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Abstract 

 

This paper focuses on the world view hypotheses and research design approaches from nonlinear 

dynamical complex systems (NDS) science that can inform future studies of whole systems of 

complementary and alternative medicine (WS-CAM), e.g., Ayurveda, traditional Chinese 

medicine, and homeopathy. The world view hypotheses that underlie NDS and WS-CAM 

(contextual, organismic, interactive-integrative (Pepper, 1942) overlap with each other, but differ 

fundamentally from those of biomedicine (formistic, mechanistic). Differing views on the nature 

of causality itself lead to different types of study designs. Biomedical efficacy studies assume a 

simple direct mechanistic cause-effect relationship between a specific intervention and a specific 

bodily outcome, an assumption less relevant to WS-CAM outcomes. WS-CAM practitioners do 

not necessarily treat a symptom directly. Rather, they intervene to modulate an intrinsic central 

imbalance of the person as a system and to create a more favorable environmental context for the 

emergence of health, e.g., with dietary changes compatible with the constitutional type. The 

rebalancing of the system thereby fosters the emergence of indirect, diffuse, complex effects 

throughout the person and the person’s interactions with his/her environment. NDS theory-driven 

study designs thus have the potential for greater external and model validity than biomedically-

driven efficacy studies (e.g., clinical trials) for evaluating the indirect effects of WS-CAM 

practices.  Potential applications of NDS analytic techniques to WS-CAM include characterizing 

different constitutional types and documenting the evolution and dynamics of whole person 

healing and well-being over time. Furthermore, NDS provides models and methods for 

examining interactions across organizational scales, from genomic/proteomic/metabolomic 

networks to individuals and social groups.  
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Introduction 

Our previous paper (see in this issue) proposes that nonlinear dynamical systems (NDS) 

and offers a holistic conceptual approach for developing theory-driven research programs on 

whole systems of complementary and alternative medicine (WS-CAM, e.g, traditional Chinese 

medicine, classical homeopathy, Ayurveda). NDS models offer not only theory, but also methods 

for improving the external validity and model validity (1) of WS-CAM study designs. A major 

problem for WS-CAM research to date has been the focus on designing randomized controlled 

trials for efficacy with increasingly better internal validity while ignoring or compromising the 

external and model validity of many studies (2). Thus, CAM practitioners repeatedly object to 

negative efficacy studies, citing their lack of relevance to the holistic practice theory of the WS-

CAM and to real-world practice by properly trained and experienced providers. Not 

uncommonly, even when efficacy study results are negative or mixed, observational studies tell a 

different story, typically more favorable to the WS-CAM. Why? 

 For external and model validity, WS-CAM practitioners would need to (a) use 

indivisible, interdependent packages of care rather than elements of a package; (b) ensure that 

practitioners involved in studies are well-trained and highly experienced; and (c) evaluate 

complex, emergent patient-wide outcomes in each case, rather than the isolated, subsystem-

specific effects of conventional drugs. The major features of WS-CAM, coordinated indivisible 

packages of care and emergent patient-wide outcomes, are fundamentally incompatible with the 

assumptions of conventional biomedical research methods.  

These methods including: random clinical trials (RCT’s), dismantling studies, and 

traditional regression models, each are predicated upon the assumptions of the general linear 

model (GLM).  As such, they are well suited to phenomena that meet a set of linear and 
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reductionist assumptions:  (1) Cause-effect relationships are proportional; (2) Causes are 

independent with additive effects; and (3) error variance is independently and identically 

distributed (IID).   Nonlinear research models, by contrast, allow phenomena to have multiple 

and complex causes, with error components containing varying degrees of determinism – such as 

momentum effects and systemic memory (3).  Causal processes in biopsychosocial dynamics 

appear to be irreducible and non-modular (i.e., the whole is greater than the sum of the parts), 

with the emergence and spread of health and illness typically over-determined - caused by more 

than sufficient causal processes involving a pull toward global coherence (4).   

In addition to faulty assumptions regarding cause and effect, the GLM is a poor fit for 

modeling most WS-CAM phenomena because the “error” variance in patient responses to WS-

CAM interventions should not be IID.  Indeed, a key factor in the roughly 2:1 advantage of 

nonlinear models over their linear alternatives in studies where such comparisons are made (5) 

lies in the ability of nonlinear models to account for situations where increases or decreases in 

variance over time are deterministic rather than random.  Increasing flexibility in some health 

related outcome is a simple example of such situations.  Indeed, changes in the levels and types 

of noise produced by a physiological, psychological, or social system is a key point of interest, 

rather than a statistical nuisance to be minimized to allow for a better canvas upon which to view 

simple differences in patient means (6). Some social scientists, recognizing that real world 

clinical practice is complex and adaptive over time, are grappling to find better designs (7-9), but 

these insights are rare in biomedical  or WS-CAM research. 

In WS-CAM, unlike conventional drug treatment and research, the outcomes themselves 

are not singular, simple, specific, separate from one another, or easily predefined.  Rather, WS-

CAM outcomes are emergent, multiple, complex, interactive with one another and with the 
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environment, interdependent, and hard to predict (10). Thus, the mainstream methodology of 

dividing the patient into a list of subsystems with a priori identifiable endpoints, even if 

seemingly lengthy and “comprehensive,” lacks validity for appropriately evaluating the complex 

and fluid outcomes of WS-CAM interventions in individual patients.  

These methodological issues stem from even more fundamental differences in the world 

views that underlie biomedical versus WS-CAM practice theories. Pepper (11) originally 

described four levels of world view hypotheses that range from simple to complex (Table 1). 

Biomedicine bases its assumptions and its questions for research on the simplest levels of world 

views, i.e., formistic, which views all structures and functions as existing as separate categories 

(e.g. your lab test value is either normal or abnormal; you either have XYZ disease or not), and 

mechanistic, which assumes that all effects have identifiable causes that precede them (e.g., a 

specific bacterium has “caused” symptoms of infection).  

In contrast, WS-CAM utilize at least two higher level world views, i.e., contextual and 

organismic, both of which are map better onto the complexity of chronic diseases and the nature 

of living systems. Chronic diseases are inherently multi-factorial (e.g, genes and early life 

stressors, as well as current nutritional status, food and drug intolerances, environmental 

pollutant exposures, biological age, social environment, daily hassles and uplifts, coping skill 

style, and more all contribute to the person’s emergent condition), but none alone is sufficient as 

a sole explanation. Contextual world views assume that natural phenomena always depend on the 

broader context in which they exist. Each patient is embedded within and interactive with his/her 

environment. Furthermore, balance among contextual constraints allow behavior to reorganize 

flexibly to produce different patterns (12).  For example, flexible constraint between the heart 

and its nesting context (i.e., degree of exertion required) allows a healthy heart to adapt in a fluid 
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manner to changing conditions, while a diseased heart under equivalent conditions might arrest 

(13).  

Beyond the contextual world view is Pepper’s organismic world view.  The essence of 

the organismic world view is that the whole is more than the sum of the parts; it is not possible to 

predict the emergent properties of the whole by dissecting it into its parts and studying those 

separately, which is equivalent to the assumptions of complexity theory and emergence within 

NDS (14).  Not surprisingly, among patients with chronic pain, those who endorse a formistic 

world view are significantly less likely to report CAM utilization (15).  

The world views of WS-CAM start at contextual and organismic levels and thus map 

better onto the assumptions of NDS methods than biomedicine and the general linear model. 

Questions that NDS study  designs on WS-CAM can best address involve (a Including patient-

provider interactions within a biopsychosocial framework (cf. Pincus, 2011, this issue); (b) 

observing shifts to global emergent patterns of patient behaviorover the course of WS-CAM 

treatment (successful or unsuccessful); (c) understanding the processes of stuckness (disease) 

and unstuckness using indices of flexibility and rigidity from NDS (10, 16-17).  

Exemplars from NDS Research in Behavioral Sciences Relevant to WS-CAM 

Dynamics involve continuing change. NDS methods allow scientists to study the 

processes of change in a complex system. However, it is misleading to assume that the “change” 

is simply movement from one static stable state (sick) to another (well). Even a person stuck in 

the rut of disease is a dynamical system in continuous motion. However, the pattern of the 

recurring motion, i.e., the dynamical attractor pattern, from which the diseased state emerges, is 

very constrained and differs from that of a healthy state, whose pattern is more flexible (13, 19-

21) 
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Examples from NDS research illustrate these points. For instance, Mandell and Selz (22-

24) computed the dynamical properties of the different behavioral styles with which persons with 

borderline personality disorder versus obsessive-compulsive disorder performed the same 

computerized drawing task in the laboratory. The task performance patterns of the more 

impulsive and affectively unstable borderlines translated in NDS analysis into greater global 

entropy and smaller local entropies. In contrast, the obsessive-compulsives exhibited smaller 

values of global entropy and larger local entropy. The dynamics of the task performance were a 

microcosmic manifestation of each person’s macroscopic behavioral pattern as a living system, 

i.e., a motif (25), in the larger world around them.  Measuring one key parameter within a 

complex system to characterize the holistic qualities of the broader system is a common strategy 

in NDS, which has been replicated successfully in various contexts (12). For WS-CAM, an 

NDS-theory driven study could test the hypothesis that behavioral dynamics produced from 

analogue tasks such (e.g., drawing, finger tapping, articulation in speech, and problem-solving) 

can differentiate people with variations of specific constitutional types, e.g., in TCM (root 

disturbance), homeopathy (constitutional remedy), or Ayurveda (dominant dosha). 

NDS methods can also differentiate unique dynamics of sick versus healthy persons, as 

well as old versus young individuals. For example, Goldberger et al (26-31)  have done multiple 

studies showing loss of complexity in the cardiac variability of heart disease patients versus 

normals and of older versus younger persons across different time scales. Different types of 

cardiac conditions are associated with different dynamical patterns. Woyshville et al (32) showed 

that Alzheimer’s disease patients have less neurophysiological complexity in terms of lower 

fractal dimension of their electroencephalographic patterns compared with normal controls. 

Affective disorder patients also exhibit less mood complexity, i.e., more constrained behaviors, 
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in the dynamics of their daily mood ratings with lower fractal dimension 33). Depressed or even 

bipolar patients are stuck in a more rigid dynamic of mood changes day to day, less flexible, 

adaptable or resilient to events, than are affectively normal persons. 

 Many individuals use WS-CAM to optimize health and well-being, not just to treat 

sickness and disease. The goal is achieve well-being beyond  the absence of disease, as in the 

World Health Organization’s definition of health (34). Can NDS methods assist in differentiating 

varying degrees of well-being, from languishing to “normal” to flourishing? Losada et al (35-37)  

studied three different small groups as complex systems, i.e., business teams with previously 

documented real-world differences in their performance outcomes, i.e., high (healthy), 

intermediate or mixed (average), low (unhealthy) as measured by productivity, customer 

satisfaction, profitability, and co-worker evaluations.  Here the question was the degree of 

functionality, cf. well-being, of each team as a social system with interdependent relationships 

and interactions. The researchers asked the teams to work together as they usually would to 

generate a business plan for the upcoming year. Independent trained judges observed and coded 

the behaviors of the team members, moment-to-moment for mutual influences on one another, 

such as positivity versus negativity, inquiry, and advocacy for their own or others’ ideas. The 

investigators used a set of differential equations to model the features of the time series and 

compared the goodness of fit between the mathematical model and the empirical data on the 

dynamics of these behavioral patterns and processes of each group. 

The different business teams showed striking differences in their dynamics. The high 

performing team showed flexible and adaptive complex behaviors toward one another, with a 

preponderance of positivity over negativity (cf. the butterfly-like complexor pattern seen in 

Figure 1a (35-37). The poor performing group, languishers, exhibited much more restricted, 
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rigid, and negative range of interpersonal behavioral dynamics, more like limit cycle attractors 

(Figure 1b). The intermediate performing group showed dynamics between the high and low 

performing teams.  

In the Losada research, the mathematical models for conditions under which systems 

manifested well-being revealed that ratios of positive to negative (P/N) system behaviors of at 

least 2.9:1 were the cut-off for bifurcation of the system dynamics to occur. For a P/N ratio 

between 2.9 and 11.6, people and groups as complex living systems exhibited the healthier, 

optimally complex dynamics of human flourishing in the short-term and greater objectively-

measured success in the long-term. On the other hand, positivity-negativity ratios below 2.9 

correlated with more dysfunctional, rigid dynamics and poorer outcomes. This ratio is common 

in various human flourishing context, for example in marital interactions where a 5:1 of positive 

to negative interaction has provided a useful cutoff in predicting stable from unstable marriages 

(cite Gottman). in marital interactions  

We posit that the dynamics of human flourishing are key to studying the positive 

dimensions of intra-individual clinical outcomes, including positive life-altering transformative 

changes, reported in a subset of patients treated with various WS-CAM (38-41). Because of the 

NDS-based hypothesis that the patient will express his/her dynamics across the many and varied 

contexts of their daily lives, it would be possible to adapt a variety of NDS study designs for 

WS-CAM research. A Mandell and Selz type of design (22) could look at the flexibility of 

dynamics at the individual level of scale.  A Losada-type design and methods (35, 37) could 

examine the health of the person’s dynamics, i.e., flexibility, positivity versus negativity, and 

resilience, in interaction with their usual social group such as a spouse/significant other, family, 

or work group.  



10 

 

Hollenstein and colleagues (cf. Howerter et al., 2011, this issue) have shown the 

feasibility of documenting the dynamics of behavioral improvement with successful treatment 

intervention in individuals and in family systems (20, 42-44). What is relevant for WS-CAM 

research is that regardless of the nature of the intervention (it could be a package of coordinated 

TCM therapies, rather than family therapy), the same types of NDS methods could apply to 

study changes in the dynamics of the person over the course of WS-CAM treatment. The data 

points are the moment to moment change in the state of the system’s dynamics under some sort 

of environmental challenge or stressor. Investigators can sample the system dynamics at baseline 

and multiple times over the course of treatment. 

Anecdotal case reports as well as interviews from systematic qualitative studies on WS-

CAM suggest the conclusion that the patient initially consults the practitioner for help with a 

specific chief complaint, but later realizes that a number of things in addition to the chief 

complaint changed during the treatment (38, 45-48). These types of changes might include 

adopting everyday healthier behaviors, improving in sense of well-being, spiritual connectedness 

and sense of purpose, gaining perspective on and taking action to change positive and negative 

relationship patterns, and experiencing major improvements in other physical or emotional 

symptoms (10).  Such outcomes strongly suggest that treatment effects are manifestations of a 

complex system in action involving cascades of indirect over time rather than simple direct 

effects. 

The underlying hypothesis for NDS-driven research on WS-CAM is that the intervention 

packages constitute a positive “force” interacting with the person as a complex adaptive system. 

The multidimensional changes reflect the various indirect effects in space (i.e., other parts of the 

body or other behaviors, including the individual’s interpersonal behaviors) and time (the 
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evolution and persistence of improvements after the treatment ends). It is also possible to use a 

defined negative stressor, such as a public speaking task, treadmill exercise, or interaction with 

another person (familiar or unfamiliar) as the “force” to perturb the broader system(s), to 

evaluate the flexibility, adaptability, and resilience before, during, and after WS-CAM treatment. 

Methods from NDS research provide some innovative ways to capture evidence of and to 

characterize such changes (49), typically through the use of time-series analyses to characterize 

temporal complexity, recurrence, and structure. Time series data collection tools for NDS 

research in WS-CAM can include continuous computerized task performance recordings (22); 

videotaped behaviors during interpersonal interactions (20) with WS-CAM providers, family 

members, business associates, or strangers; ambulatory, home, and laboratory physiological 

monitoring (50-54) of actigraphic motor activity levels, heart rate variability, blood pressure, 

photoplethysmography, electrodermal responses, and/or respiration patterns; frequent daily 

ratings of overall wellbeing (54) or mood (33); and activation patterns of gene arrays (55). 

Technology already allows ambulatory field studies of interpersonal conversations (56-59) and 

of physiological functioning (54) while the individual pursues his/her real world everyday life.  

In the end, the important outcomes for patients (and providers) with regard to WS-CAM 

outcomes are not only improved laboratory tests, better quality of life ratings on questionnaires, 

and less health care utilization/costs, but also real-world quality of life in the person’s everyday 

dynamics of living. The methods and the data collection tools currently available for 

NDS/complexity theory-driven research have laid a foundation for undertaking these types of 

studies on WS-CAM. 

 Conclusions 
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NDS science is not limited to studies at the level of scale of the patient as a living 

organism. Rather, NDS can examine a complex system at any level of scale, from gene and 

biochemical networks (see Abu-Asab and Amri, 2011; this issue) to cells to physiological 

systems, to individual persons, to social systems. NDS methods, while no panacea for all of the 

methodological limitations in current WS-CAM research, offer two significant advantages. That 

is, NDS study designs allow the intervention to stay intact and the patient (or whatever complex 

system at a given level of scale is under study) to exhibit emergent, dynamic outcomes as a 

whole, indivisible complex adaptive system in environmental context. The capacity to capture 

real-world dynamics and to accommodate the indirect causality inherent in WS-CAM theories 

and practices is a step forward toward WS-CAM studies with greater external and model 

validity. 

 

 

References 

 

1. Bornhöft G, Maxion-Bergemann S, Wolf U, Kienle GS, Michalsen A, Vollmar HC, 

Gilbertson S, Matthiessen PF. Checklist for the qualitative evaluation of clinical studies with 

particular focus on external validity and model validity. BMC Med Res Methodol. 2006;6:56. 

2. Paterson C, Baarts C, Launsø L, Verhoef MJ. Evaluating complex health interventions: a 

critical analysis of the 'outcomes' concept. BMC Complement Altern Med. 2009;9:18. 

3. Pincus D, Ortega DL, Metten AM. Orbital decomposition for multiple time series 

comparisons. In Guastello SJ, Gregson RAM, editors. Nonlinear dynamical systems analysis for 

the behavioral sciences using real data. Boca Raton, FL: C R C Press /Taylor & Francis; 2011. 

4. Pincus D, Metten, AM. Nonlinear dynamics in biopsychosocial resilience. Nonlinear 

Dynamics, Psychol Life Sci. 2010; 14:353-380. 

5. Guastello SJ. Managing emergent phenomena: nonlinear dynamics in work 

organizations. Mahwah, NJ: Lawrence Erlbaum Associates; 2002.  

6.  Pincus D, Sheikh AA. Imagery for pain relief: a scientifically grounded guidebook for 

clinicians. New York: Routledge; 2009. 

7. Borkovec TD, Sibrava NJ. Problems with the use of placebo conditions in psychotherapy 

research, suggested alternatives, and some strategies for the pursuit of the placebo phenomenon. 

J Clin Psychology. 2005;61(7):805-18. 

8. Collins LM, Murphy SA, Strecher V. The multiphase optimization strategy (MOST) and 

the sequential multiple assignment randomized trial (SMART): new methods for more potent 

eHealth interventions. Am J Prev Med. 2007;32(5 Suppl):S112-8.  



13 

 

9. Murphy SA, Lynch KG, Oslin D, McKay JR, TenHave T. Developing adaptive treatment 

strategies in substance abuse research. Drug Alcohol Depend. 2007;88 Suppl 2:S24-30. 

10. Bell IR, Koithan M. Models for the study of whole systems. Integrative Cancer 

Therapies. 2006;5(4):293-307. 

11. Pepper SC. World Hypotheses: A Study in Evidence. Cambridge, England/Berkeley, CA 

(reprint): Cambridge University Press (reprinting University of California Press); 1942/1961 

(reprint). 

12. Hollis G., Kloos H., Van Orden GC., Origins of order in cognitive activity.  In: Guastello 

SJ., Koopmans M, Pincus D., editors. Chaos and complexity in psychology: theory of nonlinear 

dynamical systems. Cambridge MA: Cambridge University Press; 2009. 

13. Goldberger AL. Non-linear dynamics for clinicians: chaos theory, fractals, and 

complexity at the bedside. Lancet. 1996;347:1312-4. 

14. Guastello, SJ, Liebovitch, LS.  Introduction to nonlinear dynamics and complexity.  In: 

Guastello SJ, Koopmans, M, Pincus, D. editors. Chaos and Complexity in Psychology: The 

Theory of Nonlinear Dynamical Systems. Cambridge, MA: Cambridge University Press; 2009.  

15.  Buck T, Baldwin, C.M., Schwartz, G.E. Influence of worldview on health care choices 

among persons with chronic pain. J Altern Complement Med. 2005;11(3):561-8. 

16. Schwartz GE, Russek L. The challenge of one medicine: Theories of health and eight 

world hypotheses. Advances: The Journal of Mind-Body Health. 1997;13(3):7-23.  

17. Koithan M, Verhoef M, Bell IR, Ritenbaugh C, White M, Mulkins A. The process of 

whole person healing: "unstuckness" and beyond. J Altern Complement Med. 2007;13(6):659-

68. 

18. Goldberger AL, Peng CK, Lipsitz LA. What is physiologic complexity and how does it 

change with aging and disease? Neurobiol Aging. 2002;23(1):23-6. 

19. Granic IA, Hollenstein T. A survey of dynamic systems methods for developmental 

psychopathology. In: Cicchetti D, Cohen DJ, editors. Developmental Psychopathology: John 

Wiley and Sons; 2006. p. 889-930. 

20. Hollenstein T. State space grids: analyzing dynamics across development. International 

Journal of Behavioral Development. 2007;31(4):384-96. 

21. Mandell AJ, Selz KA. Dynamical systems in psychiatry: now what? Biological 

Psychiatry. 1992;32(4):299-301. 

22. Mandell AJ, Selz KA. Nonlinear dynamical patterns as personality theory for 

neurobiology and psychiatry. Psychiatry. 1995;58:371-90. 

23. Selz KA, Mandell, A.J. Style as mechanism: from man to a map of the interval and back. 

Society of Photo-Optical Instrumentation Engineers Proceedings: Chaos in Biology and 

Medicine. 1993;2036:174-82. 

24. Selz KA, Mandell, A.J. The power of style: differential operator scaling in the lexical 

compression of sequences generated by psychological, content-free computer tasks. Complexity. 

1997;2(3):50-5. 

25. Vasquez A, Dobrin R, Sergi D, Eckmann JP, Oltvai ZN, Barabasi AL. The topological 

relationship between the large-scale attributes and local interaction patterns of complex 

networks. Proceedings of the National Academy of Sciences of the United States of America. 

2004;101(52):17940-5. 

26. Costa M, Goldberger AL, Peng CK. Multiscale entropy analysis of complex physiologic 

time series. Phys Rev Lett. 2002;89:068102:1-4. 



14 

 

27. Costa M, Goldberger AL, Peng CK. Multiscale entropy analysis of biological signals. 

Physical Review E. 2005;71(021906):1-18. 

28. Goldberger AL, Amaral, L.A.N., Hausdorff, J.M., Ivanov P.C., Peng, C.K., Stanley, H.E. 

Fractal dynamics in physiology: alterations with disease and aging. Proceedings of the National 

Academy of Sciences. 2002;99(Suppl 1):2466-72. 

29. Havlin S, Buldyrev SV, Goldberger AL, Mantegna RN, Peng CK, Simons M, et al. 

Statistical and linguistic features of DNA sequences. Fractals. 1995;3(2):269-84. 

30. Peng CK, Henry IC, Mietus JE, Hausdorff JM, Khalsa G, Benson H, et al. Heart rate 

dynamics during three forms of meditation. Int J Cardiology. 2004;95(1):19-27. 

31. Yang AC, Goldberger AL, Peng CK. Genomic classification using an information-based 

similarity index: application to the SARS coronavirus. J Comput Biol. 2005;12(8):1103-16. 

32. Woyshville MJ, Calabrese JR. Quantification of occipital EEG changes in Alzheimer's 

disease utilizing a new metric: the fractal dimension. Biological Psychiatry. 1994;35(6):381-7. 

33. Woyshville MJ, Lackamp JM, Eisengart JA, Gilliland JA. On the meaning and 

measurement of affective instability: clues from chaos theory.[erratum appears in Biol Psychiatry 

1999 Apr 15;45(8):following 1081]. Biological Psychiatry. 1999;45(3):261-9. 

34. WHO. Preamble to the Constitution of the World Health Organization as adopted by the 

International Health Conference, New York, 19-22 June, 1946; signed on 22 July 1946 by the 

representatives of 61 States (Official Records of the World Health Organization, no. 2, p. 100) 

and entered into force on 7 April 1948.: WHO; 1948. p. 100. 

35. Fredrickson BL, Losada MF. Positive affect and the complex dynamics of human 

flourishing. American Psychologist. 2005;60(7):678-86. 

36. Losada M. The complex dynamics of high performance teams. Mathematical Computer 

Modelling. 1999;30:179-92. 

37. Losada M, Heaphy E. The role of positivity and connectivity in the performance of 

business teams: a nonlinear dynamics model. American Behavioral Scientist. 2004;47(6):740-65. 

38. Gould A, MacPherson, H. Patient perspectives on outcomes after treatment with 

acupuncture. Journal of Alternative and Complementary Medicine. 2001;7:261-8. 

39. MacPherson H, Thomas, K. Self-help advice as a process integral to traditional 

acupuncture care: implications for trial design. Complement Ther Med. 2008;16(2):101-6. 

40. MacPherson H, Thorpe, L., Thomas, K. Beyond needling--therapeutic processes in 

acupuncture care: a qualitative study nested within a low-back pain trial. J Altern Complement 

Med. 2006;12(9):873-80. 

41. Lansky AL. Impossible Cure: The Promise of Homeopathy. Portola Valley, CA: R.L. 

Ranch Press; 2003. 

42. Granic I, Hollenstein T. Dynamic systems methods for models of developmental 

psychopathology. Dev Psychopathol. 2003;15(3):641-69. 

43. Granic I, Hollenstein T, Dishion TJ, Patterson GR. Longitudinal Analysis of Flexibility 

and Reorganization in Early Adolescence: A Dynamic Systems Study of Family Interactions. 

Developmental Psychology. 2003;39(3):606-17. 

44. Hollenstein T, Granic I, Stoolmiller M, Snyder J. Rigidity in Parent-Child Interactions 

and the Development of Externalizing and Internalizing Behavior in Early Childhood. Journal of 

Abnormal Child Psychology. 2004;32(6):595. 

45. Bell I, Koithan, M., DeToro, D. Outcomes of homeopathic treatment: patient perceptions 

and experiences. Focus on Alternative and Complementary Therapies. 2004;9(4):21. 



15 

 

46. MacPherson H, Mercer SW, Scullion T, Thomas KJ. Empathy, enablement, and 

outcome: an exploratory study on acupuncture patients' perceptions. J Altern Complement Med. 

2003;9(6):869-76. 

47. Bikker AP, Mercer SW, Reilly D. A pilot prospective study on the consultation and 

relational empathy, patient enablement, and health changes over 12 months in patients going to 

the Glasgow Homoeopathic Hospital. J Altern Complement Med. 2005;11(4):591-600. 

48. Bell IR, Koithan M, Gorman MM, Baldwin CM. Homeopathic practitioner views of 

changes in patients undergoing constitutional treatment for chronic disease. Journal of 

Alternative & Complementary Medicine. 2003;9(1):39-50. 

49. Bell IR, Baldwin, C.M., Schwartz, G.E.R. Translating a nonlinear systems theory model 

for homeopathy into empirical tests. Alternative Therapies in Health & Medicine. 2002;8(3):58-

66. 

50. Zheng JW, Zhang ZB, Wu TH, Zhang Y. A wearable mobihealth care system supporting 

real-time diagnosis and alarm. Med Biol Eng Comput. 2007;45(9):877-85. 

51. Wilhelm FH, Trabert W, Roth WT. Physiologic instability in panic disorder and 

generalized anxiety disorder. Biol Psychiatry. 2001;49(7):596-605. 

52. Morgenthaler T, Alessi C, Friedman L, Owens J, Kapur V, Boehlecke B, et al. Practice 

parameters for the use of actigraphy in the assessment of sleep and sleep disorders: an update for 

2007. Sleep. 2007;30(4):519-29. 

53. Laaksonen DE, Laitinen T, Schonberg J, Rissanen A, Niskanen LK. Weight loss and 

weight maintenance, ambulatory blood pressure and cardiac autonomic tone in obese persons 

with the metabolic syndrome.[comment]. Journal of Hypertension. 2003;21(2):371-8. 

54. Bell IR, Meek, P., Weldon, V., Caspi, O., Ferro, L. Validation of a global well-being 

rating scale for integrative medicine outcomes research. Alternative Therapies in Health and 

Medicine Supplement. 2001;7:S4-S5. 

55. Abu-Asab MS, Chaouchi M, Alesci S, Galli S, Laassri M, Cheema AK, Atouf F, 

VanMeter J, Amri H. Biomarkers in the age of omics: time for a systems biology approach. 

OMICS 2011 Mar;15(3):105-12. 2011;15(3):105-12. 

56. Mehl MR. Eavesdropping on health: a naturalistic observation approach for social health 

research. Social and Personality Psychology Compass. 2007;1(1):359-80. 

57. Yang ACC, Peng, C-K., Yien, H.W., Goldberger, A.L. Information categorization 

approach to literary authorship disputes. Physica A. 2003;329:473-83. 

58. Yang ACC, Hseu SS, Yien HW, Goldberger AL, Peng CK. Linguistic analysis of the 

human heartbeat using frequency and rank order statistics. Phys Rev Lett. 2003;90:108103. 

59. Mehl MR, Pennebaker JW. The sounds of social life: a psychometric analysis of students' 

daily social environments and natural conversations. J Pers Soc Psychol. 2003;84(4):857-70. 

60. Goldstein IB, Jamner LD, Shapiro D. Ambulatory blood pressure and heart rate in 

healthy male paramedics during a workday and a nonworkday.[erratum appears in Health 

Psychol 1992;11(3):206]. Health Psychology. 1992;11(1):48-54. 

 

 


	Chapman University
	Chapman University Digital Commons
	2012

	Methodological Implications of Nonlinear Dynamical Systems Models for Whole Systems of Complementary and Alternative Medicine
	Iris R. Bell
	Mary Koithan
	David Pincus
	Recommended Citation

	Methodological Implications of Nonlinear Dynamical Systems Models for Whole Systems of Complementary and Alternative Medicine
	Comments
	Copyright


	tmp.1430154395.pdf.7lhHY

