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Preface

The phenomenon of selfhood poses dual problems for social psychology. On the
one hand, social psychology investigates the phenomenon of self. Humans can
conceptualize themselves and construct their self-conceptions because of their
symbolic and self-reflective capacity. Once constructed, self-conceptions influence
social psychological processes in the future. Humans are self-constitutive beings
by virtue of their self-reflexivity. On the other hand, social psychology also
provides conceptions of the person, which in part constitute the phenomenon of
self. Social psychology as a research enterprise aims to construct theories of the
person as a being that is evolutionarily, sociohistorically, and deveopmentally
constituted. In this way, social psychology participates in a sociohistorical process
by providing conceptions of the person, which may in turn be appropriated by
people for the construction of their own self-conceptions. Thus, social psychology
is a discipline that both investigates and provides self-conceptions.

At the beginning of the new millennium, the social psychology of self and
identity is at a crossroads. Social psychology has seen a great surge of interest in
self-processes with the advent of a social-cognitive theory of the self in the last
two decades. Equipped with the serial computer metaphor of the mind as a universal
symbol processor, it has produced a voluminous literature. At a metatheoretical
level, the all powerful central processing unit (CPI), which creates, stores, and
manipulates symbols, provided a conceptual device that has enabled social
psychologists to investigate the inherently intrapersonal aspect of self-processes,
involving memory and inference. At the same time, the CPU may have acted as a
metaphor of the asocial self that is always and completely in charge, thus providing
a conception of the self as the “totalitarian ego” (as Greenwald, 1980, put it).
However, in recent times, a number of metatheoretical and theoretical perspectives
of selfhood have emerged that have significantly amended this social-cognitive
theory of the self.

This volume outlines the current metatheoretical (Part I) and theoretical (Parts
1I-IV) contexts of self-research, and points to new directions by collecting chapters
written by researchers who are contributing to this newly emerging diversity.
Although a reflective soul-searching is not the common mode for social
psychology, we believe it important to make explicit the underlying metatheoretical
assumption of our research enterprise, which are often implicit and sometimes
even hidden. When they remain implicit, research programs may be hampered by
unrecognized internal contradictions, which may lead to irreconcilable predictions
and expectations, persistent unresolvable puzzles, and paradoxes (e.g., multiple
vs. unified self). Further, without explicating assumptions, miscommunication
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viii PREFACE

about theory and research is more likely. Finally, when it turns out that we can
agree on assumptions, this provides some basis for thinking we may be approaching
closer to some kind of truth.

A number of theoretical perspectives of selfhood have recently emerged,
significantly revising the image of the self previously dominated by the metaphor
of the omnipotent CPU. In agreement with a number of social theorists (e.g.,
Geertz, 1973; Giddens, 1979; Parsons, 1951), we take a tripartite view of the
sociohistorical process, which analytically differentiates personal, social, and
symbolic aspects. Although the analytical separation between personal and social
processes is customary, the addition of a symbolic aspect is perhaps new in social
psychology. In social interaction, there are aspects that are primarily personal to
the interactants (Part IT), as well as the primarily social ones that transpire between
the interactants (Part III). A number of psychological concepts turn on this
distinction between the personal and the social: for instance, internal versus
external, private versus public, and individual versus social. However, human
social interaction is not just any kind of interaction, but meaningful interaction
among people (Part IV). Meanings are embedded in public symbols that are shared
by people, and transmitted from one generation to the next. It is those symbolic
aspects that make human social interaction peculiarly human.

In editing this book, in addition to presenting some new possibilities for theory
and research about self and identity, our intention was to raise real and difficult
questions. The book arose out of a recent conference on self and identity, which
was held at La Trobe University, Melbourne, Australia, with support from the
Australian Research Council. Our strategy was to invite speakers with divergent
perspectives in the hope that, by bringing together and juxtaposing these views,
we might be able to sharpen the contrasts among them, and to make explicit both
metatheoretical and theoretical differences. To this end, we provided an earlier
version of chapter 1 to the contributors to this volume. As should be evident in the
following chapters, they positioned themselves very differently relative to what
we took to be the prevailing assumptions of the current literature on self and
identity. We highlight these differential positionings in our introductory remarks
to each section. Whether their perspectives are reconcilable or irreconcilable
remains to be seen. In the end, research on self and identity is an open project.
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Part I

THEORIES OF THE MIND

Part I addresses two metatheoretical perspectives on the self.
One takes the metatheory of serial information processing
driven by the central processing Unit (CPU) as a theory of the
mind. By contrast, the other is the parallel distributed process-
ing (PDP) metatheory, which regards psychological processes
as emerging from interaction among a large number of simple
processing units. On the one hand, theories of the mind pro-
vide different conceptions of the person, that is, what people
and their minds are like. These conceptions of the person can
enter into everyday discourse about the self, shaping people’s
self-conceptions. This is the sense in which social psychology
provides self-conceptions. On the other hand, theories of the
mind provide theoretical frameworks in which to investigate
self-related phenomena. They both enable and constrain the
kind of conceptions of the self that could be developed.
Then, what implications would the CPU and PDP meta-
phors of the mind have for self-conceptions? Chapter 1 (Foddy
and Kashima) provides a background for the book by delineat-
ing the core assumptions embedded in what we have called the
social cognitive theory of the self, which primarily takes the
CPU metaphor of the mind. In this view, the mind that is in
control provides a unitary conception of the person. Although
this model provides many advantages, it has its own limitations,
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as discussed in the chapter. In contrast, chapter 2 (Humphreys and Kash-
ima) describes an emerging alternative theory of the mind in the form of
connectionism and parallel distributed processing, and discusses its impli-
cations for conceptions of the self. The image of the mind presented here
is one in which no single entity is in charge, but in which multiple pro-
cesses continue in parallel. It has strong conceptual affinities with some of
the perspectives on the self that are presented in subsequent sections. Al-
though this model may provide some solutions to the puzzles of the uni-
tary self (as discussed in the chapter), it does not deal in a satisfactory way
as yet with the issue of control and agency. Its implications for social psy-
chology of self and identity are only beginning to be explored.



Chapter 1

Self and Identity: What Is the
Conception of the Person Assumed
in the Current Literaturer?

Margaret Foddy
La Tyobe University

Yoshihisa Kashima
University of Melbourne

The topic of self and identity has had its vicissitudes. In the mid-20th cen-
tury, social psychological research on this topic was almost nonexistent. In
fact, in the 1960s, it was declared that the self “looked as dead as a dodo
bird” (Pepitone, 1968, p. 347). Nonetheless, in the 1970s, a number of
concepts and topics appeared that bore the prefix of “self” in social psy-
chology: self-efficacy, self-monitoring, self-schema, self-consciousness,
self-theory, and so on (see Kashima & Yamaguchi, 1999). The 1980s and
1990s saw an explosion of research on self and identity (for recent reviews,
see Baumeister, 1998; Tyler, Kramer, & John, 1999). Despite its diversity,
the current social psychological research on self and identity has a more or
less coherent set of theoretical and methodological assumptions. Rather
than reviewing the extensive literature, we present in this chapter what we
take to be a set of core assumptions of a research program or research tra-
dition (i.e., Berger & Zelditch, 1993; Lakatos, 1970; Laudan, 1977). Our
claim is that this research tradition rests on a set of substantive, if implicit,
propositions about what it means to be human, which amount to a particu-
lar conception of the person.

This conception of the person is one of an abstract individual, as de-
fined by Lukes (1973, p. 73) as follows:

Individuals are pictured abstractly as given, with given interests, wants, pur-
poses, needs, etc.; while society and the state are pictured as sets of actual or
possible social arrangements which respond more or less adequately to
those individuals’ requirements. Social and political rules and institutions
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are, on this view, regarded collectively as an artifice, a modifiable instru-
ment, a means of fulfilling independently given individual objectives; the
means and the ends are distinct. The crucial point about this conception is
that the relevant features of individuals determining the ends which social
arrangements are held (actually or ideally) to fulfill, whether these features
are called instruments, faculties, needs, desires, rights, etc., are assumed as
given, independently of a social context. This givenness of fixed and invari-
ant human psychological features leads to an abstract [empbhasis in the origi-
nal] conception of the individual.

More than two decades ago, Smith (1978/1991) foresaw that there are
three perspectives from which the experience of self and identity may be
approached: evolutionary, cultural-historical, and developmental. Indeed,
the subsequent literature on self and identity generally followed them.
Adding two more to these three, we identify five significant areas for
scientific inquiry into self and identity: metatheory of the mind, onto-
genesis of the self, self in sociocultural context, self and evolution, and
epistemological and methodological issues. We examine core assumptions
that characterize the conception of the person underlying the current in-
quiry into self and identity in each area.

To give a brief outline, first, a human is assumed to be equipped with a
mind that is a limited-capacity, universal mechanism of symbol processing
and cybernetic control, with the capacity for feeling and desire. Second,
from a life-span perspective, self-conceptions are seen to develop through
stages not unlike that of general cognitive development, displaying an in-
crease in level of complexity and abstraction, which allow the eventual
emergence of an autonomous, self-regulating agent. Third, the resultant
self-regulating agent does not operate in a vacuum, but rather is suspended
in a web of interpersonal, intergroup, collective and institutional relation-
ships. Fourth, the current social cognitive conception of the person assumes
that Darwinian evolutionary processes have affected Homo sapiens, a species
born with the potential to develop a self-reflective mind. Finally, we turn to
a set of methodological assumptions that underlie the theories and findings
discussed in the four areas of research on self and identity.

In the end, our claim is this: Despite the current literature’s recognition
of the social embedding of self and identity, the abstract and independent
individual is still a dominant image of the person in much of the social
psychological literature of self and identity. Let us see how this is the case.

CORE ASSUMPTION 1: SELF IN THE MIND

There is a model of the mind taken for granted in the current literature on
self and identity. It is a mixture of an information processing model based
on the serial computer metaphor, and a cybernetic theory of self-
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regulation. Nevertheless, the model has gone beyond the typical informa-
tion processing theory in two significant ways. One is its clear recognition
of the human capacity for self-awareness, and the other is the inclusion of
affect and motivation as integral to human mental processes. Let us expli-
cate these points.

Architecture of the Mind. The architectural core of the mind is as-
sumed to be a symbol processor, which creates, manipulates, stores, and re-
trieves various symbols, very much in line with Newell’s physical symbol
hypothesis (Newell & Simon, 1990, 1995; see Kihlstrom & Klein, 1994). In
the serial computer metaphor, the symbol processor is often called the
central processing unit (CPU). A personal computer typically has one
CPU, which creates and manipulates symbol tokens; the creation and
transformation of symbol tokens can be conceptualized as a kind of formal
computation based on clearly defined rules (e.g., computer languages).
Without the CPU, no computation occurs. The serial computer metaphor
of the mind regards the creation and transformation of symbols by the
CPU as thought processes.

In addition, the mind is assumed to have a capacity for cybernetic con-
trol; that is, it is equipped with a mechanism for self-regulation. This
mechanism is usually assumed to involve the processes of setting an evalu-
ation criterion, observing the current state relative to the criterion, and
computing the discrepancy between the criterion and the current state.
Once a discrepancy is detected between the criterion and the current state,
procedures are executed to decrease the discrepancy (e.g., Carver &
Scheier, 1981; Higgins, 1987). The choice of language to represent the
underlying architecture (processor, procedures, regulation, etc.) reveals much
about the nature of the organism assumed.

Despite the diversity in theorizing, the mind is generally assumed to
have several common features. First, its symbol processor is a limited-
capacity processor: Both attention and memory are understood to be rela-
tively limited resources. Second, symbol tokens need to be both available
and accessed to be involved in any psychological activities, although peo-
ple may or may not be aware of that which is accessed. General cognitive
principles govern availability, and thus accessibility, of symbols. Third, ac-
cessed symbol tokens must be in some way relevant to the task at hand in
order for them to have any effects on psychological activities.

This mind acquires symbols or contents from its natural, social and cul-
tural environment, and then executes a set of universal procedures or
processes on those acquired contents. The content-process distinction
roughly corresponds to the distinction between Ryle’s (1963) “knowing
that” and “knowing how,” or declarative and procedural knowledge, in
the serial computer metaphor of the mind. However, the demarcation line
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between process and content is rather unclear and in fact fairly labile. One
gains the impression that social cognitive theorists assume the universality
of processes, while acknowledging cross-cultural variability of contents,

suggesting that content is a fairly arbitrary detail that does not substan-
tially influence process.

Self-Awareness. Nevertheless, one aspect of this mind goes beyond
the standard information-processing theory in its clear recognition of the
human capacity for self-awareness. Note that the distinction between the
self-as-subject and the self-as-object of awareness, the duality of the self
that James and Mead identified as the I and the Me (James, 1890/1950;
Mead, 1934), presupposes the capacity that I is capable of observing Me, a
clear recognition of self-awareness. Although the mechanisms enabling
humans to achieve this feat are still not well understood, social psychologi-
cal research is assumed to be able to proceed without waiting for an answer
to this question.

The social psychological literature on self and identity began as an in-
quiry into the Me, the self-as-object, and the mental representation of the
self as a network of semantic memory (e.g., Kihlstrom & Cantor, 1984), a
prototype (e.g., Kuiper, 1981), or a schema (e.g., Markus, 1977). None-
theless, as Hermans (1996) noted, the self-as-object in the current social
cognitive literature is not a unitary entity, but multifaceted. At the very
least, it may consist of multiple attributes, and at most it could be a story
(Gergen & Gergen, 1988; Sarbin, 1990) or even a theory (Epstein, 1973).
The self-as-object could be visually represented or measured (e.g., Dol-
linger’s autophotographic method: Clancy & Dollinger, 1993; Dollinger,
Preston, O'Brien, & DiLalla, 1996; Aron and Aron’s circles: Aron, Aron, &
Smollan, 1992). Whatever form they may take (semantic memory, proto-
type, or schema), they are nonetheless all symbols in that they represent
(or stand for) the self. Symbolic representations of the self are assumed to
be significant contents of the mind.

Affect and Motivation. The mind assumed in social psychological re-
search of self and identity departs from the standard information process-
ing model in its inclusion of affect and motivation. That is, not only does
the social cognitive mind process symbols, but it is also capable of having
feelings and desires. The underlying model here is a tripartite model of
the mind, which has been a long-standing working model for social psy-
chology since the early days of attitude research (e.g., Katz & Stotland,
1959; Rosenberg & Hovland, 1960). Nonetheless, the current literature
has gone beyond the classical tripartite model by empirically examining
the causal relationships between affect and motivation on the one hand
and cognition on the other.
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Regarding the effect of cognition on affect, symbolic representations of
the self play a major role. A primary example is Higgins’s self-discrepancy
theory (1987), a theory representative of the work in this area. It views the
discrepancies between the representations of actual self on the one hand,
and those of ought and ideal self (which are called self guides) on the
other, as determinants of different types of affective states such as anxiety
and dejection. Affective states for Higgins appear as by-products of the
cognitive mechanism’s cybernetic control. Presumably, self-discrepancies
may be assessed at the time, or the results of a past self-discrepancy assess-
ment may be stored in memory. This causal account of the origin of emo-
tions does not necessarily imply that emotions are under direct cognitive
control, but rather that they arise out of self states in relation to self
guides.

Affect can influence self-cognitions as well. For example, Sedikides
(1995) used Forgas’s (1995) affect infusion model (AIM) to hypothesize
that the effects of mood should be greater for peripheral self-conceptions
than for central self-conceptions. Those characteristics that people were
certain that they had were called central self-conceptions; characteristics
about whose self-descriptiveness they were less certain were called periph-
eral self-conceptions. Consistent with the hypothesis, Sedikides showed that
mood congruence effects were stronger for peripheral self-conceptions
than for central ones. In particular, judgments about the self became more
positive under a positive mood and more negative under a negative mood
for those aspects of the self about which the participants were less certain,
but this effect was much attenuated for the self-aspects that were central to
the participants’ senses of themselves.

Motivation and self-cognitions also influence each other. The effects of
self-cognitions on motivations are clearly recognized in Higgins's self-
discrepancy theory. The discrepancy between the actual self and the ought
or ideal self, when activated, can motivate people to decrease the discrep-
ancy. Again within this theoretical framework, motivation is a by-product
of self-cognitions. When these discrepancies are accessed, they act as a mo-
tivator. The effects of motivation on self-cognitions have been examined
as well. For instance, Kunda and Sanitioso (1989) showed that when grad-
uate and undergraduate students were told that either an extravert or in-
trovert was more likely to succeed or fail in two experiments, the students
described themselves as more in terms of the characteristic that promoted
success or avoided failure. The authors explained this finding in terms of
the symbol processor’s recruitment of self-relevant cognitions as moti-
vated by a desire for self-enhancement, and these effects in the end pro-
duce the motivational effects on self-conceptions. This conclusion holds
whether one believes that the self-description was a self-presentation or a
self-representation.
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Functional Analysis. In the prevailing view, then, self and identity
consist of symbols processed by the mind, not importantly different from
any other symbols. Both motivation and affect influence our self-
conceptions through symbol processing activities. Higgins’s (1996) con-
cept of the “self-digest” provides a succinct summary of the current think-
ing that incorporates many of these elements. The digest

summarizes a body of information, especially contingency rules and conclu-
sions. A digest serves regulatory functions. The notion of a self-digest is
meant to capture the idea that self-knowledge summarizes information
about oneself in the world in order to serve self-regulatory functions. The
notion of a self-digest, then, is intended to highlight a new conceptualization
of the nature of self-knowledge—a summary of what the world is like in rela-
tion to oneself. (p. 1063)

As with many other theorists in the social-cognitive tradition, Higgins
suggested that the cognitive properties of self-representations are not dif-
ferent from representations of any other objects. Further, the mechanism
by which actual selves are perceived and judged in relation to self-guides is
not altered by the nature of the events. However, Higgins (1996, p. 1063)
insisted that self-knowledge differs in its functional significance—it is the
only object in the world that one must regulate in order to survive. To
Higgins, the self-digest is a “tool for survival” of the individual organism.
The cybernetic metaphor comes through clearly in the self-organizing,
self-monitoring person suggested by Higgins’s model.

A Hidden Assumption. Most theories of self and identity deal with the
nature and with the cognitive, affective, and motivational antecedents and
consequences of self-representations. Nevertheless, a question arises quite
naturally with regard to these self-representations. That is, who is the con-
structor of those self-representations? The constructor of a self-repre-
sentation appears to be able to choose and to alter its symbolic contents.
Furthermore, once constructed, there must be a mechanism that selects
out a self-representation and deploys it in the process of symbol manipula-
tions. Indeed, this is the question of the self as subject, as James put it about
a century ago.

The literature seems to provide two possible responses to this question.
A first response is to assign the cybernetic self-regulatory mechanism the
role of the constructor of self-representations. In this view, one may as-
sume that there is a goal state that requires the mechanism to describe it-
self. Wherever this goal state comes from, once it is there, the regulatory
mechanism will try to reduce the difference between the goal state and the
current state of the system. This should result in the construction of a self-
representation. Once a self-representation is constructed, another goal
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state may be placed, which requires that this self-representation be used in
a certain way in psychological processes, and so forth. This way, the self-
regulatory mechanism becomes the constructor and manipulator of self-
representations. However, this answer puts the question only one step
back. The question of who or what constructs self-representations is sim-
ply replaced by who or what constructs goal states. We need to find an an-
swer elsewhere.

A second response to the question is to say that there is a mechanism
that creates and manipulates self-representations. The only contender in
the current literature seems to be the central processing unit. The all-
powerful mechanism that puts together a self-representation as symbolic
constructions and manipulates it while psychological processes continue
to proceed seems to be the central processing unit or the CPU of the serial
computer metaphor. To the extent that the CPU is a mechanism that is in-
variant, unaffected by the very symbols that it processes, the conception of
the self-as-subject hidden in the current social psychological literature of
self and identity is one of the abstract individual, which is at once an au-
tonomous creator and manipulator of the symbolic contents, including
the representations of itself.

In summary, the core assumptions of the social cognitive model of self
and identity are:

la. The mind is a universal symbol processor with a cybernetic control
system. Symbolic contents are acquired from the mind’s environ-
ment, but its processes are universally invariant.

1b. The mind is capable of self-awareness.

lc. Although the social cognitive mind acknowledges affect and moti-
vation, the universal symbol processor plays a major role in mediat-
ing causal relations between affect and cognition, and motivation
and cognition.

1d. An individual’s self-cognition increases the probability of survival
of the individual.

Implications

How adequate is this model of the mind for further theorizing about self
and identity? The idea of motivated cognition has been extended to cog-
nition about the self, with the metaphor of the self as a regulatory tool. De-
spite the strong cybernetic metaphor, there is a clear assumption of the
mind as an abstract and autonomous agent. The purpose of regulation is
ostensibly “survival” but may also reflect cultural and social structural in-
fluences. As long as these influences are restricted to the content of the
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self, the model seems adequate. But what if goals (such as self-regulatory
goals) and even the process of self-regulation itself are affected by social
structural and cultural influences, in an ongoing way (e.g., Rose, 1989;
1996)? Does the focus on the individual as the source of regulation limit
our ability to detect other systematic sources of control? And if this central
feature of the model of the mind requires modification, what implications
will this have for other key features of the model? A related question con-
cerns the object of survival mechanisms: Is it the individual person? Or is
it the group, the species, or similar larger unit? Can the current concep-
tion of the self deal with this issue?

CORE ASSUMPTION 2: ONTOGENESIS OF THE SELF

We have argued that the social cognitive conception of self as a subject as-
sumes an abstract individual invariant across contexts and unchanged by
the very symbols that it processes. In relation to the ontogenetic emer-
gence of the self, too, a similar picture emerges. According to this assump-
tion, the self develops through an interaction of biological maturation and
a series of socialization experiences that, while cross-culturally variable,
still provide the evoking conditions necessary for the emergence of the
sense of an autonomous, continuous, and internalized self. Further, al-
though socialization practices vary widely, they have their effects on the
self-concept through a universal set of processes (e.g., providing evidence
of consistency of certain kinds of behavior, systematic consensual valida-
tion, authoritative feedback about the self, provision of standards, etc.)
Thus, the content of the self may vary across cultures, across social class,
and across history, but the processes of self-concept formation are seen to
be constant. Similarly, socialization experiences produce weaker or stron-
ger degrees of agency, continuity, and distinctiveness, but these constructs
are seen to be universally relevant.

Higgins’s (1987, 1996) summary of the literature on self-development
illustrates the core assumptions of self-development. Higgins suggested
that the nature of the child’s self-digest (i.e., a summary of the self in rela-
tion to the world) changes as a function of changes in its levels of mental
representation (1996, p. 1064). Beginning with a simple capacity for
learning preconceptual association between events (contingencies of own
actions and events, especially responses from others), more complex rep-
resentations become possible with the emergence of language and sym-
bolic capacity, which allow representation of self and others as distinct
“objects.” This capacity also depends, in part, on the increasing capacity to
simultaneously represent several dimensions and thus several points of
view. Increasing ability to represent others, as well as self, forms the basis
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of anticipation of response contingencies, and of planful, goal-directed ac-
tion, with reference to the likely responses of others, and the standards
held by others. As the child matures, he or she can recognize the possibil-
ity of conflicting standards represented by various others, and develops in-
ternalized self-standards, which then form the basis for the self-discrep-
ancies that Higgins argued are so central to motivation and affect. A
central feature of Higgins’s formulation is that representations of self and
other become less contextualized, more abstract, and more autonomous,
although they build on and remain connected to lower level representa-
tions. There is an implicit assumption that more concrete, contextualized
forms of response are in some sense “regressive” and occur under stress,
fatigue, and so on.

In Higgins’s model, different socialization and disciplinary strategies
have their impact through their effects on the direction and strength of
“regulatory focus,” as well as on the child’s emerging capacity to represent
self and others in increasingly complex and abstract ways. A major source
of difference highlighted by Higgins is the relative predominance of
socializers’ focus on ideal, desired self to be approached (promotion fo-
cus), as compared with the “prudent” mode, which emphasizes avoidance
of bad outcomes, meeting obligations, and avoidance of danger (preven-
tion focus). Although not mentioned by Higgins, subcultural and cross-
cultural differences in socialization practices may produce different distri-
butions of self-digests, with different directions and strengths of self-
regulatory focus.

Higgins’s (1996) outline of the acquisition of the self, or self-digest, is
consistent with earlier developmental psychologists’ accounts of self-con-
cept development (e.g., Coopersmith, 1967; Damon & Hart, 1986; Mac-
coby, 1980; Rosenberg, 1979; Selman, 1980). In these, development of
the self is seen to follow the more general sequence of cognitive develop-
ment. It is characterized by changes from the concrete to the abstract;
from the undifferentiated to the differentiated; from single to multiple
perspectives; and from a segmented and episodic, to a more integrated
sense of the self. Consistent with the cognitive assumptions just outlined,
there is a distinction between the self as subject (or agent) and the self as
object (Damon & Hart, 1986). Systematic development occurs in both of
these (e.g., increase in integration of the content of the self-concept; in-
crease in sense of continuity, distinctiveness, and agency of the self as
agent). Self-concept development is seen to rely heavily on language,
which provides the possibility of symbolic self-representation. The child
begins, then, as a simplified, incomplete, symbol processor.

Studies of cross-cultural differences in social structure and socialization
practices suggest differences exist in the extent to which people end up
with self-directed, autonomous self-concepts (e.g., Kashima et al., 1995;
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Schooler, 1996). An implicit assumption is that it is more “mature” and
“better” to be unique, self-governing, and consistent across situations; the
developmental literature conveys a strong sense that separation of a self-
regulating, consistent self is an important developmental task that must be
mastered. This 1s echoed in theories of moral development, in which the
capacity to abstract oneself from particularistic relationships is privileged.
One should not find this surprising, given that developmental theorists
come from the same cultural and theoretical context as do social cognitive
theorists who have conceived the cybernetic metaphor for the self.

The core assumptions concerning the development of the self can be
summarized thus:

2a. The self-concept of humans develops in a systematic and uniform
sequence of stages, beginning with simple symbolic representa-
tions, and ending with an abstract, complex, and stable representa-
tion of self as an autonomous agent.

2b. The child’s socialization/disciplinary environment facilitates or in-
hibits developmental changes; not all stages may be reached, and
self-concepts will vary in accessibility and coherence.

2c. The nature of the child’s relationship to the primary caregivers de-
termines the internal standards and values against which the child
judges self, and, consequently, level of esteem and approach to oth-
ers.

Implications

The developmental assumptions about the self are quite consistent with
the cognitive assumptions, including the distinction drawn between uni-
versal processes, and content. It remains to be seen whether this approach
is adequate to deal with newer conceptualizations of self-development,
which stress the importance of dynamic self-organization (Smith &
Thelen, 1993; Thelen & Smith, 1994) and highly contextualized social ac-
tivities (Rogoff, 1990). These latter views of development point to a wider
array of outcomes than those envisaged in the linear developmental
model. Further, the seemingly clear distinction between universal process
and specific content becomes blurred when one considers the emergence
of new structures and organizational principles.

Also problematic for the social cognitive view of development is how to
conceive of the impact of social structure and culture. Socialization prac-
tices are related to social structure, position in the social structure, and
culture (Morgan & Schwalbe, 1990; Schooler, 1996), and these in turn
produce differences in the self-concept and in personality. It is difficult to
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think these differences are only minor, but the model of invariant univer-
sal development of the self-concept seems rather insensitive to social and
cultural differences.

CORE ASSUMPTION 3: SELF IN SOCIAL CONTEXTS

Although the developmental model recognizes the central role of others
in the formation of the self-concept, it also presupposes a clear separation
of self from others. We argue that the social in the social cognitive inquiry
into the self is social in a rather limited sense, and the image of the self that
emerges out of this literature is still one of the abstract individual. To be-
gin with, it is often assumed that the autonomous self distilled through so-
cialization is represented abstractly, and is described in terms of disposi-
tions (traits, attitudes, values), social identities (including roles, social
categories, types), and physical attributes (Deaux, Reid, Mizrahi, & Ethier,
1995; Rosenberg, 1979). Central and important features of the self are
held to be more readily accessible, and to exert more influence on behav-
iour. This is illustrated in research on self-schemas, as well as more socio-
logically derived studies of role identities.

Markus’s highly cited study of self-schemas (Markus, 1977), for example,
began with the assumption that people draw generalizations about their
central, self-defining characteristics on the basis of regularities they observe
in their own behavior. The inferred dispositions then determine informa-
tion processing about the self, as well as future behavior. She utilized the
dispositional continuum “independent-dependent” to provide evidence for
the faster accessing of traits by people who rate themselves extremely on a
trait, and consider it to be important. Schematic people were also able to re-
call more instances (tokens) of the attribute. This emphasis on traits is con-
sistent with the overall voluntaristic model of persons with relatively stable
characteristics, which they have in some sense “chosen.”

Role identity theory (e.g., Stryker, 1987), although placing more em-
phasis on variability in the self across social settings, also suggests that
people organize the self-concept around central or important role identi-
ties. Although some roles are ascribed (e.g., female), and others adopted,
people choose to embrace some roles more completely than others
(Turner, 1988). Roles higher in the person’s hierarchy exert more influ-
ence over behavior. Once committed to a role identity, it acts as a cyber-
netic control system. The person strives to approximate role expectations
and internalized identity standards, feels distress at discrepancies, and so
on. Although role identity theory has not been systematically integrated
with more cognitive approaches to the social self, it appears to share many
assumptions with it.
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It is clearly the case that this image of the autonomous, stable self epito-
mized by abstract and stable summary terms such as personality traits in
role identities may be significantly offset by a widely accepted view of the
social self that has been present since the writing of William James. It is
the view that we have many “social selves,” reflecting the differences in re-
sponses made to us by others who encounter us in a variety of social con-
texts, each of which may evoke from us a different range of behaviors,
competencies, attitudes, and affect. In a similar vein, Higgins's self-
discrepancy theory postulates that other individuals can be incorporated
into self-cognitions as the provider of perspectives. That is, actual, ought,
and ideal selves can be assessed from various viewpoints. These selves may
be seen from the viewpoint of oneself, but may also reflect significant oth-
ers’ viewpoints. It should not be too surprising that Baumeister’s recent re-
view chapter on the self organizes the literature on the impact of social
context under the heading “interpersonal being,” with the self described
as “essentially an interpersonal tool” (Baumeister, 1998, p. 22).

A further assumption of the social cognitive tradition is that perception
of others and perception of self follow the same principles, as in various
treatments of attribution principles (e.g., Bem, 1972). Others are charac-
terized in terms of their stable traits, although there is an assumption that
greater simplification occurs in the perception of others, except those oth-
ers with whom one has extensive interaction (e.g., Andersen, Reznik, &
Manzella, 1996). The exception occurs with others who are particularly
close and significant. Some researchers have suggested ways of describing
individuals in relation to others in terms of the degree of overlap of their
self-concepts (e.g., Aron et al., 1992). Others have suggested that signifi-
cant role others are included as part of, or extensions of, the self (e.g.,
Lancaster & Foddy, 1988; Rosenberg, 1979). It is also noteworthy that re-
cent self researchers have emphasized that the social aspect of the self may
be constructed not only in relation to other individuals, but also in relation
to collectives. Social identity includes the self’s social group memberships.
Recent social cognitive approaches have been adopted to examine the
symbolic representation of the self as a member of the group (Brewer &
Gardner, 1996; Deaux et al., 1995; Reid & Deaux, 1996; Smith, 1978/
1991; Trafimow, Triandis, & Goto, 1991). From this perspective, others,
broadly conceptualized as individuals or groups, may be absorbed symbol-
ically into the self.

Thus, the social context of a self is often framed in terms of self-other
interpersonal relationships or self-group relationships, and the signifi-
cance of the social is acknowledged. Still, more often than not, the image
of the unitary, abstract, and autonomous self asserts itself in various forms.
To put it differently, those “others” are more like the backdrop against
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which one’s self-story is told, rather than an integral part of a thoroughly
socialized and contextualized self. In fact, it may be the image of the au-
tonomous self that seems to occupy more of the research attention in the
area of the self in social context. For instance, in a recent survey of the lit-
erature, Baumeister (1998) devoted several pages to the question, “How
are self views affected by others?”; a longer section detailed research on
self-presentation, or “How are others’ views of self influenced by self?” It is
symptomatic of the image of the autonomous self that it is in charge and in
control of the social contexts.

In theoretical and empirical terms, how does the image of the unitary,
abstract, and autonomous self appear in the current literature of self and
identity? First of all, while it is acknowledged that others are an essential
source of self-knowledge and self-affirmation throughout life, this social
influence is often seen to be regulated by the self (Sedikides & Skowronski;
1995). In particular, others are seen to provide confirmation and correc-
tion for this self that is projected. Where possible, people selectively inter-
act with others who support the emergent self. Swann's (1987) work on
identity negotiation and self-verification highlights this view of the self. Al-
though superficially different in emphasis, Taylor and Brown (1988) also
argued that a range of social cognitive biases serves to sustain a view of self
as an internally directed agent who acts upon the social world to produce
goal-related outcomes (see also Brown, 1998).

Furthermore, once formed, the self is often seen to strive to maintain a
stable, and usually positive, set of abstract characteristics. The autono-
mous, abstract, stable self-representation provides a mechanism for orga-
nizing responses to others. This implies that a person will be alert to evi-
dence of stable internal dispositions in the form of consistency across
situations, across time, and across interaction partners. Granted, many
traits that describe the self can only exist in social interaction with one or
more others (e.g., cooperativeness, altruism, competitiveness, and nur-
turance are all traits that have no meaning outside the social context).
Nevertheless, individuals are supposed to “possess” traits; this means they
will express their traits across time, contexts, and interaction partners, if
the term is to have any meaning at all.

Even if there may be some diverse aspects of the self that may arise
from diverse social relationships, there still is an assumption that a contin-
uous self exists that can integrate this diversity. As summarized by Knowles
and Sibicky (1990), various explanatory metaphors have been offered to
explain how unity emerges from multiple selves (e.g., the self-theory; the
computer or information processor; the story plot; etc.). This type of theo-
retical construction is in line with the image of the unitary, abstract, and
autonomous self in two ways. First, the unity provided by an integrative
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framework in itself portrays the self as a unified construct. Despite the ap-
parent diversity, there is a deep structure that unifies, or so it is argued.
Second, there is an assumed mental agent that constructs the unifying
framework out of diversity.

Not much attention is given in the social cognitive perspective, to the
broader question of the source of the array of traits and identities available to
be incorporated into a given self. Culture and social structure determine in
part the range of roles and relationships one has available, and those that
receive the highest evaluation. These in turn influence the pattern of behav-
iors a given individual will exhibit, providing the informational basis for the
inference of individual characteristics. Thus, a person excluded from any
positions of authority is unlikely to develop a self-representation as power-
ful, authoritative, and so on. However, the model of the person as an au-
tonomous agent in charge of his or her fate tends to move such external
factors into the background. Class, gender, race, and religion, for exam-
ple, may be recognized as ingredients (or contents) of an identity, but it is
not part of the social cognitive theorists’ mission to explain how these so-
cial structural variables condition and constrain the self. Perhaps these are
left out as part of the distal, macro social structure, and are considered to
belong to the intellectual and academic territory of sociology.

It is interesting to note, however, that at least some sociologists share
the model of the autonomous self outlined earlier. For example, in a re-
cent Annual Review of Sociology article, Schooler (1996) stated:

Social-structural conditions associated with industrialization are linked to an
increase in individuals’ being open to new experience, rejecting traditional
authority, and taking a rational, ambitious, and orderly approach to both
work and human problems. . . . Self-directed work increases intellectual
functioning and self-directed orientations. (p. 323)

Here, too, the autonomous self is seen as a desirable endpoint, the emer-
gence of which is facilitated or hindered by the existing economic and so-
cial environment.

The core assumptions of the model of the social may be summarized
thus:

3a. The model of the self in social contexts portrays a motivated cogni-
tive miser. The individual depends on others for feedback about
the self. However, once formed, the self relies on others tp confirm
a stable, and usually positive, set of characteristics.

3b. The individual actively chooses the attributes and identities that
make up his or her self-concept.

3c. Despite the many facets of self that arise from varying relationships

with others, there is an assumption that a continuous self exists that
can integrate this diversity.



1. CONCEPTION OF THE PERSON 17

3d. The principles of social perception are same for perception of self
and others, and incorporate universal rules for attribution of inter-
nal dispositions, responsibility, and blame.

3e. The self encounters the social largely through interpersonal rela-
tionships with specific significant others, although the nature of
these interactions is influenced by role-related norms and expecta-
tions.

Implications

Because we are talking about psychology, it is not surprising that when the
social nature of the self is theorized, only the proximal context of the so-
cial environment is considered. Despite increased awareness of the impor-
tance of large groups and shared category membership on an individual’s
behavior and self-perceptions (Brewer & Gardner, 1996; Oakes, Turner,
& Haslam, 1994), the dominant image of the self-as-social is still one of
the individuals in relation to other individuals. Consistent with the image
of the autonomous self, individuals are viewed as largely able to regulate
and to choose their social personae; failure to do so is linked to inade-
quacy and lack of adjustment. For example, uncertainty about the self and
susceptibility to variable life events is linked to low self-esteem (Campbell
& Lavallee, 1993).

There is also little consideration of the wider social structure in which
people conduct their lives, and the potential influence this has on the
selves available to the person. How limiting is the lack of attention to distal
factors? Should these be left to other disciplines? If macro social structures
are to be included into the discussion about self and identity, how should
those social structures be conceptualized? Will their inclusion lead to ma-
jor changes in the social cognitive model of the self? Similar questions
may be asked about how cultural variation exerts deep as well as superfi-
cial influence on the structure and content of the self. Of particular inter-
est in the last decade is the potential influence of social structures created
through the technology of the internet. If social structures form selves,
and if new global structures emerge through information technology, will
“new selves” emerge?

CORE ASSUMPTION 4: SELF AND EVOLUTION

Homo sapiens is a species equipped with a mind capable of self-awareness
and self-representation. This capacity for reflective self-awareness is a
product of evolution. Evolutionary pressure came from early human an-
cestors’ move from the forest area to savanna, bipedal walking posture,
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tool making and hunting, and a concomitant enlargement of brain size,
resulting in the enhanced mental capacity of our species. The other evolu-
tionary pressure derived from the particular sociality of our species—that
is, humans live in bands or groups. This living condition tends toward so-
cial complexity, which may give rise to the condition in which a well-
developed symbolic capability is highly likely to increase reproductive fit-
ness (Sedikides & Skowronski, 1997).

All in all, greater brain capacity and social complexity enabled and fa-
cilitated the survival of the human capacities for reflective self-awareness
and symbol manipulation. A result is what Sedikides and Skowronski
(1997) called the symbolic self, that is, a symbolic construction of the self, a
phenomenon that appears to be unique to our species. By symbolic,
Sedikides and Skowronski (1997) mainly meant language-based represen-
tations; however, this may be more broadly interpreted to include other
symbolic forms, such as pictures and nonverbal behaviors. Sedikides and
Skowronski (1997) suggested that ecological and social conditions of early
humans are highly mutually constitutive of each other, and are closely re-
lated to the evolution of the symbolic self.

In summary, the evolutionary assumption is:

4a. The capacity for reflective self-awareness is a product of evolution.
It was dependent on increased brain size, and a high degree of so-
cial complexity, both of which contributed to the emergence of
symbolic representation in general.

Implications

Although ecological and social conditions may have given rise to the con-
dition in which symbolically capable organisms are reproductively success-
ful, once the symbolic apparatus—that is, culture—is there, could the sym-
bolic cultural process itself have participated in the coevolutionary process
(e.g., Cole, 1996; Durham, 1991; Geertz, 1973)? In other words, when a
first human symbolic capacity produced a symbolic environment in a hu-
man group, this symbolic environment may have provided a stable envi-
ronment to which the very symbolic capacity that gave rise to it may have
continued to adapt. As Deacon (1997) argued, language and the brain that
uses language may have influenced each other in the process of coevolu-
tion. Could it be the case that culture and the symbolic brain too have co-
evolved as mutually constitutive components? Are there, therefore, any
evolutionary constraints on the symbolic self?
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CORE ASSUMPTION 5: EPISTEMOLOGICAL
AND METHODOLOGICAL ISSUES

With some exceptions, theorists in the social cognitive tradition of self and
identity adopt a realist approach to science. That is, they assume that
there is a “truth of the matter” with reference to self-cognition, as there is
to cognition in general. Abstract theory is valued inasmuch as it success-
fully summarizes, or models, general principles underlying observable be-
havior. Abstract theory that can subsume a wide range of phenomena is
particularly valued, and thus, theories of cognition that are also adequate
to deal with the range of phenomena related to self-cognition are re-
garded as worthy of development.

As in mainstream psychology, there is a preference for the experiment
and controlled observation as the means for testing hypotheses derived
from abstract theory. The self-concept becomes a legitimate topic for sci-
entific inquiry to the extent that it is conceptualized as similar to any other
cognitive concept. The information-processing model, or model of the
self as symbol processor, lends itself to systematic study, using the tech-
niques of cognitive psychology. As Ericsson and Simon (1985) noted, these
techniques include the analysis of verbal reports, which can be used to test
models of cognitive process.

The use of the abstract theory testing experiment in social psychology
(Greenwood, 1989) has been accompanied by a relative lack of concern
with particulars of social settings and social identities. This is a coherent
approach, given the assumption that there are general and abstract proc-
esses involved in self-formation and regulation. An example of this is the
study of self-schemas (Markus, 1977). These schemas are conceived as sets
of general traits (e.g., independent, honest, female, sports-loving) that are
thought to characterize a given person and to be important to the person.
It should not matter for the general predictions from self-schema theory
whether the traits were creative, empathetic, masculine, or work obsessed.
The general predictions that behavior will be directed by self-schemas,
that well-established self-schemas should be resistant to change, and so on
should not vary with the content of the schema. Even the major develop-
ment of the cross-cultural comparison of self-schemas (Markus & Kit-
ayama, 1991), seems to embrace the assumption that self-schemas in all
cultures could be described along abstract dimensions, albeit with the ad-
dition of the idea that the important dimensions might be different in dif-
ferent social relationships.

The epistemological commitment to the generality and abstractness of
principles governing human (social) behavior is widely shared in the disci-
pline, and is a major basis for the claim that psychology is a science. How-
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ever, this assumption is not often explicated, and there is often poor un-
derstanding of the relationship between general theory, and the specific
experimental situations devised to test implications of the theory. For ex-
ample, the assumption that there will be self-schemas “of some sort” in ev-
ery culture takes for granted the idea that selves will be characterized by
abstract trait dimensions, and that people will actively construct these di-
mensions, act on them, recognize them, and resist any attempts to contra-
dict them. Similarly, there is an assumption that the person’s self-concept
is entirely contained within his or her mind, not distributed among others.
This means that the individual can be relied on to report or reflect the
structure and content of his or her self.

There are two issues here. One is a tendency to believe that there is onty
one theory that is or will be adequate to explanation of the development of
the self, and that modern conceptions of the social cognitive self are get-
ting close to this adequate account. The other is the tendency to assume
that, even if selves appear different at different times and different cul-
tures, there is some important similarity in the underlying processes of de-
velopment and execution that can be identified. It may well turn out that
these assumptions are justified. However, it is important to identify them
as assumptions.

Implications

There have been many criticisms of the scientific/experimental approach
to the study of social psychology (e.g., Gergen, 1973; Harre, 1973; Mani-
cas, 1987). It is not our intention to engage in this debate, nor do we wish
to deny the achievements that have resulted from the application of the
experimental method. Rather, we wish to raise a question, now common
in modern philosophy of science (e.g., Chalmers, 1999; Hacking, 1999,
Laudan, 1990), about unquestioning realism concerning our theories of
phenomena, including human social behavior. Given the range of com-
peting theories for any given phenomenon in social psychology, it is sur-
prising that there is not wider acceptance of the view that theory guides
observation, and that theory is underdetermined by facts (Hesse, 1985).
Yet in psychology, the assumption that unbiased observations and experi-
ments will yield true general principles of nature (abandoned in most
philosophical quarters) is still held by many.

Note that these features of naive realism make theorists of the self less
alert to the importance of the influence of their particular theory on the
observations they think relevant or even possible. More importantly, be-
cause this view denies the importance of theory in observation, it makes
invisible, or at least less obvious, the range of social and cultural influences
on the theorist. In this sense, the theorist is abstracted from his or her
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sociocultural context, and is regarded as an autonomous epistemic agent,
just as the self that is theorized is an autonomous, abstract agent that con-
structs and manages, and yet to a large extent is untouched by, its socio-
cultural environment. If this characterization is correct, to what extent are
the conceptions of the self theorized and the conception of the theorist
epistemologically presumed, in fact, mutually constituted?

CONCLUDING COMMENTS

To state the conclusion concisely, the person portrayed in the current so-
cial psychological literature of self and identity is an abstract individual
equipped with a fixed set of abilities and needs (e.g., self~enhancement,
self-verification). Obviously, this person is not a rational “economic man”
of classical economics, but it is a person endowed with a mind unaffected
by the symbols that it processes. The symbols are merely the throughput
of the social cognitive mind. Despite the centrality of the symbolic, the so-
cial cognitive mind stands apart from it. Cultural and historical variations
in self processes are explained in terms of the symbolic content, which the
social cognitive person processes with no fundamental change to the proc-
essor. The person does enter into a variety of social relationships with
other individuals and collectives. To this extent, this image of the person
is one of a social being. However, this sociality is still abstracted from con-
crete social activities embedded in the social institutional structure of the
society. The person is conceptualized as a biological being as well. It is
widely accepted that people, with their capacity for symbolic self-aware-
ness, are a result of evolutionary processes. Yet human evolution is seen to
be unaffected by the symbolic environment that humans themselves have
constructed. The conception of the person embedded in the social psy-
chological literature of self and identity is of an individual abstracted from
its social structural and symbolic context. Finally, we also noted that naive
realist episternology and methodology dominate scientific investigation of
self and identity. In this conception, the role played by a theorist’s theory
in the evaluation of and search for facts is often downplayed, portraying
the theorist as an autonomous abstract epistemic agent largely unaffected
by sociocultural contexts.

Ironically, the ontological commitments to the unitary, autonomous,
and abstract agent that is regarded as the self and the epistemological
commitments may have in part arisen from the same sociocultural back-
ground. As is well known, the framework of scientific investigation that so-
cial psychologists adopted developed out of the Enlightenment period in
18th-century Western Europe (for a brief outline, see Kashima, 2000). The
person in this tradition was conceptualized as fundamentally constituted
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by the universal natural law, which governs everything in nature including
human nature. Reason, which was then regarded as a human embodiment
of this universal natural law, was therefore a human disposition that is ab-
stracted from and untouched by sociocultural specificities. It is true that
this Enlightenment vision gave rise to the current conception of human
rights as inalienable properties of an individual person, and provided a
significant theoretical backbone to the institution of democracy. It may
also be true that this Enlightenment conception of the person provided a
basis both for the conception of the theorist as an autonomous abstract
epistemic agent and for the conception of the self as an autonomous ab-
stract agent.

Obviously, acknowledging the sociocultural basis of the abstract con-
ception of the person embedded in the theories and methodology of so-
cial psychological investigation into self and identity does not make either
the theory or the method wrong or problematic in and of itself. What is
wrong or problematic is to deny the very sociocultural embeddedness of
the social psychological research of self and identity itself. The awareness
of this makes it possible for researchers to put under reflective scrutiny the
connection between the sociocultural context and their theories and re-
search. After all, research on self and identity is a systematic investigation
of people’s self-reflective processes; researchers too can subject them-
selves to the same process of self-reflection. The awareness of the socio-
cultural embeddedness of our own research may not enable us to tran-
scend our sociocultural context entirely, but may be a first step toward
going beyond it.
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Connectionism is sometimes described as a class of theories of cognition
that are neurologically inspired. This description has some merit, al-
though there are many differences between the actions of real neurons
and the actions of the abstract units in our connectionist models. Never-
theless, the idea that cognition emerges from the interactions of a very
large number of simple processing units is appealing not only because of
the neurological link, but because this approach seems capable of explain-
ing some of the key aspects of human memory in a simple and straightfor-
ward manner. In connectionist-inspired thinking about cognition, many
phenomena are seen to arise relatively directly from the memory system
with little need for additional processes. In this chapter, we review some of
the basic ideas about composite memories and show how they promote
this new view of human memory and cognition. We then extend these
ideas to selected aspects of the self and identity research. The idea is to
show that new ideas about the self can emerge from connectionist thinking
and that some of the traditional dilemmas or paradoxes may not appear
as problematical when viewed from a connectionist perspective.
Traditionally, the general image of human memory involved the sepa-
rate storage of memories and a sequential search process to access them.
Memories of different concepts are stored at “different places,” and those
storage locations may be connected to each other. To access these memo-
ries, a person would use a control mechanism of some sort to search
through these locations one by one in a sequential fashion. These ideas
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have been around for several years, and most researchers, including a
number of social psychologists, might find them intuitive. In contrast, the
connectionist-inspired image of human memory takes the view that mem-
ories are not stored in separate places, but stored at “the same place” in a
distributed fashion, and accessed by direct pattern matching. This distrib-
uted representational assumption typically consists of two major ideas:
Memories are distributed patterns of activation over a large number of
cognitive processing units and memories are superimposed on each other.
We will call this composite memory storage. To access such composite memo-
ries, a person is assumed to use pattern matching, which permits parallel
access to the stored memories.

Although distributed representational systems have recently become
well known in social psychology (Kashima, Woolcock, & Kashima, 2000;
Smith, 1996; Smith & DeCoster, 1998, cf. Read, Venman, & Miller, 1996),
the ideas of composite memory and parallel access are relatively new. In
this chapter, we explicate them enough to permit explorations (and
largely speculations) about issues pertinent to self and identity from this
perspective. As we show, a result of this exploration is a remarkable con-
gruity of the connectionist perspective with classical insights of William
James and George Herbert Mead. We use a particular class of models of
human memory, which we have been developing in our research pro-
grams, to explain the basic ideas related to composite memory storage
and parallel access of memory. Granted that the points discussed here do
not generalize to all connectionist inspired models of human cognition
(e.g., Smith & DeCoster, 1998; see Kashima et al., 2000, for a brief discus-
sion on this). Nevertheless, we hope this brief exposition is sufficient for il-
lustrative purposes, and serves to provide a new metaphor for thinking
about the self and identity in social psychology.

A DISTRIBUTED REPRESENTATIONAL SYSTEM

The use of vectors, matrices, and tensor products has been explored by
several authors for their potential to illuminate aspects of human memory
(Anderson, 1973; Humphreys, Bain, & Pike, 1989; Pike, 1984). Although
they are inadequate in some ways and we are still very far from having a
comprehensive theory, these mathematical formalisms provide a good
starting point in trying to understand storage and access in composite
memories. Our strategy here is to start with the simplest model (vector
memory) to discuss some of the most fundamental processes, and to show
that more complex models are required to describe human memory.
Those readers who are familiar with distributed connectionist systems may
wish to go directly to a section on Self.
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Vector Memory

One of the simplest memories that have some psychological interest is a
vector memory. In such a memory model, a concept can be understood as
being represented by a pattern of activation over a set of processing units.
Mathematically, a concept is represented as a vector, a set of ordered
numbers, where a number indicates the level of activation of a processing
unit. We represent a vector by lower case letters in bold face such as a and
b. In this formalism, storage operation is vector addition the result of
which is also a vector (hence the name, vector memory). The memory access
operation is the dot or inner product between a probe vector and the
memory vector. Thus, a would represent a vector, and a; would represent
the ith element in the vector a. Vector addition is the element by element
sum of two vectors so a + bwould be (¢, + b,,a, + b, . . ., a,+ b,), wheren
is the number of elements in each vector. The dot product of two vectors is
the sum of the element by element cross products of the vector elements,
soa-bisa; xb +ayxby, + ---a,xb,.In social psychology, Fiedler’s
(1996) BIAS model uses this formalism.

Recognition Memory. To see how this works, it is best to use a simple
recognition memory experiment for illustration. Suppose that the items in
a study list are A, B, and C, and participants are to recognize later on
whether an item was in the list. Perhaps this is analogous to the social situ-
ation in which we see someone and try to decide whether we have met the
person before. The memory for this list can be represented as the vector
addition of the corresponding vectors (v = a + b + c¢). When participants
are to recognize whether an item (i.e., probe item) appeared in the study
list, the representation of the probe item is matched to the memory. This
operation is described as the computation of the dot product between the
vector representing the probe item and the memory vector. The result is
what we call a matching strength, which can be interpreted as indicating the
strength of the subjective feeling of knowing. It is assumed that people use
this “feeling” to decide whether a probe item is old or new. If the probe is
old(e.g., B),thenb-v=b-b + b:a + b c. In other words, the probe vec-
tor matches its own representation in memory (i.e., b - b) plus the repre-
sentations of the other items in the list (i.e., b - aand b - ¢). If the probe is
new (e.g.,D)thend-v=d-a+d-b + d-c. Onaverage, b-visexpected
to be greater than d - v. This is because under reasonable mathematical as-
sumptions the dot product of an item with itself (e.g., b - b) is greater than
the dot product between two unrelated items (e.g., b - a, d - a). Therefore,
the probe item that is in fact old (i.e., B) is more likely to be recognized as
old than the probe item that is in fact new (i.e., D). The appendix on rec-
ognition memory gives further details.
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The vector memory model captures the intuitive ideas that at least
some recognition memory is graded, and that apart from some apprecia-
tion of the strength of “feeling of knowing,” there is no conscious knowl-
edge of the evidence on which the decision of “Yes, I can recognize this as
an old item” is being made. That is, the individual may be able to report
that there is weak evidence in favor of the item being old, somewhat stron-
ger evidence, or still stronger evidence, but not be able to describe the
contents of the information. Dennis and Humphreys (2001) referred to
this type of decision process as subsymbolic and contrasted it with a sym-
bolic decision process where the decision is based on categorical informa-
tion (“I was making pleasantness judgments about the words in the study
list and I remember making a judgment about this word. Therefore, it
must be old”).!

The Problem With a Vector Memory: “Recognition in Context.” Now
imagine the situation where we see someone and we have to decide
whether we have met this person at school or at work. This is the case of
recognition in context. Although a vector memory has some psychologi-
cally interesting properties, it has problems with recognition of an item in
a specific context, that is, differentiating the memories of the same item in
different contexts. Perhaps this is somewhat counterintuitive. It is often as-
sumed that context could be included in a vector memory by adding the
vector representing the context X (i.e., x) to the item vector (i.e.,, a + x).
However, this does not work. To see this, again in a recognition memory
experiment, assume that items A and B have been studied in context X
and items C and D in context Y. The memory that includes these two study
lists is, according to vector memory,

v=(@a+x)+b+x)+{c+y +d+y (1)

Participants may be asked to say if 4 occurred in context X or in context
Y. They may decide by first determining whether 4 occurred in X, second
determining whether A occurred in Y, and then finally comparing the two
resultant matching strengths. The two matching strengths are described
mathematically as follows:

'"The vector model also has the property that the noise comes from the match between the
probe item and the nontarget items in the list. This item noise property also holds when con-
text is included (Humphreys, Bain, & Pike, 1989). In contrast, Dennis and Humphreys
(2001) presented a model for recognition where the noise comes from the previous contexts
in which an item (their model was restricted to already well known words) has been encoun-
tered not from the other items in the list. However, the Dennis and Humphreys (2001)
model still used a subsymbolic decision process where subjects could make generally accurate
decisions even though they might be largely unaware of the contents of memory.
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@+x)-v=(@+x)-(a+x)+ (a+ x):
b+x)+@+x)- (c+y)+@+x)-(d+y)
at+y)-v=@+y -@+x)+@+y)-
b+x)+@+y)-(c+ty)+t@+y-d+y (2)

It turns out, on average, that these matching strengths are identical (see
Appendix on Recognition in Context for a mathematical discussion).
Thus, the system cannot tell whether A occurred in context X or Y. This is
because the system “knows” that 4 occurred and that X and Y occurred
twice each, but it does not “know” that A occurred with X. Without addi-
tional processes, context that is added onto a vector representation would
simply increase the matching strengths of old and new items by the same
amount. The result is no net increase in discrimination between the two
contexts (Humphreys, Bain, & Pike, 1989; Humphreys, Pike, Bain, Te-
han, 1989; Murnane & Phelps, 1993).

In order to use context to determine in which setting an item occurred,
a binding that links the item and context must be stored in memory. In
the separate storage and sequential search model of human memory, in
which items are stored in unique locations (e.g., Flexser & Tulving, 1978),
we can add the item and context vectors and store the composite vector in
a unique location. In such a system, matching a probe vector (the sum of
the item and context vectors) against each memory location and then bas-
ing the decision on the single strongest match will also provide informa-
tion about the joint occurrence of item and context. In a way, the location
of memory storage provides the information about the item—context bind-
ing. However, with a distributed composite memory, another solution
must be found. The solution proposed by Humphreys, Bain, and Pike
(1989) was to store a context-to-item association in matrix memory.

Matrix Memory

In the matrix memory model, a binding of two concepts (represented by
two vectors a and b) is mathematically modeled by forming the matrix
(represented by a capital letter in bold) or outer product of a vector (a)
with another vector (b). In social psychology, Kashima and Kerekes (1994)
used it to model person impression formation, in which a person is associ-
ated with an impression formed of the person. We use the multiplication
symbol with a circle around it (®) for the outer product. So, the resultant
memory, M = a®b, is an n by n matrix where n is the number of elements
in each vector. The entry of this matrix in the ¢th row and jth column is the
product of the ith element of vector a and the jth element of vector b (a ).



32 HUMPHREYS AND KASHIMA

Recall Memory. 'The matrix operation is useful in clarifying the differ-
ence between recognition and recall. In recognition, our intuition is that
there is a vague “feeling of knowing” as we suggested before; in recall, by
contrast, we retrieve a contentful item in our consciousness. So instead of
simply recognizing a person as someone we have met before, we may have
to recall who this person’s friend was. Again, let us use a simple memory
experiment for illustration. Suppose that a study list consists of the pairs
AB and DC (we refer to the first item in each pair as the cue and the second
as the target). The memory for the study list is a matrix where each ele-
ment is the sum of the corresponding elements in the two matrices:

M=a®b+c®d (3)

Note that the entry in the ith row and jth column of M equals ab, + cd;.
Further, suppose that participants are asked to recall an item associated
with a cue. This recall process is modeled by the following mathematical
operation, in which the memory M is premultiplied by the vector repre-
senting that cue:

aM = a(a®b) + a(c®d) = (a-ab +(a-c)d 4)

The memory retrieved here can be understood as a blending of two items,
b and d.

Note that, in this example, the output of the retrieval process is a
weighted sum of the two vectors, b and d, which represent two possible tar-
gets, B and D. Also recall that the dot products such as a - a can be inter-
preted as a measure of similarity. The vector corresponding to the correct
target, b, is weighted by the similarity of the retrieval cue to itself, a - a,
whereas the vector corresponding to the incorrect target, d, is weighted by
the similarity between the retrieval cue and an unrelated cue, a - c.
Roughly speaking, the matching term like a - a is greater than the mis-
matching term like a - ¢. The result is a noisy output, which blends the rep-
resentations of the two list targets, but one in which the correct target re-
ceives a heavier weighting than the incorrect target. In fact, in a very
special case wherea-ais 1, and a - cis 0, the resultant memory is b, which
is the correct item.

Although this memory system can “recall” in principle, in order to
make a specific prediction, a mechanism for response selection is neces-
sary. For this purpose, Chappell and Humphreys (1994) added an auto-
associative memory to the tensor product model. Autoassociative memo-
ries are essentially an association of an item to itself. Such a memory can
remove noise by producing the vector with the largest weight in the out-
put. In the terminology of nonlinear dynamics, this vector can be inter-
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preted as an attractor of a dynamical system. However, this mechanism
does not always produce a single item. That is, it may fail to converge to an
attractor, and instead it can result in a state where every processing unit in
memory is activated or a state where no elements are activated. Chappell
and Humphreys (1994) interpreted these states as a situation where the
production of a response was blocked by some response competition (see
Humphreys, Tehan, O’Shea, & Boland, 2000, for empirical support).
Autoassociators also produce categorical behavior. One set of similar in-
put patterns is mapped onto the same stable internal representation,
whereas a different set is mapped onto a different internal representation.
Patterns that are mapped onto the same internal representation are said
to fall into the same basin of attraction, and the stability of the internal repre-
sentations is referred to as the depth of the energy minimum.

“Recognition in Context” Revisited. The same mathematical formal-
ism, matrix structure, can be used to model the recognition of an item in a
specific context, the process with which the vector model had problems.
This is accomplished by binding a context to an item, thus constructing a
contextualized item representation. In the example we used, items 4 and
B were studied in context X, and items C and D were studied in context Y.
In this case, the items A and B are bound to context X and the items C and
D with context Y as follows:

M=x®a+x®b+y®c+y®d (5)

Again, people may decide whether 4 occurred in context X or in con-
text ¥ by first determining whether 4 occurred in X, second determining
whether 4 occurred in Y, and then finally comparing the two resultant
feelings of knowing. However, the probe and memory representations are
different in matrix memory. In trying to see whether 4 occurred in context
X, the vector representing the relevant context (x) is used as a retrieval cue
and the output of this retreival process is then matched against the vector
representing the item 4. A similar process may be followed in trying to see
whether A occurred in context Y. The results are two matching strengths
represented as follows:

(xM) -a = (x-x)a-a) + (x x)@:b)
+(x-y)a-c)+ (x-y)a-d)
YM)-a=(y-x)a-a)+(y-x)a-b)+(y-y
@-c)+(y-ya-d (6)

It turns out that the matching strength for the item retrieved with the cor-
rect context, (xM) - a, is greater than the matching strength with the
wrong context, (yM) - a. This is because the matching terms x - x and a - a
are generally greater than the mismatching terms like y - x and a - b (see
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Recognition in Context in Appendix for a more precise discussion). This
way, the matrix memory model can solve the vector memory’s problem
with recognition in context.

Tensor Product Memory

Although a matrix memory can bind two items together, it is inadequate
for binding three items. That is, we often remember that a person 4 and
another person B are friends (a binding of two items), but also remember
that they are friends at school (i.e., a binding of A and B in context X). To
be sure, we can easily remember that a president may be paired with his
wife in a family context, but that he may be paired with another person in
a different context! To create such three-way bindings, Humphreys, Bain,
and Pike (1989; also see Wiles & Humphreys, 1993) introduced a tensor
product memory. Tensor is a mathematical formalisi that generalizes the
concepts of vector and matrix. A tensor of rank 1 is a vector, a tensor of
rank 2 is amatrix, and a tensor of rank 3 is a generalization of the concept
of a matrix to three dimensions. With tensors, the mathematical opera-
tions we have encountered before (i.e., outer product, inner product, and
the premultiplication of a tensor by a tensor of a lower rank) are straight-
forward generalizations of the same operations with vectors and matrices.
Again, in the following discussion, we use ® for the outer product, - for the
inner (dot) product, and the placing of a tensor of a lower rank in front of
a tensor of a higher rank as premultiplication.

In traditional memory experiments, such a three-way binding is re-
quired for pair recognition and cued recall, where the items used are the
same in two different contexts but the pairings are changed. For instance,
the same items (e.g., 4, B, C) are studied in two different contexts X and ¥,
but an item (e.g., A) is paired with another item (e.g., B) in context X but it
is paired with a different item (e.g., F) in context Y, and participants are to
recognize whether a pairing AB occurred in a particular context X or to re-
call what was paired with an item (4) in a particular context (X). In the fol-
lowing example, assume that the pairings AB, CD, and EF have been stud-
ied in context X and AF, CB, and ED in context Y, and participants are
asked to recall the target that went with a cue in the specified context. The
three-way binding involving the context X, the cue 4, and the target B is
modeled as the outer product of the corresponding vectors (x ® a ® b).
Note that the elements in this tensor product have the form x,a b, where x;
is the ith element of the vector x, g; is the jth element of the vector a, and b,
is the /th element of the vector b. In this example, the memory for all the
items learned in contexts X and Y is as follows:

T=x®a®b+x®c®d+xQe®f+y
®a®f+yQ®c®b+y®e®d (7)
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What would participants retrieve if they are required to remember what
went with item A in context X? According to the tensor memory formal-
ism, this operation is modeled as the premultiplication of the memory
tensor by the tensor formed from the context vector x and the cue vector a
as follows:

x®a)T =[(x -x)a-a) + (x-y)@-c)b
+[(x-x)@a-c)+ (x-y)a-eld
+ [(x-x)(a-e) + (x-y)a-a)f (8

Again, the retrieved representation has the form of a weighted compos-
ite of items. It can be readily seen that the weight on the correct vector b,
the vector representing the target that occurred with 4 in context X, is
larger than the weights on the other two vectors. This occurs because one
of the terms of this weight is the inner product of the context matching it-
self (x - x) and of the cue matching itself (a - a). All of the other terms have
at least one mismatch. Therefore, the correct item B is retrieved to the cue
4, although it is blended with memory traces of other items such as D and
F. Nonetheless, in a very special case where all the mismatches are zero
and a match is one, the retrieved vector turns out to be b in Equation 8§,
which is the correct item. Thus, a memory using a tensor of rank 3 can in
principle distinguish between pairs learned in different contexts.

The use of context that involves the computation of the outer product
of the context and cue was called by Humphreys, Bain, and Pike (1989)
the interactive use of context. However, context does not have to be used in
this fashion. It is also possible to use context in the way we described for
the vector memory model (Equation 2), where context and item vectors
were added together. Humphreys, Bain, and Pike (1989) referred to this
as the additive use of context. The difference between the two ways of using
context can potentially influence a variety of memory performances. In
fact, the ability to use context additively or interactively turned out to be
one of the most important properties of these memories. In total, the cue
used to access memory can be a vector representing a single item, a vector
sum representing an item plus context, or a tensor representing an item
in context. Different ways in which cues are used play an important role in
human memory, and this class of memory model captures this cue-based
variability in human memory performance.

Evidence for Distributed Storage

If memories are in fact distributed patterns of activation, and if two or
more memories are superimposed, then shouldn’t we observe memories
that are blends of the constituent memories (Metcalfe, 1990)? Although
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we can certainly observe blends of memories with larger semantic units
such as sentences, paragraphs, and stories (e.g., Bartlett, 1932), when
words are used as stimuli, it has been difficult to produce evidence for
blended memories (Metcalfe, 1990). It is possible to explain this by assum-
ing that a word has a sparse representation, that is, a word is represented
by a pattern of activation in which only few units are activated. However, is
there other empirical evidence for the idea that even words have distrib-
uted representations?

In fact, evidence is emerging that supports the distributed representa-
tional assumption (Humphreys, Burt, & Lawrence, in press; Tehan &
Humphreys, 1998). For example, Tehan and Humphreys (1989) had sub-
Jects study two lists of four words. After the first list was presented, they
were either asked to recall it or to forget it, and the second list was imme-
diately presented. Following the second list, a cue was presented and sub-
jects were asked to recall a related word from the second list. On some tri-
als, there was an interfering word in List 1. For example, the target in List
2 might be cat, the cue ANIMAL, and the interfering word in List 1 dog. A
substantial amount of interference was observed in this experiment when
the cue was presented at a 2-sec delay. That is, a number of people pro-
duced dog, which was an incorrect item, when they should have produced
cat. This suggests that the representations of the two lists are superim-
posed on each other.

Interestingly, very little interference was observed (i.e., they remem-
bered cat correctly) when the cue, ANIMAL, was presented immediately af-
ter the second list. The immunity to interference here may be due to the
presence of a transient phonemic code, which should be largely absent on
the delayed test. In other words, the subjects may have felt that dog did not
sound right, but cat did. This hypothesis provided an opportunity to test
further the assumption of distributed, superimposed memory representa-
tions. The superimposition assumption suggests that memories for items
in the second list should be simultaneously activated when participants are
told to remember a word from the second list. If the phonemic informa-
tion present in the words in the second list was compatible with the pro-
nunciation of dog, it would increase the interfering effects. In the first test
of this proposal, Tehan and Humphreys presented a rhyme of the inter-
fering word (e.g., log) in the second list along with the target word. On an
immediate test, this manipulation significantly increased the probability
that the interfering word, dog, would intrude. In another test, they pre-
sented the phonemes of the interfering word in three different words of
the second list (e.g., dart, mop, and fig). They found a significant increase in
the probability that the interfering word would intrude. Unless we assume
that the phonemic cues are represented in a distributed fashion, this latter
finding is difficult to explain. There is now fairly good evidence that mem-
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ories do consist of patterns of superimposed activation patterns, but that
with words we are only likely to observe blended memories in rather ex-
ceptional circumstances.

Properties of the Tensor Product Model

There are two properties of the tensor product model that are of special
relevance to the social psychology of self and identity. First, the tensor
product memory provides an easy way to handle the temporal continuity
and discontinuity of memories of the present in relation to the memories
of the past. On one level, memories of the present seem to continue
seamlessly from the past; there appears to be no drastic discontinuity. So
even if we learn new information in the current context, this new experi-
ence does not wipe out preexisting memories. Yet, on another level, there
seems to be a discontinuity of the memories of the present from the past
memories. When required, we can separate the memories of the present
from those of the past to some extent. Clearly, however, the separation is
imperfect, and memories of the present are influenced by the preexisting
memories and the new experience alters the memories of the past to a
small extent. In other words, there is a mixture of the past and the present
in memory, but despite the mutual influence between the two, there is a
possibility of separating them. This flexibility of merging and separating
of the past and the present seems to be a characteristic of human memory.
Although the continuity of memories from the past to the present may
seem like an obvious property of human memory, some connectionist the-
ories have a problem with this property. They tend to predict that when
new information is encountered, it causes a “catastrophic forgetting” of
preexisting memories (McCloskey & Cohen, 1989) under some circum-
stances. The tensor product model does not have this problem, and pre-
serves the preexisting memories though the new experience may alter
them to some extent. One property of the tensor memory model (and vec-
tor and matrix memory models as its special cases) is that current informa-
tion is simply added onto preexisting information without eliminating or
suppressing the preexisting information. As a result, the preexisting
memories influence memories of the present (i.e., continuity of the past
into the present) as a natural consequence of the memory process.?
The flexible merging and separation of the past and the present in
memory is accomplished by the tensor memory model by a flexible use of

*A very large amount of research on nonsense syllables showed that they were not really
nonsense. In addition, there have been many demonstrations that prior learning intrudes
into or influences a current memory, especially after a brief retention interval (Bartlett, 1932;
Hebb, 1961; Miller & Selfridge, 1950). More generally, nobody has been able to identify a
pure short-term memory task or a pure episodic memory task.
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context representation. When a memory is formed about the present con-
text, this contextualized, episodic representation is added onto the preex-
isting, background memory. With such a memory if context is used as an in-
teractive retrieval cue, the episodic memories are largely, although not
entirely, isolated from the background memories. This makes for the sepa-
ration and isolation of the present from the past. However, if context is not
used as a cue the influence of the background in memories predominates in
memories, clearly preserving the continuity of the past into the present. To
put it differently, contexts are used in the tensor product model to provide
the categorization of temporality, or to punctuate the flow of experience, to
separate one time period from others. Kashima et al. (2000; also see
Kashima & Kerekes, 1994) used this property to explain a variety of
time—dependent phenomena in impression formation experiments in so-
cial psychology (e.g., order effects such as primacy and recency effects).
Another property of the tensor memory that needs highlighting here is
the possibility to produce a generalized memory. This property of the ten-
sor memory allows a large number of memories about specific episodes to
be collapsed across different contexts, to generate something akin to a
prototype of a concept from a large number of instances of the concept
(i.e., the central tendency of the past memories; see the section on General-
ized Memory in Appendix). Although a number of other connectionist
models have this ability, a crucial point is how this is done by different mod-
els. Some connectionist models extract the central tendency by suppressing
information that is weak or information that is not shared by a large num-
ber of instances. Such a process is certainly appropriate when the weak
information can be regarded as “noise” that should be suppressed. By con-
trast, the tensor product model preserves the weak and isolated informa-
tion, but information that is common across a number of memories comes
out as a strong response by virtue of its sharedness. More generally, the hu-
man ability to remember a huge range of isolated facts and incidents is
suggestive of a system where weak information is not suppressed.
Humpbhreys, Bain, and Pike (1989) used this property to propose a the-
ory of the relationship between episodic and semantic memory. That 1s, an
episodic memory emerges when an item is bound to a particular context,
and retrieved with the context as a cue, whereas a semantic memory is a
memory collapsed across all contexts. Using a similar mechanism, Kashima
et al. (2000) modeled the process by which impressions of a social group are
formed on the basis of the information about individual members of the
group. In their analysis, when memories about the social group are col-
lapsed across different individual members, there emerges a prototype-
like impression, which approximately averages all the information about
the individual members. However, this model was also capable of preserv-
ing the information associated with an individual member of the group.
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What Else Do We Need?

As Humphreys and his colleagues argued, a provision for three-way bind-
ings is a minimum requirement for a model of human memory (Hum-
phreys, Bain, & Pike, 1989; Humphreys, Wiles, & Bain, 1993; Hum-
phreys, Wiles, & Dennis, 1994). The tensor memory model’s capacity to
support a three-way binding makes it an attractive model. Yet the tensor
memory model as developed so far cannot explain some human memory
phenomena by itself. One example comes from Rubin and Wallace (1989).
They examined how subjects combined information from a semantic cue
and a rhyming cue to retrieve a target word. For example, “What mythical
being rhymes with ost?” Their subjects only produced ghost 1% of the time
when either a semantic or rhyming cue was used by itself. However, 100%
of their subjects produced it as a response when both cues were used at the
same time. Another example may come from social psychological experi-
ments in which partially contradictory concepts such as Harvard educated
and carpenter are combined (e.g., Hastie, Schroeder, & Weber, 1990;
Kunda, Miller, & Claire, 1990). When participants were asked to list the
attributes of either the constituents or their combinations, they would list
emergent attributes for the combination that were not listed for the con-
stituents. In these examples, two retrieval cues are used to access memo-
ries, and generate a response that is not generated by either cue alone.
Such phenomena point to a degree of creativity and generativity in human
memory.

There are several explanations for such creativity. Kunda et al. (1990)
proposed that subjects employed causal reasoning. Thus the concept of
nonmaterialistic might be used in an explanation as to why a Harvard-
educated person might be a carpenter. This proposal, however, does not
explain where the concept of nonmaterialistic comes from in the first place
and especially why at times it emerges quickly and seemingly effortlessly
into consciousness. Smith and DeCoster (1998) proposed a connectionist
model] that can explain how an emergent concept can be activated. They
trained their model on three sets of items. One set had elements of the
form ABC (e.g., Harvard educated), the second DEF (e.g., carpenter), and the
third CFG, which includes the concept G of nonmaterialistic as its part. They
then presented the model with patterns of the form ABDE and observed
that not only were the concepts C and F activated, but so was the concept
G. This connectionist model in essence infers that G goes with AB and DE
even though G had never been associated with them before. A potential
problem with the Smith and DeCoster (1998) approach is that it simply
adds information to the concept without suppressing any of the existing
information. As Humphreys et al. (1993) argued, there are times when the
memory system must suppress (weaken) existing concepts. They coined
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the term intersection process to refer to any process using two cues that en-
hanced the probability of recalling a target that was separately associated
with each of the cues, and weakened any target that was only associated
with one of the cues. For example, rich and materialistic may be strongly
linked with Harvard educated and only weakly linked or not at all linked
with carpenter. Under these circumstances it is possible (probable) that
someone’s concept of a person who is both Harvard educated and a carpen-
ter will not include or include only weakly the concept of rich and materialis-
tic. The point here is that in the memory literature, memory access proc-
esses that weaken as well as enhance are being seriously proposed. It
would be appropriate to consider whether such processes may also have
applications in social psychology.

What Are the General Properties of Human Memory?

It is certainly possible to build a very powerful memory model around the
hypotheses of distributed storage and parallel access. These hypotheses
suggest that (a) memories are represented by patterns of activation over a
number of processing units, (b) they are superimposed on each other, (c)
cues provide parallel access to memories, and (d) the same memory sys-
tem can be cued in a variety of ways to produce different outcomes. There
is no compelling need to postulate sequential search processes. Further-
more, the sequential search processes that are required or that we intro-
spect about may be searches through cues, rather than searches through
memories. For example, most of us will report that when blocked on a per-
son’s first name we may try to generate names to see if a generated name
will jog our memory.

The memory models that rely on distributed storage and parallel access
can explain a number of human cognitive phenomena as natural conse-
quences of the memory process. For instance, they can explain in a
straightforward manner the differences between recognition and recall,
the existence of bizarre memory errors such as a merging of two distinct
episodes, and the responsiveness to the environment, especially to its sta-
tistical regularities (see Kashima et al.,, 2000). In particular, we high-
lighted two of the tensor product model’s properties. First was its capacity
to handle the temporal continuity and discontinuity of memories. The hu-
man menory system permits a series of events to be substantially isolated
from the previous series of events. At the same time, it permits a near
seamless integration of current memories (memories from the recent past)
and long-held memories. Second was the capacity to focus on a memory
for the particular (Where did you park your car this morning?) or a mem-
ory for the general (Where do you generally park your car?), as well as the
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intermingling of memories for both the particular and general. Finally,
the human memory system has elements of creativity in that what is re-
trieved to two, or possibly more, cues does not have to have been explicitly
bound, as a unit, with all of the cues. That is, two cues can serve to retrieve
a novel response using only pairwise information without the need to as-
sume that the two cues and the response have co-occurred as a triplet.

SELF

What is the image of the self that emerges from the connectionist-inspired
theories of the mind» Indeed, this question can be considered at two dif-
ferent levels. At one level, connectionism can be seen as providing a theo-
retical framework in which to investigate people’s self processes. Under-
stood this way, the original question becomes “How can selfhood, or
people’s experience of the self, be understood when viewed from a
connectionist perspective?” However, at another level, connectionism may
be seen as providing a metaphor for people in their reflective projects of
considering what their selves are. Foddy and Kashima (this volume, chap.
1) suggest that the serial computer metaphor of the mind, and the central
processing unit (CPU) in particular, may serve as a concrete metaphor for
the notion of the abstract individual as a unitary and universal entity that
is in control, and that stands unaffected by its sociohistorical contingen-
cies. If their analysis has merit, it is very well to ask a parallel question,
“What does connectionism serve as a metaphor for?” That is, what is the
image of the self that connectionism may provide when people try to think
of themselves in terms of connectionism?

Connectionism presents an image of the mind as comprised of inter-
connected limited-capacity processing units, which reminds us of some-
thing like a brain. In three ways, this seems to depart from the CPU meta-
phor. First, there is not just one, but many processors that collectively
participate in the emergence of cognition and memory. This multiplicity
may easily be translated into multiple selves, multiple voices, and multiple
controllers in a person’s mind. Second, connectionism seems to permit
greater ambiguity and fluidity in its portrayal of the mind. When a con-
cept is represented as a pattern of activation, rather than one clear loca-
tion in the representational space, a concept seems not only to have a
fuzzy boundary, but also to permit some merging of concepts, blurring of
a category boundary, and perhaps a more dissipated and fused sense of
self. Finally, the image of the brain, however flawed and much more sim-
plified and abstracted in connectionism than in the real one, appears to
ground the disembodied and abstract CPU to the body and its wetware.
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What Are the General Properties of Selfhood
From a Connectionism Perspective?

As we show, this image of the person as having multiple, ambiguous, and
embodied (or brainy) selves is not the kind of selthood connectionism al-
ways anticipates. In speculating on the question “How can selfhood be un-
derstood?” when viewed from a connectionist perspective, especially from
the perspective of the distributed storage and parallel access model out-
lined earlier, it is best to make explicit the assumptions for our speculation
as clearly as possible. Our assumption is essentially an empiricist one (e.g.,
Locke, 1690/1975). We start with the assumption that a person’s concept
of him- or herself has been acquired over a considerable period of time
and has been influenced by many different incidents in his or her life.
These life episodes are interpreted by the person within the capacity and
concepts accessible to the person at the time, and are stored in memory
(also see Kashima et al., 2000). We also assume that those interpreted and
stored self-related episodes can be retrieved to such queries as “Who am
I?” (Kuhn & McPartland, 1954) or in order to evaluate a description as
“Me” or “Not me” (Markus, 1977). Finally, we assume that whatever is re-
trieved by these questions can be matched against other concepts such as
our concepts of others, or can be combined with other concepts, to be used
as a cue for further memory retrieval. It is assumed that through these
processes, that is, the constructing of cues and accessing of memory, we
come to have an understanding of what our own selves are.

The general contour of selfhood that emerges here is remarkably con-
gruent with the one sketched out by George Herbert Mead (1934). In
Mead’s analysis, human social conduct is meaningful (or functions as a
“significant symbol,” as he put it) to the extent that it invokes a response in
others with whom one interacts, but also invokes a similar response in
one’s own experience. In other words, a social action needs to be inter-
preted in a similar way by the actor and his or her audiences. Mead ar-
gued that this comes about as a result of a human capacity to “take the role
of others,” or to empathize. As one acts in a certain way to others, it in-
vokes responses in those others; those responses are then “internalized” in
one’s own experience. According to Mead, these internalized responses by
others to one’s action can affect one’s course of action. In anticipating
what others might do (this is what internalized responses permit, namely,
anticipation of others’ reactions), one may inhibit the action one has just
initiated, or change the next action in some way. Mead insisted that this is
the time when a self emerges. To Mead, a self is primarily an emergent
property of self-regulation of social action.

An idealized sequence of mental events that Mead considered can be
characterized as follows.
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1. An actor initiates an action directed to others.

2. A cluster of responses emerges in reaction to the initiated action,
which are internalized responses learned from others in the actor’s
social environment.

3. The actor then changes the action in reaction to the responses in step
2.

In this sequence, a self emerges in two forms. Mead called “Me” the re-
sponses emerged in step 2, and “I” the actor’s reaction to the step 2 re-
sponses. A self then emerges in the interaction between the “Me” (step 2
responses) and the “I” (step 3 response). In this scheme, “Me” is the total-
ity of others’ responses that the actor has encountered in his or her social
environment up to the point of initiating the action, or what Mead called
the “generalized other.” In constrast, “I” is a reaction to the generalized
other, an expression of agency, a leap into the future, which may contain
an element of uncertainty and perhaps creativity. The response attributed
to the “I” in step 3 then is further directed to the others with whom the ac-
tor has been interacting.

Without going further into the details of Mead’s theory of mind, self,
and society, Mead’s selfhood can be approximately translated into the
distributed storage and parallel access model of human memory. Here,
only a verbal description is provided although a more formal treatment
is possible. Assuming that an actor’s representation of an interaction epi-
sode includes a three-way binding of actor, action, and recipient, that is,
who did what to whom, the three steps outlined earlier can be thought of
as follows:

1'. A retrieval cue is constructed by combining the actor representa-
tion and the action representation, and used to access memory.

2'. Representations of others’ responses that the actor has encoun-
tered in the past are retrieved en masse, and they act as a retrieval
cue perhaps by itself or in combination with the representation of
the actor.

3. Aresponse that is retrieved from step 2 operation is then enacted
as a new action,

In fact, steps 2’ and 3’ are similar to what Kashima and Lewis (2000) theo-
rized in their model of behavior generation, that is, how people generate
options of their action in social contexts.

This reconceptualization of Mead provides a novel interpretation of his
concepts. First, Mead’s “Me” as a generalized other can be simply under-
stood as a kind of “generalized memory” in which all memory traces that
are retrieved by the cue in step 1’ are collapsed across. As we noted earlier,
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one of the properties of the tensor product model and other distributed
connectionist models is to generate a prototype as a natural consequence
of retrieval operation. In this sense, “Me” can be thought of as a prototype
of others’ responses to an actor’s step 1 action in the past. Nevertheless, it
1s also important to note that, according to the tensor product model, spe-
cific responses of specific others or in specific contexts can also be re-
trieved. Whether a general or a specific notion is retrieved largely de-
pends on the manner in which retrieval cues are constructed.

In addition, this reconceptualization gives a new interpretation to
Mead’s speculation about the correspondence between the unity of com-
munity and the unity of self. According to Mead, when a community in
which the actor lives is unified and organized, then “Me” is unified; when
the community is divided in opinion, “Me” is also likely divided. Analo-
gously, if the actor’s similar actions induce similar reactions from others,
the retrieved memory is likely to have a clear single response. In contrast,
if the actor’s similar actions are met by a number of diverse reactions by
others in the past interaction episodes, the retrieved composite memory
(Equations 4 and 8) should contain a diverse array of responses, resulting
in a highly noisy and ambiguous representation. Would this give a sense of
divided self or multiple selves? This may indeed be the case. It is when the
retrieved responses have a clear center of gravity (or roughly interpreted
as an attractor in the autoassociative network; note the section earlier on
autoassociator) that “Me” may be experienced and interpreted as unified.
We elaborate on this point later.

Second, Mead’s “I” as a reaction to “Me” can be interpreted as a re-
sponse retrieved when memory is cued by the representations of others’
actions. Mead’s conception of “I" is clearly agentic and in a way asocial:

[A] novel reply to the social situation involved in the organized set of atti-
tudes constitutes the “I” as over against the “me.” The “me” is a conven-
tional, habitual individual. . . . It has to have those habits, those responses
which everybody has; otherwise the individual could not be a member of the
community. But an individual is constantly reacting to such an organized
community in the way of expressing himself . . . The attitudes involved are
gathered from the group, but the individual in whom they are organized has
the opportunity of giving them an expression which perhaps has never
taken place before. (Mead, 1934, pp. 197-198)

In Mead’s conception, “I” functions as a source of innovation, uncertainty,
and unsocialized agency.

Despite Mead’s insistence on the individual agency of “L” the current
conception of memory implies that although “I” may be a novel response
as Mead suggested, it may in fact be a voice appropriated from other
agents in the social environment. Hermans (this volume, chap. 4) suggests
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that, borrowing Bakhtin’s dialogic conception of discourse, others’ voices
(or actions more generally) may be appropriated as one’s own in the con-
struction of one’s self-narrative. Onorato and Turner (this volume, chap.
7) also suggest that one may appropriate one’s group’s normative re-
sponse as one’s own in the process of self-categorization. The current
formulation is consistent with these proposals. To the extent that the re-
trieval cues are similar to the representation of others and the representa-
tion of one’s ingroup, what may be retrieved is those actions that were as-
sociated (or bound together) with the others and the ingroup in memory.
Whatever is retrieved, one is unlikely to question the authenticity of the re-
sponse, assuming that the retrieved action is one’s own.

Nevertheless, there still is a possibility that what is retrieved in the cur-
rent memory model is a novel response that has never been associated
with other people or ingroups. This is because of the creative element in
human memory we noted earlier. When a variety of cues are combined to
access memory, what is retrieved may be novel, and to this extent “I” may
be “uncertain” (Mead, 1934, p. 176) or “movement into the future” (p.
177). Still, the almost unbounded agency accorded Mead’s “I” is signifi-
cantly curtailed within the current formulation of human memory as a dis-
tributed storage and parallel access system.

William James’s Paradox of Self Revisited

One of the paradoxes of self that William James (1890/1950) so vividly de-
scribed is the problem of the unitary self versus multiple selves. As he put
it, a person “has as many social selves as there are distinct groups of per-
sons about whose opinion he [sic] cares. He generally shows a different
side of himself to each of these different groups” (p. 294; emphasis in the
original). And yet, one experiences an “unbrokenness in the stream of
selves” (p. 335), and one says, “Here’s the same old self again” (p. 334)
when one awakens. Knowles and Sibicky (1990) dubbed it a “one-in-many-
selves” paradox. This age-old question of personal identity has exercised a
number of philosophers since the empiricist philosopher John Locke
(1690/1975). This paradox seems to consist of two interlinked but separa-
ble aspects: one on the contextual multiplicity of social selves, and the
other on the temporal continuity of personal identity. We believe the cur-
rent connectionist formulation sheds some light on both issues.

Unity and Contextual Multiplicity of Self. To simplify the task of spec-
ulating on various memory access operations and their likely conse-
quences on selfhood, let us imagine that an individual is asking him- or
herself “Who am I?” or an equivalent question in a language. In fact, if the
language used is not English (say, Japanese), the issue becomes more com-
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plicated as there may be multiple first-person singular pronouns, whereas
there is only one pronoun “I” in English (see Kashima, Kashima, &
Aldridge, 2001, on this point). Recall that one of the properties of the ten-
sor product model is its capacity to retrieve both generalized and specific
memories by using different retrieval cues. If we assume that a first-person
pronoun provides a cue for retrieving memories that are regarded by the
individual as relevant to his or her own self, at times self would appear uni-
fied (unitary self) and at times it would appear fragmented (multiple
selves), depending on the variability of information associated with the re-
trieval cue, and how the retrieval cue is used.

The self could appear unified when a generalized memory is retrieved
to the cue of “Who am I?” collapsing across different contexts and differ-
ent group memberships. When there is strong commonality among what
the individual does and thinks across different contexts, what is retrieved
likely has a clear central tendency, resulting in a sense of the unitary self.
Nevertheless, even in this case, there are several reasons why what is re-
trieved to the cue of a first-person pronoun would vary and therefore
there appear to be multiple selves. First of all, if there are multiple first-
person pronouns (as in Japanese), each first-person pronoun may retrieve
different information (for some empirical evidence, see Leuers & Sonoda,
1999). Even if there is only one first-person pronoun, this retrieval cue
may combine additively with such factors as mood state and background
context (e.g., work, home, school, etc.), producing some variation in what
is retrieved. Furthermore, when the cue is combined interactively with an-
other cue (e.g., context such as work and home) to retrieve more context-
specific information, the change in what is retrieved could be dramatic (cf.
Cousins, 1989). These momentary fluctuations in self-understanding re-
semble James’s (1890/1950) description of the self as a stream of con-
sciousness. These fluctuations could be even greater if there is large vari-
ability in what the individual does and thinks across different contexts
(possibly due to social demands or otherwise). What is retrieved to the cue
of “Who am I” then may have a central tendency, but variability around it
could be considerable. Here, an activation pattern may change almost
continuously and more greatly as a function of additional cues such as
mood and background context. Here, a fluid sense of self may emerge,
underlining the multiplicity of selves, rather than their unity.

So far, we have considered the possibility of accessing memory with dif-
ferent cues. It is also possible to speculate what may emerge when an
autoassociator is used after accessing memory. Under this circumstance,
the self could appear unified when what is retrieved has a clear central
tendency with a wide and deep basin of attraction (see the discussion of
autoassociators). This is the case in which there is some commonality
among what the individual does and thinks across different contexts. The
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autoassociator is likely to produce a stable pattern of activation, generat-
ing the sense of unitary self. Alternatively, under some circumstances, it is
possible that there are multiple basins of attraction, and therefore multi-
ple attractors for different selves. This is the case in which what is bound
with the cue of “I” may be radically different and distributed with multiple
modes. This condition may indeed produce a sense of multiple stable
selves, almost resembling multiple personalities.

Temporal Continuity and Discontinuity of Self. Our belief in the conti-
nuity of personal identity over time is unshakeable. However, when an em-
piricist, skeptical stance is taken with Locke and James, the belief becomes
surprisingly difficult to substantiate with certainty. In the end, what en-
ables us to say “Here’s the old self again” when we wake up? James’s
(1890/1950) answer was the resemblance of what we remember today to
what we think we remembered yesterday, or the similarity in what is re-
trieved over time. Indeed, this is basically what the current connectionist
formulation suggests. Recall that the tensor product model is flexible in
handling temporal continuity and discontinuity of memory. To recapitu-
late, the model suggests that time, or a continuous flow of events, may be
punctuated in some form, and temporal contexts may be constructed to be
bound with one’s experience. So the temporal context of “yesterday” and
the temporal context of “today” are bound with yesterday’s and today’s ex-
periences, respectively, and stored in memory. To the extent that the rep-
resentations of the temporal contexts are not completely independent of
each other, and only imperfectly dissociated from each other, the cues
“Who am I today?” and “Who was I yesterday?” should retrieve similar
memory contents.

There are at least four reasons for this speculation. First, the self-
concept of an adult is based on a considerable amount of prior experience
and will change only slowly with new experience. This is especially true if
we think of the retrieved memory content as a linear composite of prior
experiences without there being any suppression of these prior experi-
ences, as postulated by the tensor product model. Second, it is likely that
one set of experiences that has gone into the self-concept cannot be com-
pletely isolated from other sets. That is, there is an inevitable similarity be-
tween temporally contiguous events as interpreted by the individual.
Third, there is one thing that does remain constant in the different time
periods in which we retrieve our self-concept—that is, the cue (Who am I?)
that we use (e.g., Benveniste, 1971). Even if there are multiple first-person
singular pronouns, it is most likely that the same set of pronouns is used
over time (unless there is a radical language shift overnight!). Finally,
there are other people, social institutions, and culture that keep remind-
ing the individual that he or she is the same person today as the one he or
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she was yesterday. Once the temporal continuity of one’s personal identity
is taken for granted, this would provide a basis for encoding today’s self as
similarly to yesterday’s self, which then reinforces the difficulty in com-
pletely separating one time period from another. In other words, the
memory system in conjunction with one’s belief in the temporal continuity
of self may further strengthen the belief in temporal continuity of the self
(e.g., Nelson, 1997).

Nonetheless, this does not mean that one’s autobiographical memory
should be seamlessly continuous. In fact, Bruner (1994) suggested that
people’s self-narratives are often marked by landmark events (e.g., mar-
riage, divorce, move), and that there is a degree of discontinuity from one
self beforehand and another self afterward. This phenomenon can be ex-
plained within the current framework again in terms of temporal punctua-
tion of the life course. One is likely to punctuate time at the point of a
landmark event, before and after the event, and these may be fairly differ-
ently encoded in memory. In trying to retrieve memories by using the cue
of “Before” and “After” interactively with “I,” one is likely to bring up dif-
ferent experiences that are associated with these different time periods.
The discontinuity in self-narratives may be more a product of reconstruc-
tive memory processes than a consequence of straight memory retrieval;
however, the current model at least provides a plausible mechanism for it.

CONNECTIONISM AND SELF: A FUTURE?

In this chapter, we attempted to provide a simple introduction to a class of
memory models that assume distributed storage and parallel access, and
to explore implications of this type of theories of mind for investigating
the process of self and identity. In particular, we showed how connec-
tionist approaches provide dynamic pictures of self-processes that are
largely congruent with classical insights offered by William James and
George Herbert Mead. Most importantly, the current formulation offers a
way of resolving the paradox of unitary self and multiple selves. What ap-
pears to be a unitary self or multiple selves could emerge depending on
how memory is cued and what kind of information is stored in memory.
Also, the subjective sense of continuity of personal identity could result de-
spite some feelings of punctuation of one’s life course associated with
landmark life events such as marriage and career moves. In all, a con-
nectionist perspective provides a conceptual framework in which the old
paradox loses its power and dissipates into banality.

During the period of writing this chapter, several papers appeared that
discussed implications of models for self and identity. Some use what is
known as a localist connectionist model (Smith, Coats, & Walling, 1999) in
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which self is regarded as a single, localized node, and others made use of a
distributed connectionist model of a different variety (Kashima & Kashi-
ma, 1999) and a new variety that extends connectionism to a more social-
ized version by linking multiple connectionist models (Kashima et al.,
2001). There is also an application of a cellular automata (Nowak, Val-
lacher, Tesser, & Borkowski, 2000), which is a mathematical model that is
closely related to distributed connectionist models in its spirit. All these
research activities suggest that explorations of connectionist theories of
mind and ideas represented by them are only beginning now, and likely to
continue. It is nonetheless important to recognize that what is significant
in this new metaphor of the mind is not necessarily its mathematical
formalisms, but its capacity to shed light on some of the old puzzles and
paradoxes, and to move the field forward by presenting new possibilities
and to intellectual horizons.
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APPENDIX

Recognition Memory

Let a equal the average value of the dot product of an item with itself and
B equal the average value of the dot product between two randomly cho-
sen items (this can be thought of as the average similarity between two
items). The match of an old probe with the memory vector will on average
be a + (k - 1)B and the average match of a new item will be B, where k is
the number of items in the list. We refer to the dot product between the
vector representing a probe item and the memory vector as the matching
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strength of the probe item. By setting certain conditions on the vector ele-
ments (e.g., they are randomly and independently chosen), we can com-
pute the average matching strength and variance associated with these
matching strengths, which follows directly from the representational and
memory access assumptions. Thus, the vector model maps directly onto
the signal detection analysis of recognition memory (Banks, 1970). That
15, the appropriate decision rule for an organism or machine utilizing a
vector memory is to set a criterion so that the appropriate response is yes if
the matching strength exceeds the criterion and no if it does not. In addi-
tion, the distance between the average matching strengths of old and new
items when scaled by the standard deviation of the new item matching
strength is the appropriate measure of sensitivity.

Recognition in Context

Suppose that.4 and B occurred in context X, and C and D occurred in con-
text Y. The task is to determine whether A occurred in context X or in con-
text Y. The following shows that this can be achieved by the matrix model,
but not by the vector model.

Within the vector memory formalism, the memoryis v=(a + x) + (b +
x) + (c + y) + (d + y) (Equation 1 in text). The process of trying to see if 4
occurred in context X or in context ¥ may be described as follows. The
probe is (a + x), which is then matched against the memory vector v. Simi-
larly, participants may try to see whether A occurred in context Y (the
probe then is a + y).

@+x)-v=@+x)-@a+x)+@+x):-(b+ x)
+@a+x)-c+y)y+@+x)-(d+y)
=@-a+x-x+2a- x)+
@-b+x-x+a-x+b-x)
+a-c+x-y+a-y+c-x)
+a-d+x-y+a-x+d-y) (1)

@a+y)y-v=@+y -@+x)+@+y- (b+x)
+@+y-c+rx)+@+y - d+y)
=(@a-a+ty-x+ 2a-x)
+(a-b+x-x+a-x+b:x)
+@a-c+x-y+a-y+c-x
+@a-d+y-yta-y+d-y (A2)

Let o equal the average value of the dot product of an item with itself
(e.g., a - a) and B equal the average value of the dot product between two
randomly chosen items (e.g., a - b; this can be thought of as the average
similarity between two items). Also assuming that, on average, x-x =y -y
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=y, thatx-y=y-x=8§,andthata-x=a-y=b-x=b-y=c-x=c-y
=d-x =d -y = n, the expected value of both Equations Al and A2 equals
o + 4p + 2y + 28 +8n. Therefore, the vector model cannot determine
whether A occurred in context X or in context Y. Therefore, the vector
representation does not allow for a differentiation between the two recog-
nition probes.

By contrast, within the matrix memory formalism, the memory repre-
sentationisM=x®a+x®b + y®c + y ®d (Equation 3 in text). The
process of trying to see if A occurred in context X or in context ¥ may be
described as follows. First, context X is used to retrieve memory content,
and then the output is matched by item A. Similarly, participants may try
to see whether 4 occurred in context Y. The resultant matching strengths
are as follows:

xM)-a=x(x®a)-a+x(x®b)-a+x(y®c)-a
+ x(y®d)-a
= (x-x)@-a) + (x %@ b) + (x-ya- o)
+ (x - y)a - d) (A3)
M) - a=yx®a)-a+yx®b) -a+tyx®c)-a
+yx®d): a
=(y-x)@-a) + (y x)a-b)
+(y-ya-c+ (- y@-d (A4)

Under the same assumptions as before, there is one term where the
context at test matches the context at study and the test item matches the
study item (expected value ya), a second term where the contexts match
but the items do not (expected value yB), plus two terms where neither the
context nor the item matches (expected value 8p). Thus the overall ex-
pected value when an item is tested in the correct context (Equation A3) is
yo + ¥B + 25B and the value when it is tested out of context (Equation A4)
is 2yB + 25fB. Because the average similarity of a context to itself is greater
than the average similarity between two different contexts (y > 8) and the
average similarity of an item to itself is greater than the average similarity
of two different items (@ > ), the matching strength when an item is
tested in the correct context, (xM) - a (Equation A3), is on average greater
than the matching strength with the wrong context (yM) - a (Equation A4).
Therefore, it is possible within the matrix memory model to determine
whether an item was studied in context X or Y.

Cued Recall in Tensor Memory

This shows the derivation of Equation 8 in the text.
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x®a)-T

x®a)(x®a®b)+ (xR®a)- xB®cDd)

+ xQa)(x®e®F)

+ x®a)(y®a®f)+ (x®a)- (y®c®b)

+ (xQa)(yQe®d)

= (x-x)a-ab+ (x-x)a-cd
+ (x-x)a-e)f + (x:y)a-af
+xX-y)a-cb+ (x-y)a: ed

=[x-x)a-a)+ (x-y)a-c)b

+(x-x)@-¢) + (x-y)a-e)ld

+ [(x-x)a-e) + (x-y)a-a)lf (8)

Generalized Memory

To see how “generalized memory” can be created mathematically, assume
that the vector elements have been randomly and independently drawn
from a normal distribution with a mean of 1//n, where = is the number of
elements in the vector. Also define a fixed vector r where all of its elements
equal 1/+/n. The vector r has the property that the expected value between
it and any other vector is 1.0. If we premultiply the tensor memory by a
context vector x and the fixed vector r (x ® r) the result is a composite of
all of the items that occurred in that context. Similarly, if we premultiply
by r and a cue a (r ® a) the result is a composite of all of the items that have
been associated with that cue. For a somewhat different but related analy-
sis, see Kashima et al. (2000). Graeme Halford and his associates (Halford,
Wilson, & Phillips, 1998) also used this property in a model of anal