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attention can play a role in determining what source of perceptual inputs become 
activated and enters awareness. However, awareness and attention retlect different 
processes under the theory. Awareness is a direct and ongoing consequence of 
commitment learning, whereas the learning that is required for divided and selec­
tive attention has already taken place. Moreover, awareness can occur automatic­
ally, without the aid of the motivational mechanism that is required to direct atten­
tion toward different types of perceptual or output activities. 

Comparison with Other Theories of Attention 

The mechanisms for attention in the node structure theory, e.g., the most-primed­
wins principle, can be seen to exhibit general characteristics of two major, cur­
rently competing approaches to attention: the capacity limitation approach 
(Kahneman, 1973) and the distributed control approach (see Allport, 1980). How­
ever, the node structure theory achieves these characteristics using very different 
mechanisms from either of these approaches: capacity is limited because only one 
content node in a domain can become activated at a time under the theory, and 
processing is distributed because content nodes in different domains and systems 
can and often do become activated simultaneously. 

New Insights into the Three-Body Problem 

I now return to the empirical questions that began this chapter, starting with the 
three-body problem, part 1~ vicissitudes of awareness in perception and action. My 
goal is to summarize observed 'relations within the vast literature on action, per­
ception, and awareness that now make theoretical sense, although I must leave for 
a future publication the details of how the node structure theory explains some of 
these phenomena. 

Vicissitudes: Level of Awareness Rules in Perception and Action 

Because the node structure theory provides a detailed representation of what is 
above what in language perception and production, the concepts of "level of pro- . 
cessing" and "level of awareness" can be well defined in the theory. The node 
structure theory also makes sense of the "level of awareness rule," the fact that we 
normally become conscious of higher- rather than lower-level units in perception 
and action (see MacKay, 1973a). The level of awareness rule is attributable to the 
inverse relation between level and linkage strength (practice) in the node structure 
theory. Phonological nodes generally receive more prior practice than lexical and 
phrase nodes (see MacKay, 1982), which in turn receive more prior practice than 
the proposition nodes that must become committed de novo when perceiving or 
producing sentences that have never previously been encountered. As a result, 
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connection formation and awareness are usually limited to higher-level concepts 
because what is new (unhabitual and unhabituated) triggers consciousness, and 
what is usually new in everyday sentences is not phonemes but phrases and propo­
sitions. 

Exceptions to the Level of Awareness Rule 

The node structure theory also makes sense of the many exceptions to the level of 
awareness rule. For example. although awareness normally begins at the lexical 
level for adults producing everyday speech (MacKay, 1987b, p. 79), adults occa­
sionally learn new words that only.approach automaticity at the phonological and 
lexical levels after considerable practice. Moreover, if concepts at higher 
(suprasentential) levels receive sufficient practice, they too achieve automaticity or 
unconscious processing. Even everyday thought patterns involving discourse level 
units can receive so much practice as to become triggered automatically and un­
consciously (see Freud, 1914; MacKay & Konishi, 1980). 

Errors in speech and action illustrate another important exception to the level of 
awareness rule (discussed above). Speakers normally become acutely aware of a 
speech error, even a subphonemic error such as the slurring of a speech sound (see 
MacKay, 1990). The nature of the slur, what sound was slurred and perhaps also 
the higher-level implications of the slur for the speaker enter awareness. Similarly, 
when listening to an unaccustomed foreign accent, we become aware of both the 
low-level articulatory novelties and the functionally useful (pragmatic) message 
being conveyed. Finally, aspects of the environment often enter awareness 
automatically when an error occurs, as when seasoned drivers become aware of 
their previously unconscious driving behavior after experiencing a near miss, or an 
unexpected traffic light (see Mandler, 1985). 

These exceptions show again that the level where conscious processing begins 
is not completely fixed. We adults normally only become aware of higher-level 
aspects of an input, Le., the sentential and discourse levels in the case of language, 
and objects and ego space in the case of vision (Marcel, 1983), and we normally 
remain unaware of the sensory and lower level conceptual events, e.g., phonemes, 
whose priming contributes to determining that awareness. However, consciousness 
can begin at a lower than normal level when an input is attended to, novel, unex­
pected, degraded, or unfamiliar: either attention or pertinent novelty (as in the case 
of speech errors) can engage the mechanisms necessary for consciousness and 
.connection formation at lower than normal levels, enabling phonological or even 
sensory and muscle movement information to enter awareness. 

Vicissitudes in the Adaptive Value of Awareness 

Consciousness is closely connected with the organization of action under the node 
structure theory: the prolonged and simultaneous activation of two or more nodes 
that results in consciousness forms new nodes for joining formerly disparate action 
components together in the service of a higher plan. The prolonged activation as­
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sociated with consciousness also facilitates the rapid preparation of adaptive re­
sponses by priming or preparing for retrieval stored information relevant to the 
current situation. When a concept enters awareness, all of the mental nodes 
(information and actions) associated with it become very strongly primed or pre­
pared for activation: the conscious organism is in a continual state of readiness to 
use a wide range of past experiences for responding to what's new in an ongoing 
situation. However, the benefits of prolonged activation and awareness vary with 
the structure of the overall network. If a (hypothetical) organism can respond only 
on the basis of preformed stimulus-response connections, responses that are un­
conscious, fast, and unmodifiable are preferable to responses that are conscious 
and modifiable, but slow. Prolonged activation and awareness are neither neces­
sary nor necessarily adaptive for all perceptual-motor systems. 

Language as an Imperfect Index of Awareness 

Language is generally accepted as the main index of awareness because verbal 
systems constitute our most sophisticated and frequently used means of re­
presenting and expressing our awareness in everyday life: the large number of do­
mains of nodes required for language facilitate the formation of new (conscious) 
representations, and once formed, language representations can be used im­
mediately, e.g., in communicating with other people. However, contrary to Vy­
gotsky (1962), our ability to verbally comment (either overtly or internally) on our 
percepts, thoughts. memories, or behaviors is not a necessary precondition for con­
sciousness. When we become aware of something, we can usually identify it by 
means of a verbal response, but consciousness is neither synonymous with verbal 
awareness nor a direct product of our ability to speak. For example, one often be­
comes aware of a novel experience, say, an unfamiliar smell, without being able to 
find words to describe it appropriately. Words can even fail us for describing 
everyday objects and events of which we are undeniably aware,as during the tip­
of-the-tongue state (James, 1890). Finally, most psychologists would hesitate to 
deny awareness to the aphasic who is incapable of speech but can compose a sym­
phony or paint a portrait (Luria, 1980). In short, there exist other, nonverbal aware­
ness systems as in the node structure theory. 

Interactions Between Conscious and Unconscious Processes in Perception and 
Action 

The three-body problem, part 2, consists of two questions. I consider the first of 
these questions here: how do unconscious processes give rise to perception and 
action without awareness on the one hand, and errors in perception and action on 
the other? 
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Perception Without Awareness· 

The vast literature on perception without awareness (see Dixon, 1981) illustrates 
effects of unconscious processes (priming) on conscious ones in ways that make 
systematic sense under the node structure theory. I touch briefly on several of the 
more salient examples. One is Corteen and Wood's (1972) study on conditioned 
galvanic skin responses (GSRs) to shock-paired words presented to the unattended 
ear in a dichotic listening-shadowing task. Corteen and Wood first paired the target 
words with shock and then presented these words interspersed among other, neu­

. tral words on the unattended channel. As commonly occurs during dichotic listen­
ing, the subjects were unaware of these unattended target words and unable to sig­
nal their occurrence by making a manual response or by stopping shadowing. 
However, both the shock-paired words and their semantic relatives elicited GSRs 
whether presented to the shadowed or to the unshadowed ear. These findings clear­
ly illustrate semantic processing without awareness of the input to the unattended 
channel, and have now been successfully replicated in at least five published ex­
periments (see Neumann, 1984). 

MacKay's (1973a) experiments on selective listening also illustrate semantic 
processing without awareness and are consistent with the findings of Corteen and 
Wood and many other studies. When subjects in MacKay's study shadowed a lexi­
cally ambiguous sentence such as "They threw stones toward the bank yesterday", 
a semantically related word such as river presented simultaneously with bank on 
the unattended channel automatically influenced which meaning of the ambiguity 
they perceived, even though the subjects remained unaware of and unable to report 
what these unattended words were. Unconscious semantic processes (priming) 
clearly influenced what meaning entered awareness in this study. 

Moreover, when two unattended words, e.g., river and shore, both related to the 
same meaning of the ambiguity were presented, the effect was greater than when 
either word was presented by itself. However, the effects of two unattended words 
denoting conflicting interpretations of the ambiguity, e.g., money and river, auto­
matically cancelled each other out, so that the probability of perceiving the two 
interpretations remained unchanged, as if no words whatsoever had been present­
ed. These findings provide evidence for the inflexible, automatic, and predictable 
nature of unconscious processing (priming). 

Studies of "perceptual defence" (see Dixon, 1981, for extensive examples), 
where stimuli presented too briefly to enable conscious recognition nevertheless 
influence other behaviors, also illustrate perception without awareness, as do phys­
iologically oriented studies such as Weiskrantz, Warrington, Sanders, and 
Marshall's (1974) demonstrations of "blindsight": following lesions to the visual 
cortex, patients are unable to report the presence of objects falling within large 
areas in the visual field (called scotomas). However, only verbal responses exhibit 
this deficit: blindsight patients can quickly and accurately point with their hand 01 

move their eyes toward objects presented briefly within this "blind" region, evell 
though verbally they continue to insist that their consistently accurate manual reo 
sponses are only guesses. The lesion has dissociated the visual system representa 



297 n::n,;t:pUUIl, Acuon, ana Awareness: A .mree-Body Problem 

tions for locating objects with the hand or eyes from the language system repre­
sentations that enable conscious verbal description. 

Action Without Awareness 

As expected under the node structure theory, awareness neither causes nor consis­
tently accompanies behavior in available data. For example, we can use uncon­
scious processes (priming and activation) rather than conscious processes to 
maintain behavior, as when we orient ourselves in space and perform actions such 
as walking using visual cues that never enter our awareness (Lee & Lishman, 
1974). Moreover, even when people do become conscious of the stimuli that trig­
ger or guide their actions, awareness of the stimuli is unnecessary for action. As 
James (1890) pointed out, awareness cannot cause behavior because actions can 
precede rather than follow awareness: when pricked with a pin we withdraw the 
finger first and become aware of the pain later. 

Perception-Production Errors: Deep Dyslexia 

Because MacKay (1982, and 1987b, pp. 120-121) deals in detail with the effects of 
unconscious processes (priming) on everyday errors in perception and production. 
I will examine a somewhat different example here, deep dyslexia. Due to cerebral 
injury, deep dyslexics produce semantically similar word substitutions that are in­
distinguishable from the word substitutions of normal individuals except that the 
dyslexic cannot immediately correct the errors and makes them when reading 
printed words, misreading the word table as chair, or uncle as aunt, for example. 
The "near miss" nature of the target and error concepts indicates that the correct 
(visually presented) word must have received unconscious semantic processing 
(priming), but could not become activated to determine the response, perhaps 
because the lesion had selectively impaired the return connection from the 
sequence node to this particular content node. As a result, the target content node, 
say, table(noun), could not become activated, but nevertheless passed on priming 
to its semantic relative, chair(noun), via connections within propositions such as 
Tables and chairs are furniture, so that chair(noun) therefore became activated in 
error as the most primed node in the domain. 

Differences Between Conscious Versus Unconscious Processes in Perception 
and Action 

The second part of the three-body problem, part 2, is: what accounts for the differ­
ences between conscious versus unconscious processes? Conscious processes have 
been shown to differ from unconscious processes in sixways that make theoretical 
sense under the node structure theory; extensiveness, predictability, rate, flexibili­
ty, serial versus parallel character, and level of processing. 
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Extensiveness of Conscious Versus Unconscious Processing 

Conscious processing is normally much more extensive than unconscious proces­
sing. Whereas unconscious processing is limited to the old and familiar, e.g., the 
meanings and syntactic categories of familiar words, conscious processing also 
extends to what is new, e.g., the particular conjunction or relation between words 
and the implications of this conjunction in the particular situation in which the 
word is spoken (MacKay, 1973a). 

Predictability of Conscious Versus Unconscious Processing 

With competing sources of input, priming is unconscious and predictable: familiar 
aspects of both input sources automatically become primed. However, activation 
and awareness are subject to effects of motivation which are unpredictable. By se­
lectively directing attention (e.g., applying activating mechanisms at lower than 
normal levels), higher-level nodes representing one input source but not the other 
will become activated and introduce pertinent novelty, the precondition for aware­
ness. 

The Flexibility of Conscious Versus Unconscious Processing 

Whereas unconscious priming spreads automatically up to some fixed level, the 
level at which conscious processing begins is flexible rather than fixed and auto­
matic. We normally only become aware of higher-level aspects of an input, Le., 
the sentential and discourse levels in the case of language, and objects and ego 
space in the case of vision (Marcel, 1983), and we normally remain unaware of the 
sensory and lower-level conceptual events that playa role in determining that 
awareness, e.g., phonemes. As we have seen, however, consciousness can begin at 
a lower than normal level when an input is attended to, novel, degraded, unexpect­
ed, or unfamiliar. 

Serial Versus Parallel Nature of Conscious Versus Unconscious Processes 

Whereas unconscious processes such as priming are fundamentally parallel in the 
node structure theory, awareness within a system is fundamentally sequential. The 
way that subjects become aware of the meanings of lexically ambiguous sentences 
clearly illustrates this sequential character of awareness: when searching for the 
two meanings of ambiguous sentences, subjects in MacKay and Bever (1967) per­
ceived first one meaning, then the other, because only one node at a time can re­
ceive most priming and become activated in any given domain. But even though 
only one interpretation of an ambiguity becomes conscious at a time, both 
meanings receive unconscious processing (priming) simultaneously and in parallel 
(see Swinney, 1979; MacKay & Bever, 1967). 

. Experiments demonstrating effects of the unseen meanings of an ambiguous 
word on the interpretation of subsequent words further illustrate the parallel nature 
of priming. For example, Marcel (1983) tachistoscopically presented an ambig­
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uous word such as palm followed by a patterned mask that prevented recognition 
or even better-then-chance guesses as to whether any stimulus whatsoever had 
preceded the masking pattern. The dependent variable was lexical decision time 
for a subsequent, consciously recognized word, either maple or wrist. The results 
showed that palm facilitated lexical·decisions for both of these related words. The 
pattern mask clearly prevented conscious awareness (i.e., prolonged activation of 
lexical and phonological nodes representing) of palm, but did not prevent the prim­
ing that spreads unconsciously and in parallel from palm to words related to its 
two meanings (for a replication, see experiments 5 and 6 in Fowler, Wolford, 
Slade, &Tassinary, 1981). 

The Rate of Conscious Versus Unconscious Processes 

One implication of the fact that consciousness requires prolonged activation is that 
conscious processes are necessarily slower than corresponding unconscious pro­
cessessuch as priming and self-inhibited activation. This relative slowness of con­
scious processing explains why subjects searching for the two meanings of an am­
biguous sentence take so long to become aware of both meanings (MacKay & Be­
ver, 1967), even though both meanings are processed unconsciously (i.e., primed) 
shortly after reading the ambiguous word (Swinney, 1979). 

Relations Between Awareness, Attention,and Practice in Perception and 
Action 

I tum now to part 3 of the three-body problem; relations between awareness, at­
tention, and practice in perception and action. 

Relationship Between Consciousness, Learning, and Practice 

Because the node structure theory postulates two fundamentally different types of . 
learning, engrainment learning (see MacKay, 1982, 1990) and commitment learn­
ing, and only one type (commitment learning) determines awareness, the relation­
ship between learning and awareness is relatively complex. Both types of learning 
are automatic, requiring neither intention nor volition. However, engrainment 
learning consists of unconscious increases in linkage strength that result from re­
peated first-order priming and activation of nodes via already existing connections 
(see MacKay, 1982, 1990) and is only very indirectly related to what enters or fails 
to enter awareness. Commitment learning, on the other hand, concerns the process 
of forming or "committing" new connections and gives rise to conscious aware­
ness. 

Distinguishing between these two types of learning in the theory explains two 
seemingly contradictory but persistent observations on the relation between prac­
tice, learning, and awareness: the fact (discussed on p. 279) that we learn and 
become conscious of mental contents encountered for the first time (commitment 
learning), and the fact that repetition (practice) often improves behavior without 
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awareness. A recent example of the latter appears in Marcel (1983; see Hebb, 
1963; and MacKay, 1981, for other examples). Words that are so effectively 
masked as to be unreportable facilitate .lexical decisions for semantically similar 
words (see p. 299), and Marcel (1983) showed that repeating these unreportable 
words increased the facilitatory effect. Specifically, Marcel (1983) recorded 
lexical decision time for a word that followed 2-20 repetitions of a semantically 
similar but unreportable (masked) word, and found that lexical decision times 
improved systematically with repetition of the unreportable (masked) word up to 
an asymptote resembling that of the priming function in Fig. 2. Under the theory, 
the increased facilitation reflects engrainment learning: repeating the unreportable 
word improved its linkage strength and transmission of priming to connected 
nodes up to some asymptote, all in the absence of awareness. 

Retrieval andAwareness 
Nodes undergoing prolonged (conscious) activation prime and enable activation of 
nodes representing related concepts. This explains why it helps for people to con­
sciously remind themselves of tasks that remain to be performed (Mandler, 1985): 
conscious reminders make remembering more likely by increasing linkage strength 
(engrainment learning), and by keeping relevant (connected) concepts highly prim­
ed and ready to be activated when conditions appropriate for retrieval or action 
appear. 

EffectsofLevel in a Hierarchy 
The inverse relationship between awareness and practice or repeated retrieval is 
one of the few generally agreed upon pretheoretical phenomena in the field: when 
our behavior becomes more skilled as a result of practice, we become progres­
sively less conscious of how we execute it. Consciousness cannot occur when a 
perceptual or behavioral process has received so much practice as-to become fully 
automatic (Sokolov, 1963; Shiffrin & Schneider, 1977). However, the usual expla­
nation of this phenomenon, that consciousness constitutes a limited resource that 
must be reserved for unpracticed or nonautomatic processes, is at best circular and 
at worst untenable (see Allport, 1980). 

Practice also plays a role in some of the well-known limitations of conscious 
processing, such as the fact that only the products of a mental activity enter con­
sciousness, not the processes (Mandler, 1985). This limitation reflects the fact that 
only high-level content nodes normally undergo prolonged activation and give rise 
to consciousness under the node structure theory; awareness cannot arise when 
content, sequence, and timing nodes are highly practiced and automatically acti­
vated. 

Effects of Action on Attention and Awareness 

The node structure theory predicts profound effects of action on attention and 
awareness: when an action such as speech production must be based on inputs 
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arriving via an attended channel, awareness of inputs via unattended channels 
should drop drastically under the theory. For example, compare two versions of a 
dichotic .listening task where subjects respond as quickly as possible to a target 
word arriving at either ear: an action version where subjects produce (shadow) the 
input to one (attended) ear, and a listening version where subjects simply listen to 
that ear without shadowing its content. Under the node structure theory, 
detectability of the target word should be higher in the listening condition than in 
the action condition. Of course such a difference might be attributable to acoustic 
masking of unattended inputs by the shadowing output, but the node Structure 

. theory predicts this same difference without the possible masking artifact when 
shadowing is achieved by internal speech or mouthing (silent articulation) rather 
than overt speech. The reason is that under the principle of higher-level activation, 
perception (as in simple listening) does not engage the activating mechanism (se­
quence and timing nodes) for lower-level systems, and bottom-up input can auto­
matically make the target node most primed in its domain, regardless of the target's 
channel of origin. Repeated application of the activating mechanism to the target 
domain will therefore ensure activation and awareness under the most-primed­
wins principle. However, production (including silently' articulated shadowing) 
must engage the activating mechanisms for lower- and higher-level systems repre­
senting the attended input, so that arrival of the target via the unattended channel 
will not guarantee most-primed status for the target node because of the boost in 
priming that nodes representing attended inputs will receive. As a result, shadow­
ing will greatly interfere with detection of targets presented to the unattended ear. 

Conclusion 

The three-body problem is complex: an adequate account of relations between per­
ception, action, and awareness calls for a general theory of mind with a scope 
ranging from errors, sequencing, and timing in behavior, to learning, memory, and 
amnesia. And if the present account is correct, awareness mechanisms in such a 
theory will be inseparable from mechanisms for representing novelty, and mecha­
nisms for explaining selective and divided attention will be inseparable from 
mechanisms for perception and action in general. 
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