CHAPTER 4

A Dynamical Systems Approach
to Conceptualizing and Studying Stability
and Change in Attachment Security

R. CHRIS FRALEY
CLAUDIA CHLOE BRUMBAUGH

In his 1973 volume, Separation, Bowlby analyzed the concept of develop-
mental pathways by exploring the metaphor of a complex railway system.
Bowlby asked his readers to consider a railway track that begins in a large
metropolitan center. If a traveler were to begin his or her journey by se-
lecting the main route, the traveler would eventually reach a point at
which the railroad branches into a number of distinct tracks. Some of
these tracks will lead to distant, unfamiliar lands; other tracks, although
deviating from the main route, will run more or less parallel to it. As the
traveler’s journey progresses, he or she will be faced with new choices at
each juncture. The choices that traveler makes will have important impli-
cations for his or her destination, making some locations more accessible
and placing others further out of reach. :

Bowlby believed that the railway metaphor was an apt one for charac-
terizing personality development. Early in life, for example, there are a
multitude of pathways along which people may develop and a variety of
destinations at which they may arrive (see Sroufe & Jacobvitz, 1989).
Some of these “destinations” may involve well-functioning relationships
with family, peers, and partners, whereas others may not. As people navi-
gate alternative pathways, they generate a certain degree of momenturn,
making their life trajectories more entrenched and increasingly difficult
to transform. In Bowlby’s view, one of the key goals of developmental sci-
ence is to map the pathways by which people develop and, importantly,
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uncover the processes that either keep people on a specific developmen-
tal course or allow them to deviate from routes previously traveled.
Although developmental psychologists have made substantial prog-
ress toward documenting the life events that may lead a person to follow
one route as opposed to another, they have yet to elucidate the dynamic
processes that allow these life events to shape personality development.
Our objective in this chapter is to take a novel step in this direction by ex-
ploring Bowlby’s ideas on development, stability, and change from a dy-
namical systems perspective (see Smith & Thelen, 1993; van Geert, 1994).
Briefly stated, a dynamical systems approach to development emphasizes the
ways in which a system of coordinated variables evolves over time. One of
the themes of this approach is that interesting properties of behavior can
emerge from processes that are not explicitly represented in the system’s
“rules” per se. For example, the global schematic properties of memory
systems appear to emerge drom the local interactions among intercon-
nected neurons, none of which is designed to behave in a schematic man-
ner (Rumelhart, McClelland, & the PDP Research Group, 1986). Under-
standing the rules that underlie the global and emergent properties of
such systems is one of the major objectives of a dynamical approach.
By adopting a dynamical systems perspective, we hope to answer
some. unresolved questions in contemporary attachment theory and re-
search. The first is, What are the dynamic mechanisms that contribute to
both stability and change in attachment organization? We focus less on
the specific kinds of events (e.g., divorce) that may lead to change in security
and emphasize instead the more general processes that allow such events to
sustain and contribute to personality dynamics. In doing so, we hope to
provide a general framework within which future researchers can concep-
tualize the ways that specific life events influence the dynamics of attach-
ment. The second question we address is, What are the implications of
these dynamic mechanisms for how we understand the stability of attach-
ment patterns over time? The issue of how much stability exists in attach-
ment patterns is a hotly debated one in contemporary research (e.g.,

- Lewis, Feiring, & Rosenthal, 2000; Waters, Merrick, Treboux, Crowell, &

Albersheim, 2000). One of the arguments that we make in this chapter is
that, when Bowlby’s ideas about stability and change are formalized, they
do not necessarily lead to the prediction that attachment patterns will be
highly stable across different developmental periods. Although Bowlby’s
ideas have some fascinating implications for how we should conceptualize
stability, these implications are much more complex and nuanced than
has been previously assumed. :

We begin this chapter by reviewing Bowlby’s ideas on development,
stability, and change. As we discuss, many of Bowlby’s thoughts were
shaped by the writings of C. H. Waddington, a developmental embryolo-
gist whose work has had an enormous impact on developmental science
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and the study of biological systems. We review Waddington’s ideas in
some depth and summarize the relationship between his ideas and
Bowlby’s thinking on continuity, change, and personality development.
Next, we use simulation techniques and mathematical analysis—the com-
mon methodological tools of dynamical systems approaches—to model
the theoretical mechanisms that Bowlby discussed. As we illustrate, the
forms of stability that emerge from the formalization of these mecha-
nisms have important implications for the way attachment researchers
should conceptualize and mfeasure attachment stability across the- life
course. Finally, we review empirical data on stability and change and dis-
cuss the implications of those data for Bowlby’s ideas about the role of
early experiences in shaping adult relationships. It is our hope that this
chapter will help clarify attachment theory’s predictions about the degree
of stability that should (and should not) be observed over the life course,
as well as highlight some innovative avenues for research that may lead to
advances in our understanding of attachment and human development.

THE CONCEPTS OF DEVELOPMENTAL PATHWAYS AND CANALIZATION

Bowlby’s railway metaphor was inspired by C. H. Waddington’s (1957) dis-
cussion of the cybernetics of cell development. Because Waddington’s
ideas had a profound influence on Bowlby, as well as on other develop-
mentalists, we explore them in some depth in this chapter. Waddington,
an esteemed developmental embryologist writing in the middle of the
20th century, was trying to understand how a cell may maintain a
specific developmental trajectory in the face of external disturbances.
Waddington and others had observed that, once a cell begins to assume
specific functions (e.g., it becomes integrated into a structure that will be-
come part of the visual system), weak experimental interventions are un-
likely to alter the cell’s developmental trajectory. Although a cell has the
potential to assume many different fates early in its development, once a
developmental trajectory becomes established, Waddington argued that
the trajectory becomes canalized or buffered to some degree, making it
less and less likely that the cell will deviate from that developmental
course.

To illustrate these dynamics more concretely, Waddington compared
them to the behavior of a marble rolling down a hill (see Figure 4.1). In
Waddington’s well-kknown analogy, the marble represents a cell, and the
various troughs at the end of the landscape represent alternative develop-
mental functions or “fates” that the cell can assume. Waddington consid-
ered the specific shape of the landscape to be controlled by the complex
interactions among genes, hence leading Waddington to refer to it as the
epigenetic landscape.
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FIGURE 4.1. Waddington’s (1957, P- 29) epigenetic landscape.

After the marble begins its descent, it settles into one of several path-
ways defined by the valley floors of the epigenetic landscape. A slight
push may force the marble away from its course, but the marble will even-
tually reestablish its trajectory. As the marble continues along the basin of
a specific valley, it becomes increasingly unlikely that external forces will
cause it to jump from one valley to the next. Certain features of the mar-
ble, such as its smoothness and momentum, help to keep the marble mov-
ing along the previously established path. Features intrinsic to the land-
scape itself also help to maintain the marble on jts original pathway. The
steepness and curvature of the hills, for example, serve to cradle the mar-
ble and buffer it from external forces.

Waddington (1957) considered the tendency for the marble to main-
tain its initial course in the face of external pressures to be an analogue to
a fundamental self-regulatory process in cell development, one he called
homeorhesis. Homeorhesis refers to the tendency of a system to maintain a
specific developmental trajectory—or a course toward a specific develop-
mental outcome—despite external perturbations. Although many biolo-
gists had discussed a similar concept, homeostasis, Waddington considered
homeostasis to be an inadequate concept for understanding certain fea-
tures of development. In Waddington’s view, the concept of homeostasis
placed too much emphasis on the steady state being regulated by the sys-
tem. For example, in the physiological regulation of body temperature,
there may be a tendency for the nervous system to activate or terminate
certain physiological processes that function to minimize the discrepancy

between a “desired” temperature and the current body temperature. Al-
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though Waddington recognized that the dynamic quality of homeostatic
processes was critical to understanding certain features of physiological
functioning, Waddington argued that self-organizing developmental pro-
cesses function to maintain a pathway or trajectory toward a specific end
state rather than a steady state per se: “We are not dealing with the mainte-
nance of a steady state but with the attainment of some particular end-
state in spite of temporary deviations on the way there” (Waddington,
1957, p. 42).

Waddington (1957) argued that the specific pathways available to-the
cell early in development are determined by the way the genes interact to
initiate and control biochemical reactions. Moreover, as symbolized in
Figure 4.1, he believed that these reactions operate in 2 manner that leads
the valleys of the epigenetic landscape to become more entrenched over
time. Thus, once a cell settles into one of several available pathways, it be-
comes increasingly likely to follow that specific pathway.

The notion that the cell’s development might be buffered or cana-
lized to some extent was a critical aspect of Waddington’s (1957) analogy.
Waddington, however, also recognized that different kinds of physiologi-
cal systems ‘may require a stronger degree of canalization than others. For
some systems, external influences are critical for organizing the system in
a way that will allow it to function appropriately. For example, cortical
cells in the visual system may not develop appropriately without specific
forms of feedback from the external world (O’Leary, Schlaggar, & Tuttle,
1994). Other systems, however, develop in a fairly specific way despite ex-
ternal perturbations (Geary & Huffman, 2002; Rakic, 1988). 7

Homeorhetic Mechanisms in Personality Development

The concept of “degree of canalization” was highly influential in Bowlby’s
thinking, and he often wrote of “environmentally labile” traits to refer to
properties- that were less subject to canalization. For example, Bowlby
(1969/1982) argued that the development of the attachment behavioral
system was highly canalized, in the sense that the rudimentary set of con-
trol mechanisms and behavior programs needed to allow a child to regu-
late his or her proximity to a caregiver effectively would emerge despite a
diverse range of environmental experiences. Bowlby believed, however,
that the specific way a child comes to regulate his or her attachment behav-
ior is highly influenced by interpersonal experiences and that, for the sys-
tem to function appropriately in a specific caregiving environment, it
needs to be calibrated, more or less, to that environment. Bowlby believed
that early experiences within the family—especially those concerned with
separation or threats of loss—were particularly influential in shaping the
way the attachment system would become organized for an individual. Ac-
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cording to his railway metaphor, early experiences in the family help to
determine which of many possible routes the individual may travel.!

In the context of personality development, Bowlby believed that once
an initial pathway has been established, a number of homeorhetic pro-
cesses keep an individual on that pathway. Bowlby separated these
homeorhetic processes into two broad kinds. The first is concerned with
the caregiving environment itself. To the extent to which the individual’s en-
vironment is stable, he or she is unlikely to experience interactions that
challenge his or her representations of the world. ‘The powerful nature of
this variable was emphasized by Bowlby’s (1973) observation that a child
is typically born into a family in which he or she has the same parents,
same community, and the same broad ecology for long periods of time. It
is during periods of transition (e.g., parental divorce, relocating to a new

“town, tragedy, or good fortune), Bowlby believed, that an individual is

most likely to be forced off of one developmental track and onto another.
Bowlby (1973) also discussed intraindividual or psychodynamic homeo-
rhetic processes that may promote continuity. Bowlby noted that people
often select their environments in ways that maximize the overlap be-
tween the psychological qualities of the situation and the expectations
and preferences that the individual holds. Moreover, the mind, Bowlby ar-
gued, operates in a way that is likely to assimilate new information into ex-
isting schemas (see Collins & Read, 1994, for an excellent discussion of
this point in the context of theory and research on social cognition). Con-
sistent with these ideas; empirical research has shown that people’s work-
ing models influence the kinds of reactions they elicit from others
(Arend, Gove, & Sroufe, 1979; Troy & Sroufe, 1987; Waters, Wippman, &
Sroufe, 1979) and the kinds of inferences they make about people’s inten-
tions during experimental contexts (Brumbaugh & Fraley, 2004; Collins,

1996; Pierce, Sarason, & Sarason, 1992; Pietromonaco & Carnelley, 1994).

Such dynamics allow working models to shape the kinds of interactions
the person experiences and, in concert, help to maintain the individual
on the pathway that is already being traveled. To the extent to which the
individual diverges from that pathway, it would seem unlikely that he or
she would wander far. :

MODELING THE DYNAMICS OF STABILITY AND CHANGE .

One of the challenges of trying to understand psychological development
is the recursive, iterative nature of the dynamics involved. Bowlby, for ex-
ample, believed that a child’s working models are constructed on the basis
of the early experiences he or she has in the family environment but that
the nature of those experiences is based, in part, on the working models
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that the child holds. In this view, the child’s beliefs and the social environ-
ment in which he or she is situated have reciprocal influences on one an-
other. Although it is possible to speculate on the implications of such dy-
namics for the way attachment representations evolve over time, the
feedback mechanisms entailed by such a process may produce patterns
that are difficult to anticipate on the basis of intuition alone (see van
Geert, 1997, for an excellent discussion on the nature of recursion and
theoretical modeling). In order to understand better the precise implica-
tions of such processes, we formalize Bowlby’s ideas using dynamic mod-
eling techniques and explore those models via computer simulation and
mathematics.

Simulation of the Dynamics of Waddington’s Epigenetic Landscape

We begin with a computational simulation of Waddington’s epigenetic
landscape because it provides the theoretical foundation for Bowlby’s
ideas on stability and change. As discussed previously, Waddington’s anal-
ogy is often used to illustrate the ways in which homeorhetic processes
can keep an individual on a specific developmental course despite the ex-
istence of perturbations. Unfortunately, the role of external influences
on the behavior of the marble is often overlooked when considering
Waddington’s analogy. If we were to give the marble a strong push toward
an alternative pathway, the marble would clearly jump over the valley wall
and assume a new fate. When Waddington’s analogy is invoked, however,
it is often assumed that external factors rarely come into play and that,
when they do, the forces they exert are weak or inconsequential. Al-
though external factors may, in reality, be weak, it is necessary to recog-
nize that, because the marble can be pushed into a new valley with an ap-
~propriate amount of force, the model may not ensure stability.

Why does this matter? Bowlby clearly believed that there was a strong
tendency for working models, once constructed, to maintain an individual
on a specific developmental trajectory. At the same time, however, Bowlby
(19691982, 1973, 1980) emphasized that working models need to be
open to change in order to be adaptive. In fact, according to many per-
spectives on psychopathology, the persistence of previously established
beliefs and expectations in light of evidence to the contrary is a sign of
poor psychological adjustment (e.g., Horowitz, 1991). The fact that the
theory allows for people to change implies that, even if we postulate
the existence of homeorhetic mechanisms, Bowlby’s basic model, like
Waddington’s, does not ensure stability. If this is the case, the predictions
that psychologists often derive from attachment theory regarding the
long-term stability of attachment patterns may be oversimplified.

“Whether this is the case or not, of course, needs to be demonstrated
in a formal manner. In the following set of investigations, we explore a
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computer simulation of Waddington’s epigenetic landscape to obtain a
better understanding of the implications of this analogy for the way per-
sonality ebbs and flows over time. Our first step was to simulate an
epigenetic landscape. We generated a landscape that was similar to the
one illustrated by Waddington in several important respects. As can be
seen in Figure 4.2, the simulated surface is placed on an incline, thereby
“compelling the marble to move downward in the direction depicted by
-the arrow. Moreover, the various valleys become deeper (i.e., the pathways
become more canalized) as the marble moves from one end of the surface
to the other.

Next, we programmed some physical rules to govern the béhavior of
the marble. Specifically, the simulation was constructed so that the mar-

~ble’s direction of travel at any one point in time was a function of three
factors: (1) the slope of the local (i.e., immediately surrounding) land-
scape, (2) the direction of the marble’s current motion and its momen-
tum, and (3) the relative magnitude of those two forces (i.e., the slope of
the landscape with respect to the momentum of the marble).

To see how the simulation works, consider Figure 4.2. If we place a

simulated marble in the upper left side of the surface, the marble de-
scends into the first or left-most valley and settles into a trajectory defined
by that valley floor (see the left-hand panel of Figure 4.2). When we place
the marble in other locations, the marble settles into other pathways (see
the right-hand panel of Figure 4.2).

What are the implications of the basic “rules” of this dynamic system
for understanding global or emergent patterns of continuity and change?
To systematically explore this issue, we simulated numerous trials in which
we dropped a marble on the surface and traced its pathway over time. We
conceptualized the different tiles, moving from left to right in Figure 4.2,
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FIGURE 4.2. The canalization of developmental trajectories within Waddington’s
epigenetic landscape. The arrow depicts the flow of time.
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as representing graded variation in a trait, such that marbles placed to-
ward the left side of the surface exhibit less of the trait and marbles at the
right side of the surface are better defined by the trait. By conceptualizing
the surface in this manner, we could quantify the stability of the trait by
computing the correlation between starting positions and ending posi-
tions for a population of marbles. The analogy to personality develop-
ment should be clear: If we conceptualize the trait or property as being
attachment security, the marble’s trajectory over time represents the indi-
vidual’s developmental pathway with respect to attachment, and the cor--
relation between the marble’s position at Time 1 and the last time point
represents the degree of stability in security from infancy to adulthood.?

In this example, the correlation between the starting positions and
ending positions of the marbles is very high (r > .90). It is less than 1.00
because the shape of the landscape ensures that there are fewer viable
ending positions than there are starting positions. In fact, this feature of
the landscape creates a situation in which knowing the precise starting
point of a marble (as opposed to the general vicinity of the marble’s start-
ing point) does not help us predict its fate. Because marbles that begin
anywhere between the first and third tile all end up at the same point (the
end of the first valley), information about the exact starting position is in-
consequential. If we were to quantify the starting position with respect to
the bifurcations imposed by the surface (i.e., if we were to classify an indi-
vidual’s starting position with respect to the developmental pathways af-
forded by the system rather than exact position), we would have perfect
knowledge (i.e., r = 1.00) of the marble’s end state simply by knowing its
beginning state.

The fact that the surface has this channeling effect on the marble’s
pathway leads to an interesting pattern in the test-retest correlations. We
have illustrated these patterns in Figure 4.3 through the use of stability
Jfunctions. Stability functions provide an efficient way to portray graphi-
cally the information contained in a test-retest correlation matrix for a
trait assessed over multiple points in time (see Fraley, 2002; Fraley & Rob-
erts, in press). A Time £ stability function characterizes the degree of sta-
bility observed between Time k and all points in time. For example, a
Time 1 stability function describes the stability between Time 1 and Time
1, Time 1 and Time 2, Time 1 and Time 3, and so on. Similarly, a Time 25
stability function describes the stability between Time 25 and all time
points (i.e., Time 1 through Time 50). Figure 4.3 illustrates the Time 1,
‘Time 25, and Time 50 stability functions for the simulation described pre-
viously. ' |

There are a couple of noteworthy features of these functions. First,
the Time 1 stability function initially decreases rapidly but then levels off
at a very high value (r = .94). This occurs because, once the marbles settle
into their pathways, their position on the leftto-right axis does not
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change. As a consequence, given knowledge of a marble’s position at
Time 1, it is possible to predict the position of a marble at Time 50 with
the same degree of accuracy as at Time 25—despite the fact that the time
span differs considerably. Another feature of the curves worth noting is
the asymmetry involved in predicting a marble’s position forward in time
versus backward in time. At Time 25, for example, it is easier to predict
where the marble will be at Time 50 (r = .99) than it is to infer where the
marble was at Time 1 (r = .94; see the middle panel of Figure 4.3). Al-
though both time points are exactly 25 units of time away from Time 25,
the degree of predictability is not equivalent.

We elaborate on these findings in more detail in subsequent sections.
For now, however, it should be noted that these distinctive patterns (but
not necessarily the precise quantitative values) of stability should be ob-
served in empirical research on attachment if, in fact, the abstracted dy-
namics of Waddington’s system apply to personality development.

Up to this point, we have simulated the behavior of marbles on the
epigenetic landscape in the absence of externalinfluences. What happens
when we introduce a disturbance to the system? As a single-trial illustra-
tion, consider the lefthand panel of Figure 4.4. This figure illustrates the
trajectory of a marble that begins near the upper right side of the land-
scape. About halfway through its journey, the marble is suddenly pushed
up the valley wall. Nonetheless, the force is not powerful enough to cause
the marble to reach the cusp of the wall, so the homeorhetic properties of
the system guide the marble toward its original trajectory. The right-hand
panel, in contrast, illustrates a case in which the external force was strong
enough to force the marble over the hill and into a new valley. Once cross-
ing the cusp, the marble establishes a new trajectory rather than return-

FIGURE 4.4. The effects of external influences on the trajectory of the marble
across Waddington’s epigenetic landscape. The arrow depicts the flow of time.
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ing to its previous one. In Waddington’s terms, the marble has established
a new end state and, hence, a new developmental trajectory.

It should be clear from this simple illustration that whether home-
orhetic processes allow for long-term stability will depend on how many
- times the marble is pushed around and with what degree of force it is

pushed. If the marble is only gently nudged, homeorhetic forces will over-
~come the disturbance and return the marble to its original pathway. If,
however, the marble is subject to the “slings and arrows of outrageous for-
tune,” it may be impossible to determine the marble’s fate in the long run.

To explore the impact of external perturbations more systematically,

“we conducted a simulation similar to the previous one, but this time we
included éxternal disturbances. To introduce disturbances to the system,
we allowed the marble to be pushed in a random direction with variable
force at varying points in time. We did, however, impose certain con-
straints on the nature of these disturbances. For example, we did not al-
low the marble to be pushed backward, and we never allowed the marble
to be pushed off the epigenetic surface.

In Figure 4.5, we have plotted the Time 1, Time 25, and Time 50 sta-
bility functions resulting from a simulation in which the force of the per-
turbations was fairly strong. As can be seen from the Time 1 stability func-
tion, it is easy to determine where a marble will be at Time 2 from the
simple knowledge of where it was at Time 1. However, the Sfurther away in
time we move from Time 1, the harder it is to predict a marble’s fate. In fact, in
this simulation, our ability to predict a marble’s final position is no better
than chance; the limiting value of the correlation as time increases is 0.00.

It is noteworthy that, in comparison with the Time 25 stability func-
tion we observed in the previous simulation, the Time 25 stability func-
tion resulting from this simulation is much more symmetric. In this case,
we can predict a marble’s position from Time 25 with virtually the same
degree of accuracy (or inaccuracy) regardless of whether we are looking
forward in time (e.g., Time 30) or backward in time (e.g., Time 20).

We have deliberately presented two extreme situations (i.e., one in
which there are no disturbances and one in which there are powerful dis-
turbances) as a way of anchoring the range of dynamics exhibited by
Waddington’s system. As one might deduce, the patterning of the stability
functions migrates between the two extremes previously illustrated, as we
gradually manipulate the degree of disturbance (see Figure 4.6 for some
example stability functions). -

Implications of Waddington’s Epigenetic Landscape Analogy
for Personality Development

We believe that there are two important conclusions to be drawn from
these simulations. First, the abstract processes described by Waddington
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have concrete implications for the pattern of test-retest correlations that
should be observed over time. This discovery is crucial because, if we did
not have a way to translate the outcomes of Waddington’s dynamics into a
form that can be used to quantify stability in a variety of biological sys-
tems, the analogy loses its power as a theoretical tool. The fact that we can
simulate the system and study the test-retest correlations observed in dif-
ferent conditions allows us to better understand the implications of the
analogy for conceptualizing stability and change. Most important, it pro-
vides us with a means for determining the extent to which these dynamics
manifest themselves in personality development. That is, by compar-
ing empirical data on attachment against the patterns predicted by
Waddington’s model, we can begin to discern the extent to which
homeorhetic processes underlie personality development. We return to
this point later in the chapter. ' '

The second key point to take away from these simulations is that, if
we are to use the dynamics entailed by Waddington’s analogy as a meta-
phor for those that underlie personality development, we must recognize
that, although these dynamics can give rise to stability, they do not ensure stabil-
iy. If we assume that the influence of external forces on the system is
nontrivial, then the degree of stability predicted by the system in the long
run will be zero. Of course, homeorhetic processes help to maintain the
marble’s pathway in the face of external inf luences, but they cannot do so
if the force of the external influence is greater than the resistance pro-
vided by these processes. Once this theoretical threshold has been
crossed, understanding the fate of the marble is more a matter of under-
standing the history of external influences that the marble has faced
rather than of understanding the nature of homeorhetic processes per se.

MODELING HOMEORHETIC PROCESSES
IN PERSONALITY DEVELOPMENT

“Thus far we have seen that Waddington’s analogy—an analogy that has
had a critical influence on the way Bowlby and others have conceptual-
ized personality development—is much more complex in its implications
than is generally recognized. In the absence of strong external forces, the
analogy implies a high degree of stability in a marble’s position over time.
In the context of strong disturbances, however, the analogy implies not
only that the degree of stability will be weaker but also that it will ap-
proach zero asymptotically over time. In short, Waddington’s dynamics,
although capable of providing an explanation for stability, do not neces-
sarily predict a kigh degree of stability. o

The next challenge is to take Bowlby’s ideas about the specific pro-
cesses giving rise to stability and change in attachment organization, for-
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malize them, and determine whether they make the same predictions
about continuity made by Waddington’s analogy. We focus on two key
questions: (1) What are the abstracted dynamic mechanisms that contrib-
ute to both stability and change in attachment organization? and (2) What
are the implications of these dynamic mechanisms for how we understand
the stability of attachment patterns over time?

The Mechanisms of Stability and Change in Attachment

Bowlby (1973) discussed three classes of homeorhetic mechanisms: (1)
person-environment transactions, (2) the diminishing sensitivity over
time of working models to environmental influences, and (3) the estab-
lishment of stable representations of attachment experiences (i.e., proto-
types) early in life—representations that serve as a foundation for subse-
quent experiences. After briefly discussing each of these mechanisms of
stability, we develop a mathematical model for each one and investigate
the implications of those theoretical models for the patterns of stability
and change that should be observed over time.

Transactional Processes

According to Bowlby, one reason that attachment patterns may be rela-
tively stable over time is that there are reciprocal influences between the
representational models constructed by an individual and the quality of
his or her caregiving environment. Although working models are con-
structed on the basis of social éxperiences, those models eventually come
to influence the quality of the social interactions the child has. This gen-
‘eral theme—that people and their environments mutually constrain one
another—is common to many contemporary perspectives on personality
development (for reviews, .see Caspi & Roberts, 1999; Fraley & Roberts, in
press). The fact that the social environment is constrained by the working
models that the individual holds suggests that working models are un-
likely to be challenged over the course of development. |

Decreasing Sensitivity

A second source of homeorhesis discussed by Bowlby (1973) was epi-
genetic sensitivity. Drawing on Waddington’s ideas about “degrees of can-
alization,” Bowlby argued that the attachment system is more sensitive to
environmental influences early in' development: “The model proposed
postulates that the psychological processes that result in-personality struc-
ture are endowed with a fair degree of sensitivity-to environment, espe-
cially to family environment, during the early years of life, but a sensitivity
that diminishes throughout:childheod and is already very limited by the
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end of adolescence” (Bowlby, 1973, p. 367). Although Bowlby did not
specify the precise mechanisms that may lead sensitivity to diminish (e.g.,
neural changes, social-cognitive mechanisms, environmental changes), his

proposition implies that the social environment is less influential later in
life.

Prototype Representations

A third homeorhetic mechanism that Bowlby discussed concerned the en-
during nature of representations of early experiences:

No variables . . . have more farreaching effects on personality develop-
ment than have a child’s experiences within his family: for; starting dur-
ing his first months in his relations with his mother figuré, and extend-
ing through the years of childhood and adolescence in his relations with
both parents, he builds up working models of how attachment figures
are likely to behave towards him in any of a variety of situations; and on
those models are based all his expectations, and therefore all his pla.ns

for the rest of his life. (1973, p. 369)

According to Bowlby, a system of nonlinguistic representations, proce-
dural “rules” of information processing, and behavioral strategies is con-
structed in early life that serves as an adaptation to the individual’s early
caregiving environment. As complex cognitive capacities emerge, how-
ever, representational models develop that are consciously accessible and
more easily updated to reflect ongoing relationship experiences. How-
ever, the early representations themselves remain unchanged. These early
“prototypes” remain autonomous yet continue to play an ongoing role in
shaping the quality of the caregiving environment.

- The prototype concept provides a powerful theoretical mechamsm
for explaining patterns of stability. If children are continuously drawing
on patterns of behavior and belief acquired early in life, attachment pat-
terns should be somewhat consistent across different developmental peri-
ods (Sroufe, 1979; Sroufe, Egeland, & Kreutzer, 1990). Sroufe and his col-
leagues (1990, p. 1364), for example, have argued that “earlier patterns
may again become manifest in certain contexts, in the face of further en-
vironmental change, or in the face of certain critical developmental is-
sues. While perhaps latent; and. perhaps never even to become manifest
again in some cases, the earlier pattern is not gone.” The notion that
some aspects of working models may be more primitive or have more pri-
ority than other attachment representations is consistent with contempo-
rary perspectives on the organization of working models. that emphasize
the hierarchical structure of attachment representations (e.g., Collins &
Read, 1994). In Collins and Read’s (1994) hierarchical model, for exam-
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ple, relationship-specific representations, although influenced by existing
representations, may be constructed and updated without affecting repre-

~ sentations that have priority in the hierarchy. In short, although there

may be a degree of coherence across the kinds of attachment representa-
tions that an individual develops, the representations that are constructed
early in life may continue to be especially influential in later childhood
and early adulthood (for further discussion of the prototype hypothesis,
see Fraley, 2002; Owens et al., 1995; Sroufe et al., 1990; van IJzendoorn,
1996).

Modeling the Dynamics of Attachment Stability and Change

In the sections that follow, we explore formal mathematical models of
each of these homeorhetic mechanisms. Although these processes could
be construed as operating in concert, we begin by modeling and discuss-
ing each process separately in order to highlight the specific implications
of each mechanism for understanding stability and change in attachment
security. To model these dynamic processes, we use difference equations
(see Haefner, 1996, and Huckfeldt, Kohfeld, & Likens, 1982, for a clear
and concise introduction to the use of difference equations in behavioral
science). In a difference equation, a variable at one point in time, {, is mod-
eled as a function of itself at an immediately preceding time point, ¢ - 1,
and of any factors contributing to its change. For example, in the equation
P,=P,_; + AP, _j, variable P, a personality trait, is modeled as a function of
itself at an immediately preceding point in time (¢ -1) and of all variables
that cause it to change (AP, ;). In the following sections, we show how the
dynamics of these processes influence the patterns of stability and change
that should be observed in attachment. Readers who are interested in the
mathematical details of these analyses and simulations can find them in
Fraley (2002) and Fraley and Roberts (in press).

Modellng Transactional Processes in Attachment Development

We begin by making explicit four assumptlons prev1ously discussed. FlI‘St
on the basis of attachment theory and research, we assume that there is
variability in the security of the working models held by individuals, such
that some people are more secure than others (see Fraley & Spieker, 2003;
Fraley & Waller, 1998). Although contemporary models of individual dif-
ferences emphasize the two dimensions that underlie security (Fraley &
Shaver, 2000; Griffin & Bartholomew, 1994), for the purposes: of this
chapter we assume-that these dimensions exhibit the same dynamic prop-
erties.. (Whether that-is the case is open for future research-and: discus-
sion.) Second, we assume that as an individual navigates his or her social
environment, his or her working models are influenced by the quality: of
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the social environment (i.e., whether others are sensitive and responsive
to one’s needs; see Ainsworth, Blehar, Waters, & Wall, 1978). In other
words, if someone is treated in a cold or aloof manner, we expect that per-
son’s level of security to decrease to some extent. Conversely, if the indi-
vidual experiences warm and responsive care or support from significant
others, we expect his or her security to increase to some degree. Third, we
assume that the responses solicited from significant others will tend to be
consistent with existing working models. That is, working models not only
reflect the quality of the caregiving environment but also play an active
role in shaping the quality of the caregiving environment. This process
may manifest itself in the way in which working models bias or color the
interpretation of relational events (e.g., Collins, 1996) or in the kinds of
interaction partners that people select (e.g., Frazier, Byer, Fischer, Wright,
& DeBord, 1996). Fourth, we assume, as Lewis (1997) has argued, that
there are some stochastic processes in these dynamics. In other words,
working models are not 100% predictable from the quality of the caregiv-
ing environment, nor is the quality of the caregiving environment 100%
predictable from the security of one’s working models.

In the transactional model, the theoretical processes are fully interde-
pendent: The person influences his or her relational context, and the rela-
tional context influences the person. What do these processes predict
about the form and magnitude of stability over time? To explore this ques-
tion, we studied the stability functions implied by the transactional model
under a variety of parameter values. Figure 4.7 shows some typical stabil-
ity functions implied by the transactional model under different parame-
ter values. As can be seen, the age 1 stability function (left-hand panel) be-
gins high (the correlation of a variable with itself is necessarily 1),
decelerates rapidly, and gradually bottoms out at an expected test-retest
correlation of zero. The age 30 and age 60 functions are similar; the
curves decelerate quickly as the interval between the age in question and
other ages increases, approaching zero in both directions for the age 30
function (i.e., going backward or forward in time) and approaching zero
going back in time for the age 60 function.

Notice that the values chosen for different parameters in the model
affect how rapidly the curves decelerate. When environmental factors are
allowed to have a large impact on the person, for example, change occurs
more quickly, and the curves decelerate rapidly. When environmental fac-
tors are allowed to have only a minor impact on the person, or; alterna-
tively, when working models are allowed to have a powerful influence on
the social environment that the person experiences, change in security is
much more gradual. In each case, however, notice that the stability func-
tions approach zero as the time interval increases. In other words, if trans-
actional processes—coupled with stochastic forces—are the only processes
'affecting»attachment development, the expected correlation between se-
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curity in childhood and any sufficiently distant age is zero, regardless of
how much or how little an effect the environment has on people.

In summary, according to the transactional model, the correlation
between initial states of security and subsequent states of security gradu-
ally approaches zero. This is a critical finding because it demonstrates
that, if transactional processes underlie attachment dynamics, we should
not necessarily expect a high degree of stability from infancy to adult-
hood. Transactional processes promote stability in the sense that they af-
fect the “decay rate” of the stability functions but do not alter the limiting
value of those curves. Even if people play an active and powerful role in
shaping their social environments, we expect the correlation between se-
curity early in life and later in life to approach zero over the long run.

Given that people are playing an active role in shaping their environ-
ments, why do transactional dynamics predict stability functions that ap-
proach zero over time? The answer to this question lies in the way the re-
siduals affect the dynamics of the model. At each point in time, a portion
of random variance contributes to security (see Fraley, 2002). To the ex-
tent that these stochastic factors play a role in shaping personality devel-
opment, a person’s developmental trajectory is guaranteed to get bumped
around in unpredictable ways. Indeed, the individual developmental tra-
Jectories implied by the model could be described as random walks; it is
nearly impossible to know where each person is going to end up in the

long run from simple knowledge of where each person began (cf., our sec-

ond Waddington simulation, Figure 4.5). The important point here is that
nothing in the conjectured dynamics is “grounding” the person; there is
no developmental tether, so to speak, keeping the person within a circum-
scribed region of developmental space. As such, a person’s level of secu-
rity, while influencing his or her environment, will tend to bounce around
as random environmental events occur. Transactional dynamics can limit
the magnitude of the influence of these random factors but do not re-
move them completely. If stochastic factors were removed from the
model, transactional processes would imply perfect stability (i.e., r = 1.00
— measurement error) across all ages.

Modeling Decreasing Environmental Sensitivity

To incorporate Bowlby’s ideas about the decreasing sensitivity of working
models to environmental factors over time, we relaxed some of the con-
straints that were present in the previous simulation. Specifically, we al-
lowed environmental factors to have less impact on security over time.
Prototypical stability functions for the decreasing sensitivity model are de-
picted in Figure 4.8. As can be seen, the stability functions predicted by
this model are similar to those observed before in that they all approach a
zero asymptote. However, there is a noteworthy difference between these
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curves and those observed previously. Notice that the curves “decay”
much more quickly going forward in time than backward in time. In other
words, the rate of change for the age 1 stability function is faster than that
of the age 30 stability function, whereas these curves were symmetric in
the transactional model we studied previously.

The interesting implication of this finding is that, if one wanted to
predict attachment security at any time from measurements taken at age
30, one would do much better making predictions about how people will
turn out in the future as opposed to making inferences about what they
were like in the past. Notice that the asymmetry in the stability functions
is apparent under a variety of parameter values. '

It is noteworthy that, despite the fact that environmental sensitivity
decreases over time, the curves still approach 0.00 in the limit. Thus, al-
though the decreasing sensitivity of working models may promote the sta-
bility of attachment from infancy to adulthood, this mechanism cannot do
so in a way that ensures a high degree of stability over time. In other
words, even if working models become increasingly resistant to change as
people develop, it is still possible that an individual’s attachment pattern
in adulthood will be unpredictable from his or her attachment pattern in
infancy. The exception to this rule occurs when the plasticity of working
models is set to zero. In this case, there comes a point at which there is no
change in working models, and they are perfectly stable.

In summary, the decreasing-sensitivity model implies that working
models of attachment should become less responsive to environmental in-
puts over the course of development. When formalized, this model pre-
dicts an interesting asymmetry in the stability functions that should be ob-
served at different points in the lifespan. For example, according to the
model, it should be easier to predict how secure an adult will be across 5
years of adulthood than to predict how secure a child will be across 5
years of childhood.

Modeling the Dynamics of Protolype Processes

Accordmg to the prototype hypothes1s a latent factor (i.e., a representa-
tional prototype) exerts a consistent influence on attachment dynamics
throughout the lifespan. We can represent this idea formally by modifying
the transactional model that we discussed previously. Specifically, if we
add a variable that represents early or primal representational models and
allow it to influence working models at subsequent points in the lifespan,
then the prototype will have both direct and indirect effects on the devel-
opmental -dynamics of attachment (see Fraley, 2002). The mathematical
structure of this model is an extension of the trait-state-error models ex-
~ plicated-by Kenny and his colleagues (e.g., Kenny & Zautra, 2001; see
Lemery, Goldsmith, Klinnert, & Mrazek, 1999, for a similar application).
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What patterns of stability does this model imply? To explore this
question, we varied the magnitude of the prototype effect and studied the
- resulting stability functions. Some examples of stability functions are de-

~ picted in Figure 4.9. As can be seen, the stability functions predicted by

this model are dramatically different from those implied by the other
models of development. Specifically, the stability functions have nonzero
asymptotes. For example, in this particular simulation, the topmost age 1
stability function has a limiting value of .65. In other words, the predicted
- correlation between age 1 and age 11 (i.e., a 10-year span) is the same as
the predicted correlation between age 1 and age 21 (i.e., a 20-year span).
Notice that, as the influence of the prototype increases, the asymptote in-
creases. The only condition in which the curves approach zero is when
the influence of the prototype on attachment security is set to zero (see
the lowest curve). (Under this parameter condition, however, the model
cannot technically be considered a prototype model of development, and
it reduces to the simpler transactional model.)

Why does this model predict nonzero asymptotes in the stability
functions? The prototype constrains the range of possible security values
the person can have. Because the prototype itself does not change, and be-
cause it exerts an effect on attachment dynamics over time, an unchang-
ing constraint has been incorporated into the system. This constraint
leads to some interesting predictions about the developmental trajectories
of individuals. Specifically, changes in security appear to be deviations
- from a theoretical central tendency determined by the individual’s proto-
type representations (this point is discussed in more depth by Fraley,
2002). In short, these processes give rise to a dynamic equilibrium for the
individual-a point to which the individual gravitates despite statistical
fluctuations in the caregiving environment. This dynamic equilibrium
has clear homeorhetic properties because individuals will tend to return
to the prototypical pathway even when interpersonal factors temporarily
pull them in another direction. We elaborate on the implications of this
finding later in the chapter.

In summary, the prototype model predicts a markedly different form
of continuity when compared with that predicted by transactional and de-
creasing-sensitivity processes. Specifically, the predicted stability func-
tions decrease to a nonzero asymptote. An important implication of the
model is that stability need not be high when old representations con-
tinue to influence development. The key distinction between this model
and the others is that this one implies that the degree of stability ob-
served, whether large or small, will be the same over, for example, 10- and
30-year spans. .

Notice also that, under certain parameter values, the prototype
model predicts a dip in the backward stability functions between ages 1
and 5 (see Figure 4.9). This dip emerges when the initial (i.e., Time 1)
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covariances between persons, prototypes, and environments is smaller
than what the dynamics of the system will naturally produce over time. In
these particular simulations, the initial covariances were set to zero, so
persons, prototypes, and environments were initially uncorrelated. How-
ever, the covariances among these variables increased as person-environ-
ment transactions took place because prototypes were affecting people,
who were affecting their environments, which were, in turn, affecting peo-
ple. As these indirect effects accumulate, the covariation among proto-
typical representations, environments, and security increases.

An interesting consequence of these dynamics is that this model, like
the decreasing-sensitivity model, predicts an asymmetry in stability func-
tions, such that the limiting value of the age 1 stability function is lower
than that of the age 15 stability function. Importantly, the prototype
model is capable of making this prediction without an explicit mechanism
that increases or decreases plasticity. In the interest of parsimony, we do
not explore decreasing-sensitivity mechanisms per se for the remainder of
this chapter because such effects flow naturally from a prototype model
of attachment dynamics.

Summary

In summary, analyses of the prototype model indicate that prototype-like
processes are capable of predicting a nonzero degree of stability between
early and later attachment patterns. If prototype processes exist, there
should be evidence of stability from infancy to adulthood—even if early
prototypes exhibit only a modest effect on social interactions. This predic-
tion contrasts sharply with those made only on the basis of transactional
and decreasing-sensitivity mechanisms, which indicated that the stability
should always approach zero in the long run.

Although the prototype model does not explicitly suggest that work—
ing models should become less sensitive over time, analyses of the model
revealed that such a phenomenon emerged naturally from the intrinsic
dynamics of the model. This suggests that it may not be necessary to pos-
tulate explicit constructs to account for decreasing sensitivity over time. If
we assume that the initial correlation between prototypes, environment,
and security is low—but that that there is a causal relationship between
these variables—prototypes, environment, and security will eventually
come to covary positively together. If the initial covariation between these
three variables is not as high as that implied by the dynamics between
them, the stability of attachment will be weaker in early childhood. than
in later childhood or adulthood. It appears that resistance to change
emerges in this model not because working models per se are becoming
less flexible but because there is increased covariation among. the vari-
ables that shape the expectations that people hold. The interplay of these dy-
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namic forces causes the person’s developmental pathway to become canalized over
time.

On the basis of these simulations and analyses, we believe that
Bowlby’s theoretical ideas regarding the mechanisms that sustain and
change attachment patterns do not necessarily imply that a high degree of
stability will be observed between attachment patterns in infancy and at-
tachment patterns in adulthood. Of the three homeorhetic' mechanisms
that Bowlby discussed, the first’ two—transactional dynamics and those
that entail decreasing sensitivity over development—predict that degree of
stability over long spans of time will be zero. Although these processes do
serve to boost stability in comparison with situations in which they are not
operating, these processes cannot be used to support the conjecture that
attachment security will be highly stable across development. The one
mechanism that does allow for nonzero degrees of stability in the limit
(i.e., the prototype process) is neutral with respect to the degree of stability
(i.e., high or low) that should be observed. In other words, although this
mechanism implies that secure children may tend to grow up to be secure
adults, it does not imply that this association must be high in magnitude.

Although each of the three homeorhetic processes discussed by
Bowlby leads to higher levels of stability than would be observed in its ab-
sence, there is nothing intrinsic in the dynamics of these processes
that ensures that an individual’s developmental trajectory will be easy
to predict on the basis of early caregiving experiences. The homeo-
rhetic dynamics implied by the prototype model, like those implied by
Waddington’s marbles on epigenetic landscapes, “break down” if the de-
gree of environmental influence is too large. Although the system is still
“trying” to maintain a specific developmental pathway, the specific path-
way maintained is changing too rapidly to give rise to developmental sta-
bility.

EMPIRICAL TESTS OF BOWLBY’S DYNAMIC MECHANISMS '

How can Bowlby’s 1deas about the homeorhetlc properties of human' de-
velopment be tested empirically? Although an increasing number of stud-
ies have addressed the stability of attachment patterns over time (see
Fraley, 2002, for a review), the typical study on stability and change as-
sesses security at only two points in time. Unfortunately, this kind of infor-
mation does not allow us to evaluate the homeorhetic dynamics thought
to underlie attachment development. To understand why, consider a hypo-
thetical study that finds a test-retest correlation of .30 between security
levels assessed over a period of 2 years. Do these data support or refute
the notion that transactional processes, for example, play a key role in-at-
tachment dynamics? The question is difficult to-answer for at least two
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reasons. First, no one writing about transactional dynamics—including
Bowlby—has made a point prediction (i.e., a quantitative prediction) about
the magnitude of test-retest coefficients that should be observed over 2
years if these processes are operating. One might assume that the predic-
tion would be 0.00 based on our previous discussion, but, as can be seen
from the decaying nature of the curves in Figure 4.7, that is not the case.
Even if transactional dynamics were taking place, the test-retest correla-
tion over 2 years may be quite high. Second, a coefficient of .30 clearly in-
dicates some degree of stability, and it is not clear whether this particular
- value is more consistent with a perspective that emphasizes instability
- (e.g., Lewis, 1999) over stability (e.g., Waters et al., 2000). In short, simply
knowing the magnitude of stability over two points in time is insufficient
for determining whether attachment dynamics behave in the homeorhetic
manner that Bowlby envisioned.
As our previous simulations illustrate, evaluating the homeorhetic
nature of these theoretical mechanisms requires studying the pattern or
form of test-retest coefficients observed over time, not the magnitude of a
- single test-retest coefficient (as is common in longitudinal research on at-
tachment). In the following sections, we study patterns of stability by piec-
ing together diverse longitudinal findings on the stability of attachment.
Specifically, we summarize meta-analytic data originally reported by
Fraley (2002) on the stability of attachment from infancy to adulthood.

- We supplement these data with data on the stability of attachment across
adulthood, as culled from the empirical literature on adult attachment in
the social-personality research tradition.

' 'I_)ata on Stability from Infancy to Adulthood

How stable are attachment patterns from infancy to adulthood? Although
there are now an increasing number of longitudinal studies that are able
to address this question, considerable diversity exists in the answers pro-
- vided by these studies. Some studies suggest that, over the first 19 years of
life, there is a strong degree of stability in attachment, such that secure
~children are highly likely to be secure as adults (see Waters et al., 2000).
Other studies, in contrast, indicate that there is virtually no stability over
such lengthy spans of time (e.g., Lewis et al., 2000). _

Fraley (2002) adopted a meta-analytic approach to resolve the dispa-
rate results of alternative studies on stability. In 1999 he identified
all studies containing test-retest data on attachment patterns between
12 months of age—as assessed with Ainsworth et al.’s (1978) Strange

‘Situation procedure—and subsequent ages. Twenty-seven samples were
‘obtained through PsycINFO computer searches, consultation with at-
tachment researchers, and cross-referencing of articles as the database de-
veloped. Once the studies were identified, the stability results from each
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were transformed to a common metric. For studies in which attachment
classifications, rather than continuous ratings of security, were employed,
Fraley (2002) focused on the stability of secure-insecure classifications
rather than the stability of three- or four-category classifications (e.g., A,
B,CorA, B, C, D). One reason for doing so was that every study allowed
an unambiguous secure-insecure distinction to be made across assess-
ment times and methods (e.g., security manifests itself in funectionally, if
not in phenotypically, similar ways in infancy and adulthood). This dis-
tinction can be considered a rough approximation of a latent continuum
of security. Also, two-category test-retest effects can be summarized con-
veniently as Pearson productmoment correlations—phi correlations, to be
exact. This allows the stability findings across a variety of studies to be
evaluated on the same Pearson correlation metric that we adopted in the
simulations reported previously. - «
Table 4.1 reports the meta-analytic stability results for five temporal
intervals: age 1 to age 1 (i.e., immediate test-retest), age 1 to age 2, age 1
to age 4, age 1 to age 6, and age 1 to age 19. Notice that the coefficients
start off high (the age 1 test-retest correlation is 1.00) and, despite some
variation, appear to decrease rapidly to a nonzero plateau. Because these
data only reflect a single empirical stability function (i.e., the age 1 stabil-
ity function), they cannot be used to evaluate the predicted asymmetrical
properties of the stability functions. However, it should be clear from
these data that the test-retest correlations do not approach zero-in the
limit. In fact, the data can be accounted for fairly well by the prototype
model. If we use these data to calibrate the prototype model, we find an
estimated asymptotic test-retest correlation of .39 (see Fraley, 2002). This
suggests that, if the underlying model is correct, the expected correlation
between security assessed at age 1 and security assessed at any other point
later in the lifespan will be approximately .39. - S
What does this imply about the stability -of attachment from infancy
to adulthood? First, these data indicate that there is not a high degree of
stability. A test-retest correlation of .39 suggests that, if we had a sample

TABLE 4.1. Meta—Anélytic Data on Aftachmgnt Continuity
from Infancy to Adulthood

Temporal group. . 4 . Totalm.
Age l-age 1° 1000 9
Age 1-age 1.5 .32 ‘ 1896
. Age l-age 4 .. 2385 0 161 -
- Agel-age6. = .87 .. 1381 7
Age 1-age 19 ) 27 R 218

Note: These meta-analytic data were reported by Fraley (2002),
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of secure children, approximately 70% of them would grow up to be se-
cure adults, whereas 30% of them would grow up to be insecure as adults.
Although this degree of stability is impressive when compared against the
-~ degree of stability observed in other personality traits (r = .20, see Fraley
& Roberts, in press), one would not use such data to make the claim that
early childhood experiences serve as a powerful foundation for the devel-
opment of adult attachment patterns.

The second critical implication of these data is that a prototype-like
~ process may underlie empirical patterns of stability and change in attach-
- ment. If this view is correct, then early attachment patterns, although not
strongly influential in adult development, may exert a broad influence
across different life periods. Because the empirical curve reaches its as-
- ymptote so quickly (around age 2), the degree to which early experiences
 shape attachment may be assumed to be the same at age 2 and at age 19.

We expound on this implication in more depth later. For now, however,
we note that, although early attachment is not a strong predictor of later at-
- tachment patterns, it is a farreaching predictor of later attachment pat-
“terns in the sense that we can use it to predict attachment at age 4 with
the same degree of precision as attachment at age 19. '

Data on Attachment Stability in Adulthood

To further investigate empirical patterns of stability and change, we exam-
ined the ability of the prototype model to account for data on attachment
stability among adults. A growing number of social and personality psy-
chologists have conducted longitudinal investigations of attachment in
adulthood (e.g., Baldwin & Fehr, 1995; Klohnen & Bera, 1998; Scharfe &
Bartholomew, 1994). By collating the empirical data obtained in a diverse
number of studies, we can take a small—but significant—step toward re-
constructing the broader patterns of stability and change that exist in at-
tachment security. - -

To identify longitudinal studies that included test-retest data on
adult attachment patterns (i.e., those assessed after 18 years of age), we
conducted PsycINFO computer searches and cross-referenced articles as
the database developed. Twenty-four samples/ datapoints were obtained.
Many of the studies used categorical measures of attachment rather than
continuous ratings. To transform the findings from such studies to a stan-
- dard Pearson correlation metric, we computed the phi correlation for the
test-retest stability of secure-insecure classifications. In cases in which
- base rate information was not reported and in which only the percent of
the sample that retained the same classification was reported, we assumed
that the base rate of security was 50% and used this base rate to compute
phi. (Alternative assumptions do not have any noteworthy impact on the
patterns of data we report.)
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We have reproduced these data in Table 4.2. One thing to note about
these data is that, for the most part, very few studies have examined the
stability of attachment security over a period extending more than 1 year.
One noteworthy exception is the study by Klohnen and Bera (1998),
which examined the stability of attachment patterns in the Mills College
sample at ages 27, 43, and 52. _

Overall, the raw magnitude of the test—retest correlations tends to be
higher than those observed in childhood. The correlations reported in
Fraley (2002) average around .39, whereas the adult correlations average
around .54. A second noteworthy feature of the data is that the correla-
tions do not behave as if they are approaching zero in the limit. For exam.-
ple, the Klohnen and Bera (1998) data suggest that the stability of attach-
ment is roughly the same from age 27 to age 43 (r = .58) as it is from age
27 to age 52 (r = .55). .

In Figure 4.10 we summarize the data for studies that had test-retest
intervals of one year or longer in order to illustrate the patterns of stabil-
ity. We have also superimposed the stability functions implied by the pro-
totype model. There are several noteworthy features of these graphs.
First, notice that the prototype model predicts that the asymptotic value
of the stability functions in adulthood (e.g., the age 30 stability function)
is higher (i.e., r= .50) than that expected for the age 1 stability function (r -
= .39). Second, notice that the adult data points are well approximated by
the theoretical curve. Although the data do not fall precisely on the pre-
dicted curve, the discrepancy between the theoretical values and the pre-
dicted values is remarkably small.

What do these patterns, in conjunction with the childhood data re-
viewed previously, imply about the mechanisms underlying stability and
change? The fact that the correlations estimated over l-year intervals tend

.to be somewhat higher in adulthood than in childhood (i.e., they exhibit the
property of asymmetry predicted by the prototype model) indicates that
some degree of canalization may be taking place. The fact that the correla-
tions do not approach zero in the limit also suggests that prototype-like dy-
namics may underlie empirical patterns of stability and change.

We also examined; in a separate analysis, the stability of attachment
security reported in studies that used test-retest intervals that were
shorter than 1 year. We have plotted attachment stability as a function of
the test-retest intervals in Figure 4.11. (Among these adult samples, age
was uncorrelated with the length of the test-retest interval, so we have not
presented these data by age per se. We have also excluded the Baldwin et
al., -1'993, sample from the figure.) Notice that the test-retest correlations
approach their asymptotic.values almost immediately (i.e., within a week).
Notice also that the asymptote implied by these data is much larger than
zero and very close to the asymptote entailed by the other studies that ex-
amined stability over periods of 1 year or more.




"TABLE 4.2. Longitudinal Studies Including Adult Attachment Test-Retest Data

(1998)

;‘:\ 4 &z TQ
- L — =
£ gE 8- TZ3s e
ol o= £ N =
s FE EZ E&mE B3
%% §g S§ E8¢ =%
n <& gE YTE &ESE &E
“Baldwin & Fehr (1995) 221 20.5 16.0 67.4 0.35
:Baldwin, Fehr, Keedian, Seidel, & Thomson 16 20.9 16.0 437 -0.13
Barnes (1991)* 46 18.0 12.0 67.4 0.35
Benoit & Parker (1994)
Test-retest 1 84 29.2 54.0 77 0.54
Test-retest 2 84 29.2 54.0 90 0.80
‘Collins. & Read (1990) 101 18.8 9.0 0.64
‘Cozzarelli, Karafa, Collins, & Tagler (2003) 442 24.1 108.0 0.38
Davila, Burge, & Hammen (1997)
Test-retest 1 155 18.0 27.0 0.52
Test-retest 2 155 18.0 108.0 0.48
"Dévila & Cobb (2003) 86 18.0 54.0 0.63
Davila, Karney, & Bradbury (1999)
s Test-retest 1 344 26.8 27.0 0.68
Test-retest 2 344 26.8 54.0 0.71
Test-retest 3 344 26.8 81.0 0.58
Test-retest 4 210 26.8 108.0 0.61
eney & Noller (1992) 172 17.9 10.0 0.67
eney, Noller, & Callan (1994) 70 23.7 40.5 0.62
er & Fincham (1995) 44 31.8 108.0 0.62
‘Hammond & Fletcher (1991) 102 20.0 18.0 0.47
eelan, Dion, & Dion (1994) 101 19.0 18.0 80.2 0.60
irkpatrick & Hazan (1994) 172 39.1 216.0 70.0: 0.40
ohnen & Bera (1998)
Test-retest 1 142 27.0 864.0 0.58
Test-retest 2 142 27.0- 1350.0 0.55
Test-retest 3 100 43.0 486.0 0.71
evy & Davis (1988) 63 20.0 2.0 0.58
opez & Gormley (2002) 207 18.0 315 57.0 0.14
stole (1989) 67 18.0 1.0 ©76.1 0.52
uvolo, Fabin, & Ruvolo (2001) 322 197 22.5 0.49 :
Scharfe & Bartholomew (1994) 144 24.5 36.0 0.51
Senchak & Leonard (1992) 335 23.8 52.0 74.2 0.48
aver & Brennan (1992) ' ’
Test-retest 1 127 19.0 - 36.0 0.60
Test-retest 2 242 19.0 36.0 0.68
Smith, Murphy, & Coats (1999) 60 18.0 13.0 0.77
nio (1992)‘1 12 18.0 16.0 83.3 0.67
ieselquist et al. (1999) 130 325 - 54.0 0.56

age value of 18.

®Unpublished studies reported by Baldwin and Fehr (1995).
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Note. For studies employing only categorical measures of adult attachment, we have reported the percent of the sample
at retained the same attachment classification from time 1 to time 2 and a phi coefficient to express that information in
Pearson correlation metric (see text). For studies that included dimensional measures of adult attachment, we have re-
rted the test-retest correlation, 7. In cases'in which the average age of the samplé was not reported, we assumed an‘aver-
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CONCLUSIONS

In this chapter, we used dynamic modeling techniques to formalize
Bowlby’s ideas about the basic processes that may sustain attachment pat-
terns over time. In the sections that follow, we discuss the implications of
our simulations and analyses for (1) the assumptions researchers hold
about how much stability should exist in attachment over the life course,
(2) debates about within-person variation in attachment patterns, and (3)
the methods that are used to study the dynamics of stability and change.

Assumptions about Stability

Many researchers are implicitly guided by the view that attachment theory
predicts a strong association between early and later attachment patterns
(e.g., Duck, 1994; Lewis, 1997; Westen, 1998). Indeed, one of the intrigu-
ing implications of attachment theory is that the way a- person thinks,
feels, and behaves in his or her romantic relationships is a reflection. of
the way in which that person’s attachment system has become organized
over the course of development—beginning with his or her earliest attach-
"ment relationships: The notion that early caregiving experiences influ-
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FIGURE,4.11. Stability of adult attachment in studies with test-retest intervals
shorter than a year. Notice that the asymptote implied by these data is greater
than zero and is reached within a few weeks.

ence the way we relate to others throughout the life course is compelling
for a number of reasons. For one, it provides a straightforward explana-
tion for why some people are relatively secure in their relationships,
whereas others are more sensitive, defensive, or withdrawn. In addition, it
raises the possibility that, if psychologists could intervene at an early stage
in a child’s life, it might be possible to foster permanent changes- for the
better in his or her psychological development. '
Despite its allure, the assumption that early caregiving experiences
foreshadow adult development is quite controversial in contemporary psy-
chology (see Duck, 1994; Kagan, 1996; Lewis, 1997). If a person’s style of
regulating attachment-related feelings and behaviors in his or her roman-
tic relationships is strongly influenced by his or her early caregiving expe-
riences, it would seem that our relational fates are sealed within the first
few years of life. This would appear to leave little room for psychological
growth, change, or intervention beyond-infancy (Lewis; 1997). In addition
to these theoretical concerns, the assumption of stability has been chal-
lenged by a growing empirical database on the instability of attachment
patterns (e.g., Baldwin & Fehr, 1995). If attachment patterns are only
moderately stable across short spans of time; how is it possible for early at-
tachment experiences to provide a:solid foundation for subsequent devel-
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We believe that the model we have developed in this chapter pro-
vides a way to understand how early attachment patterns can exhibit
continuing effects across the life span yet exhibit only a weak degree of
stability over time. The empirical data that we reviewed indicate that
‘there is a weak to moderate degree of stability from infancy to adult-
hood but that the stability that exists from age 1 to later ages does not
decay as the length of the test-retest interval increases. According to
our theoretical and empirical analyses, security is just as stable from age
1 to age 2 as it is from age 1 to age 20. Thus it is not the case that early
attachment has a strong influence on later development but that the in-
fluence that exists appears to be enduring. According to Bowlby’s ideas
on the role of prototypical attachment representations and their homeo-
rhetic effects on personality development, early attachment patterns
manifest themselves in some shape or form across diverse developmen-
tal periods of the life course, even if the degree to which those patterns
. manifest themselves is minor. :

Although Bowlby believed that early attachment patterns serve as
the foundation for subsequent attachment relationships, he never made
a quantitative prediction about the degree of stability that should be ex-
pected over long periods of time. The mechanisms he discussed, like
Waddington’s, offer an explanation for why stability may be observed,
but they do not ensure that stability will be the rule rather than the ex-
ception. In light of these considerations, we believe that it may be inap-
propriate for researchers to predict high degrees of stability based on
‘Bowlby’s theory. It is of great theoretical interest, of course, to know
how stable attachment patterns are over time, but the actual degree of
stability, although it informs and constrains the way we conceptualize at-
tachment dynamics, does not provide a test of the theory. As we explain
later, testing the theory requires studying the paiterns of stability and
change across development, not appraising the raw magnitude of the sta-
bility coefficients.

Within-Person Variation in Attachment Patterns

In recent years an increasing number of researchers have documented
substantial within-person variation in attachment patterns (see Baldwin &
Fehr, 1995; La Guardia, Ryan, Couchman, & Deci, 2000; Pierce & Lydon,
2001). Baldwin and Fehr (1995), for example, reported that approximately
30% of research participants reported different attachment styles from
one point in time to the next. This result raised the question of whether it
was appropriate for attachment researchers to conceptualize attachment
styles as traitlike properties of people or as phenomena exhibiting a
more fluid, context-specific nature. Over the years, researchers have
-adopted a variety of perspectives on this issue. Fraley and Waller (1998),
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for example, argued for a trait-like approach and suggested that the insta-
bility observed by Baldwin and Fehr might be best explained by the kinds
of measurement errors that are introduced when continuous data are cat-
egorized. La Guardia and her colleagues (2000) argued that a sizable pro-
portion of the within-person variations in attachment could be attributed
to ongoing interpersonal dynamics, such as variation in the extent. to
which people’s basic needs for autonomy, competence, and relatedness
are fulfilled. Although empirical and theoretical progress has been made
toward exploring the extent to which attachment behaves in a traitlike
manner, the field has yet to settle on a consensual interpretation of what
this variation means and the implications it has for understanding attach-
ment dynamics.

We believe that the homeorhetic processes discussed in this chapter
provide a novel and compelling way to conceptualize both the within-per-
son stability and the change that have been documented in attachment
patterns. To illustrate how this may be the case, we explore one of the ba-
sic equations thought to underlie attachment dynamics (see Fraley, 2002):
ds/dT = n(E, - §,). According to this equation, the amount of change in
working models at'any time ¢ is proportional to the discrepancy between
security at Time ¢ S, and the quality of the caregiving environment at
Time ¢, E. When E, and S, are equivalent, security will not change (dS/
dT = 0). When the caregiving environment is harsher or more rejecting
than expected, working models change in the direction of decreased secu-
rity. Similarly, when the caregiving environment is more responsive than
expected given one’s working models, security increases. The parameter 1
controls the lability or plasticity of working models.

This basic equation has two important implications for the within-
person dynamics of stability and change. First, if we conceptualize the en-
vironment as being a function of a stable representational prototype (P),
the individual will tend to gravitate toward a value of security that corre-
sponds to the security of that prototypical representation. To demonstrate
this result, we can simply substitute P for E, set the derivative to zero, and
solve for § (Huckfeldt et al., 1982). Simple algebraic manipulation shows
that the attractor state of the system (i.e., the value toward which the sys-
tem gravitates) is equal to P. In other words, an individual’s security level
will adjust itself in such a way that it eventually converges on the quality of
the prototype. This is true regardless of how secure the individual is ini-
tially (see the left-hand panel of Figure 4.12). '

Does this process exhibit the kind of homeorhetic stability discussed
by Waddington and Bowlby? The middle panel of Figure 4.12 illustrates
the security of an individual over time. At Time 390, the caregiving envi-
ronment is temporarily disturbed so that it becomes substantially more re-
Jecting than it was initially. (For example, it may be the case that the indi-
vidual was rebuffed by a loved one.) At Time 391, the perturbation is
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removed. What happens to the security of the individual over time? The
perturbation knocks the individual out of his or her pathway, but he or
she quickly returns to the pathway previously established (and guided by
his or her representational prototype). If there are a large number of envi-
ronmental factors affecting the individual, then his or her trajectory will
bounce around considerably from day to day, but those changes will tend
to fluctuate around the same prototypical value (see the right-hand panel
of Figure 4.12).

This very simple equation captures an important feature of the

homeorhetic processes discussed by Waddington and Bowlby. Specifically,
if we conceptualize the prototype as reflecting a critical component of the
epigenetic landscape, we see that the individual will gravitate toward that
end state despite disturbances from the external environment. Impor-
tantly, it is not the case that the person is unaffected by the environment.
However, the effect of those experiences is only temporary, and the indi-
vidual will eventually reestablish his or her original trajectory.
- What does this imply about the nature of within-person variation? It
~ suggests that attachment security can behave both as a trait-like and a con-
textual variable. In other words, it is not necessary to view trait-like and
- contextual interpretations of security as being in opposition. Although
there may be considerable within-person variation in attachment patterns,
that variation can be characterized as temporary deviations from a dynam-
ically stable value. Although this conjecture flows naturally from the pro-
totype model that we have discussed in this chapter, we are not aware of
any existing empirical data that can be used to provide a rigorous test of
this hypothesis. Testing this conjecture will require future research not
only to demonstrate principled within-person variation, as La Guardia
-and colleagues (2000) and Pierce and Lydon (2001) have done, but to de-
termine whether specific relational events, such as an argument with a sig-
nificant other, lead to temporary, as opposed to enduring, changes in at-
tachment security. '

Baldwin and his colleagues (Baldwin & Fehr, 1995; Baldwin, Keelan,
Fehr, Enns, & Koh-Rangarajoo, 1996) have made the argument that not
only does within-person variation exist in attachment patterns but also
one reason this variation exists is that people hold multiple working mod-
els of themselves in different relationships, each of which can be activated

to varying degrees in any one context. Thus it is possible that people hold
multiple prototypes based on different significant others in their lives.
When this idea is incorporated into the basic model we have discussed, it
has some interesting implications for the way the homeorhetic dynamics
of the system manifest themselves. To expand the previous equation to ac-
commodate this possibility, we simply added multiple prototypical states
to the dynamic equation: dS/dT=n(P; - S) (P, - S) (P; - ). Algebraically, -
this equation is cubic, and, therefore, it has three attractor states given by
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the security of the three prototypical representations (see the left-hand
panel of Figure 4.13). The first and third attractors are what are called
sinks (Blanchard, Devaney, & Hall, 1996). Values that begin near a sink
tend to converge on that point. Conceptually, a sink is much like the val-
ey floor in Waddington’s epigenetic landscape; marbles placed within a
certain vicinity of the floor tend to gravitate toward it; they are attracted
to it. The second attractor, in contrast, is what is called a source. Values
that begin near a source tend to move away from that point (Blanchard et
al., 1996). A source is much like the cusp between two valley walls in
Waddington’s analogy. If a marble were to be poised in just the right place
on the cusp, it may come to a stop. However, as soon as it moves away
from that position—even by a minuscule amount—it will be forced down
the hill.

Like the first equation we discussed, this equation exhibits ho-
~meorhetic properties. Specifically, if we disrupt an individual’s develop-
‘mental trajectory, he or she will find a way back to his or her original
‘pathway (see the topmost trajectory in the right-hand panel of Figure
4.13). However, the homeorhetic properties of this system are more
complex than those discussed previously. If the disturbance is strong
- enough to push the individual over a cusp point, he or she will change
pathways, and a new developmental trajectory will be established. This
is illustrated by the bottommost trajectory in the righthand panel of
Figure 4.13. This individual was initially on a trajectory leading her
toward extreme insecurity; however, at Time 200, an external force
was introduced that temporarily boosted her security. This change
brought the person’s current level of security over a cusp in the dy-
namic surface, leading her to establish a new trajectory toward greater
security.

If multiple prototypes exist in the mental system, it is possible that
they may combine in the way captured by the previous equation to pro-
duce multiple attractor points in developmental space (i.e., multiple val-
leys in the epigenetic landscape). If this is true, then when an individual’s
current state of security is relatively close to a source point, even a minor
environmental disturbance may create a situation in which the individual
is pushed off his or her pathway and onto a new one. This suggests that,
for some people, minor events may lead to dramatic changes in their per-
sonality organization, whereas those same events may lead to nothing
more than temporary changes for other people.? Regardless of whether
we conceptualize the system as having one or more attractor points, this
basic conceptualization suggests that the same dynamic mechanisms can
lead security to behave as both a traitlike variable and a contextual or
state-like- variable. As such, this model provides a possible resolution to
ongoing debate about whether attachment styles represent one kind of
variable as opposed to the other.
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Methods for Studying Change

Our analyses suggest that Bowlby’s theory predicts that the degree of sta-
bility in attachment can fall anywhere between 0.00 and 1.00. In light of
this derivation, one cannot empirically “test” attachment theory by study-
ing the stability of attachment patterns between two points in time, as is
often done in contemporary research. Theoretically, any test-retest corre-
lation greater than zero would be consistent with the theory, thereby mak-
ing such empirical tests extraordinarily weak and ambiguous. The power
of Bowlby’s theory lies not in the predictions that it makes about the de-
gree of stability that should be observed from infancy to adulthood but in
the patterns of stability that should be observed over time. Specifically, if
the dynamics of stability and change can be characterized by homeor-
hetic, prototype-like processes, then we should expect (1) the correlation
between security measured at age 1 and any other age to gradually decay
to a nonzero value, (2) the test-retest correlations in childhood to be
lower on average than those observed in adulthood, and (3) the stability
functions later in the life course to decay to nonzero values.

We believe that a proper empirical test of attachment theory’s as-
- sumptions about stability and change requires investigating these patterns
of continuity. This will require a concerted effort on the part of investiga-
tors to develop methodological paradigms that allow individuals to be
studied repeatedly over time. For example, it should be possible to test
Bowlby’s ideas by studying patterns of stability and change over brief peri-
'ods of time in adulthood using Web-based technologies, diary studies, or
-event-sampling techniques. It is only through such work that the empirical
patterns implied by Bowlby’s theory can be documented and evaluated.
We have tried to take a first step in uncovering such patterns by bringing
together findings from a variety of studies that have examined the test-
retest stability of attachment. Although these data seem to corroborate
the dynamic processes entailed by Bowlby’s theory, they are subject to ob-
vious limitations (i.e., different measures, different samples). We hope fu-
ture researchers will take advantage of the predictions outlined here in or-
der to further evaluate Bowlby’s ideas about human development.

NOTES

. Although Bowlby (1973) didn’t state exactly what he considered the railway
destinations to represent in his analogy, it seems safe to assume that he consid-
- ered them to represent alternative states of security or adjustment. For the pur-
poses of this chapter, we assume that the railway destinations, as well as the val-
= leys in Waddington’s (1957) landscape, represent different degrees of security.

- We use the term “trait” in its broadest sense to refer to any kind of biological or
psychological quality, character, or property.
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3. Davila and her colleagues have argued that some insecure people may be psy-
chologically vulnerable and, consequently, exhibit less stability in their levels of
security over time (Davila, Burge, & Hammen, 1997; Davila & Cobb, Chapter
5, this volume). There are a number of ways in which this observation can be
accounted for by the prototype model. First, it is possible that, as Davila and
Cobb (Chapter 5, this volume) discuss, highly insecure individuals hold multi-
ple working models of themselves and their relationships. If this is true, inse-
cure people will possess a greater number of potential equilibria in the dy-
namic space illustrated in Figure 4.13. An individual with a higher degree of
such equilibria will be more likely to exhibit change, because minor fluctua-
tions in the environment can easily knock the person out of one trajectory and
into another. It is also possible that some people are more reactive to environ-
mental fluctuations than others, and that this reactivity is correlated negatively
with security. (See Fraley, Waller, & Brennan, 2000, for a psychometric inter-
pretation of the association between insecurity and instability.)
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