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REPLY

The Temporal Process of Resilience

Yannick Hill, Ruud J. R. Den Hartigh, Rob R. Meijer, Peter De Jonge,
and Nico W. Van Yperen

University of Groningen

In our target article, we proposed the application of the dynamical systems approach to
studying how the dynamic process of resilience unfolds over time. Sparked by the com-
mentaries by Bryan and colleagues, Galli and Pagano, and Kiefer and colleagues, we aim
to provide clarifications of the dynamical systems approach as well as possible extensions
of the framework. Specifically, we discuss more elaborately the basic assumption of the
dynamical systems approach that behavior emerges from ongoing, bidirectional interactions
among a multitude of components over time. Given current knowledge of resilience in
sports, the next logical step is to focus on understanding the temporal process of resilience
rather than untangling its underlying components. Inspired by the commentaries, we further
discuss the changing magnitude of stressors’ impact over time, the issue of interconnected
timescales, and resilience versus growth. We conclude by discussing practical and data
analytical implications of examining the process of resilience.

Keywords: complexity, critical slowing down, growth, psychological momentum,
stress

In the target article (Hill, Den Hartigh, Mei-
jer, De Jonge, & Van Yperen, 2018), we pointed
out that scholars typically consider resilience
(i.e., positively adapting to adversity) as a pro-
cess. However, the current literature is still lack-
ing insight into how this process unfolds over
time. To fill this void, we proposed the appli-
cation of a dynamical systems approach that is
marked by ongoing, dynamic interactions
among multiple components1 over time (Kelso,
1995; Nowak & Vallacher, 1998; van Geert,
2009). We are grateful to the authors who pro-
vided well thought-through commentaries to
our article. We believe a discussion on the the-
oretical underpinnings of resilience is necessary
to move forward with our understanding of, and
interventions on, this important concept.

The idea that resilience research will profit
from focusing on the process that defines resil-
ience has reached consensus among researchers
and is reinforced throughout the commentary
articles (Bryan, O’Shea, & MacIntyre, 2018;
Galli & Pagano, 2018; Kiefer, Silva, Harrison,
& Araújo, 2018). However, there seem to be
two different conceptualizations of the term
process, namely, the causal chain process
(Bryan et al., 2018; Galli & Pagano, 2018) and
the temporal process (Hill et al., 2018; Kiefer et
al., 2018). This key difference in conceptualiz-
ing the process, which consequently leads to the
application of different theoretical as well as
different methodological foci, distinguishes the
theoretical framework of the dynamical systems
approach and main stream approaches to resil-
ience in psychology. At the same time, we be-
lieve that all commentaries provided interesting
comments and suggestions that can be inte-
grated into the dynamical systems approach to

1 Note that throughout the article the term component
refers to any psychological, physiological, or environmental
variable/factor that comprises the dynamical system.
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resilience. Therefore, this article is structured as
follows. First, we will clarify our theoretical
approach of dynamical systems and how it may
differ from mainstream approaches in psychol-
ogy. Second, we will demonstrate how sugges-
tions from the authors of the commentary arti-
cles may be integrated into the dynamical
systems framework. We will end this article by
discussing challenges of the dynamical systems
approach and future avenues for research.

The Dynamical Systems Approach as the
Next Logical Step

Researchers often aim to detect causal rela-
tionships between the different variables that
they study. For instance, in a standard psycho-
logical experiment, we systematically manipu-
late an independent variable, which we assume
to have a direct impact on the dependent vari-
able, while keeping all other aspects of the
situation constant. When we observe a change
in the dependent variable, we conclude that this
change has been caused by the independent
variable. The basic assumption of this causal
chain approach is that there are directional
causal processes that determine behavior. In
line with this reasoning, the past decade of
research suggests that resilience in athletes is
determined by a multitude of underlying com-
ponents (Bryan et al., 2018; Galli & Pagano,
2018; see for sport-specific reviews, Fletcher &
Sarkar, 2013; Galli & Gonzalez, 2015). Such an
approach does not exclude the possibility that
components can also interact with each other to
determine the behavioral outcome. For exam-
ple, Galli and Pagano (2018) pointed to the use
of moderation effects to pinpoint the specific
effects of the components. The authors used the
example of the personality trait hardiness that
could influence the perceived stress on recover-
ing from injury. Furthermore, the different com-
ponents can also have reciprocal influences on
each other (i.e., bidirectional causality). This
means that a given Component A causes
changes in Component B, which in turn causes
changes in Component A, probably as a func-
tion of moderators. Therefore, researchers, who
embrace a causal chain process, aim at identi-
fying the specific components, their interac-
tions, and their bidirectional causal order.

When assuming that the components and their
interactions remain stable over time, a suitable

approach to understand resilience would indeed be
to examine the independent variable(s) of interest
and their interactions at a single, and thus repre-
sentative, point in time. However, as acknowl-
edged by the commentary articles, the compo-
nents can change over time (Bryan et al., 2018;
Galli & Pagano, 2018). Importantly, the interac-
tions between components, as well as the causal
directions, are also undergoing change (Kiefer et
al., 2018). Therefore, obtaining a snapshot of the
state of the components at a given moment may be
misleading due to their inherent dynamics that
characterize the process of resilience (Hill et al.,
2018). Therefore, the next logical step for re-
searchers is to develop a theoretical framework
that is explicitly built on the notion that the ob-
servable behavior is the result of the ongoing,
temporal changes in the underlying interacting
components. On the basis of this core principle,
we propose the dynamical system approach that
focuses on how a dynamic process, such as resil-
ience, unfolds over time. It provides tools to dem-
onstrate, for example, whether an athlete is able to
quickly adapt to a stressor or when an athlete is
not able to adapt at all (Den Hartigh, Hill, & Van
Geert, in press). Thereby, the main focus of re-
searchers shifts from identifying the components
that determine resilience in a causal chain to how
the process unfolds over time (i.e., the temporal
process of resilience).

In the target article, we outlined that the
hallmark of a dynamical system is its complex-
ity. Complexity means that the underlying com-
ponents are constantly interacting and are
changing over time (Beek, Verschoor, & Kelso,
1997; Den Hartigh, Cox, & Van Geert, 2017).
These ongoing changes and interactions mani-
fest themselves in the behavior that a system
generates (Hill et al., 2018). In accordance with
this idea, the literature on resilience also main-
tains that the process is determined by the (dy-
namic) interactions between the person and the
environment, rather than being driven by a
steady (set of) component(s; Egeland, Carlson,
& Sroufe, 1993). This dynamic coupling be-
tween the person and the environment to deter-
mine resilience is further supported by the fact
that, so far, no single (set of) component(s) has
been identified as reliable predictors of resil-
ience across individuals, time, and contexts. For
some components, even opposite effects were
reported (Hill et al., 2018). Therefore, we pro-
pose that resilience is driven by the functional
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way the different components interact with each
other (i.e., interaction–dominance; Den Hartigh
et al., 2017, in press; Van Orden, Holden, &
Turvey, 2003).

In their commentary, Kiefer and colleagues
(2018) further elaborated on this notion of in-
teraction–dominance by showing that a dynam-
ical system can make use of structurally differ-
ent components to achieve the same functional
output. Thus, in a dynamical system, the same
behavior may result from different interacting
components or underlying processes (Davids,
Bennett, & Newell, 2006; Edelman & Gally,
2001; Kiefer et al., 2018). Because the interactions
among all of the underlying components are es-
sential in understanding the behavior of a dynam-
ical system, the system needs to be kept intact in
order to be studied (Hill et al., 2018). Deconstruct-
ing the system and studying its components in
isolation likely disrupts the dynamic interactions
between the components.

To understand the temporal process of resil-
ience and its underlying complexity, a good
strategy for researchers is to study a so-called
collective variable in which the ongoing, dy-
namic interactions are manifested (Hill et al.,
2018). For example, the dynamic interactions
between the psychological, physiological, and
environmental components come together in
athletes’ behavior demonstrated in a perfor-
mance context. Time-series measurements (i.e.,
dense repeated measures) of such a collective
variable provide insight into how athletes’ per-
formance trajectory unfolds over time (Araújo
et al., 2015; Den Hartigh et al., 2017). This
approach allows researchers to study the shape
of the resilience trajectory in response to a stres-
sor (or perturbation in dynamical terms), as
well as periods during which the system needs
increasingly more time to demonstrate resil-
ience (i.e., early warning signals). Such altera-
tions of the performance trajectory may indicate
that a system becomes unable to demonstrate
resilience and that a critical transition may oc-
cur (i.e., critical slowing down; Dai, Vorselen,
Korolev, & Gore, 2012; Scheffer et al., 2012;
van de Leemput et al., 2014).

In sum, the basic assumption of the dynamical
systems approach is that behavior emerges from
ongoing, bidirectional interactions among a mul-
titude of components over time, rather than being
determined by specific components in a causal
chain. This shifts focus from untangling the un-

derlying components to studying changes in the
state of an entire system by looking at the tempo-
ral pattern of a collective variable.

Integrating Themes Into the Dynamical
Systems Approach

Magnitude of the Adversity’s Impact

A critical point brought forward by Galli and
Pagano (2018) as well as Bryan and colleagues
(2018) is the magnitude of the impact an adverse
event may have. The authors argued that the cog-
nitive appraisal of an event is the main driving
force behind the impact’s magnitude and thus a
key factor mediating the process of resilience.
Bryan et al. (2018) also added, in line with our
target article, that the magnitude of the impact is
further determined by how it is embedded in the
temporal sequence of preceding events. For exam-
ple, relative to athletes who won their previous
matches, athletes who lost their previous matches
may suffer more from losing a match. Indeed, the
history dependence of the subjective experience of
a stressor has been demonstrated in research on
psychological momentum in sports (Briki, Den
Hartigh, Markman, Micallef, & Gernigon, 2013;
Den Hartigh & Gernigon, 2018; Den Hartigh,
Gernigon, Van Yperen, Marin, & Van Geert,
2014; Den Hartigh, Van Geert, Van Yperen, Cox,
& Gernigon, 2016; Gernigon, Briki, & Eykens,
2010). However, instead of searching for what
psychological components under what specific
conditions determine the stressor’s magnitude, we
would argue that the impact of a stressor can
be derived from the behavioral response (i.e., the
collective variable) following its occurrence (see
also Kiefer et al., 2018). For example, if there is
no negative change in the athletic performance,
one may conclude that it had no deliberative im-
pact.2 In contrast, when the athletic performance
suffers a decline, the impact of the stressor was
negative. Either the magnitude of the decline or
the time it takes to return to the previous level can
signal the magnitude of the stressor’s impact (Dai
et al., 2012; Scheffer et al., 2012; van de Leemput

2 Note that, in accordance with the dynamical systems
perspective, it is possible that a stressor causes quantitative
changes in some of the system components, such as mental
well-being or confidence, without causing qualitative
changes in the collective variable (i.e., athletic performance;
Vallacher & Nowak, 1997).
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et al., 2014). The changing magnitude of a stressor
in response to how it is embedded in the perfor-
mance history of the athlete can be studied by
exposing the athlete to the same (or similar) stres-
sor(s) over time.

Interconnected Timescales

Following the notion that the magnitude of
stressors varies strongly across individuals and
within individuals across time and contexts,
Galli and Pagano (2018) raised the point that
seemingly small stressors, such as losing a sin-
gle match, can have long-term consequences for
athletes. Furthermore, the authors pointed out
that events, which take place immediately be-
fore a competition, can have major influence on
what happens during the competition. We fully
agree that resilience is contingent on such phe-
nomena and offer below an explanation as to
how they can be integrated into a typical prop-
erty of dynamical systems, namely, intercon-
nected timescales.

Broadly defined, a timescale reflects the pe-
riod of time over which a process is analyzed.
However, the timescale of adapting well to a
stressor is not necessarily proportional to the
objective magnitude of the event. The magni-
tude of the stressor is also a function of the
system’s history or overarching trend, which is
formed by a sequence of events. This overarch-
ing process (on a large timescale) may
strengthen or weaken the effects of a subsequent
event (on a short timescale). Reversibly, the
single events on the short timescale shape the
overarching process on the large timescale. This
bidirectional influence of the different time-
scales constitutes the notion of interconnected
timescales (for an empirical demonstration in
sports, see Den Hartigh et al., 2016). Thus, as
pointed out by Galli and Pagano (2018), a stres-
sor that takes place just before a match can have
a direct impact (both positive and negative) on
the athlete’s subsequent performance. For in-
stance, a stressor experienced before a compe-
tition could have a positive influence as it may
signal that an increase in effort or concentration
is required. However, the same stressor at the
same time may cause a drastic, negative shift in
performance if the athlete’s performance his-
tory features a recent series of losses (Briki,
Den Hartigh, Hauw, & Gernigon, 2012).

Growing From Stressors

The final recurring theme in the commentar-
ies is that we do not account for the possibility
of growth beyond the baseline of the level of
functioning in response to an adverse event
(Carver, 1998; Hardy et al., 2017). Although the
commentaries use different terminologies
(Kiefer et al., 2018, antifragility; Bryan et al.,
2018, emergent resilience; Galli & Pagano,
2018, stress-related growth), they all refer to the
possibility that performance can be strength-
ened as a result of dealing successfully with a
stressor. Indeed, in our target article (Hill et al.,
2018), we mainly focused on the athlete’s abil-
ity to return to their previous level following
adversity, which is what defines resilience (see
also Carver, 1998; Hosseini, Barker, &
Ramirez-Marquez, 2016). Galli and Pagano
(2018) challenged us to extend this model to
detect patterns in the time-series data of athletic
performance that could indicate when a system
might actually grow, that is, demonstrate a pos-
itive transition.

Using insights from complex biological sys-
tems, Kiefer and colleagues (2018) presented an
ambitious research agenda that is specifically
aimed at optimal growth in response to stressors
(see also Kiefer, 2017; Silva, 2017). These au-
thors explain growth through the notion of
metastability. Simply put, a metastable state
describes the ability of a complex biological
system to enter multiple different pathways to
complete a task at any given point in time, by
making use of different functional interaction
patterns between its components (Kiefer et al.,
2018). Thus, metastable systems can form func-
tional interactions between different compo-
nents to produce a desired behavioral outcome
(i.e., integration tendency), while simultane-
ously terminate dysfunctional interactions to
avoid becoming trapped in an undesirable be-
havioral pattern (i.e., segregation tendency).
This means that the system is able to maintain
positive states, resolve these states once they are
not functional anymore, and create new func-
tional states in their place. Accordingly, from a
dynamical systems perspective, a system
achieves growth following a stressor if it is able
to form new, more adaptive interactions be-
tween its underlying components, from which
more optimal behavioral solutions to a given
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problem emerge, which is referred to as anti-
fragility.

Similar to our proposition of resilience,
Kiefer et al. (2018) argued that a system’s an-
tifragility can be derived from the changes in
behavioral patterns in response to a series of
stressors. That is, signals in the temporal struc-
ture of a system’s behavior potentially indicate
positive phase transitions in addition to the
warning signal of negative transitions (Dai et
al., 2012; Scheffer et al., 2012; van de Leemput
et al., 2014). These signals can be used to en-
hance athletes’ growth, or to prevent athletes’
breakdowns in resilience within a single perfor-
mance context. We understand that this exten-
sion may be challenging to implement. How-
ever, we are intrigued to see how the two
frameworks of antifragility and our dynamical
systems approach to resilience could be com-
bined to understand both growth over time and
breakdowns of resilience.

Moving Forward With Research
on Resilience

Defining Resilience From a Dynamical
Perspective

In line with the causal chain approach on
resilience, the extant literature has primarily
focused on identifying psychosocial compo-
nents that explain why some athletes are more
resilient than others. However, as discussed, we
propose that resilience is a complex process that
is driven by the bidirectional interactions be-
tween psychological, physiological, and envi-
ronmental components over time. Hence, we
think that the next logical step is to develop a
unified framework that accounts for this com-
plexity of resilience processes. Embracing this
versatility can spark various interdisciplinary
research programs that may advance the field of
resilience as a whole.

Because the dynamical systems approach ac-
counts for a comprehensive integration of vari-
ous underlying components (Bryan et al., 2018;
Galli & Pagano, 2018) and the changing impact
of events on different timescales (Galli & Pa-
gano, 2018), it represents a parsimonious ac-
count for studying the process of resilience over
time. Moreover, it can be extended to studying
how individuals grow from stressors (Kiefer et
al., 2018). On the basis of the insights from the

literature on (system) resilience and the typical
properties of dynamical systems, and the com-
mentaries to our target article, we would pro-
pose the following definition of resilience to
guide future research: “The dynamic process by
which a biopsychosocial system returns to the
previous level of functioning, following a per-
turbation caused by a stressor.” This definition
highlights that (a) the unit of analysis is the
dynamic process over time, (b) the outcome is
the return to the previous state thereby differ-
entiating it from growth, and (c) stressors can be
considered as perturbations to the system’s
state.

Practical and Data Analytical Implications

In their commentaries, Galli and Pagano
(2018) as well as Kiefer and colleagues (2018)
also focused on the practical applicability of the
research on resilience. Although our primary
aim was to propose a new theoretical perspec-
tive on resilience, one’s perspective guides the
kind of practical intervention. For example,
building upon the causal chain approach, an
intervention aimed at enhancing athletes’ resil-
ience may be to change a specific component
that is considered a determinant of resilience. In
contrast, from a dynamical systems perspective,
an intervention should target the system as a
whole as it determines the desired outcome
(Kiefer & Myer, 2015). For example, an athlete
may show an increase in time needed to recover
from a recurring stressor (e.g., points made by
the opponent). A simple intervention may be
aimed at interrupting the sequence of stressors,
for example, by taking a time-out. Such an
interruption may give the system time to re-
cover its previous state of functioning (Den
Hartigh & Gernigon, 2018). Because the mag-
nitude of a stressor is determined by how it is
embedded in individuals’ history of perfor-
mance, disrupting a negative sequence conse-
quently reduces the magnitude of a potential
subsequent stressor, preventing it from causing
a critical transition.

To stimulate antifragility, Kiefer and col-
leagues (2018) proposed that an adaptive be-
havioral response reflects a system’s ability to
form new functional interaction patterns as well
as dissolving dysfunctional interactions be-
tween the underlying components. These newly
formed patterns reflect the positive adaptation
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to the encountered stressor. Therefore, the pro-
posed intervention involves training these adap-
tive responses by exposing an athlete to a con-
trolled amount of stressors. After successful
completion of the training, the athlete is able to
explore new functional interactions and thus
adaptive behavioral responses when encounter-
ing similar, and maybe even unfamiliar, stres-
sors. That said, concrete interventions to en-
hance resilience or the possibility for growth
need to be further developed and tested.

From a data analytical point of view, a process
emerging from a complex system is marked by
variations over time. This means that fluctuations
are inherent in a time series from such a system.
As transitions in a system’s behavior can be indi-
cated by enhanced fluctuations (Kelso, Scholz, &
Schöner, 1986; for a sport-specific overview, see
Hristovski, Balagué Serre, & Schöllhorn, 2014)
and a critical slowing down (Dai et al., 2012;
Scheffer et al., 2012; van de Leemput et al., 2014),
a high degree of accuracy of the measurement
systems used to establish the time series is re-
quired. Thus, to study the process of resilience
over time within a single-performance context, an
accurate, reliable, valid, and high-frequency mea-
surement system of the collective variable (i.e.,
actual behavior) is necessary. To study the tem-
poral process of resilience on a larger timescale,
repeated (self-)reports of various performance in-
dicators can be used to establish the time-series
data (Hill et al., 2018).

Conclusion

We addressed some major themes provided
by the commentary articles: the dynamical sys-
tems approach as the next logical step, changing
magnitude of stressors’ impact, interconnected
timescales, resilience versus growth, and prac-
tical as well as data analytical implications. We
aimed to demonstrate how the comments and
concerns could be integrated into the dynamical
systems approach. To sum up, the dynamical
systems approach focuses on unfolding the dy-
namical process over time and thereby em-
braces its underlying complexity. This com-
plexity can be assessed by compiling time-
series data of a collective variable that
represents the ongoing interactions between the
underlying components of the system (Araújo et
al., 2015; Den Hartigh et al., 2017).

We would like to express our appreciations
for the commentaries and thank Kiefer and
colleagues for their suggestions to extend the
dynamical systems framework; Bryan and
colleagues (2018) for opening the discussion
on causal processes and athletes’ growth ex-
perience in response to a stressor; and Galli
and Pagano (2018) for their challenging com-
ments on interconnected timescales and
stress-related growth. We believe that the
consensus to focus on the process of resil-
ience will advance our understanding on how
athletes deal with challenging situations and
overcome adverse experiences and are excited
to see the future results of this constructive
exchange of ideas.
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