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We propose a functional model of effective functioning that depends on
the interplay of four relatively independent domains, namely, affect
(value), motivation (action tendencies), cognition {meaning), and
behavior (the organism’s actions). These domains of functioning all need
to be considered at each of three levels of information processing: the
reactive, the routine, and the reflective levels. The reactive level is pri-
marily a hard-wired releaser of fixed action patterns and an interrupt
generator, limited to such things as processing simple stimuli and initi-
ating approach and avoidance behaviors. This level has only proto-affect.
The routine level is the locus of unconscious, uninterpreted expectations
and well-learned automatized activity, and is characterized by aware-
ness, but not self-awareness. This level is the locus of primitive and
unconscious emotions. The reflective level is the home of higher-order
cognitive functions, including metacognition, consciousness, and self-
reflection, and features full-fledged emotions. In this framework, we
characterize personality as a self-tunable system comprised of the tem-
poral patterning of affect, motivation, cognition, and behavior. Person-
ality traits are a reflection of the various parameter settings that govern
the functioning of these different domains at all three processing lev-
els. Our model constitutes a good way of thinking about the design of
emotions in computational artifacts of arbitrary complexity that must
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perform unanticipated tasks in unpredictable environments. It stresses
the need for these artifacts, if they are to function effectively, o be en-
dowed with curiosity and|expectations and to have the ability to reflect
on their own actions.

What does it take for an organism to function effectively in the
world? What would a comprehensive model of the fit between an organism’s
functioning and the environmental conditions in which the organism finds
itself look like? What role does affect play in effective functioning? QOur
general answer to these questions is that, for organisms of any complexity,
effective functioning depends on the interplay of four domains: affect, what
the organism feels; motivatipn, what the organism needs and wants; cogni-
tion, what it knows, thinks, pnd believes; and behavior, what it does.

For us, behavior refers anly to physical action,! both externally observ-
able (e.g., movemnents of the limbs or facial muscles) and internal (e.g., con-
tractions of the gut or changes in heart rate). Just as the cognitive areas of the
cortex are largely separable|from the motor areas, we believe that, from a
functional perspective, cognitive activity such as thinking and problem solv-
ing needs to be treated separately from motor activity. Cognitive activity, or
cognition, is essentially concerned with meaning. This is in contrast to affect,
which has to do with value (positive or negative}. We use the term affect as a
superordinate concept that jubsumes particular valenced conditions such as
emotions, moods, feelings, dnd preferences. Emotions are that subset of af-
fective conditions that are gbout something, rather than being vague and
armnorphous, as are, for example, moods (Clore & Ortony, 2000). We also dis-
tinguish emotions from feelings. We take feelings to be readouts of the brain's
registration of bodily conditions and changes-—muscle tension, autonomic
system activity, internal musfulature (e.g., the gut), as well as altered states of
awareness and attentiveness| Emotions are interpreted feelings, which means
that feelings are necessary but not sufficient for emotions. This definition is
different from that of Damagio (2000), who views emotion itself as the regis-
tration of the bodily changgs and the feeling (of an emotion) as a mental
image of those changes. We|prefer our view to Damasio's because we think
that emotions proper have cpgnitive content, whereas feelings themselves do
not; thus, we view feelings 4s components of emotions rather than the other
way around. The last domain of functioning, motivation, concerns tendencies
to behave in certain ways—in particular, to attain or avoid certain kinds of
state, such as satiation, danger, or becoming successful.

A central organizing theme of our discussion is that affect and the other
demains of functioning nepd to be considered at each of three levels of
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information processing: the reactive, the routine, and the reflective (Fig. 7.1).
One of our main claims is that affect manifests itself in different ways at the
different levels of processing. We believe that viewing affect and its relation
to information processing in this way helps to resolve some of the debates
about affect and emotion.

Some of the more important differences between the three Jevels are
presented in Table 7.1. The main function of the most elementary level, the
reactive level, is to control the organism’s approach and avoidance behavier
and, as described by Sloman, Chrisley, and Scheutz (see Chapter 8), to inter-
rupt and signal higher levels. At this level, there is only simple, unelaborated
affect, which we refer to as “proto-affect.” The realm of proto-affect is re-
stricted to the here and now, as opposed to the future or the past.

The second, routine, level is primarily concerned with the execution of
well-learned behaviors. At this level, affect begins to show some of the fea-
tures of what we would ordinarily call emotions but in a rather limited and
primitive manner. These “primitive emotions” can involve information
relating to the future as well as to the present. For example, simple forms of
hope and fear necessitate some minimal form of expectation. We consider
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Figure 7.1, Simplified schematic of the three processing levels, reactive,
routine, and reflective, showing their principal interconnections and relation-
ships to one another and to the state of the world. Smali solid lines represent
information flow and interrupt signals that serve to indicate activity; broken
lines indicate response initiation; thick lines indicate sensory signals.
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the states discussed by Fellous and LeDoux (see Chapter 4) or the states
related to reinforcement discussed by Rolls (see Chapter 5) to be routine-
level, “primitive” emotions.

Finally, the third and most sophisticated level, reflective, is the locus of
higher-level cognitive processes and consciousness. At this level, we get full-
fledged emotions that are cognitively elaborated; that can implicate repre-
sentations of the present, the future, or the past; and that can be named.
These are the kinds of emotional state that are the focus of appraisal theo-
ries (e.g., Arnold, 1960; Lazarus, 1966; Mandler, 1984; Ortony, Clore, &
Collins, 1988; Roseman, 1984; Scherer, 1984).

We are certainly not the first to propose a multilevel analysis of infor-
mation processing. Many others have proposed such accounts, although often
starting from quite different places. For example, Broadbent (1971}, con-
sidering evidence of similarities and differences in the effects of various stress
manipulations, argued for at least two levels of cognitive control: and Sanders
(1986) discussed how multiple levels of energetic and cognitive control {in-
cluding arousal, activation, and effort) are utilized as a function of task de-
mands (see also Revelle, 1993). Advocates of computational approaches have
also proposed models involving several levels of information processin g (eg,
Sloman & Logan, 2000; also Sloman et al., Chapter 8, and Minsky, in prepa-
ration}), representing impressive and highly elaborated examples. Our ap-
proach is in the same spirit as these, focusing as it does on the implications
of the information-processing levels we identify for 2 model of affect and
effective functioning.

The model that we propose is a functional one. However, we beljeve
that many aspects of it are consistent with neuroaratomical accounts, with
the three levels-—the reactive, the routine, and the reflective—corresponding
roughly to the assumed functions of the spine/midbrain basal ganglia, cortex,
cerebellum, and prefrontal cortex. It thus bears some similarity to MacLean's
(1990) early proposal of the triune brain, which although in many ways
problematic is still a useful framework (see Fellous and LeDousx, Chapter
4}. Proposals such as those of Fellous (1999) and of Lane {2000) are also
compatible with our general approach.

As already indicated, we consider affect to be a general construct that
encompasses a wide range of psychological conditions relating to value.
However, even though emotions are more highly specified than other
affective states, they do not comprise a discrete category with easily identi-
fiable boundaries. Rather, they vary in their typicality, with some cases being
better examples than others. Thus, we propose that the best examples of
emotions, which we often refer to as “full-fledged emotions,” are interpre-
tations of lower-level feelings and occur only at the reflective level, influ-
enced by a combination of contributions from the behavioral, motivational,
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of as originating from only the reactive level and some from the routine level,
but we are undecided about exactly how to conceptualize the distribution
of these phenomena across levels.? Readers should understand, however, that
we are more concerned with articulating a way of thinking about how af-
fect, motivation, cognition, and behavior interact to give rise to effective
functioning than we are with particular details. It is our hope that future
research will enable some of our proposals to be tested empirically. In the
meantime, we are finding them to be a fruitful way of reconceptualizing some
issues related to effective functioning in general, as well as issues in more
specific domains such as personality theory, people's responses to products,
and the design of autonomous, intelligent systems.

AFFECT AT THREE LEVELS OF PROCESSING
In this section, we discuss the way in which affect is manifest
of processing. The reactive level is primarily a releaser of fixed action pat-
terns and an interrupt generator (Fig. 7.1). These interrupts are generally
registered at the next level up, the routine level, which is the locus of well-
learned automatized activity, characterized by awareness but not self-
awareness. Self-awareness arises only at the highest, reflective, level, which
is the home of higher-order cognitive functions, including metacognition,
consciousness, and self-reflection. We interpret the existing psychological
and neurological evidence to indicate that the reflective level processes are
prefrontal, which means that, unlike the reactive and routine levels, the re-
flective level neither receives direct sensory inputs nor directly controls motor
output. Reflection is limited to analyzing internal operations and to bias-
ing and otherwise controlling routine-level activity. In fact, both reactive-
and routine-level processing can modulate the operating characteristics of
the reflective level, for example, by changing attentional focus, both by pat-
terns of neural firing and chemicaily, through neurotransmitter changes.

Affect at the Reactive Level: Proto-Affect

Reactive-level processing comprises biologically determined responses to
survival-relevant stimuli and is thus rapid and relatively unsophisticated with
respect to both its detection mechanisms and its behavioral repertoire. New
activity at the reactive level generally results in modification of output, but
none of the activity is cognitive in nature—there is no cognition at the reac-
tive level. Furthermore, at the reactive level, the other three domains of
functioning—affect, behavior, and motivation—are so closely intertwined
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either very simple, such as reflexes or simple fleeing or freezing behaviors, or
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So far, our discussion of reactive-level processes has focused on behav-
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modicum of evolutionary complexity, organisms can have multiple drives that
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along two output dimensions, one of which we call “positive” and the other
“negative,”® These signals, which are the fundamental bases of affect and
emotion, are interpreted by and interrupt activity at higher levels of pro-
cessing. Thus, proto-affect represents nothing more than the assignment
of valence to stimuli. At the same time, these reactive-level affective sig-
nals are so intimately related to behavioral (especially motor) responses
and to the motivation to approach or avoid a stimulus that it makes little
sense to try to distinguish them from one another. Throughout evolution-
ary history, the specificity of the automatic response systems has grown so
much that, in the human, there are specific, prepared responses to a wide
range of stimulus classes. For example, smiling faces, warm environments,
rhythmic beats, and sweet tastes automatically give rise to predominantly
positive valence, while frowning faces, extreme heat or cold, loud or dis-
sonant sounds, bitter tastes, heights, and looming objects immediately in-
duce negative valence.

Reactive-level processes enervate the motor system in preparation for
one of a limited set of fixed action pattern responses. Consider, for example,
how a human responds to the taste of a bitter or caustic substance. On our
analysis, the reactive level assigns negative value to the substance, so the
motivation is to immediately reject it. The body withdraws, the mouth
puckers, the diaphragm forces air through the mouth, ejecting the food. At
the same time, human observers typically attribute specific affective states
based on their observations of such behavior. For example, if, as observers,
we see a baby grimace, move its head away, and spit out a substance, we say
that the baby “dislikes” the substance. However, in our analysis, at the reac-
tive level, all that exists is proto-affect and the tightly coupled motivation
to expel the substance and the associated behavior of spitting it out. Because
as ohservers we see this nexus of motivation and behavior, we attribute an
emotional state to the baby—we talk about the baby disliking the substance.
However, our view is that an emotion of dislike or disgust involves an inter-
pretation that can take place only at higher levels of processing.*

Of course, reactive-level responses to any given stimulus are not identi-
cal across different people (or even in the same person on all occasions}. in
other words, the parameters governing the operating characteristics of
reactive-level functioning can vary across individuals and, although gener-
ally to a lesser degree, within individuals from one time to another, The kinds
of parameter that we have in mind here include the strength, speed, accu-
racy, and sensitivity of a variety of basic functions carried out at the reactive
level. For example, it is likely that the strengths of approach and avoidance
behaviors vary and interact with activation and inhibition, which also vary
in strength. Variations in sensitivities might be expected of, for example,
perceptual acuity and anomaly detection (as in the detection of tempeoral
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reflective-level processes take control and generate a conscious decision as
to what to do, which might well be too late. In other words, there is a speed/
accuracy tradeoff at work with respect to the two levels.

It is important to emphasize that routine-level expectations are implicit
rather than explicit. They are the automatic result of the accumulation of
experiences that forms a general model of likely, or “normal,” outcomes or
events—stored norms which are automatically recruited when anomalies
occur (Kahneman & Miller, 1986). The strength of these expectations to-
gether with the intensity of valence associated with the current and expected
states influence the strength of the ensuing feelings. Expectations might also
arise from some kind of continuity-of-experience mechanism—an implicit
belief that the future is not apt to deviate much from the recent past. How-
ever, whether the expectations are learned or rooted in expectations of ex-
periential continuity, the key point is that the routine level can enly detect
expectation violations: it cannot interpret them. Only the reflective level
can interpret and understand discrepancies and their consequences and then
provide active, conscious decisions as to what to do about them, When some
discontinuity, potential problem, or disruption of a normal routine is encoun-
tered, an interrupt is generated that, in its turn, generally launches other
processes and affective reactions. This interrupt might be thought of as a
primitive form of surprise. However, in the model, this interrupt is not
valenced; therefore, it is categorically not an affective signal or emotion of
any kind (Ortony & Turner, 1990). The system needs to do more work be-
fore value can be assigned. Thus, we view surprise as the precursor to emo-
tion (Mandler, 1984). This is consistent with the neuroanatomical finding
(Kim et al., 2004) that while one region of the amygdaloid complex responds
similarly to fear and surprise (suggesting that valence has not yet been as-
signed), a separate region is responsive to fear but not surprise (suggesting
that it is responding to valence per se).

Whereas the reactive level can have only unelaborated positive and nega-
tive affect, some minimal elaboration does occur at the routine level. Given
our view that the routine level allows for some representation of the future
as well as the present, four elementary cognitive categories emerge as a re-
sult of crossing these two levels of time with the two levels of valence [posi-
tive and negative). These four categories lie at the heart of the rudimentary,
primitive emotions that arise at the routine level. In terms of the kinds of
emotion specification described by Ortony, Clore, and Collins {1988), these
four experientially discriminable primitive emotional states can be charac-
terized as follows:

1. A (positive) feeling about a good thing (present)
2. A (negative) feeling about a bad thing (present)
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subsystems—perception, motor control, learning, memory—will vary in their
sensitivity, and capacity for and speed of processing. These, in turn, trans-
late into differences in the rate at which individuals can integrate informa-
tion, learn skills, or acquire and recali information. Important differences for
personality theorists include the sensitivity of the routine level to interrup-
tion from below (i.e., reactive level) or to control from above (i.e., reflec-
tive level; see Fig. 7.1). There might also be differences in sensitivity to
sensory cues and in the tendency to do broad, global processing rather than
more narrowly focused processing.

In addition, whereas reactive-level processes are essentially fixed by
biology, much of the content at the routine level is learned. Because com-
plex skills are heavily dependent on the substrate of prior learned material,
individual differences in experiences and learning accumulated throughout
life make for eventual large differences in abilities. Thus, both biological (ge-
netic) and environmental (learned) differences emerge at the routine level.

Affect at the Reflective Level: Cognitively
Elaborated Emotions

Reflection is a special characteristic of higher animals, most marked in pri-
mates and especially humans. Humans can construct and use mental models
of the people, animals, and artifacts with which they do or could interact, as
well as models of those interactions. Rich representational structures of this
kind enable complex understanding, active predictions, and assessments of
causal relations. Humans also have a notion of self; we have self-awareness,
consciousness, and importantly, representations of the minds of others. This
leads to the possibility of elaborate systems of competition and to the abil-
ity to lie and deceive, but it also leads to more sophisticated social coopera-
tion and to a propensity for humor, art, and the like. Monkeys and apes may
share some of these cognitive abilities (e.g., deWaal & Berger, 2000), but
these abilities remain preeminently human.

The kinds of capability that comprise the enhanced processing of the
reflective level depend on the ability of the reflective level to perceive, ana-
lyze, and in some cases, alter its own functioning as well as that of the rou-
tine and reactive levels. Humans (at least) can examine their own behaviors
and mental operations, reflect upon them, and thereby enhance learning,
form generalizations, predict future events, plan, problem-solve, and make
decisions about what to do. In general, the reflective level comprises con-
sciousness together with all of the advanced cognitive and metacognitive skills
that have enabled humans to increase their knowiedge cumutatively over
the millennia.
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tion). The emotions that derive from 3 (a [positive] feeling about a poten-
tial good thing) are:

3.1. A (positive) feeling about a potential good thing, realized
3.2. A (negative) feeling about a potential good thing, not realized

The emotions that derive from 4 [a negative feeling about a potential bad
thing), are:

4.1. A (positive) feeling about a potential bad thing, not realized
4.2. A (negative) feeling about a potential bad thing, realized

These are four full-fledged emotional states deriving from primitive emo-
tions or emotional feelings originally experienced at the routine level. They
are affective because they involve the evaluation of something as good or
bad, helpful or harmful, beneficial or dangerous, and so on; they are feelings
because they inherit feeling qualities from their lower origins, albeit now
changed and augmented by cognition; and they are emotions because they
are about something (Clore & Ortony, 2000) and have consciously acces-
sible content. -

Of course, as anyone who has ever acted in the heat of the moment
knows, strong emotions and their routine-level behavioral concomitants often
overwhelm cool reason and its more planful reflective-level responses; but
this very fact presupposes, rather than vitiates, the routine-reflective dis-
tinction. In fact, there are several reasons why careful, logical planning
activities at the reflective level might be thwarted. One such reason is that
routine-level responses might become initiated before the reflective level has
completed its analysis. Another is that inhibitory signals initiated at the
reflective level are too weak to overcome the automatic procedures initi-
ated at the routine level. Finally, the emotional state might cause hormonal
states that bias the reflective processes to do more shallow processing, pre-
surnably in an effort to quicken their responses, thus generating responses
that are logical at the surface but that have severe negative results that would
have been predicted had the reflective processes been allowed to continue.
Emotional responses are often first-order responses to situations, with poor
long-term impact.

It may be informative to consider an example that illustrates the rapid,
automatic action at the routine level, preceding both thoughtful planning at
the reflective level as well as the delayed interpretation of the resulting
affective state. Many years ago, one of the authors spent a year living in a
coastal town in tropical Africa. One day, on his way to the beach, he was
driving slowly and with considerable difficulty across a shallow, rough, dried-
up riverbed with his car windows open. Suddenly, and quite unexpectedly,
he saw a huge crocodile that had been lying still on the riverbed, now
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disturbed by the approachirlg car. Panicked, he put his foot on the brake
pedal to stop the car, leaned across the unoccupied passenger seat, and fran-
tically rolled up the windowf on the side where the crocodile was. Having
done this, he rolled up the window on his (driver’s) side and, shaking and
heart pounding, drove, still glowly and with difficulty, out of the riverbed,
to what he took to be safety | Then, and only then, did he become aware of
how terrified he was.
In this example, a potentjal threat was perceived and a rapid protective-
behavior routine initiated. THere was too little time to optimize the selected [
routine. The system was satisficing rather than optimizing. Realistically, it E
might have made more sense to just keep going—the crocodile was not likely :
to climb into a moving car through the passenger door window and devour
the driver. Presumably, the driver stopped the car to facilitate the closing of
the window, but this was not thought through or planned—it was just done—

a sequence of the “car-stopping” routine followed by the “window-closing”
routine. Furthermore, the bghavior is not well described by saying that it
was done in response to, or eyen as part of, fear. As described, the emotion
of fear came only after the driver had engaged in the protective behavior
and extricated himseif from the situation—only then, on reviewing his rac-
ing heart, his panicky and imperfect behavioral reactions, and the situation
he had just been in, did he rqalize how frightened he was. In other words,
the emotion was identified (lqbeled) as fear only after the behavior and con-
cornitant feelings (of bodily changes) had been interpreted and augmented
by cognition at the reflective Jevel. The situation is best described by saying
that first came the feeling of grimitive fear (which includes an awareness of
the bodily changes) and then, upon interpretation and additional cognitions,
came the full-fledged emotion of fear.

This example not only Hears upon several aspects of our three-level
model but also speaks to the James-Lange theory of emotions (James, 1884;
Lange, 1895/1912), especially with respect to the temporal relationship
between emotions and behaviar. In our example, the rapid behavior occurred
before the emotion was identified, exactly as William James described it with
respect to his imaginary bear in the woods:

the bodily changes follow dlirectly the perception of the exciting fact,
and [that] our feeling of the same changes as they occur is the emo-
tion. Common sense says, we lose our fortune, are sorry and weep;
we meet a bear, are frightened and run; we are insulted by a rival,
are angry and strike. The hypothesis here to be defended says that
this order of sequence is jncorrect . . . and that the more rational
statement is that we feel sorry because we cry, angry because we
strike, afraid because we tremble . . . Without the badily states fol-
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lowing on the perception, the latter would be purely cognitive in
form, pale, colorless, destitute of emotional warmth. We might then
see the bear, and judge it best to run, receive the insult and deem it
right to strike, but we should not actually feel afraid or angry.

Now consider James’ example of the emotion that accompanies one’s
loss of a fortune. In this case, it would seem that the reflective-level analy-
ses come first. The person would start thinking about possible causes of the
Joss, perhaps reviewing past actions by (formerly) trusted associates and then
assessing blame. Such cognitions would be likely to invoke evaluation as a
result, for example, of running through various “what-if” scenarios and imag-
ining the responses of family, friends, and colleagues. This kind of cognitively
induced introduction of sources of value would be the welispring of bodily
changes, the awareness of which would constitute the underlying emotional
feeling. However, if all of this were to lead to anger, the anger would have
followed the cognitions. Similarly, James’ emotion of “shame” results from
self-blame, and this means that it is cognition, not behavior, that is the trig-
ger. All this suggests to us that the question is not whether the James-Lange
theory is right or wrong but, assuming that it is at least in part right, under
what conditions it is right and under what conditions it is wrong. So, if one
asks the question “Which comes first, cognition or behavior?” the answer
has to be that it depends. When reactions are triggered from the reactive or
routine level, behavior precedes; but when the triggering comes from the
reflective level, cognition precedes.

Much as with the routine level, there are many sources of individual
differences in the operating parameters of the reflective level. These are likely
to include such things as sensitivity, capacity, and processing speed plus the
ability of the reflective level to influence lower levels through its control
signals of activation and inhibition. We would also expect to find differences
in conscious working memory and attentional focus, especially with respect
to sensitivity to interruptions and other events. Finally, there wili be sub-
stantial individual differences in the content at both the behavioral and
reflective levels, and inasmuch as the reflective level is the locus of one’s
self image and much cultural knowledge and self-examination, these differ-
ences can be expected to have a significant effect on the way a person inter-
acts with the environment and with others.

IMPLICATIONS FOR PERSONALITY

We have already suggested a number of parameters for which we might
expect inter- and intra-individual differences at the different levels of
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and avoidance onto a boldness—shyness dimension, as do Coleman and Wil-
son (1998} in their description of pumpkinseed sunfish.” More generally,
individual differences at this level were discussed Jong ago by Pavlov and
later by others in terms of strength and lability of the nervous system (Pavlov,
1930; Nebylitsyn & Gray, 1972; Robinsen, 1996, 2001; Strelau, 1985).

At the routine fevel, individual differences become more nuanced. Con-
sider an individual who, relative to others, has a high level of positive affect
and 2 high likelihood of approach behaviors, both emanating from the joint
effects of reactive- and routine-level processing.® This combination of oper-
ating parameters is typical of the trait “extraversion.” In other words, the
descriptive label “extravert” is applied to someone who is high on both the
affective and behavioral dimensions. This additive structure will, of course,
result in correlations of extraversion with positive affect and with approach
behavior but not necessarily to high correlations between responses across
the different domains (i.e., of positive affect with approach behaviors}. Our
view is that the reason that we call someone an extravert is that they tend to
do things such as go to lively parties (behavior) and they tend to be happy
(affect). Similarly, the descriptive term for an emotionally less stable indi-
vidual (“neurotic”) reflects a larger likelihood of negative affect as well as a
higher likelihood of avoidance behaviors. Although many situations that
induce negative affect also induce avoidance behaviors, and thus make indi-
vidual differences in negative affect and avoidance more salient, “neuroti-
cism” is merely the label applied to those who are particularly likely to
experience high negative affect while avoiding potentially threatening situa-
tions. (A somewhat similar argument was made by Watson, 2000, who em-
phasized the affective nature of extraversion and neuroticism and considered
the functional nature of approach and withdrawal behavior in eliciting af-
fect.} The virtue of this account is that it explains the fact that reliably large
correlations across domains of functioning are hard to find. From the point
of view of the parameters that control their operation, the domains of func-
tioning are largely independent.

Although there are exceptions, most personality inventories and rating
scales are designed to get at what we consider to be routine-level activity
(although they de so by soliciting reflective-level responses). Such measures
often use items that tap separately the different domains. Thus, an item like
“Do you feel nervous in the presence of others?” is an attempt to get at
routine-level affect, the item “Do you avoid meeting new people?” addresses
routine-level behavior, and the item “Does your mind often wander when
taking a test?” addresses routine-level cognition. To be sure, someone who
is high on all three of these items is likely to act and feel very differently
from someone who is low on all three. However, because for each person
the parameter settings in the different domains of functioning are probably
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b on, which might explain why these are rela-

tively easy to acquire but very difficult to extinguish. Routine- and reflective-
level differences will exist both at the biological substrate and in learned
routines, behavioral strategies, and cultural norms. These will probably
determine many of the “Big 5” parameters, with neuroticism and extraversion
and parts of agreeableness and cpnscientiousness probably due to routine-level
differences and openness and the more planful parts of conscientiousness due

to more reflective-level concer

hs (see also Arkin’s Chapter 9).

By conceptualizing personality in terms of levels of processing and do-
mains of functioning, we believe that we can improve upon prior personal-
ity research that has tended to focus on functioning drawn from only one
domain at a time (e.g., affect and neuroticism or approach behavior and
extraversion). We also think that by applying this approach we will be able
to integrate biologically and cgusally oriented theories with descriptive tax-
onomies, which, while perhags lacking explanatory power, have neverthe-
less been quite useful in predi¢ting functioning in real-life settings (e.g., job
performance in the workplace; Barrick & Mount, 1991).

IMPLICATIONS FOR THE O
ROBOTS AND OTHER CON

ESIGN OF AUTONOMOUS
IPLEX

COMPUTATIONAL ARTIFALTS

In animals, affect, motivation,

cognition, and behavior are all intertwined as

part of an effective functioning system. There is no reason to believe that it
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should be any different for intelligent, socialized robots and autonomous
agents, physical or virtual. Just as species at different levels of evalutionary
complexity differ in their affective and cognitive abilities, so too will differ-
ent machines differ. A simple artifact, such as a robotic vacuum cleaner, is
implemented as a purely reactive-level device. At this level, affect, motiva-
tion, and behavior cannot be separated from one another. Such a device has
the analog of hard-wired drives and associated goal states. When there is con-
flict, it can be resolved by the kind of subsumption architecture described
by Brooks, which has been implemented in a variety of simple robots (e.g.,
Brooks, 1986, 2002; see Chapter 10).

More complex artifacts that can perform large numbers of complex tasks
under a variety of constraints require routine-leve] competence. Thus, SOAR,
the cognitive modeling system that learns expert skills, is primarily a routine-
level system (Rosenbloom, Laird, & Newell, 1993). In fact, expert systems
are quintessentially routine-level systems. They are quite capable of expert
performance but only within their domain of excellence. They lack higher-
level monitoring of ongoing processes and extra-domain supervisory pro-
cesses. Finally, when HAL, the fictional computer in the movie 2001, says
“I'm afraid, Dave,” it is clearly identifiable as a reflective-level computational
artifact (assuming that the statement resulted from consideration of its own
state). Whether any artifact today operates at the reflective level is doubt-
ful. To address the question of what it would take for this to happen, we
now examine how the model of effective functioning that we have sketched
might apply to autonomous robots and other complex computational arti-
facts. In doing so, we will pay special attention to the functional utility of
affect for an organism, be it real or synthetic.

We believe that our model, which integrates reactive- and routine-level
processing with reflective-level processing and incorporates the crucial func-
tions played by affect, constitutes a good way of thinking about the design
of computational artifacts. This is particularly so for artifacts of arbitrary
complexity that must perform unanticipated tasks in unpredictable environ-
ments. When the task and environment are highly constrained and predict-
able, it is always appropriate and usually possible to use strong methods
{Newell & Simon, 1972) and build a special-purpose device that performs
efficiently and successfully, as is current practice with most of today's
industrial robots. However, under less constrained tasks and environments,
strong methods are inadequate unless the system is capable of producing new
mechanisms for itself. A system capable of generating its own, new, speciai-
purpose mechanisms would necessarily employ some weak methods and
would probably need an architecture of similar complexity to the one we
are proposing.
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Implications of the Processing Levels

In the early days of artificial intelligence and cognitive psychology, consid-
erable attention was devoted to how to best represent general and specific
knowledge, plans, goals, and other cognitive constructs and how to do higher-
order cognitive functioning suth as language understanding, problem solv-
ing, categorization, and concept formation. To some extent, this ignored
motivation, which, of course, i3 necessary to explain why an organism would
establish a goal or develop a plan in the first place. Ironically, behaviorist
psychologists—the very people against whom the cognitivists were reacting—
had worried about these issuesfand had even proposed biologicaily plausible
models of the causes of action #nitiation (e.g., the dynamics of action model;
Atkinsen & Birch, 1970). We think that recent revivals of this model (e.g.,
Revelle, 1986} can do a reasonable job of accounting for a good deal of ac-
tion initiation at our reactive and routine levels.

It is easy to understand why a robot—or any organism, for that matter—
acts when confronted with environmental conditions (or internal drives) that
demand some kind of responsg; but what happens when they are not im-
posing any demands on the ofganism and it is at or close to homeostasis?
Does it then just remain idle tintil some new action-demanding condition
arises that causes it to behave? Animals’ motivation systems handle this by
letting the resting point of affect be slightly positive so that when there is
nothing that needs to be done,|the animal is led to explore the environment
(see Cacioppo, Gardner, & Berntson, 1997, on positivity offset). This is the
affective basis of curiosity (an innate motivational force that leads organisms
to explore the environment apd to try new things). Certainly in humans,
curiosity {openness to experiance) is a powerful learning aid. So should it
be for a robot. Clearly, an autgnomous rchot is going to need expectations.
Perceiving and acting in the world while indifferent to outcomes would hardly
be conducive to effective fundtioning. At the routine level, our model pro-
vides implicit expectations (in contrast to the conscious expectations and
predictions of the reflective level). Expectations are important not only
because their confirmations and disconfirmations are crucial for learning but
also because the resulting affeqt changes the operating characteristics of the
other three domains. At the routine level, implicit expectations are tightly
bound to their associated routines. They come into play much less often when
routines run off successfully than when they fail or are interrupted. Recall
that at this level proto-affect from the reactive level becomes partially elabo-
rated as primitive emotions |(feeling good or bad about the present or
potential future}. In designing pn autonomous robot, we would need to con-
sider the motivational, cognitivg, and behavioral consequences of these primi-
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tive emotions. Consider the simplest case, that of feeling good or bad about
the present. Part of the power of affective states in general derives from the
fact that they are the result of mapping many inputs onto a few or, in the
limiting case, two (positive and negative) kinds of internal state. For example,
any of a multitude of disconfirmed positive expectations or confirmed nega-
tive ones can reduce one to the primitive emotional state that we might call
displeasure or distress. This affective state in turn functions as a simple
modulator of processing parameters in the other three domains of function-
ing. Thus, the power of affect, and hence its value for robot design, is its
data-reduction capacity and consequent parameter-modulating properties.
In animals, the magnitude and even direction of changes that result from an
affective state vary from individual to individual and comprise an important
part of personality. We would expect to include the potential for such dif-
ferences in the design of automata.

Finally, we need to consider the implications of adding reflective-level
capacities. To do this, we have to enable the robot to have active expecta-
tions about cutcomes and states of the world. In addition, it will have to
be able ta reflect on its own actions and states, a capacity that is critical for
the formation of generalized knowledge, for abstraction, and for develop-
ing principles and new knowledge representations. Some of these repre-
sentations (e.g., plans, goals, standards, and values) are themselves unique
inhabitants of the reflective level, providing the basis for more fine-grained
appraisals of emotion-inducing events and the material necessary for
interpreting feelings as emotions.

Affect and Emotion

As soon as one raises the topic of affect and emotion in artifacts, one has to
confront the probably unanswerable philosophical question of whether
robots can have feelings (see Chapter 2). We choose to finesse this question
by restricting our attention to the functional utility of affect and emotion.
We view feeling as an awareness of a bodily state, a badily disturbance, or
some other bodily change. However, neither we nor anyone else know how
to incorporate the experience of such awareness into an inanimate artifact.

With respect to the functional utility of affect, consider first the value of
emotion recognition, a crucial capacity for the social aspect of effective func-
tioning. Effective social functioning involves understanding the conditions
under which it is or is not appropriate or prudent to interact with other indi-
viduals and when it is deemed appropriate, knowing what kind of interaction
is expected. However, this ability to recognize, understand, and predict the
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CONCLUSION

We have presented a general model of effective functioning conceptualized
in terms of three levels of processing (Fig. 7.1), in which four domains of
functioning (affect, motivation, cognition, and behavior) are seen as inte-
grated, nonseparable components. The reactive level is the home of rapid
detection of states of the world and immediate responses to them. It uses
pattern matching to recognize a set of situations and stimuli for which it is
biologically prepared. These are essentially the unconditioned stimuli and
associated responses of the simplest forms of classical conditioning. The re-
active level is essential for mobilizing appropriate responses to the exigen-
cies of the environment, and it can interrupt higher-level processing. The
routine level is that of most motor behavior as well as procedural knowledge
and automatic skills. It is a complex, rich information-processing and control
systemn. It too interrupts higher-level processing when it encounters unexpected
conditions, impasses, or emergencies or when conditions are novel or unknown.
The reflective level is that of conscious attention, of higher-level cognitive
processes and representations, and of cognitively elaborated, full-blown emo-
tions. Ttis also the home of reflection and of knowledge about one’s own know!-
edge and behavior. As such, this system continually performs high-level
monitoring of ongoing activity at all three levels. The reflective level does not
receive direct sensory input nor does it directly control responses: it can only
potentiate or inhibit activity at the lower levels.

Within this three-level architecture, we have considered the way in
which the four domains of functioning interact, with special attention to the
way in which affect is manifested at the different levels. In many respects,
labeling these continuous, complex feedback systems in terms of the four
common distinctions of affect, motivation, cognition, and behavior is some-
what arbitrary. This is an integrated, holistic system that has evolved to
facilitate effective functioning in a complex, dynamic environment. Nature
does not necessarily make the sharp distinctions among these levels and
domains that we make in order to talk about them. Affect, for example,
ranges from proto-affect at the reactive level through primitive emotions at
the routine level to full-blown emotions when augmented with the other
domains at the reflective tevel. Thus, full-fledged emotions can involve fecl-
ings from the somatic and motor components of the reactive level, interact-
ing with proto-affect from the reactive level and primitive emotions and
feelings from the routine level together with cognitive elaboration from the
reflective level. Reflective affect without some contribution from lower levels
cannot be full-blown, “hot” ernotion. For example, the cognitive components
of anger without the concomitant feeling components from the lower levels
would be what we might call “cold, rational anger.” Similarly, the feeling of
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primitive fear at the routine |
the requisite cognitive elabg
waiting to be “made sense of

As we indicated at the o
thought of as a framework fi
tive functioning. We believe
three levels of processing and
expect to achieve an unders
useful for the design of ful
responding appropriately to
their environments might py

We thank Ian Horswill, for
ter, and Tony Z, Tang, for help
1. Although some investig
Fellous, 1999], we prefer to m3
2. We are well aware that
classical conditioning is far tco
cussion of the complexities of 4
3. Following Watson and 1
and negative affect as (at least
4. Note that although initi
so that, with sufficient experieq
deed, the higher levels might in
lower response—hence, the lea
tially rejected foods such as alc

evel is not a full-blown emotion because it lacks
ration. It is only a feeling (albeit unpleasant)
" by reflective-level processes.

utset, the model that we have proposed is best
br thinking about how to conceptualize effec-
that it is only by considering functioning at all
at all four domains of functioning that we can
tanding of effective functioning that might be
y autonomous robots and agents capable of
the huge array of problems and prospects that
esent.

his helpful comments on an early draft of this chap-
ful discussions in the early stages of this work.
gators view cognition as a form of behavior (e.g.,
ke a sharp distinction between the two.

talking of learning at this level simply in terms of
simplistic. Razran (1971} provides a brilliant dis-
his issue,

[ellegen (1985) and others, we view positive affect
partially) independent dimensions.

ally bitter tastes are rejected, the system can adapt
1ce, it no longer responds quite so vehemently. In-
terpret the taste positively and actively inhibit the
rned preference for many bitter and otherwise ini-
bholic beverages and spicy sauces,

5. The key feature of specifying emotions (and emotion-like states, such as 1—4)
in this way is that they are chanacterized in terms of their eliciting conditions with

minimal dependence on the use

of emotion words. The advantage of doing this can

be seen by considering that English does not have a good word to express the affec-
tive state characterized by 3, a positive feeling about a potential good thing, Some-
thing like “anticipatory exciternerjt” is much closer to the state than "hope,” even though

in English hope is usually oppos
conventional emotion names to

6. By “internal” cue to the
still external to the reactive-le

td to fear. In any case, we think it misleading to use
refer to primitive forms of emotion.

reactive level we mean internal to the organism but
el mechanisms. Thus, in the case of hunger, the

internal cue to the reactive leval comes from the hunger system.
7. In fact, our preference would be to view boldness and shyness as two inde-

pendent, unipolar dimensions r

pther than one bipolar dimension. We also suspect

that tmidity is a better term to capture the construct because it avoids the social
connotations of “shyness.”
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8. Having a high level of positive affect does not mean that the individual is
always happy. It means that the median value of positive affective responses is higher
for this individual than for most others. The same is true for approach behaviors
(indeed, for everything).
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