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These are exciting times for developmental psychology. In the last several
decades, advances in theory and research have produced profound changes in the
ways in which we understand human action and development. These changes involve
a reversal of many long-held assumptions about the nature of psychological functioning.
The most salient of these involve refutations of the legacy of strong dualities that have
long constrained progress in the study of human behavior and development. These
include strong distinctions such as mind/body; emotion/reason; biology/psyche;
organism/environment; inner/outer; behavior/mental process; individual/culture; and
similar dualities (Overton, 2006). The most exciting developments have come from the
recognition that the elements and contexts of human activity cannot be understood
independent of each other. Instead, human development occurs in medias res — in the
middle of everything. When taken seriously, the implications of this idea are vast.
Instead of operating as separate modules, thought and emotion; experience and action;
biology and agency, person and environment; and other ostensibly opposing processes,
are highly dependent upon each other. In this chapter, we elaborate a model of human
development that takes seriously the idea that the structures and processes of human
action operate as dynamic processes that take diverse forms and trajectories as they
develop in medias res.

A recurring theme that has emerged in developmental theory and research over
the past several decades is the profound lack of independence of the systems that
make up human action as well as the systems and contexts within which human action
is embedded (Gangestad & Simpson, 2007; Gottlieb, Wahlsten & Lickliter, 2006; Lerner

& Overton, 2008). Instead of postulating sequences of internal cognitive processes
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without reference to brain, body and social context, psychologists have examined the
embodied nature of thought and action (Gibbs, 2006; Gallagher, 2005; Overton,
Mueller, & Newman, 2007; Thompson, 2007). Thought has its origins in actions that
occur within the medium of the body and which operate within physical and social
contexts (Johnson, 1998; Noe, 2004). Instead of studying cognition and emotion as
separate and distinct psychological modules, psychologists, philosophers and
neuroscientists currently maintain that emotion plays a necessary role in the
organization of all human action (Freeman, 2000; LeDoux, 2002; Mascolo, Li & Fischer,
2003). Instead of viewing individual persons as entities that can function independent
of physical and social contexts, current theory and research support the idea that
person and context operate as distinct parts an interlocking system (Clark, 1997,
Fischer & Bidell, 2006; Gottlieb, 2007; Lerner, 2005; Overton, 2006).

This emergence of these approaches has important implications the ways in
which we address central questions about human development. First, consider the
foundational question: What is it that develops in psychological development. Emerging
perspectives proceed with an appreciation of how seemingly different psychological
functions co-develop and influence each other over time. For example, Campos and his
colleagues (Campos, Anderson, Barbu-Roth, Hubbard, Hertenstein, Witherington, 2000;
Lejeune, Anderson, Campos, Witherington, Uchiyama, & Barbu-Roth, 2006; Uchiyama,
Anderson, Campos, Witherington, Frankel, Lejeune, et al., 2008) have show that early
locomotor experience — and not simply visual experience -- plays a key role in the
development of visual proprioception (i.e., the perception of self-motion in response to

visual motion cues). Eight-month-olds with experience walking or creeping exhibited
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higher rates of postural adjustment and emotionality to the induction of motion parallax
than did pre-locomotor infants. There are many examples of similar effects in the
developmental literature. These findings underscore the co-participation of multiple
organismic systems in the development of any given psychological structure. Calling
into question the practice of analyzing discrete psychological processes, these findings
suggest a need to analyze development in terms of increasingly integrative couplings
among ostensibly distinct psychological processes (Ayoub & Fischer, 2006; Sneed,
Hamagami, McArdle, Cohen, & Chen, 2007; Witherington, 2007; Overton, 2007).

How do psychological structures undergo developmental change? Human
development is dynamic; it does not occur according to fixed plans whether those plans
are regarded as genetic, psychological or cultural in origin (Fogel, Lyra & Valsiner,
1997; Thelen & Smith, 2006; van Geert, 1993). To understand the processes by which
development occurs, we can no longer focus not on individual forces, or even multiple
forces acting independently; instead, it is necessary to analyze how biology, action and
context interact within a relational developmental system (Gottlieb, 2008; Lerner, 2006;
Lerner & Overton, 2008; Overton, 2006; Oyama, 2000;). For example, Gottlieb
(Gottlieb, 2008; Gottlieb Wahlstein & Lickliter, 2006) has shown numerous examples of
the ways in which anatomical and behavioral structures in different species take
different forms depending upon local rearing conditions. For example, the capacity to
respond selectively to maternal calls in mallard ducks is dependent upon having been
exposed to the duck’s own or to another duck’s vocalizations in utero; sex determination
in varieties of reptiles is influenced by incubation temperature; genetically identical

parasitic wasps that gestate in different animal hosts develop different anatomical
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structures. Thus, if development occurs in medias res, it follows that it is not possible to
predict the shapes of development simply from knowing initial conditions. To identify
the shapes of development, one must examine developmental trajectories as they
emerge for particular configurations of psychological processes under particular
developmental conditions (Gottlieb, 2002; Lewonton, 2000).

In what follows, we begin by (a) offering a model of the integrative nature of
human action and experience. Articulation of such a basic framework is necessary if we
are to understand the integrative nature of “what develops” in human development. We
define integrative psychological structures as a basic unit of conceptual and empirical
analysis. Psychological structures consist of dynamic integrations of motive-relevant
meaning, feeling and motor action as they emerge within particular behavioral domains
and contexts. We then (b) examine how a theory of skill development (Fischer, 1980;
Fischer & Bidell, 2006; Mascolo & Fischer, 2005) can illuminate the ways in which
psychological structures develop over the lifespan. Skill theory (Fischer, 1980) provides
conceptual and empirical tools for identifying the shifting structure of any given system
of acting, thinking and feeling as they take shape within particular psychological
domains and social contexts. We then track developmental changes in psychological
structures within specific psychological domains. We focus first on (c) age-related and
developmental changes in representations of what makes life meaningful over the
course of adulthood. The question of what makes life meaningful is an integrative one.
As a result, its analysis can help illuminate the integrative nature of individual
development over the lifespan. The discussion then shifts from the analysis of macro-

developmental changes over long periods of time to more focused analyses on how (d)
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the microdevelopment of integral psychological structures in moment-by-moment face-
to-face interactions between people. In so doing, we extend our analysis of the
development of psychological structures in individual actors to a discussion of methods
for assessing the dynamic structure of joint action between individuals over time
(Basseches & Mascolo, 2009; Fogel, Garvey, Hsu, & West-Stromming , 2003) (see also
Nesselroade & Molenaar, and McArdle, this volume, for extended discussions of
lifespan methods). The port of entry for this discussion is the analysis of developmental
changes in representational and emotional aspects of psychological structures that
occur over the course of psychotherapy in adulthood. We conclude the chapter with (e)
a discussion of challenges elaborating integrative models of lifespan development.
Foundations of an Integral Theory of Dynamic Development
Psychological structures are motive-relevant integrations of meaning, affect, and
experience that have their origins in action. The concepts of action and activity —
common to the seminal developmental theories erected by Baldwin, Dewey, Piaget,
Vygotsky and others -- bring together the various processes that we call psychological
into a single unit. While the term action is often used as a synonym for “overt behavior”
or movement, the concept of action transcends the distinction between inner experience
and outer movement. To concept of action implies some capacity for agency or control,
an action is a type of doing (Burke, 1966; Taylor, 1970). Analysis of even the simplest
actions reveals properties that incorporate but extend well beyond mere movement.
Actions are (a) intentional processes (in the sense that they are “directed toward” or are
“about” something) (Searle, 1983; Zahavi, 2005); (b) goal-directed (Miller, Galanter &

Pribram, 1960) and (c) mediated by meaning (Wertsch, 1998). However, the meanings
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that mediate action are not simply “cognitive” or “intellectual” affairs. Instead, (d)
emotion and (e) bodily experience play central roles in the organization of the varied
components action (Brown, 1994; Damasio, 1994; Freeman, 2000). Figure 1 provides
a schematic diagram of the integrative structure of action. We illustrate the integral

nature of action through analysis of the everyday act of drinking a cup of coffee.

First, actions are intentional processes in the sense that they are either
performed on something, directed toward something, or are about something, real or
imagined (Merleau-Ponty, 1962; Searle, 1983; Vedeler, 1991). Actions and their
objects are represented at Points (a) and (b) in Figure 1. In the case of drinking a cup
of coffee, coordinated actions of reaching, grasping and drinking are performed on the
coffee. The coffee is the object of the person’s act of drinking. The relation between
action and object is an intimate one; actions and their objects mutually constitute each
other, whether those actions are sensorimotor acts of drinking a cup of coffee or social
activity such an engaging in a conversation over coffee. For example, when grasping a
mug, one must extend one’s arm and accommodate one’s hand and fingers around the
mug’s contours. In this way, the physical structure of the mug constrains structure the
act of grasping (Bateson, 1973; Gibson, 1979; Rosey, Golomer & Keller, 2008).
Simultaneously, the act of grasping the mug is organized by the goals and meaning that

the mug has for the person — specifically, the idea that the mug operates as a vehicle



Dynamic Development of Integral Structure of Action 8

for bringing the coffee to the mouth. Thus, action is always action-on-objects; a change
in object necessitates a change in actions performed on the object, and vice-versa.

Second, and perhaps more important, psychological activity is mediated by
meaning and experience. Perhaps more than any other element, it is the participation
of meaning, broadly defined, that makes any given process a psychological one. To
speak of a psychological process is to speak of a process that is mediated by the
meaning that events have for an experiencing organism. The 5-week-old’s smile upon
recognizing her mother; the 20-year-old’s anticipation of the kick that will come from her
next sip of coffee; and the 40-year-old’s fear that spending too much time cultivating a
career will interfere with his marital relationship are mediated not by events per se but
by the meaning that events have for experiencing persons. The role of meaning in
mediating action is represented at Point (c) of Figure 1. It is important to understand that
meaning does not precede action; psychological acts are mediated by meaning.

Third, acting is a form of doing. The concept of action implies some degree of
agency on the part of the person performing the action; persons exert some degree of
control over representational, experiential and motor processes. The capacity to exert
control implies that action is goal directed or otherwise motivated. Agency and goal
directedness are represented in Figure 1 by the arrow depicted at Point (d). Research
clearly indicates a capacity of primitive forms of goal-directedness from birth onward (de
Casper & Carstens, 1980; Sullivan & Lewis, 2003). Thus, to exert control over the act
of grasping a coffee mug implies the presence of a goal-- namely to bring the coffee to
the mouth. The coordinated acts of reaching, grasping, lifting and sipping are all

subordinated to this particular goal, which itself may be subordinated to a still higher-
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order goal (e.g., having a conversation over coffee). In this way, actions function as
hierarchically nested control structures (Mascolo, Fischer & Neimeyer, 1999).
The Role of Emotion in Human Action

Although psychological acts function as control structures, they are not simply
cognitive processes. Any action necessarily involves an integration of cognitive,
conative and emotional processes. Current theory and research underscore the idea
that emotion plays central roles in selecting, amplifying, and organizing attention,
consciousness, thinking and action (Keltner & Gross, 1999; Lewis, 1996; Freeman,
2000; Tomkins, 1984). In addition to these intrapersonal functions, emotion also serves
social, moral and cultural functions (Keltner & Haidt, 1999; Mascolo & Fischer, 2007;
Tangney, Stuewig, & Mashek, 2007). It follows that affective processes must operate as
part of the basic architecture of human action.

It is helpful to think of emotional states with reference to three broad classes of
components (Mascolo, Fischer, & Li, 2003). Emotions are composed of motive-relevant
appraisals (Lazarus, 1991; Scherer, 2005), a core bodily experience or phenomenal
tone (Bermond, 2008; Scherer, 2004) and characteristic motor expressions and motive-
action tendencies (Frijda, 1987). Appraisals refer to embodied assessments of the
relation between perceived events and a person’s motives, goals and concerns (Frijda,
1986; Scherer, 2004). Different emotional states reflect variations in the ways in which
individuals appraise events relative to their motives and desires (Ellsworth & Scherer,
2003). Positive emotions accompany motive-consistent appraisals; negative emotion
arises when events clash with goals, motives and concerns. Although appraisals are

often conceptualized as “cognitive” processes, they are always motive-relevant; they
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are assessments of how events relate to what one desires, wants, expects, etc.
Appraisals reflect changes in the fate of one’s motives (Roseman, 1984). Thus,
although appraisals involve cognitive processes, the cognitive aspects of appraisal
function in the service of a person’s motives. As a result, appraisal processes that
operate in emotion are fast-acting, non-conscious and non-deliberate (Barrett, Ochsner,
Gross, 2007). With development, event-appraisals become increasingly mediated by
higher-order meanings (Mascolo, Fischer & Li, 2003; Sroufe, 1996).

Feeling tone refers to the phenomenal experience of an emotional state. Most
laypersons report that different experiences of emotions have different characteristic
feeling tones. While it is often difficult for people to describe their felt states, when they
do, they often resort to telling stories about the circumstances under which feelings
arose (Sarbin, 1989), describing the events that precipitate them (e.qg., “It felt as if | were
punched in the stomach”), or invoking metaphor (Davitz, 1969; Kovecses, 2000). For
example, the experience of anger is often described in terms of “heat” (I felt hot”) and
“pressure” (“I felt like | was going to explode”). Motive-action tendencies consist of
voluntary, involuntary and communicative actions that function in the service of the
appraisals involved in the emotional experience. Different classes of motive-action
tendencies reflect what a person typically wants to do and what a person has a
tendency to actually do within the emotional experience in question. These include both
voluntary and involuntary actions. Motive-action tendencies are functional. They
operate in the service of the motives implicated in the appraisals that participate in an
emotional state. For any given category of emotion, action tendencies encompass

characteristic patterns of facial, vocal, postural, and instrumental activity.
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The tripartite structure of appraisal-affect-action processes is represented in
Figure 1 in terms of the interlocking circles within the broad arrow signifying action.
There is no single or fixed sequence in the construction of any particular emotional
experience. Appraisal, affect and motor action regulate each other in real time; each is
always operative in continuously modulating each other’s functioning over time (Lewis,
1996; Mascolo & Harkins, 1998; Scherer, 2006). In any given context, appraisal
processes — the vast majority of which proceed without conscious awareness --
continuously generate, modify and modulate the production of affect and action;
different affective patterns are generated by different types of appraisal activity. At the
same time, however, affect amplifies, organizes and selects these same appraisals for
conscious attention (Brown, 1994; Phelps, Ling & Carrasco, 2006; Tomkins, 1984). At
any given point in time, motive-relevant appraisal systems are active in monitoring
event-related information from thousands of different sources (e.qg., different classes of
visual, auditory, vestibular, tactile, bodily inputs, etc.) at a variety of different levels of
meaning (i.e., homeostatic regulation; bodily feedback; higher-order meanings, etc.).
Only a small minority of these appraisal processes result in conscious awareness.

For example, most drivers have had the experience of “automatic driving” --
operating a car for long periods of time without being aware of one’s driving. During
such an episode, if a child were to run into the road, the child’s presence would
immediately be drawn to conscious awareness. “Without thinking”, the driver would
maneuver the car in order to avoid hitting the child. This common example illustrates
the typically non-conscious ongoing appraisal processes; at any given moment,

appraisal processes monitor the status of full range of a person’s goals, motives and
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concerns. Change in the relation between events and a person’s important motives
and concerns result in affective changes: The person may experience bodily changes
that are described with terms like fear, terror or horror. Most important for the present
discussion, affective changes thereupon select, organize and amplify one’s motive-
relevant appraisal for conscious awareness while simultaneously activating broad
classes of adaptive action. In this case, before the driver in the example provided is
able to respond to the situation in terms of higher-order deliberative activity, the
emotional state of fear amplifies and selects the appraisal “a child is in danger” for
conscious awareness while simultaneously activating action tendencies that function to
remove the danger to the child. In this way, affect plays a central role in the selection
and organization motive-relevant appraisals for conscious awareness, attention and
action. Affect operates as an actual part of any given action structure.
Completing an Integral Conception of Action

The emotion process is depicted in Figure 1 in terms of the three interlocking
ellipses identified at Point (d). At any given moment, appraisal processes monitor
relations between perceived events and a person’s goals, motives and concerns. An
individual's goals, motives and concerns undergo profound developmental change over
the course of life. By the time an individual reaches adulthood, a person’s motivational
system is constituted by a broad range of goals, motives and concerns. Appraisal
processes are continuously operative in monitoring the flow of events with reference to
a person’s motive hierarchies. The emotional selection and organization of goal-
directed consciousness is represented in Figure 1 in terms of the arrow indicated at

point (e). Conscious control over meaning, experience and motor action is depicted in
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terms of the activity of higher-order executive functions depicted in Figure 1 at points (f)
and (f'). Itis through the operation of executive processes that individuals exert
coordinative control over meaning, experience and motor movement. Conscious control
over action occurs as one is able to bring structures of meaning, experience and
movement into correspondence with those goals, motives and concerns that have been
organized in consciousness through the generation of affect (e) (Scherer, 2004). Of
course, the capacity for higher-order cortical control does not emerge ex nihilo; it is
organized by lower-level processes (including affect) that function outside of awareness.
Thus, human action functions as a complex, integrated and dynamic process.

The neuro-biological grounding of an integrated model of action. Although
they are still in their infancy, the fields of cognitive (Gazzaniga, Ivry, & Mangun, 2008),
affective (Davidson, 2000; Panksepp, 1998) and social (Cacioppo, Visser & Picket,
2005; Harmon-Jones & Winkielman, 2007) neuroscience has produced research
providing the psychobiological grounding supporting the basic process model of human
action depicted in Figure 1. The neurobiological grounding of a model of action would
identify interconnected systems of brain structures and processes that mediate the
production of meaning and experience in action. Neuroscience has evolved well
beyond the point attempting to localize complex psychological processes within single
brain areas (Cacioppo , Visser & Picket, 2003). According to Panskepp (1998), “There
are no unambiguous ‘centers’ or loci for discrete emotion in the brain that do not
massively interdigitate with other functions, even though certain key circuits are
essential for certain emotions to be elaborated” (p. 147). Similarly, particular brain

areas have multiple functions. For example, many areas that mediate particular modes
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of cognitive processes have also been implicated in emotional and motor functioning
(Cozolino, 2006; Davidson, 2000; Phelps, 2005). As such, the biological substrata that
mediate psychological activity are best understood as products of the activation of
neural systems that are distributed throughout the brain (Thompson, 2007).

A first step to elaborating a model of the social brain can be informed by
MacLean'’s (1990) conception of the triune brain. MacLean (1990) represents the
anatomy of the brain in terms of three phylogenetic layers that have their origins
different phases of evolution. These systems include the reptilian (i.e., inner core),
paelomammalian (i.e., limbic system) and neomammalian (i.e, cortex) brain systems.
These systems are sometimes loosely understood as three nested brains, each higher
level brain wrapped around each lower level brain. The reptilian brain, the evolutionary
oldest system shared by snakes and reptiles, consists of the inner core of the brain
(e.g., thalamus and basal ganglia). The reptilian brain plays a role in regulating hunger,
thirst, bodily homeostasis, fight/flight responses, and similar processes. The
paelomammalian brain, shared by dogs, cats and rats, corresponds to the structures of
the “limbic system”, a system of structures that are thought to play a leading role in
mediating emotion. The neomammalian brain consists of the cortex, shared by
primates and great apes, which is most developed in humans. The cortex mediates the
higher-order functions of planning, deliberation, complex thought, executive functioning,
conscious inhibition of action, etc. The concept of the “triune brain” is almost certainly
an oversimplification, but it is a helpful heuristic in understanding the gross functions of
different brain areas. Although structures in the entire brain are relevant to production

of emotion, the structures of the limbic system play a dominant role in mediating the
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production of emotion and motor behavior.

As indicated in Figure 1, executive functions and the production of higher-order
symbolic representations are largely mediated by activity in the frontal and pre-frontal
cortex of the brain (Cozolino, 2006). Pathways that mediated motive-relevant appraisal
processes are nested throughout cortical and cortico-limbic areas of the brain. In any
given context, sensory information is filtered through the sensory thalamus. From this
point, processing moves in two different directions (LaBar & LeDoux, 2003). A fast-
acting pathway links directly to the amygdala, which is involved the assessing the
emotional salience of motive-relevant events. A slower moving path directs processing
toward the pre-frontal cortex, which plays an important role in higher-order meaning
analysis and in mediating links between salient goals and possible actions. The fast-
acting pathway is most important for immediate adaptive action. The amygdala plays
an important role in assessing the emotional significance of events (e.g., the biological
equivalent of “good for me/bad for me”). The amygdala has rich interconnections with
the hippocampus, which plays a central role in the representation and consolidation of
episodic memory structures. In emotion, the hippocampus appears to function to
connect representations of particular environmental contexts with the emotional
salience of those events. Once activated, the amygdala modulates the arousal and
attention functions of the prefrontal cortex. In this way, the fast-acting emotional
processing performed by the amygdala plays a role in directing attention toward the
source of a stressful event. This process organizes and facilitates conscious
processing of emotionally salient aspects of a person’s environs (Cacioppo, Visser, &

Picket, 2006; Phelps, 2005; Labar & Ledoux, 2003).
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At the same time, the amygdala activates the hypothalamus which is involved in
mediating a suite of affective and behavioral processes. The hypothalamus functions
as the apex of the hypothalamus-pituitary-adrenal axis (HPA) which is instrumental in
the release of stress hormones, including cortisol. During times of stress, the
hypothalamus stimulates the pituitary gland (located below the hypothalamus) to
secrete ACTH (acrenocortocotropic hormone). ACTH activates the adrenal cortex
which secretes stress hormones, including cortisol, which functions to increase blood
pressure and glucose metabolism needed to support an individual’s adaptive reaction to
stress. Similarly, during stress, the hypothalamus also plays a role in activating the
sympathetic nervous system. Further, through connections that pass through the
central gray, supported by sympathetic nervous system activity, the amygdala activates
particular classes of emotional motor behavior, including the fight or flight response
(LaBar & LeDoux, 2003). Recent research, however, suggests limitations in the
traditional characterization that fight or flight responses function as foundational fear
responses. Research suggests that low levels of amygdala activation are associated
with freezing behavior, whereas higher levels of activation are associated with the fight
or flight response. Freezing under relatively lower levels of danger may allow the
organism to more fully assess the situation in order to weigh different options for
responding to the situation (Cozolino, 2006).

The picture that emerges from current affective and social neuroscience is one
that depicts affective processes as broadly distributed throughout multiple levels of
neural organization (Pessoa, 2008; Winkielman & Cacioppo, 2006). Lower-level limbic

and cortico-limbic systems mediate fast acting, non-conscious affective processing of
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motive-relevant events (Labar & LeDoux, 2003). Cortical functions are implicated in
more deliberate, higher-order acts involving executive control (Zelazo & Cunningham,
2007). In any given context, conscious awareness is organized by the non-conscious
activation of affect-producing neural pathways (Mitchell & Phillips, 2007). Higher order
executive functions, mediated by the frontal cortex, exert downward control over
thought, feeling and muscle action (Lewis, 2005). The interaction between cognition
and affect is mediated by systems of massively interconnected cortico-limbic pathways
(Phelps, 2005; Winkielman & Cacioppo, 2006). With development, through such
interconnected circuitry, emotional reactions come to be mediated by increasingly
higher-order meanings and event appraisals, while implicitly activated affective
processes continue to organize higher-order thought and action (Lewis & Todd, 2007).
Thus, contemporary neuroscience supports the view that psychological structures are
simultaneously affective and cognitive events. They arise through the dynamic coupling
of cognitive and affective processes as they adjust to each other in contexts that have
implications for the fate of one’s motives.
The Dynamic Development of Integral Psychological Structures

Psychological structures consist of dynamically integrated configurations of
meaning, experience and affect that operate within particular domains and social
contexts (Fischer & Bidell, 2008; Mascolo, 2008). To speak of the development of
psychological structures is not the same as speaking of the development of a person.
There are no general or “all purpose” psychological structures. While they undergo
massive development over the lifespan, psychological structures consist of localized

skills that are tied to particular situational demands, psychological domains and social
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contexts (Fischer, Bullock, Rotenberg & Raya, 1993). Knowing that a forty-year-old is
can operate at high levels of functioning while leading a meeting at work does not allow
one to predict that same person’s level of performance when conducting and
emotionally-laden family meeting at home. Developmental trajectories can only be
predicted reliably within specific tasks, task domains and contexts.

As defined in dynamic skill theory, (Fischer, 1980; Fischer & Bidell, 2006;
Mascolo & Fischer, 2005), within particular domains and contexts, psychological
structures develop over the lifespan through 13 levels that begin shortly after birth and
continue to undergo transformation until an individual reaches about 25-30 years of age.
As indicated in Figure 2, the process of development occurs through a reiterative series
of two nested growth cycles (Fischer, 2008). The first consists of a longer term growth
cycle involving the progression of skills through a series of broad-based developmental
tiers. A tier consists of a particular mode or quality of action or thought. There are five
broad tiers of development: Reflexes refer to pre-adapted action elements (e.g. sucking
on an object placed in the mouth); sensorimotor actions refer to smoothly controlled
actions on objects (e.g. reaching for a bottle); representations consist of symbolic
meanings about concrete aspects of objects (e.g., “Mommy likes candy”); abstractions
consist of higher-order representations about intangible and generalized aspects of
objects and events (e.g., “Conservation refers to the concept that the quantity of
something remains the same despite a change in its appearance”). Abstract principles
are high-level abstract conceptions that tie together multiple abstract systems. Abstract
principles are rare in development, and occur in people with high levels of education,

experience and/or specialization in a given field.
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The second shorter-term growth cycle recurs within each longer-term cycle.
Within each of broad tier of development, skills develop through a series of four levels.
These levels of individual skill development include single sets, mappings, systems and
systems of systems. Within the short term growth cycle, higher levels within a tier arise
as persons are able to coordinate one or more lower-level skill elements. Figure 3
describes the short-term growth cycle in terms of a series of mapping relations involved
in forming a cube. Mappings involve the coordination of two or more single sets; they
are represented in Figure 3 in terms of a single line connecting two points. Systems
arise from the coordination of two or more mappings; they are represented in terms of
the mapping of two lines onto each other to form a square. Finally, a system of systems
emerges as two systems are mapped onto each other. This is represented in Figure 3
in terms of the mapping of two two-dimensional squares onto each other to form a three
dimensional cube. The coordination of two systems into a system of systems is the
equivalent of the first level of a tier of skill development. This is indicated in Figure 3 by
the statement of equivalence between the skill structure representing a system of
systems (Level 5) and the skill structure identifying the first level of the next broad tier in
terms of a single higher-order set (Level 5/1).

Within any given tier of development, a single set refers to a single organized
reflex, action, representation or abstraction. For example, within the representational

tier, which begins to emerge around 18-24 months of age, a toddler can coordinate
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multiple systems of action into a single symbolic representation. At this level, a child
can begin to make one thing stand for another. For example, in contexts that support
the construction of such actions, a child can use a doll or a block to stand for a person
in pretend play. Alternatively, she can begin to represent the meaning of words (sound
sequences) that refer to absent objects. At its most basic level, a single representation
corresponds to the meaning of a single concrete declarative sentence (e.g., “Mommy is

mad”, “Do it myself!”, or “The milk spilled”:

Mommy Me Milk
mad “do it myself!” spilled

Mappings refer to coordinations between two or more single sets. A mapping arises
when an individual constructs a skill by putting together two lower level single sets.
Within the representational tier, in contexts that support a child’s attempts to do so, a 3
% to 4 year old child can begin to map one single representation onto another single
representation to form a representational mapping. Using a representational mapping,
a child can represent the concrete relation between two basic ideas. The preschooler
can represent relations between two or more ideas in terms a variety of possible
concrete relations, including cause/effect, part/whole, big/little; reciprocity, contiguity,
temporality and so forth. For example, a 4 year-old child can construct a
representation of herself in terms of concrete social comparisons (e.g., “l can run into
the water [beach] just like all the big girls do!”). At this level, a child can compare the
height of two glasses of water and understand that the level in a tall beaker is higher
than the level of a short beaker. Alternatively he can understand that a coffee mug of is

wider than a water glass. Representational mappings are indicated as follows:
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just like _ . . more thinner
Me "— Big Girls Water — Water Glass — Cup
run into run into water high low thin wide
water!

Systems arise when an individual is able to bring together two lower-level
mappings into a single, seamless skill. A system thus consists of the mapping of at
least two mappings. Within the representational tier of development, beginning around
6-7 years of age, with contextual support, a child is able to bring together at least two
lower-level skills at the level of representational mappings into a single integrated
representational system. For example, in a traditional conservation task, a 4 or 5 year-
old, using representational mappings, can compare the amount of water contained in a
tall, thin glass to the amount of water poured from an identical glass into a short and
wide glass. Using representational mappings, the younger child is able to compare
relative height of the level of water contained in the two glasses (e.g., “the water in the
tall glass is higher than the water in the short glass”). Alternatively, the child can
compare the width of the two glasses (e.g., “the tall glass is thinner than the short
glass”). However, it is not until the child is able to represent both of these mapping
relations simultaneously that she can solve the traditional water conservation task.
Thus, beginning around 6-7 years of age, with the capacity to construct representational
systems, a child can coordinate these two lower-level mapping relations to understand
that when water is poured from a tall, thin glass to a short and wide one, changes in

height from tall to short are made up for by changes in width from narrow to wide.

from tall from thin
Change is made Change
in Water up by in Water

to short to wide
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Using representational systems, a child is able to represent a variety of such concrete,
systematic relations. For example, a child can construct an understanding that “Joey is
better than | am in music, but | am better than Joey in soccer”, or “Mom will be mad
when she sees the note from my teacher, so | better put it under my mattress so that
she can’t find it”, or “I like playing with Sarah because we can play with dolls, but it's

also not fun because she can be so bossy.”

nice mean
Sarah + 4¢——p Sarah —
we play together too bossy

Within any given tier of development, the final level produced within the short
term growth cycle consists of systems of systems. A system of systems arises through
the process of coordinating two or more systems level skills into a single integrated skill.
The production of a system of systems serves a dual function. Within a given tier of
development, a system of systems constitutes the final level of the short-term growth
cycle; simultaneously, a system of systems is the equivalent of the first level of the next
broad tier of development. For examp