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Thirty years of focus on 
individual variability and  
the dynamics of processes

Paul van Geert and Marijn van Dijk
University of Groningen

Abstract
We fully endorse Arocha’s (2021) thesis about the fundamental importance of studying variability 
in real, observable processes and agree with his critique of the standard practice of psychological 
research. However, we regret that Arocha’s article does not acknowledge a rich body of 
research that has been around for almost three decades and that does exactly what Arocha 
recommends. This research is based on the theory of complex dynamic systems. We discuss 
its main implications for a research focus on concrete psychological processes, as they occur in 
individual cases (including real interacting groups). Variability over time is used as a main source 
of information about the nature of the underlying processes. Various examples of empirical 
studies, model building, and process-oriented methodology are discussed, and Arocha’s examples 
of perceptual control theory (PCT) and observation-oriented modeling (OOM) are put in the 
perspective of the complex dynamic systems approach, which is fully compatible with scientific 
realism as advocated by Arocha.
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We wholeheartedly endorse Arocha’s (2021) main thesis that “variability is a fact of 
behavior necessary for successful performance, not the result of some unknown varia-
bles randomly affecting individual outputs” (p. 375) and his systematic and concise 
analysis of the problematic way in which the standard psychological and health 
research practice deals with intra-individual variability of behavior and performance 
over time. However, we regret that the author does not acknowledge the rich and grow-
ing body of nonstandard psychological research that, for almost three decades now, has 
embraced this main thesis. This work is entirely consistent with Arocha’s clear and 
unequivocal critique of the main tenets of standard psychological research praxis, and 
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the recommendations for a new approach based on it. It focuses on intra-individual vari-
ability and person-specific processes in a wide variety of psychological research domains, 
and has explicitly rejected the linear causal model between dependent and independent 
variables. This research has been inspired by theoretical developments that explicitly 
focus on processes, and, by doing so, have diverged from the variable-centered approach 
characteristic of mainstream psychology. The starting point of this research is the 
assumption that change results from interactions between many temporally varying com-
ponents (Wallot & Kelty-Stephen, 2018). Processes are real, observable sequences of 
connected events, with temporal variability as a fundamental and characteristic feature. 
They take place in real individuals, or in real communities, such as specific families, 
school classes, parent–child dyads and so forth. The study of psychological processes is 
based on a number of overlapping theories: dynamic systems theory and complex 
dynamic systems theory, as well as statistical theories of person-specific processes. In 
fact, Arocha’s (2021) five principles of scientific realism (p. 378) can be effortlessly 
integrated in standard definitions of complex dynamic systems, and complex systems 
theories endorse critical scientific realism and vice versa (e.g., Pratten, 2013).

Concisely stated, what these theoretical approaches have in common is the way they 
explain how a particular state of the system develops into another state over the course 
of time. A state is defined by the state space, which is basically the space of dimensions 
that we use to describe a particular system, such as a particular individual, a dyad, or a 
group of individuals, in a context. The dimensions of the state space correspond with 
components or features that interact with one another over time. A complex system or 
complex dynamic system is defined as a system consisting of many such features or 
components, the interactions of which generate order and structure through self- 
organization and novel properties through the process of emergence. In such a dynamic 
system, variability is a fundamental property, and it is through the study of such variabil-
ity that dynamic systems can be understood. In line with Arocha’s (2021) critique of 
aggregated data (p. 382), the nonergodicity thesis (Molenaar & Campbell, 2009) states 
that models for individual processes cannot be inferred from population data, in spite of 
the (erroneous) claim that population data yield general models, of which individual 
processes are specific cases. Much of complex dynamic systems-oriented research is 
based on high-frequency observation of authentic behavior, in which the observational 
facts are done full justice and are not smoothed out by reductive statistical techniques.

The theoretical ideas described above have been around in the study of human devel-
opment from the early 1990s onwards, first in the domain of infant motor co-ordination and 
action-perception (e.g., Thelen & Ulrich, 1991), followed by cognitive and language 
development (e.g., Fischer & Bidell, 1998; van Geert, 1991, 1998), and emotional/social 
development (e.g., Fogel, 1999).1 In developmental psychology, various researchers (e.g., 
de Ruiter et al., 2017; Fogel, 1999; Lewis & Granic, 2000; Schöner & Spencer, 2016; 
Thelen & Smith, 1994; van Dijk & van Geert, 2014; van Geert & van Dijk, 2002) have 
explicitly investigated intra-individual variability in developmental phenomena, such as 
motor, cognitive, language, social, personality, and identity development. This type of 
variability is an important indicator and a genuine causal factor of development. Thelen 
and Smith (1994), for instance, demonstrated how intra-individual variability resulted 
from the very dynamics of behavior and performance itself, and showed how particular 
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performance or behavior is a soft-assembled temporal pattern that emerges out of the 
interactions between a great many internal and external components. They have also 
shown that variability changes in the vicinity of a transition. Van Geert and van Dijk 
(2002), for instance, showed how variability occurs on a variety of interacting timescales, 
more particularly the short-term timescale of actual behavior—for instance in a particular 
child–parent conversation—and the long-term timescale of (language) development.

Schöner, Spencer, van Geert, and others have built models based on dynamic systems 
principles and have demonstrated that these models generate interindividual variability 
in processes, that is, characteristic patterns of intra-individual variability in a wide vari-
ety of performance domains. Perceptual control theory (PCT; Arocha, 2021, p. 385) 
implies feedback loops and circular causality, which are typical features of dynamic 
systems models predicting individual process properties. Other researchers, such as van 
der Maas and Molenaar (1992) and Guastello (1984) have used catastrophe theory, which 
is a general mathematical theory of continuous and discontinuous change in perfor-
mance, to explain patterns of change, characterized by typical, qualitatively different 
patterns of intra-individual variability that go far beyond the standard model of sym-
metrical distribution due to independent random influences. Catastrophe theory shows 
how changes in variability can be used as predictors and indicators of (imminent) transi-
tions and discontinuities in a wide variety of developmental, clinical, and educational 
processes. It has inspired a wide variety of studies on the temporal structure of variabil-
ity. A wide range of processes, such as reaction times or variations in self-esteem, display 
variability in the form of “pink noise,” where the frequency of random fluctuations (from 
small to large ones) is inversely related to their magnitude. Recurrence quantification 
studies, which focus on how events repeat over the course of a particular, individual 
process, have demonstrated how performance can self-organize from unordered chaotic 
to regular but still flexible patterns in reading performance, problem-solving, and so 
forth (Guevara et al., 2017; Wijnants et al., 2012).

Recent work in clinical psychology has moved from a focus on latent variables (e.g., 
“depression”) to an approach that views clinical disorders as person-specific processes of 
mutually influencing, concrete, and observable symptoms that typically vary over time 
(Cramer et al., 2016). Instead of treating them as unexplained variance or measurement 
error, the typical ways in which the symptoms vary over time in individuals provide 
fundamental information about the underlying psychopathological processes (Fisher 
et al., 2018; Schiepek et al., 2017).

Theoretical, empirical, and methodological developments go hand in hand. First, vari-
ous techniques display intra-individual variability (Xu et  al., 2020). State space grid 
(Hollenstein, 2007) and other qualitative dynamic methods are similar to Arocha’s (2021, 
p. 388) observation-oriented modeling (OOM), in their focus on finding temporal rela-
tionships between observable categorical properties of processes (e.g., Steenbeek et al., 
2012). State space grids are widely applied in developmental and educational psychol-
ogy as well as in applied linguistics. Advances in research methodology (Nesselroade & 
Molenaar, 2010), have provided statistical techniques for quantifying or testing patterns 
of behavioral variability in individuals, for example, dynamic factor analysis.

We agree that it is of fundamental importance to explain why the study of variability 
in real, individual processes is of utmost importance for psychology, as Arocha (2021) 
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did in his article in a concise and insightful way. However, it should be noted that the 
necessary theoretical and methodological advances, as well as empirical proof of why 
variability is a crucial element of processes of change has already been given in psychol-
ogy, covering virtually all domains of psychological research and beyond.
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Note

1.	 The current references cover only a minute part of the extensive literature on variability in, 
and dynamics of, real individual psychological processes; where possible we refer to early, 
seminal papers that have inspired later work.

References

Arocha, J. F. (2021). Scientific realism and the issue of variability in behavior. Theory & 
Psychology, 31(3), 375–398. https://doi.org/10.1177/0959354320935972

Cramer, A. O., Van Borkulo, C. D., Giltay, E. J., Van Der Maas, H. L., Kendler, K. S., Scheffer, 
M., & Borsboom, D. (2016). Major depression as a complex dynamic system. PLOS ONE, 
11(12), Article e0167490. https://doi.org/10.1371/journal.pone.0167490

de Ruiter, N. M. P., van Geert, P. L. C., & Kunnen, E. S. (2017). Explaining the “how” of self-
esteem development: The self-organizing self-esteem model. Review of General Psychology, 
21(1), 49–68. https://doi.org/10.1037/gpr0000099

Fischer, K. W., & Bidell, T. R. (1998). Dynamic development of psychological structures in action 
and thought. In W. Damon & R. M. Lerner (Eds.), Handbook of child psychology: Theoretical 
models of human development (pp. 467–561). John Wiley & Sons.

Fisher, A. J., Medaglia, J. D., & Jeronimus, B. F. (2018). Lack of group-to-individual general-
izability is a threat to human subjects research. Proceedings of the National Academy of 
Sciences, 115(27), E6106–E6115. https://doi.org/10.1073/pnas.1711978115

Fogel, A. (1999). Systems, cycles, and developmental pathways. Human Development, 42(4), 
213–216. https://doi.org/10.1159/000022626

Guastello, S. J. (1984). Cusp and butterfly catastrophe modeling of two opponent process mod-
els: Drug addiction and work performance. Behavioral Science, 29(4), 258–262. https://doi.
org/10.1002/bs.3830290405

Guevara, M., Cox, R. F., van Dijk, M., & van Geert, P. (2017). Attractor dynamics of dyadic 
interaction: A recurrence based analysis. Nonlinear Dynamics Psychology and Life Sciences, 
21(3), 289–317.

Hollenstein, T. (2007). State space grids: Analyzing dynamics across development. International 
Journal of Behavioral Development, 31, 384–396. https://doi.org/10.1177/0165025407077765

Lewis, M. D., & Granic, I. (2000). Emotion, development, and self-organization: Dynamic systems 
approaches to emotional development. Cambridge University Press.

Molenaar, P. C., & Campbell, C. G. (2009). The new person-specific paradigm in psychology. 
Current Directions in Psychological Science, 18(2), 112–117. https://doi.org/10.1111/j.1467-
8721.2009.01619.x

Nesselroade, J. R., & Molenaar, P. C. (2010). Emphasizing intraindividual variability in the study 
of development over the life span: Concepts and issues. In W. F. Overton & R. M. Lerner 
(Eds.), The handbook of life-span development. (Vol. 1, pp. 3–54). Wiley.

https://doi.org/10.1177/0959354320935972
https://doi.org/10.1371/journal.pone.0167490
https://doi.org/10.1037/gpr0000099
https://doi.org/10.1073/pnas.1711978115
https://doi.org/10.1159/000022626
https://doi.org/10.1002/bs.3830290405
https://doi.org/10.1002/bs.3830290405
https://doi.org/10.1177/0165025407077765
https://doi.org/10.1111/j.1467-8721.2009.01619.x
https://doi.org/10.1111/j.1467-8721.2009.01619.x


van Geert and van Dijk	 409

Pratten, S. (2013). Critical realism and the process account of emergence. Journal for the Theory 
of Social Behaviour, 43(3), 251–279. https://doi.org/10.1111/jtsb.12017

Schiepek, G. K., Viol, K., Aichhorn, W., Hütt, M. T., Sungler, K., Pincus, D., & Schöller, H. 
J. (2017). Psychotherapy is chaotic—(Not only) in a computational world. Frontiers in 
Psychology, 8, Article 379. https://doi.org/10.3389/fpsyg.2017.00379

Schöner, G., & Spencer, J. P. (2016). Dynamic thinking: A primer on dynamic field theory. Oxford 
University Press.

Steenbeek, H., Jansen, L., & van Geert, P. (2012). Scaffolding dynamics and the emergence of 
problematic learning trajectories. Learning and Individual Differences, 22(1), 64–75. https://
doi.org/10.1016/j.lindif.2011.11.014

Thelen, E., & Smith, L. B. (1994). A dynamic systems approach to the development of cognition 
and action. MIT Press.

Thelen, E., & Ulrich, B. D. (1991). Hidden skills: A dynamic systems analysis of treadmill step-
ping during the first year. Monographs of the Society for Research in Child Development, 
56(1), 1–104. https://doi.org/10.1111/j.1540-5834.1991.tb01152.x

van der Maas, H. L., & Molenaar, P. C. (1992). Stagewise cognitive development: An application 
of catastrophe theory. Psychological Review, 99(3), 395–417. https://doi.org/10.1037/0033-
295X.99.3.395

van Dijk, M., & van Geert, P. (2014). The nature and meaning of intraindividual variability 
in development in the early life span. In M. Diehl, K. Hooker, & M. J. Sliwinski (Eds.), 
Handbook of intraindividual variability across the life span (pp. 57–78). Routledge.

van Geert, P. (1991). A dynamic systems model of cognitive and language growth. Psychological 
Review, 98, 3–53. https://doi.org/10.1037/0033-295X.98.1.3

van Geert, P. (1998). A dynamic systems model of basic developmental mechanisms: Piaget, 
Vygotsky and beyond. Psychological Review, 105(4), 634–677. https://doi.org/10.1037/0033-
295X.105.4.634-677

van Geert, P., & van Dijk, M. (2002). Focus on variability: New tools to study intra-individual 
variability in developmental data. Infant Behavior & Development, 25(4), 340–374. https://
doi.org/10.1016/S0163-6383(02)00140-6

Wallot, S., & Kelty-Stephen, D. G. (2018). Interaction-dominant causation in mind and brain, and 
its implication for questions of generalization and replication. Minds and Machines, 28(2), 
353–374. https://doi.org/10.1007/s11023-017-9455-0

Wijnants, M. L., Hasselman, F., Cox, R. F. A., Bosman, A. M. T., & Van Orden, G. (2012). An 
interaction-dominant perspective on reading fluency and dyslexia. Annals of Dyslexia, 62(2), 
100–119. https://doi.org/10.1007/s11881-012-0067-3

Xu, T. L., de Barbaro, K., Abney, D. H., & Cox, R. F. (2020). Finding structure in time: Visualizing 
and analyzing behavioral time series. Frontiers in Psychology, 11, Article 1457. https://doi.
org/10.3389/fpsyg.2020.01457

Author biographies

Paul van Geert is emeritus professor in developmental psychology at the Heymans Institute for 
Psychological Research at the University of Groningen (The Netherlands). He is renowned for his 
work on the application of dynamical systems theory in the social sciences and particularly devel-
opmental psychology. He has published on a wide variety of topics, such as language and cognitive 
development, identity, education, parenting, and talent. Recent publications include (with S. van 
der Steen, H. Steenbeek, & J. R. den Hartigh) “The Link Between Microdevelopment and Long-
Term Learning Trajectories in Science Learning” in Human Development (2019) and “Dynamic 
Systems, Process and Development” in Human Development (2020).

https://doi.org/10.1111/jtsb.12017
https://doi.org/10.3389/fpsyg.2017.00379
https://doi.org/10.1016/j.lindif.2011.11.014
https://doi.org/10.1016/j.lindif.2011.11.014
https://doi.org/10.1111/j.1540-5834.1991.tb01152.x
https://doi.org/10.1037/0033-295X.99.3.395
https://doi.org/10.1037/0033-295X.99.3.395
https://doi.org/10.1037/0033-295X.98.1.3
https://doi.org/10.1037/0033-295X.105.4.634-677
https://doi.org/10.1037/0033-295X.105.4.634-677
https://doi.org/10.1016/S0163-6383(02)00140-6
https://doi.org/10.1016/S0163-6383(02)00140-6
https://doi.org/10.1007/s11023-017-9455-0
https://doi.org/10.1007/s11881-012-0067-3
https://doi.org/10.3389/fpsyg.2020.01457
https://doi.org/10.3389/fpsyg.2020.01457


410	 Theory & Psychology 31(3)

Marijn van Dijk is professor in developmental psychology at the Heymans Institute for Psychological 
Research at the University of Groningen (The Netherlands). Her research theme is early social and 
cognitive development from a complexity approach. Specific topics are: parent–child interaction, 
language, feeding, and intra-individual variability. Recent publications include (with R. F. A. Cox 
& P. van Geert), “Dydadic Data” in The SAGE Encyclopedia of Lifespan Human Development 
(SAGE, 2018) and “The Development of Feeding Problems From a Complex Dynamical Systems 
Perspective” in Appetite (2021).


