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Dynamic Developmental Systems:
Chaos and Order

Arnold Sameroff

Chaos is an excellent theme for academics in modern times. when multitasking
at work, at home, and at play frequently elicits the feeling encapsulated in the
title of an old Broadway musical: “Stop the world, I want to get off!” These
negative feelings arise from a complex balancing act people perform among
roles in organized institutional structures at home, at work, and at play. These
settings may seem to have a life of their own but are highly dependent on the
regulated functioning of their participants. When someone’s home life becomes
disrupted, it may intrude into his or her work life. For example, in many con-
temporary families child care is divided between two parents and seyeralshird
parties but becomes’&ﬁ??y_t ed if one partner becom;ﬁ:in:f;a‘the other has to fill
in.This solution to the caregiving situation n_f;; reverberate to the workplace,
where the absence of one or the other may mean that a function is not being
performed, requiring someone else to fill in, affecting the regular role that per-
son played. To the extent that the parents or their substitutes are in supervi-
sory roles, their charges lose a source of regulation in their own occupations,
which may affect the larger community when a product is not produced or a
service not delivered (see chap. 12).

These examples reflect the ecological model that is the basis of much that is
reported here. Bronfenbrenner’s (1986) micro-, meso-, exo-, and macrosystems
provide an important jentation to the psychological study of human devel-
opment. At a time when the child research enterprise was focused either on the
unfolding of innate characteristics of the child or on the environment’s rein-
forcement contingencies, Bronfenbrenner brought a sociological g@igg&hmnp-
logical perspective that added multiple levels of analysis to the requirements
for predicting and influencing child development.

Modern times are based on highly regulated, ordered systems that connect
multiple individuals to multiple roles that offer many opportunities for order
but also for disorder. This disorder can have both contemporary and develop-
mental effects and can be produced by either the individual or the context. The

‘study of chaos must be integrated into a broader understandj change over

time 11 both individtrade aRa 8ettings. Time is part of the Bronfenbrenner model,

3 but it is discussed primarily with regard to higtoricalfime and in terms of the
A acgumulation of effects from either the absence or un rer%_iggg_jgilit of gpviron-
E merLt;il supports, with a longer duration of thaos having more de;eterigus ef-
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256 ARNOLD SAMEROFF

fects than a shorter duration. However, the notion of timing must be added to
the study of time. Depending on what is developing at a specific point in time,
chaos may have major, minor, or no effects. For example, Elder’s (1995) studies
of military experience document how the same historical events can facilitate
the development of one cohort (teenagers) and interfere with the development
of another (those in their 20s; for a detailed discussion of cumulative influences
and timing issues, see chap. 8).

Models for Understanding Successful Development

Contemporary developmental science requires at least four models for, under-

e et et ol T i R — - i,
standing humap‘gf'ow‘fﬁ: a pérsonal change one, a contextual one, a regulation
OnE, an‘d"a"x‘ei'fesenta{mnal one (Sameroff, 2009a).

The Personal Change Model

The personal change model is necessary for understanding the progression of
competencies from infancy on. It requires unpacking the changing complexity
of the individual as he or she moves from the sensorimotor functioning of in-
fancy into increasingly complicated levels of cognition; from early attachments
with a few caregivers to relationships with peers, teachers, and individuals in
the world beyond home and school; and from the early differentiation of self
and other to the multifaceted personal and cultural identities of adolescence
and adulthood.

.. The Contextual Model

The contextual model overlaps substantially with Brogflglhge_nggﬁ_ﬁ);mula-
tions. Before Bronfenbrenner, in the United States development was believed
fo be a linear progression, with each new step in behavior predictable from the
preceding one, and directionality determined by the history of contingent rein-
forcements in a behaviorist model that could be replicated in the laboratory.
But this approach was defeated as one exogenous variable after another, such
as the ethnicity and gender of the subject or experimenter, was found to affect
even laboratory behavior. The child psychologist now had to attend to context,
and it was Bronfenbrenner, who provided the theoretical basis that made at-
tending to semﬁ%Many predecessors fe! at tamilies, schools, neigh-
borhoods, and culture had influences on development, but Bronfenbrenner
turned these ideas into a comprehensive framework with predictj i

| these i ect the child B also how THEy alfect each other. Although his

terminology of microsystems, mesosystems, macrosystems, exosystems, and

chronosystems may not be universally accepted, his principles that the family,

school, work, and community are all intertwined in explaining any particular

child’s development were part of a revolution in psychological science that is

now universally acknowledged. After Bronfenbrenner, beha@Wﬂd
e -
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development in particular, could not be separated from the social context. An
individual’s behavior could not be predicted independent of situational demands
and constraints.

The growing child is increasingly involved with multiple social settin, s and
institutions. The move was traditionally from participation wEolly in the %amily
mitfosyELst into contact with the peer group and school system. Now, how-
ever, many infants are placed in out-of-home group child care in the first months
of life. Similarly. where the effects of neighborhoods used to be primarily medi-
ated by the family, street violence now directly impacts people of every age.
including the very young. Each of these settings has its qwn.sysien-properties.
Concerns about the developrieiit of the child are only one of many institutional
functions. For example, the administration of 3 school setting needs to attend to
financing, hiring, training of staff, arid building maintenance before it can per-
form its putative function of caring for or educating children. In chapter.§,
Maxwell’s description of the school setting is an excellent detailing of the many
functional dimensions involved.

Attention to the effects of changing settings on children over time must be

augmented by attention to changing characteristics of indjvidyals within a sgt-

I3 st oS . . .
ting. Contemporary social models also take a life course perspective that in-
cludes the interlinked life trajectories of not only tl_‘ﬁgﬁi_l&f"}?’tmtalsg%}}’g’w
members (Elder, Johfison, & Zirosnoe, 2003). Experiences Tor the child may be
quite different if the mother is in her teens with limited education, or in her 30s
after completing professional training and entry into the job force. Similarly,
Lustig’s (see chap. 15, this volume) discussion of the refugee experience high-
lights the disruptions in developmental timing where young children are filling
adult roles as caregivers, breadwinners, or soldiers. The life course perspective
incorporates the historical changes over the past century, as described by Lichter
and Wethington (see chap. 2, this volume), that produced better health and less
poverty while also maintaining or even expanding major social inequalities; in

¢ other words, life for many did not fully benefit from overall societal progress.

: The third model of regulation reflects the systems orientation of modern sci-
~ ence (Sameroff, 1983). Most of the rhetoric in developmental research is about

Put in terms of concepts that are the focus of this volume, chaos may be reduced
for some but increased for others.

>

The Regulation Model iy
A~ T~ ~_i)i; {
\

! self-regulation, giving the illusion that regulation is a property of the individual,
§WFround th

1 but self-regulation occurs only if therem ‘ound that 15 engaged in
other-regulation (Saffieroft & %1ese, 2000). TRIS Teguiation by others provides

e increasingly complex social, emotional, and cognitive experiences to which

{ the child must self-regulate and the safety net when self-regulation fails. Even
1 early functional physiological self-regulation of sleep, crying, and attention are
augmented by caregiving that provides children with regulatory experiences to

‘help them quiet down on the one hand and become more attentive on the other.

; Vygotsky’s (1978) zage of proximal development is analogous to other-regula-
tign incognitive development. Successful socialization end ediication ars based

5 ;ﬁ /
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258 ARNOLD SAMEROFF

on fiiting experience to the developmental status of the child. As children cre-
ate their understanding of the world, the world is made more complex through
steps In a curriculum to move them along toward some societal goal of mature
thought. Arithmetic is an excellent example: As soon as children learn to add
they are required to learn to subtract. following which they are taught to multi-
ply and divide. Each step is a regulation of the environment by the teacher to
keep one step ahead of the child’s mathematical regulation. Similarly. in the
social realm increases in social responsibility are paced to the success of the
child's adjustment to previous levels of responsibility (Rogoff. 2003).

More important, in the systems view ng individuals are separate from rela-
M -— NSRS i g

5 . tionships (Sameroff. 2009b). Each child 1s functioning in reiation to characteris-

tics of the physical and social world. For the most part other people are mediat-
. . T T ‘. o .

' ing this experience, from deitic episodes of the parent capturing the
child’s attention by pointing to objects in the surround to the university lec-
turer who uses multimedia presentations to engage a range of cognitive func-
tions. One can consider many of these regulations in terms of affordances that
capitalize on the perceptual abilities of the child, but many are developmentally
paced to increase the complexity of experience for the child.

The Representational Model

In the last model, the representational one, an individual’s here-and-now expe-

riences in the world are given a timeless existence in thought. These represen-
tations are the itiyg structures where experience is encoded at abstracted
}ﬂlAs that provide an inteireﬁve structurg._fo/r‘ne\w experiences, aSwellasa
sense of self and other. Representations are obviouiﬁ“x%@@at
the resent. They have an adaptive function of bringing order to a variable

rﬁxﬁ%ﬂ'ﬁng a set of expectations of how things should fit together. In the
social realm these representations include such things as an infant’s working
model of relationships (see chap. 4, on representations of family routines) or
cultural practices (see chap. 13).

These four models for understanding development provide a framework
for understanding the deleterious effects of chaos. The chapters in this volume
tap into one or another model and document how the instability or incompre-
hensibility of expertence interferes with or prevents adaptive currént or Jater

unctioning, The contemporary effect of chaos 1 that functions are not per-
formed, which leaves needs unmet. The developmental effect is that children
growing in such circumstances may have limited or no models of effective regu-
lation both for themselves and for their relationships with others.

< Chgosﬁ
NN
The vision of chaos discussed in the introductory chapter and detailed in chap-
ter 14 by Evans et al. was somewhat simplified into categories of digorder or
turbulence in chapter 10 by Brooks-Gunn et al.. Disorder arises from high lev-
eﬂg_ Q{ B(_)ise, exce sive crowding, cl’gﬂtt‘gr, and lack o{ structure. Turbulence is
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related to instability of settings. instability of relationships, and unpredictahility
of routines. The negative effects of such environmental chaos are evidenced in

1
8 pooreggh\ sical and menral health, reduced emotional maturity and social com-
j petence. and 1ed_uced cognitive Lomgeiéﬁce ‘and comifumication skills. These
- factors clearly lead to bad oiitésmes, but is it equally ¢ clear that theu opposites
o would lead to good guicomes?
e The other end of the spectrum for these variables includes silence for noisi-
ness, being alone for crowdedness. rigid systems for lack of structure. unchang-
ing settings for instabilitv of settings. enmeshed relationships for unpredict-
3 able ones, and boredom for unpredictability. It would seem that gxtremes of, .
5 either chaas or order mav not foster eftectlve %WWQ What we
t- know about successful svstems Ts that they are adaptive, capable of respondin
e toarange of conditions, and still maintain competent functioning; in other words.
c- they are well-regulated. Successful ‘development requires regularities of e expe-
e rm of adapted systems but also requires new stimulation
it that may initially be experienced as noise, if growth is to occur. S,
ly An examination of the outcomes affected by chaos shows they are actually

regulatory processes related to both internal and external experience. Physical

heaItE mvolves the regulatlon oi a full range of mologlcal functions that aye a

tems fi nd cogn nitive reguIaflon served by social and commumca-
e S B -

tive mtera_mus_lf one were to ask about the negative consequences of chaos,

the answer would lie in how it affects thei_gegmatory systems )

PR

; Sy

*a Interpreting Chaos Within Developmental Models
at
le Although chaos sounds terrible and the chapters in this volume have listed a
e variety of negative outcomes associated with chaos, most of the consequences
g have not been through linear causality. The majority of the effects are med1
or ated “such as when chaos affocts parenting that in turn affects child outcomes;
mg@g;gggd such as when children with certain biological or personality charac-
rk " teristics are more affected than are children without them; or accumulated,
ne such as when chaos has an effect only when it occurs simultaneously in many
re- " settings of the social ecology. The conclusion to be drawn from all this research
ter isthat understar}dlng the effects ofc cans 1s as complex as understandmg devel-
er- opment itself.
ren Understanding what ingredients are necessary for developmental progress
- will throw light on how these ingredients are affected by chaos. Will chaos have
. its effect by removing these ingredients such that development does not take
- place? Will chaos have its effect by preventing the child from experiencing the
\ ingredients that are available? Will chaos prevent the developmental process,
1 or will it distort it? Moreover, as Lichter and Wethington suggested in chapter
: i 2, dealing with chaos early in development could act as a vaccination such that
ap- the child will ot be as affected by chaos later in development. . The answers to
‘or all these questions require an articulated idea of what development is about
ov- and they definitely will vary depending on the particular developmental out-

!
!
]
£
i
i
A

2 is come and the particular developmental period. The four models outlined here
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provide a framework for understanding the effects of chaotic conditions on de-
velopmental success.

Personal Change Model

The time perspective of the personal change model is useful for examining the
effects of chaos at specific ages as well as casc ade effects, when chaotic effects
during one period lead to chaotic effects during another period. The effects of
chaotic conditions on regulatory systems vary immwe
€XDETIENces are important tothe formation of regulatory systems, and others
are related to their adaptive functioning once formed. The formation of regula-
tory systems requires consistencies of experience in repeated and then recog-
nizable patterns. Communicative competence requires patterned experience to
shape first the sounﬁﬁ’fﬁéi‘h’s”‘fdﬁi spetific language and then the words within
a semantic framework. Social competence requires patterned social interactions
initially in the service 6f emotionial regulation—the soothing behavior of par-
ents—and then in the service of using means to obtain ends, such as using
parents to access desired outcomes.

To the extent that there are few regularities in experience (the unpredict-
ability dimeusion of chaos), cognitiv'é_h:éfx'id,_étqhmal jd,e_ve_lop;ggptégﬂkslowq@“orgjs-
torted. Early sensorimotor cognition is hard to derail because it s based on
regularities in physical experiences such as touch, sound, or sight largely inde-
pendent of the social surround, but even such basic perceptions can be distorted
in children with mental challenges or children reared in stimulus-deprived in-
stitutions or in the extremely overwhelming, chaotic conditions of war and physi-
cal calamities (for a discussion on the impact of these types of conditions, see
chap. 15). However, as the child reaches toddlerhood, and later in school where
understanding the world requires explanations, the full range of chaotic disor-
der and turbulence comes into play, disrupting learning experiences as detailed
in Maxwell’s analysis of school effects (see chap. 6).

Early social development is typically associated with the establishment of
secure attachments to caregiving figures that will be the basis for later social
relationships. The study of attachment is an example of how difficult it is to pin
down the effects of chaos. Almost all children form working models of relation-
ships, so chaotic conditions do.not prevent development except at the extremes.
However, the instability of early experiences will affect the quality of these
relationships and how they are represented. Anxious attachments are formed
when experience with caregivers is unpredictable or unresponsive. Unrespon-
siveness is a reduction in regularity of parenting behavior, whereas unpredict-
ability could be interpreted as an instance of chaos. But the real effect of chaos
seems to be at the extreme where parental psychopathology comes into play,
producing disorganized attachments through a variety of forms of emotional
and physical abuse. As more longitudinal studies are completed early, insecu-
rity with caregivers is being connected to later attachment anxiety and avoid-

ance in peer and romantic relationships, but these are not necessarily pathol-
ogy, only different forms of adaptation (Sroufe, Egeland, Carlson, & Collins,
2005). The chaos in later relationships is more clearly tied to the borderline
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personality disorders that mediate the link between earlier abuse and later
social relationships.

Contextual Model

Through the ecological lens, the chapters in this volume have identified the
way chaos affects many aspects of families. schools. cultures, and economies.
Moreover. the discussion extended to how chaos in one setting contributes to
chaos in another, as exosystems. mesosystems, or macrosystems. For example,

" Repetti and Wang's (see chap. 12) analysis of the workplace as an exosystem

portrays how instability of work hours and autonomy in jobs affects parent
emotional stability, which, in turn, could negatively affect child rearing. In ad-
dition, a parent’s stress at work could affect the marital relationship, producing
another pathway toward worse child rearing. However, the workplace could act
to reduce stress and the associated chaos by providing maternal leaves and
child care, possibly with resources and policies provided by governmental
macrosystems.

Whether a setting increases or decreases chaos is important not only for
research but also if one is seeking targets for intervention strategies to reduce
the effects of chaos. Stability in primary caregivers is an important ingredient
in successful socioemotional development. The historically increasing numbers
of children being reared in single-parent households documented by Lichter
and Wethington in chapter 2 suggest that this stability is being undermined
over time. Good child care can be both a microsystem in providing additional
stability to the parent’s caregiving and a mesosystem by reducing parent stress,
acting to offset chaotic family conditions. Howev>r, as Corapci and Bradley de-
scribed in chapters 5 and 9, respectively, many poor-quality child-care settings
undermine child development through low staff ratios, turnover of child-care
workers, and poor facilities. These effects are further conditioned by macrosystem
economic conditions that were described by Evans et al. in chapter 14. Good
child care is expensive, and to the extent that economic resources are limited,
as in lower socioeconomic status families, the available child care will be of a
much lower quality and more chaotic than it will be where families are more
affluent.

Regulation Model

Effective regulatory systems are guided by information as to what needs regu-

laﬁg:Negatyygﬁ_d@qk systems typicatly reduce dlécrepan01es from a set ] pomt
by either an incres a. ﬂecrease n actlvatlon For effective classroom learn-
ing, the teacher must first wake up some students and quiet down other stu-
dents to get their attention. Mesosystem effects can be seen when increasing
student attention is made more difficult when they are tired from after-school
jobs, irregular bedtime routines, or carousing late at night thanks to a lack of
parental supervision. In a similar vein, getting the attention of overly aroused
students is difficult when they have not developed good self-regulation skills
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because of stress at home or not having had experience at self-regulation ear-
lier in development. Only afterward can instruction begin to stimulate cogni-
tive development via other-regulation by teachers, through the use of curricula
that move the child from one step to the next.

Chaos in and between settings interferes with the flow of information nec-
essary to hoth self- ang other:regulation. At onc extreme 15 the destruction of
regulatory systems by extreme conditions of war or disaster in which families,
schools. neighborhoods, and other social settings are shatrered. Less exireme
chaotic conditions of high levels of noise. crowding. or instability of participants
in the system prevent communication. This degraded communication may not

- stop development but should act to slow or distort growth processes.

Representational Model

Representations are encodings of experience. They are a more or less elabo-
rzted internal summary of the external world. In such a summation certain
aspects are selected and others ignored. In the representation of a square, for
example, the size, color, and texture of the square object are ignored. In an
analogous way, when representations are made of a social object such as a par-
ent, certain features are included in the representation and others are ignored.
Research using the adult attachment interview (Main & Goldwyn, 1984) has
found that such representations of parents are often idolized, with only positive
aspects being included in the mental model.

Chaotic experience can be seen as both a hindrance and distorter in the
formation of representations during development. In Weisner’s summation of
culture and chaos (see chap. 13, this volume), he argued that well-being is a
result of meaningful cultural engagement with desirable everyday routines that
have a script, goals, and values. Meaningfulness, a key component of his analy-
sis, is found only in coherent representations. The development of this engage-
ment is negatively affected by chaotic conditions. Once formed, these represen-
tations frequently provide a script for social engagement that may act as a buffer
against later chaos. In dynamic family systems when one member of a family
becomes disruptive, such as through alcoholism, activities of all other members
are affected. An excellent example is Fiese and Winter’s (see chap. 4) descrip-
tions of how family routines provide a narrative representation for the rest of
the family members that allows the whole to continue adaptive functioning
despite the disruption of one of its parts. The order or disorder in a society’s
representation of itself certainly affects the adaptive functioning of its mem.-
bers. For example, native youth show much higher levels of suicide and other
problem behavior when there are large inconsistencies in cultural continuity
from one generation to another (Chandler, Lalonde, Sokol, & Hallett, 2003).

Person, Process, Context
An overarching problem for developmental research, in general, and the stud-

ies of chaos described in this volume, in particular, is that the effect sizes are
usually small. Although statistical differences are found between individuals
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experiencing a variety of chaotic conditions on a variety of outcomes, there are
few, if any. demonstrations of causal connections between disruptions in expe-
rience and behavior. One explanation of such weak effects 1s that there are so
many influences on any developmental outcome that single variables such as
noise or crowding cannot have a large effect. To demonstrate larger effects one
must accumulate a number of chaotic variables into some form of aggregate
chaos score. Such is the strategy suggested by Evans et al. (see chap. 14) and by
Ackerman and Brown (see chap. 3). Their argument is that a single area of
chaos will not have a major effect because it is only one of the many ingredients
in each developmental achievement. Therefore, a cumulative aggregate com-

" posed of multiple chaotic elements would be a much better predictor of aber-

rant development.

The problem with cumulative scores is that they do not reveal the process
by which a particular chaotic element might influence a particular develop-
mental outcome, nor do they necessarily separate chaotic factors in microsystems
from those in the meso- or macrosystems. An explanation of process would need
to be framed by the developmental models outlined earlier. Those models have
as a final common pathway Bronfenbrenner’s (Bronfenbrenner & Crouter, 1983)
person, process, context model, where outcomes may change when any of the
three components change. The ultimate usefulness of this model could be
achieved through a complete mapping of all the persons, processes, and con-
texts in which a function develops. Such a large-scale model was attempted by
Wachs in chapter 7. He argues that the influence of chaos will depend, in part,
on person characteristics such as temperament, age, gender, and prior history,
as well as the larger macrosystem context within which the individual develops
including measures such as war, poverty, and disaster. Dunn, Schaefer-
McDaniel, and Ramsay (see chap. 11) contributed to this discussion by empha-
sizing the need to define specific aspects of development, specific age groups,
and specific aspects of social settings to determine how chaos has its effect.

What is clear from such mappings of the literature is that direct effects are
few and small because most indicators of chaos operate through mediating pro-
cesses or are moderators of still other developmental processes. In light of the
complexity of the constructs involved, one of the implications of the operation of
mediating and moderating processes is that attempts to catalog the dimensions
and influences of chaos are very likely to be oversimplified.

Reducing the Effects of Chaos

The goal of this volume is to offer an analysis of how chaos affects development,
followed by strategies for reducing any negative effects. If one were to focus on
the list of chaotic conditions presented in chapter 1—noise, excessive crowding,
clutter and lack of structure, instability of settings, instability of relationships,
and unpredictability of routines—then the most direct intervention strategies
would be to reduce noise, crowding, clutter, instability, and unpredictability.
Reduction rather than elimination should be the goal, because as Wachs and
Evans pointed out in chapter 1, depending on individual and contextual charac-
teristics, it is not clear what the demarcation is between amounts of chaos that
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produce a negative effect, a neutral effect, or even a potentially development-
enhancing effect through stretching the adaptive regulations of the child into
new realins.

Intervention itself, however, must be subject to an ecological analysis. If the
effects of chaotic conditions are cumulative, then what are the costs and benefits
of reducing one or another aspect? All social institutions have limited resources,
so the decision of how to best invest in improving child development is generally
difficult. Is it better to reduce noise or crowding? Is it better to foster cognitive
growth or sccioemotional adaptation? Such questions interact with the informa-
tion provided in this volume. Suppose there were a higher social value on cogni-
tive than social competence, but more was known about the effects of chaos on
social development. How would one decide where to intervene? This volume has
offered a major foundation for such discussions while at the same time pointing
to the research necessary to further answer such questions.
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