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Attention Metaphors:
How Metaphors Guide the
Cognitive Psychology of Attention
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The concept of attention is defined by multiple inconsistent metaphors that sci-
entists use to identify relevant phenomena, frame hypotheses, construct
experiments, and interpret data. (1) The Filter metaphor shapes debates about
partial vs. complete filtering, early vs. late selection, and information filtering
vs. enhancement. (2) The Spotlight metaphor raises the issue of space- vs.
object-based selection, and it guides research on the size, shape, and move-
ment of the attentional focus. (3) The Spotlight-in-the-Brain metaphor is fre-
quently used to interpret imaging studies of attention. (4) The debate between
supramodal and pre-motor theories of attention replays the dichotomy
between the Spotlight and the Vision metaphors of attention. QOur analysis
reveals the central role of metaphor in scientific theory and research on atten-
tion, exposes hidden assumptions behind various research strategies, and
shows the need for flexibility in the use of current metaphors.

I. INTRODUCTION

The ways we identity, define, and study the phenomena of attention depend largely upon
metaphor. Our thesis is that the impressive body of empirical theorizing and research that
has been done on attention over the past four decades is guided by a small set of fundamen-
tal metaphors for attention. We will present evidence that these metaphors are essential to
the cognitive psychology of attention. They define entire research programs, circumscrib-
ing which attentional phenomena are studied, how they are studied, and what counts as evi-
dence. We show that the formation of research hypotheses and the subsequent direction
taken by that research is dependent on these underlying metaphors. When theories of atten-
tion run into problems, both the problems and their proposed solutions are consequences of
the logic of the metaphors that are at work. If our analysis is correct, then these metaphors
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are anything but optional. They are the very means by which we understand and study
attention. To discard them would be to destroy the entire field of attention research. To dis-
cover how the metaphors work within various theories is to understand what makes those
theories hang together, what gives each the explanatory power it has, and how the specific
metaphors constrain our reasoning and knowledge.

Over the last 40 years the major themes of attention research have been defined by a
small set of metaphors. In this paper we will consider four of those themes and some of the
research questions they give rise to: (1) Attentional Filter: What are the properties of the
attentional filter? What is the locus of the filter? How much is filtered? Does attention act
by inhibiting unwanted information or by enhancing wanted information? (2) Attention
Spotlight: What are the properties of the focus of attention? Can it change its size and
shape? Can the focus of attention be split? What controls the attentional spotlight (an exec-
utive system)? (3) Attention in the Brain: Should results from imaging techniques (PET,
fMRI) that show increased brain activation in attended areas be interpreted in relation to
pre-existent Information-Processing models? (4) Premotor Theory of Attention: Is atten-
tion a general supramodal system or is it a property of the visual system (pre-motor the-
ory)? A fifth theme, which we do not discuss here, is whether the concept of attention is
best captured by structural models, such as filter models, or by capacity models, such as
limited resource models. Elsewhere, we examine the role of metaphors in defining this
structural vs. capacity debate (Fernandez-Duque & Johnson, in preparation).

Our present aim is to show that a highly constrained set of conceptual metaphors is con-
stitutive and definitive of the theoretical perspectives taken toward attention and toward the
research programs based on these theories. The metaphors are not merely linguistic vehi-
cles for communicating supposedly literal concepts and propositions about attention.
Rather, the metaphors provide the conceptual substance and logic of the theories. We will
also look briefly at the way scientific practice leads to metaphor change, that is, how data
influences the evolution of metaphor and how technical advances, such as fMRI and PET
have reframed attention metaphors. We conclude by pointing out some of the theoretical
and practical implications of our study of attention metaphors for people engaged in atten-
tion research, metaphor theory, and the study of scientific discovery and problem solving.

II. CONCEPTUAL METAPHOR

Extensive studies and analyses have been done on a broad range of our most basic con-
cepts, such as time, cause, event, mind, thought, memory, self, knowledge, morality, etc.
These studies reveal that virtually all of our abstract conceptualization and reasoning is
structured by metaphor (Gibbs, 1994; Kovecses, 1990; Lakoff, 1987; Lakoff & Johnson,
1980, 1999; Sweetser, 1990; Turner, 1991; Winter, 1989, 1999).

These metaphors are conceptual in nature, and not merely linguistic (Lakoff, 1993).
Technically, a conceptual metaphor consists of a conceptual mapping of entities, proper-
ties, relations, and structures from a domain of one kind (the source domain) onto a domain
of a different kind (the target domain). To illustrate what such mappings are and how they
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work, let us consider one of our most commonplace conventionalized metaphors by which
we understand mind, namely, the Mind As Machine metaphor.

The Mind As Machine Metaphor

Source Domain (Machine) Target Domain (Mental Operations)
Machine >  Mind

Functions within machine >  Mental capacities

Products of the machine > Ideas

Automated machine functioning >  Thinking

Normal machine function >  Normal thought

Breakdown of machine > Inability to think

The mapping is conceptual in nature, and it gives rise to a systematic use of ordinary,
conventional linguistic expressions in much of our talk about mental operations. Thus we
say such things as, “I'm a little rusty today,” “Boy, the wheels are turning now,” “He suf-
fered a mental breakdown,” “We’re cranking out ideas.” Such expressions in everyday talk
about our mental functioning make sense precisely because they are based on the underly-
ing cross-domain conceptual mapping of the Mind As Machine.

Each individual submapping (e.g., machine products > ideas) takes some entity or
structure in the source domain and constructs a counterpart to it in the target domain. It is
critical to notice that each submapping is directional, going from source to target. We
understand aspects of the target domain via source domain structures, and not the reverse.
Such unidirectionality shows itself clearly in the reasoning we do based on conceptual met-
aphors. We utilize our knowledge of the source domain plus inference patterns drawn from
the source domain to reason about the target domain (Gibbs, 1994; Johnson, 1987). In the
Mind As Machine metaphor, for example, we know that machines operate in a series of
sequential automated subroutines (source domain knowledge). This source domain knowl-
edge is the basis upon which we construct corresponding knowledge for the target domain:
mental operations involves series of sequential automated subroutines (target domain
knowledge).

Besides the directionality of the mapping, another important constraint on conceptual
metaphor is the nature of the source domains. The evidence to date suggests that the range
of potential source domains for conceptual metaphors is highly constrained by the nature
of our bodies, our brain capacities, and the environments we inhabit (Johnson, 1987; C.
Johnson, 1997; Regier, 1996; Sweetser, 1990; Turner, 1991). Typically, the source
domains come from our bodily experience and action; that is, they are based on perception,
bodily movements, object manipulation, and patterns of forces acting upon us and exerted
by us.

Conventional conceptual metaphors are not merely crude “folk models” used only by
ordinary people in their uncritical thinking. They are just as central to our best scientific
theorizing as they are to our shared cultural models. The idea that metaphors structure most
of our abstract concepts, both in ordinary thought and in scientific theories alike, runs
directly counter to a centuries-old literalist view of language. According to the literalist
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view, all meaning and truth claims are ultimately reducible to literal concepts and proposi-
tions that are capable of corresponding directly to states of affairs in the world (Johnson,
1987). If all meaning is literal, then metaphor must be nothing more than a derivative func-
tion based on literal meanings and so is not itself essential to conceptualization and reason-
ing (Searle, 1979). When applied to science, such literalism cashes out as the view that
metaphors are merely linguistic expressions useful in communicating ideas, but ultimately
to be transcended as science becomes more formalized, precise, and rigorous. One version
of literalism argues that, although metaphors may operate at certain early stages in the
development of a theory, they are later to be replaced by formal models that use literal,
metaphor-free descriptions. According to this view, metaphors are nothing but optional
tools, useful in the process of scientific discovery, but lacking a significant role in any
mature science.

This literalist, dismissive view of metaphor has been demolished recently by a rapidly
growing number of studies of the crucial role of metaphor in science (Black, 1962; Gould,
1987; Hesse, 1966). Empirical studies done to date indicate that conceptual metaphor is
basic to human conceptualization and reasoning at all levels and stages of thought (an
extensive summary of this evidence can be found in Lakoff and Johnson, 1999, and in
Gibbs, 1994). This applies, not just to our folk models, but equally to our most sophisti-
cated scientific, mathematical, and philosophical theories. Therefore, the dream of a meta-
phor-free science appears to be an illusion that keeps us from understanding how scientific
theories actually work. In this paper we want to show what the evidence for the constitutive
nature of metaphor looks like in the important field of attention research.

To see how ordinary conventionalized metaphors often have sophisticated versions in
even our best scientific theories, consider the following specific technical version of the
Mind As Machine metaphor that controls a vast range of our scientific and philosophical
thinking about mind, namely, the Mind As Information Processing Device.

The Mind As Information Processing Device Metaphor
Source Domain (Communication System) Target Domain (Mind)

Transmitter >  Information Source
Input Modules (Buffers) > Iconic Memory
Parallel Processing Channels >  Sensory Systems
Filter > Attention

Input > Stimulus

Signal >  Target Signal
Noise >  Distractors

This mapping for the Mind As Information Processing Device metaphor is oversimpli-
fied in two important ways: (1) versions of the metaphor that are actually used by scientists
will be based on more technical definitions of the source domain, and (2) there is more than
one way to map entities in the source domain onto entities in the target domain. Let us con-
sider each of these variations in turn.
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First, a particular scientific use of the metaphor will define the source domain entities,
such as filter, buffer, noise, signal, and information in more precise, technically correct
terms (Shannon, 1948). Each item in the source domain will therefore have its specific
technical interpretation that will be appropriated by scientists into their understanding of
the mind, and they will thus reason based on this technical knowledge that is imported from
the source domain. Broadbent (1958), for example, states that:

capacity in communication theory is a term representing the limiting quantity of infor-
mation which can be transmitted through a given channel in a given time: if we send a
Morse code with a buzzer we cannot send a dot and a dash at the same time but must
send them successively (Broadbent, 1958, p. 5).

Given this specific technical conception of capacity (source domain knowledge), Broad-
bent then reasons appropriately to the correlative conception of capacity in mental opera-
tions (target domain):

Any hypothetical account of brain function must in the future consider on the one hand
the size of the brain (how many buzzers there are) and on the other hand the rate at
which that brain will make reactions to a given set of incoming stimuli (the number of
dots and dashes per second) (Broadbent, 1958, p. 5).

The second way in which the above mapping is oversimplified is that there are different
ways to map the source domain onto the target domain. Even if scientists should happen to
agree on their interpretation of the source domain, they might disagree about what in the
source domain gets mapped onto what in the target domain. Take, for example, the notion
of the nervous system in the target domain. Some researchers conceptualize the nervous
system as a receiver, others regard it as a communication channel, and still others as a
sequence of multiple transmitter-channel-receiver modules. Thus, the same entity in the
target domain (e.g., nervous system), is mapped by different items from the source domain.
This produces different specific versions of the general metaphor mapping given above.
For example, Weaver (1949) sees the nervous system as the “receiver” of information:
“When I talk to you, my brain is the information source, yours the destination; my vocal
system is the transmitter, and your ear and the associated eight nerve is the receiver” (p.
17). Broadbent (1958), on the other hand, sees the nervous system as a “channel for com-
munication”: “Information transmitted through the man...will be limited by the size of his
nervous system” (p. 41), and “a nervous system acts to some extent as a single communi-
cation channel” (p. 297).

Researchers who have utilized the Information Processing model might protest that the
mapping given above is too vague and inaccurate to capture their working conception.
However, there is nothing at all vague about the mapping, once it has been interpreted in a
particular way, depending on specific technical knowledge of information-processing
devices and on a particular version of the mapping. It is precisely such specifications of the
metaphor that defines a particular theoretical and experimental viewpoint.

Given the cross-domain mapping, we build our knowledge of the target domain (mental
operations) based on our knowledge of the source domain (information-processing
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device). To cite just one instance, we know the following about information-processing
devices, such as telecommunications machines:

(1) Only signals that pass through the filter can be further decoded; (2) only signals that
are further decoded can be stored; thus, (3) if the signal does not pass the filter, it cannot
be stored.

This argument and its conclusion are part of the body of knowledge we have about the
source domain (information-processing device). When that knowledge is transferred to the
target domain (mind), via the Mind As Information-Processing Device metaphor, we get:

(1) Only a stimulus to which attention is devoted can be recognized; (2°) only stimulus
that is recognized can be “stored” in memory; thus, (3’) an unattended stimulus cannot
be “stored” in declarative memory.

The guidance that the Mind As Information-Processing Device metaphor exercises is
evident in the following representative examples from the scientific literature on attention:

The process...in which one of a set of possible signals enters a system and one of
another set emerges at the far end, is analogous to that of telephone or radio communi-
cation. The “number of possible states” or the “vocabulary”...is usually called the
ensemble of signals by communications engineers. They speak of the “information”
conveyed by a signal as increasing with the size of the ensemble from which it is drawn
(Broadbent, 1958, p. 39).

It is natural to think of attention as the gateway to memory, as we typically remember
only those things we attend to. Correspondingly, ignored stimuli are filtered....Infor-
mation cannot be remembered if it has been removed from the visual system [italics
added] (Desimone, Miller, Chelazzi, 1994, p. 90).

The machinery that carries out these analysis can be overloaded: if too many stimuli are
admitted, accuracy suffers. In one sense then, stimuli that pass through the filtering
mechanism could be said to compete for perceptual “capacity,” while those blocked do
not [italics added] (Pashler, 1995, pp. 94-95).

In each of these cases, specific interpretations of entities in the source domain make it
possible to construct a corresponding structure in the target domain. The way scientists rea-
son about various mental operations, such as attention, is directly dependent on their
knowledge of the source domain and the inferences appropriate to it. Let us turn, then, to
our analysis of the principal metaphors underlying contemporary research on attention, in
order to see how they are constitutive of our understanding of the phenomena and how they
influence research programs.

IIl. THE FILTER METAPHOR

The Mind As Information-Processing Device metaphor is representative of the way in
which scientific theory appropriates a specific version of a commonplace conceptual met-
aphor, such as the Mind Is A Machine metaphor, that is widely accepted within a culture.
The Mind As Information-Processing Device metaphor has had a major influence on the
development of past and current structural models of attention. It was most eloquently
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described in Broadbent’s influential book Perception and Communication (1958), as an
attempt to apply communication theory (Shannon, 1948; Shannon & Weaver, 1949) to
psychological problems. The analogy between human performance and communication
theory was explicit—the essay is an “attempt to set out the consequences of describing
behavior in the terms originally developed for telephone engineering” (p. 36).

The Mind as Information-Processing Device metaphor has many subsidiary metaphors,
such as the Attention as a Filter metaphor (Broadbent, 1958). In these metaphors, the struc-
ture and inference patterns from the source domain determine our reasoning in the target
domain. For instance, information processing devices are spatially extended and signals
are processed in serial, with there being more information prior to its entering the filter than
after passing through it. This source-domain fact about filters is carried over directly into
the target domain. Thus, Broadbent’s model has a short-term store located before the filter
and a limited capacity channel located after the filter: “Incoming information may be held
in a temporary store at a stage previous to the limited capacity channel: it will then pass
through the channel when the class of events to which it belongs is next selected” [italics
added] (Broadbent, 1958 p. 298), and “a selective filter blocks irrelevant messages before
they reach the bottleneck” [italics added] (Treisman, 1969, p. 282) (Figure 1 and Note 1).

The source domain not only determines the reasoning in the target domain, but also the
nature of the items in that domain. In the Information-Processing metaphor, attention is not
a resource, nor an emergent process of sensory systems, but rather a physical device: atten-
tion is a structure (i.e., filter) that acts upon the information flow. The Filter in itself is a
mechanism of information processing: “filtering would itself occupy some of the mecha-
nisms which would otherwise be available for information processing” (Broadbent, 1958,
p. 78).

The filter model of attention, and the predictions implied by its metaphorical structure,
guided much of the research in the years after Broadbent explicitly introduced it. For exam-
ple, according to the structure of the source domain, the attention filter cannot be split. As
Kahneman (1973) puts it: “Filter theory implies that attention cannot be divided, because
the P-system—i.e., limited capacity system-—performs no parallel processing of discrete
stimuli...the apparent division of attention in the performance of concurrent activities is
mediated by alternation between channels or between acts, and the rate of alternation is
slow” (p. 121). This reasoning follows directly from the constraints of the Filter metaphor,
based on our knowledge of the source domain. In the source domain, the P-system is a sin-
gle channel that has no mechanism for splitting information. Therefore, the Attention As
Filter metaphor has no conception of divided attention after the filter.

Researchers have studied whether attention acts like a filter in this and other respects,
measuring delays in attention switch and testing the system’s ability to perform concurrent
operations (Moray, 1959; Treisman 1960, 1964a). For example, according to the structure
of the source domain, it is more difficult to filter out two spatially separate channels than
to filter out one single channel. The logic of the metaphor, then, suggests that it should be
more difficult to ignore two spatially distinct distractor messages than to ignore the same
information delivered via a single channel. This led to the prediction that rehearsing a
speech delivered to one ear (e.g., the right ear) should be more difficult when distractor
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speeches are displayed via two spatially separate channels (e.g., center and left ear) than
when the distractor speeches are delivered on a single channel (e.g., in the center). This was
confirmed by Treisman (1964b).

As a consequence of the research that studied the extent to which attention resembled a
filter, two major controversies arose: (a) the locus and extent of the filter, and (b) whether
attention can only filter out distracting information or whether it can also enhance attended
information.

Extent (Complete/Partial) and Locus (Early/Late)
of the Attention Filter

According to Broadbent’s filter model, an unattended message is completely filtered out
at an early stage, based on the physical features of the message, such as source, pitch,
intensity, etc.: “Associated with each sensory modality is a set of filtering mechanisms that
shut out unwanted stimuli...This filtering process operates “early,” that is prior to object
recognition but probably after some initial feature analysis.” (Pashler, 1995, p. 94). An
unattended stimulus is not processed beyond those physical features. Such a model pre-
dicts, for instance, that semantic content of the unattended stimulus will not capture atten-
tion, nor will it be processed further, since it is dependent on features that have already
been filtered out. However, subsequent research showed that focusing attention on one
message does not completely prevent the processing of information in the unattended chan-
nels (Moray, 1959). In a dichotic listening experiment, when the unattended message is
made semantically relevant to the attended message (for example, by switching messages
coming to the right and left ears) subjects tend to “shift” ears to keep a coherent discourse
(Treisman 1960, 1964). Such experiments reveal that semantic information is processed in
the unattended channel. The experimental data were inconsistent with Broadbent’s model
of an early and complete filter. However, researchers did not discard the Filter metaphor.
Instead they explored possible modifications that would accommodate the empirical data
while allowing them to retain the research programs generated by the initial metaphor. This
left two alternative models. Either the filter could be early, but partial (i.e., attenuated), or
else it could be complete but late in the information process (Treisman, 1960, 1964; Moray,
1959; Deutsch & Deutsch, 1963).

In early-selection filter-attenuating models, stimuli are stored for a brief period of time
during which the elementary characteristics of the stimuli are analyzed. This pre-attentive
analysis is used by the attention filter to select the relevant stimuli based on their physical
properties. The filter increases the threshold for unattended stimuli to be perceived. How-
ever, this filtering process can be overcome by an unattended stimulus, provided that the
unattended stimulus is intense enough, or has a low enough detection threshold. For exam-
ple, according to Treisman’s theory, one’s own name has such a low detection threshold
that it will be consciously perceived even when it is delivered via an unattended (attenu-
ated) channel.

Late-selection models, by contrast, propose that the stimuli are fully processed up to the
stage where they are identified and a response is needed. According to this view, attention
is response selection. In other words, attention selects what is responded to and what the






