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FIGURE 10 | Dynamic noise on M. Same initial conditions and parametrization as in Figure 9. (A) At a small level of noise (2%) the shifting pattern between

regular oscillations and chaos emerges spontaneously. (B) At a noise level of 6% the shifting pattern disappeared or at least is completely smeared.

FIGURE 11 | Phase transition in the dynamics of the variable E. The numbers at the y-axis refer to the values of E and the parameter c. The transition of the

pattern depends on a stepwise linear increase of the parameter c from 0.60 to 1.00 between iteration 100 and 200. From iteration 0–100 the parameter is kept

constant at 0.60 creating a certain dynamic pattern (attractor), after the 200st iteration c is constant at 1.00, producing another pattern at a lower mean level, at a

lower frequency, and with higher amplitudes of the chaotic oscillations. The attractors are shown below the time series. For the generation of the attractors the

discrete iterations were splined by the Excel standard spline function. During the linear stepwise increase of the control parameter, the transient attractor combines

features of the pre and the post-attractor and by this is more complex than each of both.

the dynamical variables indeed only exist at discrete time points.
The process of filling out the TPQ on a daily basis, in our view,
goes along with a process of inspection within the clients, where
formally the client maps his/her complex emotional pattern to
the standardized variables contained in the TPQ. In this sense, the
measurement process, induced by the TPQ, forms these variables
only at discrete times.

Formally, we can consider the psychotherapy dynamics (at
least for the phase space given by the 5 dynamical variables
discussed here) as a system periodically driven by the TPQ. It
is well-known that such periodic driving can trigger a complex
dynamical response (e.g., Glass, 2001, for a general discussion
and Hütt et al., 2002, for an empirical example of a temperature-
driven photosynthetic activity of a plant leaf). While we believe

Frontiers in Psychology | www.frontiersin.org 17 April 2017 | Volume 8 | Article 379



Schiepek et al. Psychotherapy Is Chaotic

that the psychotherapy itself is not affected by such a driver, the
dynamical variables extracted by the TPQ certainly may justify
our choice of a discrete-time model.

Ourmodel still contains a large number of parameters shaping
the various influence functions such that they conform to a
wide range of empirical knowledge about psychotherapy. In
the long run, a more minimal model, capable of reproducing
the main ‘stylized facts’ (in the sense of Buchanan, 2012)
should be constructed. Such a minimal model could support
the view adopted here, that chaotic behavior is indeed an
unavoidable consequence of the nonlinear interactions among
the 5 dynamical variables. Understanding more deeply which
model elements are necessary and sufficient for a particular
dynamical behavior (e.g., chaotic dynamics) is a highly nontrivial
task (e.g., Yordanov et al., 2011, where such an investigation has
been performed for the model from Brandman et al., 2005).

An empirical test of the completed realistic model should
assess: the parameter levels of a, c, m, and r of a client, the daily
input on E, I, M, P, and S as experienced by the client, the initial
conditions of the variables at the beginning of the therapeutic
process, and the concrete dynamics of the variables. This should
be possible since the parameters are widely used psychological
constructs which can be assessed by known questionnaires, and
the variables of the model correspond to 5 factors of the TPQ (see
Haken and Schiepek, 2010) which is administered once per day
in routine practice. The administration of the questionnaires is
realized by an internet-based device, the Synergetic Navigation
System (Schiepek et al., 2015, 2016a,c). This study also should
contribute to a better understanding of the interindividual
differences of dynamic patterns corresponding to the parameters
which refer to the individual dispositions (traits) of the clients.

Of course, an extended concurrent validity study on the
TPQ should be carried out. This is actually a work in progress,
which is based on about 1,000 valid cases with almost complete
process and outcome data (time series data <3% missings).
These data are mined in routine practice of real-time monitoring
in 5 Austrian and German hospitals (inpatient psychotherapy)
and will be used for a further explorative and conformative
factor analysis of the TPQ in order to confirm and to better
understand the factors which correspond to the constructs of this
model.

The aim of this contribution was to illustrate some basic
features of human change dynamics. Further steps toward a
more realistic model should include the following: (1) The
parameters of the model not only determine the dynamics by
shaping the functions, but are shaped themselves by the states
and the dynamics of the system. In psychological terms, traits
influence states and state dynamics; but the reverse is also true in
that states (i.e., concrete experiences, cognitions, emotions, and
behavior) may generate the competencies and the dispositions
(traits) of an individual. This is the essential process of personality
development and is explicitly intended by most psychotherapy
approaches. In mathematical terms, the model has to be extended
using equations that describe the parameter drift at a slower
time scale than the state dynamics of the variables. This is
an important extension, because as humans we cannot turn
on the control parameters of dispositions or traits. We can

only indirectly influence traits over time through experiences,
cognitions, and behavior. This makes even more necessary a
concept describing how experiences (in this model: variables) can
change dispositions (parameters). (2) Future work on this model
should incorporate experiences in everyday life and fluctuations
from the inside of a system. This may be implemented using
dynamic noise, which is processed by the network mechanism
(Hütt, 2001). (3) Measurement noise results from poor reliability
and accuracy of the assessment procedure, and will need to be
considered in future work. (4) The input onto the system results
from intended and planned interventions by the therapist or
the therapeutic environment (in case of inpatient treatment).
Also unscheduled and not intended experiences (e.g., in the
social network of a client) can be experienced as therapeutic
input.

Practical and Theoretical Consequences
The consequences of a nonlinear conceptualization of
psychotherapy, including the chaoticity of the dynamics, go
far beyond theoretical reasoning (compare the Introduction
section). Given the limited prediction horizon and the
pronounced individuality of chaotic trajectories, manuals
as guidelines for good practice are ruled out. Instead of dictating
what has to be done by what steps in which session, the procedure
has to be sensitive to the actual state of the dynamics, e.g., to
its stability or instability. In other words, psychotherapy has
to be client-centered in a dynamical sense. Indeed, when one
examines empirical findings, the impact of manuals and manual
adherence on therapy outcome is marginal (Webb et al., 2010;
Wampold, 2015). Rather than predefined procedures, the role of
real-time monitoring systems becomes significant, particularly if
such systems not only assess and visualize the process, but also
analyze its nonlinear features like dynamic complexity, pattern
transitions, (in-)stability, or switching synchronization patterns
(Schiepek et al., 2015, 2016a). The training of psychotherapists
should communicate how to handle such systems (e.g., the
Synergetic Navigation System) and how to use the results in
a client-centered manner (continuous cooperative process
control).

The model we outlined in this article supports the
conceptualization of psychotherapy as encouraging and
coaching the self-organizing processes of the client. Within
this frame, interventions take different roles. First, they include
all actions to realize the generic principles of psychotherapy
(Schiepek et al., 2015). Second, interventions are the actions a
therapist can arrange with the aim that the experiences of his
client (in other words: the states of his variables E, I, M, P, and S)
contribute to an improvement of the client’s parameters, which in
psychological terms correspond to dispositions or competencies.
The way to change dispositions is by concrete experiences
and behavior, because a direct modification of parameters
(personality traits) seems to be impossible. Third, upon the
backdrop of bi- or multistability within the client’s psychological
system, interventions may be viewed quite differently. Rather
than mechanistic forces of invariant change, interventions are
more like experimental inputs to explore the switching points,
or to identify the triggers, which may turn on another attractor
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within the range of unique dynamic patterns of the system.
In the metaphor of potential landscapes, the ball (the realized
system behavior) is driven beyond the separatrix into another
valley of the landscape—if it exists. The problem of this concept
of interventions is that it should not be like poking around in the
dark, but rather in close cooperation with the client, guided by
mutual curiosity - a guided exploration of the capabilities of each
client’s unique personality.

Finally, the model is one piece of a larger puzzle toward
an integrative conceptualization of psychotherapy. Besides a
general theoretical framework or scientific paradigm, it needs
for a concrete theory of change dynamics. This will allow for
an optimizion of our understanding of the mechanisms of
therapy in general, and in the particular case of each client,
given that clients unique dispositions and initial conditions.
There are numerous other pieces of the larger puzzle, such
as array of available intervention tools. This might be the
eclectic part of the whole with different psychotherapy schools
as contributors to an intervention pool. A method of case
formulation is needed, combining different perspectives and
particular hypotheses into a systemic network model (Schiepek
et al., 2016c). Theory-based heuristics will be important for the
micro-decisions during the ongoing process of a continuous
cooperative process control (generic principles, Schiepek et al.,
2015). Similarly methods for therapy monitoring and therapy
feedback, as it is given by the Synergetic Navigation System,
along with outcome and process evaluation integrated into
the routine practice of inpatient and outpatient psychotherapy
will improve the field. Necessary for ongoing science and
training will be the development of an idea of how to
bridge the gap between practice and research, and how to

use clinical practice as a research field. Finally an elaborated
concept of the competencies a scientist-practitioner should
be made available if he/she wants to understand, analyze,

and manage complex, nonlinear, and self-organizing human
systems (systems competence). Computer-based simulations as
presented in this article can take a role in the training of
how to manage therapies in complex, chaotic, and partially
nontransparent systems (Mainzer, 2007; www.psysim.de by
Schöller and Schiepek).
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APPENDIX
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