MODELING THE DYNAMICS OF PSYCHOSISBY KINETIC LOGICZENO KUPPER M.A. & HOLGER HOFFMANN M.D.University Psychiatric Services Bern: Mid and West Sectors (Director: Prof. Dr. med. et phil. H.D. Brenner)Research report 4-95Address:Z. Kupper, University Psychiatric Services Berne: Mid and West Sectors,Laupenstrasse 49,CH - 3010 Bern (Switzerland)Tel. 031 387 61 11, Fax. 031 382 90 20, E-mail: KUPPER@SPK.UNIBE.CH

ABSTRACTThere is a growing recognition of dynamical systems approaches and process orientedstudies in clinical psychology and psychiatry. The new enthusiasm however risks turning intodissatisfaction when facing methodological obstacles in empirical research and mathematicalmodeling. Therefore graspable tools allowing a translation of current knowledge into meaningfuldynamical models could be helpful as a stepping stone. In this paper a Boolean modelingapproach and its application to the dynamics of psychosis is presented: Kinetic Logic,originating from R.˚Thomas, describes systems on an intermediate level between a purelyverbal description and a description using nonlinear differential equations. A model is introducedthat describes dynamical patterns of chronic psychosis in the context of vocational rehabilitation.Two attractor-like dynamics of chronicity are presented. The Boolean model also proves usefulin formulating and exploring possible treatment strategies. Ahypothesis about the modusoperandi of family intervention is presented.INTRODUCTIONDynamical systems approaches and process oriented studies begin to create newenthusiasm in psychology (Levine & Fitzgerald, 1992; Tschacher, Schiepek & Brunner, 1992;Vallacher & Novak, 1994) and psychiatry (Freeman, 1992; Globus & Arpaia, 1994). Althoughthere have been systems approaches in these fields for some decades the potential of such anorientation has not been fully acknowledged by the main stream. In the case of schizophrenianewer approaches point out a systemic, interactive and developmental view of the disorder. Adynamical, more comprehensive view of the phenomena as being interdependent and evolving intime has been proposed (Strauss, Hafez, Lieberman & Harding, 1985; Ciompi, 1989; Strauss1989). Advancing from theory to empirical research and application enthusiasm risksdissatisfaction when facing severe methodological limitations. This can be observed in thesearch for chaotic dynamic in time series (Rapp, 1993). The quality of quantitative data as wellas the theoretical knowledge might often not be sufficient for precise mathematical modeling.Accordingly, psychological theories and applications inspired from nonlinear dynamics (e.g.B�tz, 1993) are in danger of remaining purely metaphorical.In this paper, we will introduce Kinetic Logic (Thomas, 1979; Thomas & D’Ari, 1990), alogical, Boolean approach, and apply this view to the dynamics of chronic psychosis. KineticLogic has been developed for modeling in biology and describes systems on an intermediatelevel between a purely verbal description and a description using nonlinear differentialequations. Thus, it might help to bring the qualitative verbal descriptions of well known theoriesto a more formal mathematical level while still keeping and using the knowledge that is containedin the verbal descriptions. Having done this, it is possible to model impact, feedback, and thetemporal evolution of the variables. As the system evolves in time, one is able to detect resultingattractors and to explore the effect that changes in the model might have on the dynamics. This

2relatively simple approach might be a valuable tool in integrating current theories and systemsthinking into meaningful dynamical models.We first give a short informal introduction to Kinetic Logic. The method is covered both inits basic ’naive’ and advanced ’generalized’ form. The main part of the paper focuses on anapplication of ’Generalized Kinetic Logic’ (Snoussi, Thomas & D�Ari, 1990). We propose amodel of the dynamics of chronic psychosis and apply this model to two types of interventionsin the vocational rehabilitation of the chronically mentally ill.The ’naive’ form of Kinetic LogicIn essence, Kinetic Logic is a logical representation of a class of differential equations.The method states that elements in a system interact positively or negatively with a strength ofimpact depending on the levels of the elements. The crucial assumptions of Kinetic Logic are:(1) The system elements have little effect on each other until they reach a certain threshold. (2)At high levels the effect tends to reach a plateau.Supposing this is true, we can say that an element is ’absent’ when it is under thethreshold level and ’present’, when above the threshold level. In this way, Kinetic Logicapproximates a sigmoid curve of interaction with a step function (Thomas & D’Ari 1990). Thusa variable can have two logical values, 0 for absent, or 1 for present. Logical values are denotedby small letters: x, y, z. On the other hand, logical functions reflect the evolution of variablesand are symbolized by capital letters (X, Y, Z). Logical functions describe towards which statesthe variables in the systems tend. However they are not the derivatives. In a typical geneticapplication, x=0 means for example ’gene product is absent,’ x=1 means ’gene product ispresent’, while X=0 means ’gene is off’ and X=1 means ’gene is on’ (Thomas & D’Ari 1990).In psychology, X could be for instance a tendency or readiness to show a certain behavior,while x would be the behavior itself.As a basic example of Kinetic Logic reasoning, consider the following loop structures(Thomas & d’Ari, 1990) and the resulting attractors in Table 1. The first example shows anegative feedback loop, where X=1 if y=0 and Y=1 if x=1, expressing that X is ’on’ when y isnot present, while Y is ’on’ when x is present.

3The graph of positive and negative interactions can be rewritten in the form of logicalrelations. The logical relations describe the possible evolution (X, Y) of the system as a functionof its actual state (x, y). Y=x states for instance that y has the tendency to stay or becomepresent, if x is present. Variables that have the same value in the state (x, y) as well as in thelogical function (X, Y) will not change in the next step, while variables which have logicalfunctions different from the actual state, are about to change. In the state table, ’about to change’is expressed by a ’+ ’or ’-’ sign above that state

x + or x −

, depending on the direction ofchange (Thomas 1991). Distinguish the ’-’ in this notation from the dash above a variable in thelogical functions (e.g.

X= y

) where it means ’not’. From the state table one can obtain thetemporal evolution of the system, called the graph of the sequence of states. Consider thatKinetic Logic, unlike Kauffman’s approach (Kauffman, 1993) - assumes an asynchronousevolution which means that only one variable is allowed to change at a time. In this first exampleTable 1: Description of two examples of basic attractor types by Kinetic LogicExample 1:Negative feedback loopExample 2:Positive feedback loopgraph of interactions:

x + →−← y x − →−← y

logical relations:

X= y Y= x

state table:

x y X Y 0+ 0 1 0 0 1− 0 0 1− 1 0 1 1 0+ 1 1

0+ 0+ 1 1 0 1 0 1 1_ 1_ 0 0 1 0 1 0

graph of the sequence of states:

0^+ 0 → 10^+ ↑ ↓ 01^− ← 1^− 1

periodic attractor

10^{← 00++} ↑ ↓ 11 − − → 01

multistationarity

4(see Table 1 left side, bottom), the graph of the sequence shows the pattern of a periodicattractor

which is typical for a negative feedback loop.The second example in Table 1 is a positive feedback loop, where the logical function is’on’ for both variables, if the other variable is not present. The states marked in the state table(e.g.

1 0 ) are stable, as both variables have the same value as the corresponding evolutionfunctions. As to be expected in a positive feedback loop we find multistationarity, i.e. two stablestates.When thinking about applying this method to psychology, such a Boolean reduction of thelevels of variables may seem simplistic at first glance. How could such a model be able to reflectthe richness of psychological phenomena? Theoretical and clinical reasoning, however, oftenseem to be similar to threshold models. Many theories, when defining the interactions betweenvariables, treat the variables as having two different states or levels. Family atmosphere inschizophrenia for instance is discussed in terms of high expressed emotion (critiques oroverinvolvement) versus low expressed emotion (Vaughn & Leff, 1976). When describing thestate of a schizophrenic patient, a clinician may observe that the patient is ’no longer psychotic’or ’psychotic again’. These thoughts both imply a two state model, just as ’Naive Kinetic Logic’does.’Generalized Kinetic Logic’, an advanced form of Kinetic LogicIn ’Generalized Kinetic Logic’ (Snoussi et al., 1990), a variable can have more than twolevels. The number of ’qualitative’ levels of a variable, is derived from the number of elements nthat a variable influences in the graph of interactions, n+1 gives then a intuitively convincingestimate of the number of qualitative levels of a variable.Consider a variable that interacts at three locations in the graph of interactions. For thisvariable, level ’0’ implies that the level of the variable is so low that it has no impact at all. Level’1’ denotes a level beyond the first threshold, and an impact on one variable, whereas level ’2’implies an impact upon two variables. At level ’3’, the variable has reached its qualitativemaximum, where it influences three variables in the system (see Figure 1)

5continuous level of the variable x

generalized kinetic level of x0123f (x)f (x)f (x)f (x)i123Figure 1: Step functions in ’Generalized Kinetic Logic’APPLICATION OF KINETIC LOGIC TO THE DYNAMICS OF PSYCHOSISGeneral and more specific models - levels of applicationIn psychology and psychiatry the use of Kinetic Logic has begun only recently(Dauwalder & Hoffmann 1992, Ciompi, Amb�hl & D�nki, 1992, Dauwalder & Kupper 1993;Kupper, Hoffmann & Dauwalder, 1994). Our main interest has been in the application of themethod to the dynamics of psychotic disorders, especially of schizophrenia. Schizophrenicpsychosis can be modeled on different levels with different theoretical backgrounds and ondifferent level of formalization (e.g. Scheflen, 1981; Schmolling, 1983; Nuechterlein &Dawson, 1984; Brenner, 1989; Schmid, 1991; Aebi, Ackermann & Revenstorf, 1993; Kupper& Hoffmann, 1995). One can take a more general or a more individual perspective and startfrom a biological psychological, or a social frame of reference. In previous research the so called’naive form’ of Kinetic Logic has been applied to the general dynamics of schizophrenia(Ciompi et al. 1992) or to a personalized model of chronicity and rehabilitation in psychosis,exploring the successful rehabilitation of a given patient (Dauwalder & Hoffmann 1992). In thispaper we focus on the psychosocial dynamics of chronic psychosis.

6A model for chronic psychosisIn the following an application of ’Generalized Kinetic Logic’ is presented, describing thedynamics of chronic psychosis in the context of vocational rehabilitation.WPSS person: symptomssocial system: family stress- +++

-321 work:demandsFigure 2: A model of chronic psychosis (for explanations see text).In this model (see Figure 2), variable P stands for psychopathological symptoms andbehavioral disturbances of a patient. The numbers 1, 2, 3 in Figure 2 indicate, that thesymptoms have different threshold levels regarding the different possible interactions and thelevels of symptoms. In chronically mentally ill persons we find heterogeneous patterns ofsymptomatology where so called ’positive symptoms’ (e.g. hallucinations, delusions) and’negative symptoms� (e.g. emotional withdrawal, motor retardation) as well as coping strategiesare present at the same time. Both primary symptoms and coping efforts are often sources ofdistress for patients and others. This symptomatic behavior might exert stress on the SocialSystem (e.g. the family, or other relevant people), and foster considerable concern or criticism.If this takes the form of an enduring attitude of families it is termed as ’high-expressed-emotion’.It is known that this can worsen the problems of the patients, specifically promotingrelapse (Vaughn & Leff, 1976; Nuechterlein, Snyder and Mintz, 1992). Given these findings,

7we assume positive feedback between the patient’s problems and the stressful reactions of hissocial environment (see Figure 2).Work demands are another form of psycho-social stress. Wing, Bennet & Denham (1964)studied the effect of intense vocational training efforts on chronic long-stay patients. Since thatstudy it is known that excessive work demands have the potential to bring about symptoms thathad been absent for years. In older studies symptoms had rather been undervalued in their effecton work performance (see the review of Anthony & Jansen, 1984). Recent studies point to ahigher importance of symptomatic behavior for future vocational functioning (Anthony, Rogers,Cohen & Davies, 1995; Lysaker & Bell, 1995). Accordingly we propose to model interaction ofsymptoms and the demands of Work as a negative feedback loop. An increase in symptomsresults in a reduction of work demands (often in the form of a dismissal). In return this causes adecrease in the symptoms, considered in medium-term, probably over a period of weeks ormonths.The model refers primarily to chronic mentally ill patients, living in the community,showing less symptoms than long-term hospitalized patients. However, to get a comprehensiveidea of the possible developments, we also included extreme peaks of the symptoms in ourmodel (level ’3’ of symptoms). We assume that those peaks are reduced relatively fast in ourpopulation by different factors (such as withdrawal, increase of medication, short-termhospitalization). For reasons of clarity and frugality of the model, we formalize this process as anegative feedback loop on the symptoms. At the lowest level (level 1, which stands for ’mildsymptoms’) symptoms increase the social stress (e.g. negative emotional responses fromrelatives), at level 2 (= ’moderate symptoms’) they have an additional reducing impact upon thedemands at work (e.g. in form of a dismissal), where at the highest level (level 3 = ’severesymptoms’) corrective negative feedback becomes active on symptoms.The duration of the states and the time needed for a given transition can be left unspecifiedin a Kinetic Logic model. It is also possible that these times are different in the same modeldepending on the relevant transition. Nevertheless, all possible transitions can be studied in thisway. However, one always has to bear in mind that interactions might depend considerably onthe time scale. This is also known from empirical time series research, where time lagged cross-correlations are studied between variables. Therefore in developing a Kinetic Logic model itstime frame should be specified. As mentioned above, the model presented here applies to thedevelopment on a time scale of weeks or months. If the model should focus on the dynamics intime scales of hours or days, other interactions would eventually be relevant. Furthermore theinteractions could change with the age of patients (Hoffmann, Wyler and Kupper, 1995). Ourmodel applies to young psychotic patients.

8Kinetic Logic analysis of the model of chronic psychosisThe assumptions of our model for chronic psychosis can be formalized first in the simpleform of ’naive’ logical equations:

P = p + ss + w

W = p

SS= p

This means: P has a reducing effect on itself and is increased by SS and W. In these’naive logic’ equations, the threshold levels are missing. The postulated effects, their directions,and the threshold levels for effects can be summarized in a interaction matrix as follows:

p w ss PWSS − 3 1 1 − 2 0 0 1 0 0

The first row represents the impact on the symptoms (P), the second row on the workdemand (W) and the third one stands for the impact on stress in the social system˚(SS); e.g. thefirst column vector states: ’P has a reducing effect on itself on level 3’, ’P has a reducing effecton W, beginning on level 2’ and ’P has an increasing effect on SS, beginning on level 1’.The description of generalized kinetic systems is completed by defining the so called �K-values�. A K-value describes the level towards which a given variable tends, if a certaincombination of interactions are effective on that variable. K-values can therefore be higher than 1only for variables which can reach levels higher than 1. In Table 2 two possible sets of K-valuesare presented.The K-values in the left part of Table 2 imply a high impact on symptoms by family stressand work demands. We assume that this is given in the group of severely impaired patients. Theright part of Table 2 shows an example of lower impact on the symptoms as it might be given inless impaired chronic outpatients. These patients occasionally apply for vocational rehabilitation.

9Table 2.: Two different set of K-values (Note that not all combinations of impact need to bemeaningful for all variables. Such K-values are left out and denoted by dots.)high impact on symptomslower impact on symptoms(severely impaired patients)(less impaired patients)

p w ss KP KW KSS 0 0 0 . . . 0 0 1 1 . . 0 1 0 2 . . 0 1 1 2 . . 1 0 0 0 1 1 1 0 1 2 . . 1 1 0 3 . . 1 1 1 3 . .

p w ss KP KW KSS 0 0 0 . . . 0 0 1 1 . . 0 1 0 1 . . 0 1 1 1 . . 1 0 0 0 1 1 1 0 1 1 . . 1 1 0 1 . . 1 1 1 2 . .

The numbers below the small letters (p, w, ss) represent all possible combinations ofinfluences by the variables P, W, SS, where 1 stands for a positive influence. The numbersunder Kp, Kw and Kss are K-values. As example for the meaningof K-values seethelastr o w leftinTable2. Thevector( 1 ˚ 1 ˚ 1 ˚ | ˚ 3 ˚ . ˚ . ) statesthatifallthreevariables( p, w, ss) have apositive influence on the symptoms, the K-value of the symptoms Kp is 3, i.e. thesymptomswill tend to level 3 (= ’severe symptoms’). In other words: if the symptoms arebelow thelevel,where theyhavenegativefeedbackon itselfand both work demands/having a job and familystress are given, the symptoms will tend to become severe.Having defined all necessary elements of the model, we transform the interaction matrixinto a state table, including all possible states and the corresponding evolution functions, or’images’ as Thomas (1991) calls it. As shown in the simple examples in Table 1, we can derivethe resulting dynamics from such a table. State tables are suppressed in this and all followingexamples. For models with few variables calculations can be done manually. However helpfrom computers is preferablei. Figure 4 shows the dynamics in our model of chronicity using theK-values for ’high impact on symptoms’ (see Table 2 left part). It is a three-dimensional tablewith symptoms on y-axis, work and family stress on combined x- and z-axis. Hence the tableincludes all possible states of the system, the ’state space’. The figure can also be imagined as alandscape on which a ball is moving. The arrows represent the direction of the ball’s movement,

i An algorithm performing the basic calculations using SAS/IML (1989) matrix language is available from thefirst author. For its use, the SAS/IML software is prerequisite.

10i.e. the transition between different combinations of symptoms (P), work situation (W) andfamily stress (SS) which have to be expected according the assumptions. As demonstrated, thepresented transitions are no arbitrary settings but they are the clear consequence of the variables’interactions and of a certain setting of their power (K-values). In this form of the modelbifurcation can occur, i.e. certain states can develop in more than one pathway. If it is knownwhich transitions are faster, these separations of pathways can be dissolved by the setting of so-called t-values. Otherwise we imply that all of them are equally probable. Most realistic is to seethese transition times t as stochastic variables with given means and variations (see Thomas &D’Ari, 1990). Thus, attractors emerging out of the analysis, are in fact the dominating dynamicalstructures in the system.

03210 00 11 11 0

resulting point attractor:P - moderate symptomsW - no workSS - high family stress nosymptomsmildsymptomsseveresymptomsmoderatesymptomsnon employedemployed family stress low high family stress low high

03210 00 11 11 0nosymptomsmildsymptomsseveresymptomsmoderatesymptoms

non employedemployed family stress low high family stress low high

resulting cyclic attractor:severely impaired patientsless impaired patientsFigure 3: Chronicity as a point attractor and a cyclic attractorThe most important result of our application is, as shown in Figure 3, left panel, thatunder the assumptions of the presented model, only one stable state is possible: the combinationof moderate symptoms, together with no work and high family stress. In this case, chronicityhas the dynamical pattern of a point attractor, as the system has the tendency to return always tothe one unfavorable state. Even if external factors, as e.g. therapeutic interventions with onlyshort-term effect, move the system to another, more desired state, this tendency persists. Thiscorresponds in the landscape analogy to a ball which always returns to the hollow after beingpushed. The improvement of the working capacity in a vocational rehabilitation program

11followed by an employment but without additional interventions on P, W or SS, would bedoomed to failure.In the second example, the assumed effects of the system (the matrix of interactions) arekept constant, but the power of the unwelcome effects on P (the K-values) are reduced, asshown in Table 2 right part (’lower impact on symptoms’). Given these K-values, the dynamicspresented in Figure 3, right panel, will result: The person circles within four states: the state ’nowork, mild symptoms, high family stress’ is followed by the state ’work, mild symptoms, highfamily stress’, i.e. with mild symptoms, the person looks for a job and gets it. As a next step,however, the symptoms increase, then the job will be lost, which finally results in a reduction ofthe symptoms. Thus the patient is back at the first state of the circle. In this model chronicity isnot a single state but equals a periodic attractor. If external factors (such as therapeuticinterventions with only short-term effects) are included, the system can also develop other statesfor a short period of time (e.g. work, no symptoms, low family stress), but there is a strongtendency to return to the attractor of chronicity.Implications for vocational rehabilitation: a systemic perspectiveThis approach can stimulate a new view of chronicity and new intervention strategies inrehabilitation. Chronicity has to be seen not as a state but as a pattern resulting from a system’sdynamic. The same is true for rehabilitation and its goals. It is not the primary and only goal inrehabilitation, to reach a desirable state (e.g. to get a job), but to create conditions which alwayslet the system return to a desired state (e.g. not to loose the job in a crisis). Dauwalder &Hoffmann (1992) have described this in a single case with Kinetic Logic. Finally, manyintervention strategies result from the interactions postulated in Figure˚2. Crucial in this view isthat the patient�s symptoms (P) are one, but not the only variable that could be addressed byinterventions. As the system’s ’chronic’ behavior results from the interaction of all elements,attempts for change should be tried either on the social stress (SS) or the work situation (W). Iffor example the increase of symptoms caused a dismissal in former times, the question ariseswhether the patient can develop a different approach to his symptoms. On the other hand oneshould consider if the vocational context can react more helpfully on symptomatic behavior.According to this approach, in our rehabilitation program we include interventions on the levelof the patient as well as at work and in the social system.

12Exploring treatment strategiesAfter having built a model, one generally has to evaluate it, using specific criteria or’tests’. Levine et al. (1992) outlined tests for the validity of models as being either (1) ’structuraltests’, (2) ’behavioral tests’ or (3) ’policy tests’. One could label the corresponding criteria(1)˚theoretical consistency, (2) empirical consistency and (3) consistency with changes frominterventions. In the following two examples we explore the reactions of our model to twointerventions. This type of test can be called test of behavior sensitivity: ’Do plausible changes inparameters values only lead to changes observed in the real system?’ (Levine et al. 1992, p.217). We first introduce an intervention on the work site and go then to family intervention.First type of intervention: sheltered jobAs a starting point we take our model of chronicity (Figure 2) with the K-values denotinga lower impact on the symptoms (Table 2), which results in chronicity as cyclic attractor (Figure3, right panel). As mentioned above, this seems realistic for many patients applying forvocational rehabilitation. An increased tolerance for symptoms, or problematic behavior at theworkplace in generally is an essential part of a sheltered job intervention. Formalizing this in thelanguage of the model, the thresholds have been changed (see Figure 4, left panel).

03210 00 11 11 0New point attractorafter rehablitation:P - moderate symptomsW - workSS - high family stress nosymptomsmildsymptomsseveresymptomsmoderatesymptomsnon employedemployed family stress low high family stress low high

States of old cyclicattractorof chronicity increased tolerance for symptoms at the workplace

− 3 1 1 − 3 0 0 1 0 0

* 03210 00 11 11 0

nosymptomsmildsymptomsseveresymptomsmoderatesymptomsnon employedemployed family stress low high family stress low high

States of old cyclicattractorof chronicityNew point attractor after rehabilitation:P - mild symptomsW - workSS - low family stress

the ’way out’

higher threshold for family stress as reaction on symptoms

− 3 1 1 − 2 0 0 2 0 0

workplace interventionfamily interventionFigure 4: Workplace intervention (sheltered job) and family intervention: Dynamical impact

13Workplace situation now only changes if the patient shows severe symptoms (level 3).After having defined all necessary parameters of the system, the resulting dynamical changes canbe analyzed in the pathways of Figure 4, left panel: We see that the system shifts from the oldcyclic attractor of chronicity to a new point attractor, representing in fact a stable result of therehabilitation process. This state, however, is not a ideal one, as the patient still suffers frommoderate symptoms and family stress is still high.Second type of intervention: family interventionIn a second example we test the impact of a family intervention on our system ofchronicity (Figure 4, right panel). Again we start from the system analyzed in Figure˚3 (rightpanel). Here, the intervention consists in a higher threshold for family stress as reaction onsymptoms. This effect might be common in different forms of family therapy, such as systemic(Selvini Palazzoli, 1986) or behavioral (Hahlweg et al. 1989; Falloon, 1990) approaches, butcan be introduced and understood from different theoretical backgrounds. On the formal level ofthe model, family stress is now only increased, if the patient shows at least moderate symptoms.The dynamical result is again that the cyclic attractor of chronicity changes to a pointattractor. In this case, however, the resulting stable state after rehabilitation is more desirable asin the last example. The patient remains employed, symptoms are low and the family stress hasbeen reduced to a low level too. Thus, one could assume a quite successful rehabilitation.

14DISCUSSIONStarting from theory and having systematized and formalized the interactions in KineticLogic, the resulting models are fundamentally different from purely verbal or graphical models.Formalized models of this type allow clear statements about possible developments of thesystem.Having tested two interventions on our model of chronicity, we can conclude that it reactsin a consistent and understandable way on two standard procedures in rehabilitation. From thelast dynamical pattern we gained the following new hypothesis about the way recovery byfamily intervention develops: there might be a typical ’way out’ from the cyclic attractor ofchronicity. If new demands are not introduced immediately after recovering from psychosis, butare postponed until the family interaction pattern has changed, a new pathway can arise. Wecould now investigate empirically if this prediction holds for processes of recovery from chronicpsychosis. It is obvious that in practice the dynamics will not be deterministic. Accordinglystatistical procedures such as sequential analysis (Gottman & Roy, 1990) will be needed to testsuch a hypothesis.The appeal of Kinetic Logic is, first of all, that complex dynamic processes, stated bytheory or observable in the clinical field, can be transferred into relatively simple modelsshowing distinct dynamical patterns and ’logical’ attractors. Secondly, single observations ortheoretical statements can be integrated in a consistent model. Thirdly, the predictions whichresult from the model, can be compared with observations made so far. If the model iscomparable with the theoretical assumptions and former results, modified predictions can becompared with empirical time series.To clarify the benefits and limitations of Kinetic Logic as a modeling tool in psychologyand psychiatry, considerable work has to be done. Some steps in this direction have alreadybeen taken. Dauwalder (1994) has applied Kinetic Logic to the psychological management ofecological risks while Dauwalder & Kupper (1993) extended Kinetic Logic to healthpsychology. It might be helpful to compare the possibilities of Kinetic Logic with the features ofother methods for modeling. Having done this, one might conclude that modeling in differentialequations is superior to Kinetic Logic, because it seems to be more flexible and open for datainput from empirical research. On the other hand, Kinetic Logic is more accessible to verbal,qualitative input and gives an overall picture of the possible dynamics and attractors which onecan never get from many differential systems without testing different starting values andparameters. Compared with methods from qualitative modeling (see Levine, 1992) such as pulseprocesses, Kinetic Logic seems to be far more adequate for modeling nonlinear systems, as itsstriking simplicity stems from its conception of nonlinearity. As Thomas (1991) points out, the

15system has all ingredients to produce R�ssler chaos (R�ssler, 1976). Hence Kinetic Logic hasthe capabilities to express chaos. The application of this method to a wide variety ofpsychological and psychiatric models could yield more insight in its possibilities and limitations.To date it seems that in spite and because of its simplicity Kinetic Logic helps to generate newand meaningful dynamical models.Author NotesThis research was supported by the Swiss National Science Foundation, grant 3200-028795.

16ReferencesAebi, E., Ackermann, K. & Revenstorf, D. Ein Konzept der sozialen Unterst�tzung f�r akutSchizophrene. Zeitreihenanalysen t�glicher Fluktuationen psychotischer Merkmale.Zeitschrift f�r Klinische Psychologie, Psychopathologie und Psychotherapie, 1993, 41,18-30.Anthony, W. A. & Jansen, M. A. Predicting the vocational capacity of the chronically mentallyill. Research and policy implications. American Psychologist, 1984, 39, 537-544.Anthony, W. A., Rogers, S., Cohen, M. & Davies, R. Relationships between psychiatricsymptomatology, work skills, and future vocational performance. Psychiatric Services,1995, 46, 353-359.Brenner, H. D. The treatment of basic psychological dysfunction from a systemic point of view.British Journal of Psychiatry, 1989, 155, 74-83.B�tz, M. R. Practical applications from chaos theory to the psychotherapeutic process. A basicconsideration of dynamics. Psychological Reports, 1993, 73, 543-554.Ciompi, L. The dynamics of complex biological-psychosocial systems. Four fundamentalpsycho-biological mediators in the long-term evolution of schizophrenia. British Journalof Psychiatry, 1989, 155, 15-21.Ciompi, L., Amb�hl, H. & D�nki, R. Schizophrenie und Chaostheorie. System Familie, 1992,5, 133-147.Dauwalder, J. P. Ecological risks and their psychological management. In J. P. Dauwalder(Ed.) Psychology and promotion of health. Seattle: Hogrefe & Huber, 1994, 151-162.Dauwalder, J. P. & Kupper, Z. Th�orie du chaos et psychologie de la sant�: Un plaidoyer pourla complexit�. Psychoscope, 1993, 14, 4-7.Dauwalder, J. P. & Hoffmann, H. Chronic Psychoses and Rehabilitation: An EcologicalPerspective. Psychopathology, 1992, 25, 139-146.Falloon, I. R. H. Behavioral family therapy with schizophrenic disorders. In M. I. Herz, S. J.Keith & J. P. Docherty (Eds.) Handbook of schizophrenia, Vol.4: Psychosocial treatmentof schizophrenia . Amsterdam: Elsevier, 1990, 135-151.Freeman, W. J. Chaos in psychiatry. Biological Psychiatry, 1992, 31, 1079-1081.Globus, G. G. & Arpaia, J. P. Psychiatry and the new dynamics. Biological Psychiatry, 1994,35, 352-364.Gottman, J. M. & Roy A. K. Sequential analysis : A guide for behavioral researchers.Cambridge: Cambridge Univ. Press, 1990.Hahlweg, K., Feinstein, E., M�ller, U. & Dose M. Family management programs forschizophrenic patients. Prevention of relapse and modification of familial communicationpaterns. British Journal of Psychiatry, 1989, 155, 112-116.Hoffmann, H., Wyler, A. & Kupper, Z. Age as a factor in identifying young adult chronicpatients who are difficult to treat. Psychiatric Services, 1995, 46, 404-406.Kauffman, S. A. The origins of order: Self-organization and selection in evolution. New York:Oxford University Press, 1993.Kupper, Z. & Hoffmann, H. The three month’s crisis: Empirical investigation and simulation ofthe rehabilitation dynamics in chronic mental disorders. Swiss Journal of Psychology,1995, 54 (in press).Kupper, Z., Hoffmann, H. & Dauwalder, J. P. Das PASS - Programm: Modellierungdynamischer Zusammenh�nge in der beruflichen Rehabilitation chronisch psychischKranker. In B. Eikelmann & T. Reker (Eds.) Sozialpsychiatrie in der Praxis. M�nster,Hamburg: LIT, 1994, 72-92.Leff, J., Kuippers L., Berkowitz, R., Eberlein-Vries, R. & Sturgeon D. Controlled trial ofsocial intervention in the families of schizophrenic patients. In M. J. Goldstein, I. Hand &K. Hahlweg (Eds.) Treatment of Schizophrenia. Berlin: Springer, 1986.Levine R. L. An Introduction to qualitative dynamics. In R. L. Levine & H. E. Fitzgerald (Eds.)Analysis of Dynamical Psychological Systems. , 1992; Vol. 1, 267-330.Levine, R. L. & Fitzgerald H. E., Eds. Analysis of dynamic psychological systems. New York:Plenum Press, 1992; Vol. 1. & 2.

17Levine, R. L., Van Sell, M. & Rubin, B. System Dynamics and the Analysis of FeedbackProcess in Social and Behavioral Systems. In R. L. Levine & Fitzgerald H. E. (Eds.)Analysis of Dynamic Psychological Systems. New York: Plenum Press, 1992; Vol. 1,145-266.Lysaker, P. & Bell, M. Negative symptoms and vocational impairment in schizophrenia:repeated measurements of work performance over six months. Acta PsychiatricaScandinavica, 1995, 205-208.Nuechterlein, K. H. & Dawson, M. E. A heuristic vulnerability/stress model of schizophrenicepisodes. Schizophrenia Bulletin, 1984, 10, 300-312.Nuechterlein, K. H., Snyder, K. & Mintz, J. Paths to relapse: possible transactional processesconnecting patient illness onset, expressed emotion, and psychotic relapse. British Journalof Psychiatry, 1992, 161, 88-96.Rapp, P. E. Chaos in the neuroscience: Cautionary tales from the frontier. Biologist, 1993, 40,89-94.R�ssler, O. E. An equation for continous chaos. Physics Letters, 1976, 57A, 397-398.Scheflen, A. E. Levels of schizophrenia. New York: Brunner & Mazel, 1981.Scheier, C. & Tschacher, W. Appropriate algorithms for nonlinear time series analysis inpsychology. In A. Combs & R. Robertson. Proceedings of the Annual Conference of theSociety for Chaos Theory in Psychology, Baltimore, 23-29/6/1994 , (in press).Schmid, G. B. Chaos Theory and Schizophrenia � Elementary Aspects. Psychopathology,1991, 24, 185-198.Schmolling, P. A systems model of schizophrenic dysfuntion. Behavioral Science, 1983, 28,253-267.Selvini Palazzoli, M. Toward a general model of psychotic family games. Journal of Marital andFamily Therapy, 1986, 12, 339-349.Snoussi, E. H., Thomas, R. & D’Ari, R. Generalized kinetic logic. In R. Thomas & R. D’Ari.Biological Feedback. Boca Raton: CRC Press, 1990, 83-97.Strauss, J. S. Mediating processes in schizophrenia: towards a new dynamic psychiatry. BritishJournal of Psychiatry, 1989, 155, 22-28.Strauss, J. S., Hafez, H., Lieberman, P. & Harding, C. M. The course of psychiatric disorder:Longitudinal principles. American Journal of Psychiatry, 1985, 142, 289-296.Thomas, R. Kinetic logic. A boolean approach to the analysis of complex regulatory systems.Berlin: Springer, 1979.Thomas, R. Regulatory networks seen as asynchronous automata: A logical description. Journalof Theoretical Biology, 1991, 153, 1-23.Thomas, R. & D’Ari, R. Biological feedback. Boca Raton: CRC Press, 1990.Tschacher, W., Schiepek, G. & Brunner, E. J., Eds. Self-organisation and clinical psychology- Empirical approaches to synergetics in Psychology. Berlin: Springer, 1992.Vallacher, R. R. & Nowak, A. Eds. Dynamical systems in social psychology. San Diego:Academic Press, 1994.Vaughn, C. E. & Leff, J. P. The influence of familiy and social factors on the course ofpsychiatric illness. A Comparison of Schizophrenic and Depressed Neurotic Patients.British Journal of Psychiatry, 1976, 129, 125-137.Wing, J. K., Bennet, D. H. & Denham, J. The industrial rehabilitation of long-stayschizophrenic patients : a study of 45 patients at an industrial rehabilitation unit . London:Her Majesty’s Stationery Office, 1964.