marization" processes in human memory. For instance,
experiments on the recall of baseball stories have indi-
cated that the omission of a summarizing sentence from
the text leads subjects familiar with the subject mat-
ter to add a similar sentence in recall, up to the point
of a false positive memory (Arkes & Freedman 1984).
Of related interest is a phenomenon of lexical mem-
ory which may be dubbed "natural keyword abstrac-
tion": when given a list of words such as "chocolate,
bitter, cake, honey, sour", subjects recall the seman-
tically related word "sweet" together with the actu-
ally presented words, or even with a higher probability
(Roediger & McDermott 1995).

There have been a number of ways whereby psy-
chologists and neuropsychologists have attempted to
deal with the general human faculty of memorization.
Again, recent accounts have found evidence for a dis-

tinction between general, "source-free" information en-
coding and the creation of full, episodic memories that
include source encoding, personal memory, and emo-
tive experience (Eichenbaum 1997). In fact, source
encoding, i.e. the verbatim retention of linguistic ma-
terial, is an additional process which is rarely used in
the context of story understanding; the activation of
schematic memory leading to natural summarization
of a text is the norm.

Along the same lines, neurobiological research has
indicated the complementary role of the hippocam-
pus and the neocortex in registering new experiences
and integrating them into old ones (McClelland et al.
1995). The hippocampus encodes a new experience
in some encapsulated form, also providing guidance
to the neocortex as regards the formation of an en-
larged representation for it in the context of the ex-
isting schemata of categories of experiences. These
schemata are not static: a recurrence of the same or
similar experiences has to be effected in order for a cat-
egory to emerge. Thus learning takes place very slowly
in the neocortex, involving gradual changes in the con-
nections of specific of its neuron assemblies. The hip-
pocampus, in contrast, encodes each new experience
by way of a very fast process of synaptic change, pos-
sibly as a collection of "addresses" in the neocortex
where the full details regarding the experience are to
be found. These details, however, do not refer to in-
dividual experiences in the neocortex, but rather to
classes of them; in other words, a type of generaliza-
tion takes place in the neocortex. Consequently, the
hippocampus can be considered to be the register of se-
mantic and "episodic" or short-term memory, whereas
the neocortex is the locus of conceptual, source-free
and long-term memory. These constitute the bottom-
up and the top-down aspects, respectively, in memory.
The issue that is contentious is the way these two pro-
cesses integrate for any specific case, leading to natural
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and spontaneous summarization and generalization.

The above observations are most relevant for the de-
velopment of automatic text summarization systems.
By exploiting existing connectionist approaches to the
modeling of such processes of concept and schema for-
mation, learning, generalization, and retrieval (see, for
example, (McClelland et al. 1995) for a comprehen-
sive overview), the flexibility and robustness exhibited
by the associated human processes can be, partly at
least, simulated. As a result, working text encoding
and summarization systems can emerge which exhibit
a high degree of adaptability to new types of text and
even effectiveness with respect to the condensation of
multiple texts of various types (cf. (McKeown & Radev
1995)).

Although research on text summarization systems,
as exemplified in (Mani & Maybury 1997), is not pre-
occupied with psychological plausibility, there have al-
ready been systems based on the schema approach.
Systems such as those developed in the context
of (MUC-5 1993) use a top-down prescription of what
the important information in the text is in terms of
templates of attributes and value slots. The main re-
striction of systems of this type is that only a single
schema is activated while processing the text and this
schema is selected in advance. Issues of schema con-
struction, selection, and change are not adressed in
such environments. An interesting extension of this ap-
proach is the SUMMONS system (McKeown & Radev
1995), which can summarize multiple texts on the same
event or series of events cumulatively. Rhetorical op-
erators, whose application is based on explicit surface
cues, identify the similarities and differences in the in-
formation conveyed by each of the corresponding in-
put domain-specific templates and merge the templates
into higher-level ones accordingly, generalizing in the
process. Here, too, however, the same pre-selected
template is used for the representation of all the in-
put texts.

In (Aretoulaki 1996), it was shown why the connec-
tionist paradigm is more appropriate for the high-level
processing of texts. In the COSY-MATS generic sum-
marization model presented therein, different levels of
text analysis (surface; semantic and rhetorical; prag-
matic and contextual) are computed by a cascade of
neural networks, on the basis of which the sentences of
the input text are ranked and the highest-scoring ones
are selected as the most important ones in the compo-
sition of the final summary. This model integrates the
three levels: the surface with the semantic, the seman-
tic with the contextual, but also the surface with the
contextual directly. The possibility of such mappings
has already been proven in the connectionist paradigm
by work such as the one reported in (Scheler & Fis-
cher 1997), where surface markers are automatically
assigned a discourse function. The connectionist im-
plementation of such an interaction among levels will
naturally accommodate schema change, i.e. the grad-

ual adaptation of basic templates to the input texts.

A Connectionist Model of Event

Summarization
In what follows, some of the specific issues are out-
lined regarding the construction of a schema-based text
understanding system capable of automatic summa-
rization. The goal of this project is to implement a
working model of active understanding, i.e. a model
which integrates top-down with bottom-up processing.
This integration should reflect the interaction between
memory-based schemata and current context-specific
experience in the course of human information pro-
cessing. The former create predictions for the inter-
pretation of the latter, and the latter contribute to the
extension, evolution, and modification of the former.
Thus, apart from the crucial role of the existing high-
level schematic patterns, the need for the consideration
of surface relations and lexical semantic content is also
recognized.

The main principle behind such an implementation
is the distributed encoding of concepts. Vectors of fea-
ture values are employed to represent both individual
lexical items, at the most basic level, and prototype
concepts, as well as complex structured schemata of
events and experience, at the top level. This means
that there exists a "common currency" of data struc-
tures in the brain, namely feature vectors, through
which the diverse information regarding rhetorical re-
lations, syntactic patterns, lexical semantic knowledge
and other pragmatic considerations can be integrated
into a general format. Preliminary work on identifying
and working with such feature structures has been an
important part of (Aretoulaki 1996). The central idea
is that schemas are knowledge structures that exist in
the brain as overlapping sets of feature arrays with lat-
eral excitatory and inhibitory connections - the basic
principles of competition and cooperation that under-
lie perceptual processing in general.

The current input will be encoded as collections of
closely-related vectors and the corresponding patterns
of activity among assemblies of neurons. Schema se-
lection and instantiation, as instigated by the input
text, will be based on the computation of the simi-
larity of overlapping vectors at the various representa-
tion levels. Different schemas may compete for activa-
tion, each having a confidence level associated with it
which increases or decreases with the features of the
input and with the competing schemas’ input. This
is the basic mechanism of winner-take-all activation,
well-known in connectionist modeling, which relies on
the processes of lateral inhibition and central excita-
tion. Low-level features that are used in activating a
higher-order schema are usually unavailable elsewhere:
It takes a significant relevant input pattern to change
the ’dynamic landscape’ of schema selection and acti-
vate a different schema from the initially favored one.
A manifestation of this principle can be seen in un-
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derstanding garden-path sentences. Indeed, a similar
effect is exploited in numerous jokes and anecdotal
stories. After a while the system settles, and a spe-
cific schema is activated. Arbib (Arbib et al. 1987;
Arbib 1992) has suggested computational solutions to
the problems of schema selection and activation.

The mechanism of averaging over the vectors of
related words and concepts gives rise to context-
independent prototypes of concepts and schemata,
thus realising schema creation (c£ (Miikkulainen
1993)). Schema changes may be effected that capture
more extensive generalizations based on a larger collec-
tion of experiences (and texts) (cf. (Arbib 1992)). 
changes may be happening either in a non-dramatic
way by gradual refinements and changes in the con-
nection strengths, or more rapidly and fully by way of
recruiting new nodes and connections, i.e. changing
the architecture of the system. This latter idea has al-
ready been partly validated in the sequence and history
compression network presented in (Schmidhuber 1992).
However, the conditions for such fundamental schema
change, or schema creation, which must involve partly
an integration of existing schemas, are not well un-
derstood. What is certain is that schema-constructive
processes must be more costly for the system than sim-
ple schema-based understanding.

Assuming a fundamental unity of "conceptual mem-
ory", i.e. lexical semantic and narrative schematic
memory, the same set of mechanisms may be applied
to the more difficult problem of text summarization.
A similar extension of lexical processes to event sum-
marization and story understanding has been proposed
by (St. John 1992) as the "Story Gestalt".

A central practical issue is the automatic generation
of meaningful and comprehensive feature vectors from
unstructured input. Another important consideration
is the initial manual creation of a set of schemas to
be used as basic start templates for the further pro-
cesses of automatic schematic adaptation and schema
creation.

What is crucial is that the high-level processing in-
volved in such a model is integrated with the consid-
eration of surface relations and pure lexical semantics.
The exploitation of the interactions among the differ-
ent levels in a connectionist computational framework
can give rise to an effective and efOcient summarization
system.

References
J. W. Alba and L. Hasher. Is Memory Schematic?.
In Psychological Bulletin, 93, pages 203-231, 1983.

M. A. Arbib. The Metaphorical Brain ~. Wiley In-
terscience. 1992.

M. A. Arbib, D. Conklin and J. Hill. b’~rom Schema
Theory to Language. 1987.

M. Aretoulaki. COSY-MATS: A Hybrid Connec-
tionist - Symbolic Approach To The Pragmatic Anal-

ysis Of Texts For Their Automatic Summarisa-
tion. Ph.D. Thesis, Dept. of Language Engineering,
U.M.I.S.T., Manchester, U.K., March, 1996.
W. Arkes and J. Freedman. A Demonstration of the
Costs and Benefits of Expertise in Recognition Mem-
ory. Memory and Cognition, 12:84-89. 1984.
F. C. Bartlett. Remembering. Cambridge University
Press, Cambridge, 1932.

H. Eichenbaum. Neuroscience: How Does the Brain
Organize Memories?. Science, 277 (5324): 330, 1997.

I. Mani and M. Maybury (Eds.). PrOceedings of the
ACL/EA CL’97 Workshop on Intelligent Scalable Text
Summarization. 11 July, UNED, Madrid, Spain, 1997.
J. L. McClelland, B. L. McNaughton,
and R. C. O’Reilly. Why There Are Complemen-
tary Learning Systems in the Hippocampus and Neo-
cortex: Insights From the Successes and Failures of
Connectionist Models of Learning and Memory. In
Psychological Review 102(3), pages 419-457, 1995.

K. McKeown and D. R. Radev. Generating Sum-
maries of Multiple News Articles. In Proceedings of
the 18th Annual International ACM SIGIR Confer-
ence on Research and Development in Information
Retrieval, pages 74-82, Seattle, Washington, 1995.
R. Miikkulainen. Subsymbolic Natural Language Pro-
cessing: An Integrated Model of Scripts, Lexicon, and
Memory. A Bradford Book, The MIT Press, Cam-
bridge, Massachusetts, 1993.

Proceedings of the Fifth Message Understanding Con-
ference (MUC-5), Aug. 25-27, San Mateo, CA, Mor-
gan Kaufmann, 1993.
H. L. RSdiger and K. B. McDermott. Creating False
Memories: Remembering Words not Presented in
Lists. In Journal of Experimental Psychology: Learn-
ing, Memory and Cognition 21, pages 803-814, 1995.

D. Schacter, J. C. Toyle, G. D. Fischbach, Mesu-
lain, and Sullivan (Eds.). Memory Distortions: How
Minds, Brains and Societies Reconstruct the Past.
Harvard University Press, Cambridge. 1995.
G. Scheler and K. Fischer. The Many ~Sanctions
of Discourse Particles: A Computational Model of
Pragmatic Interpretation. In Proceedings of the In-
ternational Conference on Cognitive Science (COG-
SCIE’97), 1997.
J. Schmidhuber. Learning Complex, Extended Se-
quences Using the Principle of History Compression.
In Neural Computation 4, pages 234-242, 1992.
M. St. John. The Story Gestalt: Knowledge-intensive
Processes in Text Comprehension. Cognitive Science.
1992.

141




