
An empirical investigation of the
Movement Psychodiagnostic Inventory.

Item Type text; Dissertation-Reproduction (electronic)

Authors Cruz, Robin Flaum.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:39:31

Link to Item http://hdl.handle.net/10150/187364

http://hdl.handle.net/10150/187364


INFORMATION TO USERS 

This manuscript ,has been reproduced from the microfilm master. UMI 

films the text directly from the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter face, while others may 

be from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 
unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

contimJing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 

to order. 

UMI 
A Bell & Howell Information Company 

300 North Zeeb Road. Ann Arbor. MI48106-1346 USA 
313/761-4700 800:521-0600 





AN EMPIRICAL INVESTIGATION OF THE 
MOVEMENT PSYCHODIAGNOSTIC INVENTORY 

by 

Robyn Flaum Cruz 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF EDUCATIONAL PSYCHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1995 

1 



OMI Number: 9620422 

UMI Microfonn 9620422 
Copyright 1996, by UMI Company. All rigbts reserved. 

This microfonn edition is protected against unauthorized 
copying under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



THE UNIVERSITY OF ARIZONA ® 

GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

Robyn Flaum Cruz 

2 

read the dissertation prepared by ----------------------------------------
entitled An Empirical Investigation of the Movement Psychodiagnostic 

Inventory 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

Date 

Date 

Date 

Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Dissertation Director Dat~ 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at the University of Arizona and is deposited in the University Library to 
be made available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgement of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be 
granted by the head of the major department or the Dean of the Graduate College when in 
his or her judgement the proposed use of the material is in the interests of scholarship. In 
all other instances, however, permission must be obtained from the author. 



4 

ACKNOWLEDGEMENTS 

It is difficult to find words to express my gratitude to the three members of my 
committee for their encouragement, support, and knowledgeable assistance over the last 
several years. Each of them has had a unique role in my education and has given of their 
time and energy graciously and generously. From our first meeting four years ago, Dr. 
Sarah Dinham has provided me with superior guidance. Her great reserves of experience 
and knowledge of methodology, teaching, and the academic environment, and her 
enthusiasm for these areas colored my experience in the most positive way. Dr. Patricia 
Jones has spent countless hours consulting with me on the Movement Psychodiagnostic 
Inventory data set, as well as answering my endless questions and problems. During the 
many hours that she spent correcting my programming and writing, she never lost her 
patience or sense of humor in the face of my difficulties grasping statistical and 
measurement concepts. I am indebted to Dr. Darrell Sabers for introducing me to Dr. 
Dinham and Dr. Jones, as well as statistics and measurement. It is to his credit as an 
educator that he presented difficult material in such a way that I could find the facinating 
aspects of these areas rather than become overwhelmed. 

My interest in the Movement Psychodiagnostic Inventory dates back to the beginning 
of my clinical practice as a dance therapist 15 years ago. The three members of my 
committee gave me the tools and courage to begin to tackle my questions about the 
inventory and movement disorders related to psychopathology. The gratitude I have for 
each of them is strengthened by the sense of personal and professional fulfillment that I 
have gained from my graduate education in their presence. Each of them has also taught 
me valuable lessons in the art of mentoring and teaching that I hope to be able to pass on 
to others in years to come. 

I would also like to thank Dr. Martha Davis for so generously sharing the Movement 
Psychodiagnostic Inventory data set and her expertise with me. I thank Miriam Roskin 
Berger who mentored my training and experience as a dance therapist, and in addition to 
her important role in putting the data set together, has been a source of ongoing support 
and encouragement over the last 16 years. 

I give special thanks to my parents for instilling in me the value of education and the 
idea that I can accomplish whatever I set out to do. Last but not least, I have to thank my 
husband, Mario, who is truly my better half. Without his encouragement I would not have 
attempted this degree, and without his support in all forms -- help with mathematical 
formulas, praise for struggling with new material, bragging to our parents about my hard 
work -- I would not have succeeded. 



TABLE OF CONTENTS 

LIST OF TABLES ........................................................................................... '" 7 

LIST OF FIGURES ............................................................................................. 8 

ABSTRACT ........................................................................................................ 9 

1. INTRODUCTION ............................................................................................ 10 

2. LITERATURE REVIEW .................................................................................. 15 

Organization of the Motor System.................................................................. 15 
The Extrapyramidal Motor System................................................................. 17 
Motor Signs .................................................................................................. 20 

Abnormal Voluntary Movements .............................................................. 20 
Abnormal Involuntary Movements ............................................................ 20 
Drug-Induced Movements ........................................................................ 22 
Soft Signs ................................................................................................. 23 

Movement Disorders and Psychopathology ................................................... 25 
Methodological and Measurement Issues ...................................................... 32 

Problems in the Reliability and Validity of Rating Movement.. .................. 33 
Discriminating AIMs and Drug-Induced Signs .......................................... 36 
Diagnostic Plurality .................................................................................. 38 

Summary of the Literature Review ............................................................... 39 

3. METHOD ......................................................................................................... 41 

Measurement. .............................................................................................. 41 
Sample ....................................................................................................... 45 
Early Analyses ............................................................................................ 46 
The Present Study ...................................................................................... 50 
Data Analysis............................................................................................. 54 

Variables and Cases for Analysis ........................................................... 54 
Proximity Measures .............................................................................. 59 
MDS Techniques .................................................................................. 62 
Cluster Analysis Techniques .................................................................. 71 

4. RESULTS ........................................................................................................ 75 

MDS Results ............................................................................................... 75 
CMDS Results ....................................................................................... 75 

5 



6 

TABLE OF CONTENTS - Continued 

Wl\IDS Results ....................................................................................... 89 
Cluster Analysis Results .............................................................................. 98 

5. DISCUSSION ................................................................................................. 107 

APPENDIX A: The Movement Psychodiagnostic Inventory ............................ 115 

APPENDIX B: Psychiatric Diagnoses for the Total Sample ............................. 122 

APPENDIX C: Raw Scores for Ordinal Data .................................................. 124 

APPENDIX D: Raw Scores for Dichotomous Data ........................................ 126 

APPENDIX E: Proximity Matrices for CMDS ................................................ 128 

REFERENCES ............................................................................................... 130 



7 

LIST OF TABLES 

Table 

l. The Organization of the MPI.. ....................................................................... 43 

2. Variables Used in MDS and Cluster Analysis ................................................. 56 

3. Sample Cases Used for Analysis .................................................................... 57 

4. Comparison of Demographic Data for Total Sample and Sample Used 
for Analysis ................................................................................................. 58 

5. S-Stress and Stress Values for Overall and Separate Group Scatings .............. 84 

6. Intercorrelations of Dimension Coefficients by Group .................................... 94 

7. Two Cluster Solutions Generated by Five Clustering Methods...................... 100 

8. Percentages of Focal Symptoms by Cluster for Five Clustering Methods: 
Two Cluster Solutions................................................................................. 102 

9. Percentages of Focal symptoms by Cluster for Three Clustering Methods: 
Four Cluster Solutions ................................................................................ 105 

10. Percentages of Patients with Less Than Ten Years of Illness ........................ 106 



8 

LIST OF ILLUSTRATIONS 

Figure 

1. Scree Plot Euclidean Distance Matrix ............................................................. 76 

2. Euclidean Distance: 3D Solution ..................................................................... 78 

3. Scree Plot Jaccard Distance Matrix ................................................................. 80 

4. Jaccard Measure: 3D Solution ......................................................................... 81 

5. Jaccard Measure: Schizophrenia-Related Disorders ......................................... 85 

6. Jaccard Measure: Personality Disorders ........................................................... 88 

7. W1vIDS: Motor Variable Space ........................................................................ 91 

8. W1vIDS: Patient Weight Space ......................................................................... 93 

9. W1vIDS by Group: Combined Variable Space ................................................... 95 

10. W1vIDS by Group: Combined Patient Weight Space ........................................ 97 



9 

ABSTRACT 

Abnormal motor behavior associated with psychopathology was investigated in this 

study using a nontraditional inventory, the Movement Psychodiagnostic Inventory, with a 

sample of psychiatric patients that included personality disorders and individuals with 

schizophrenia and schizophrenia spectrum disorders. The study was designed to address 

several methodological and measurement problems noted in the literature, and to this end 

ratings were made from video-taped observations allowing detection of subtle movements 

described in terms of their dynamic, spatial, rhythmic, and muscular involvement rather 

than labeled with traditional terminology. In addition, parameters of nonverbal 

communicative behavior were also rated. Even though diagnostic groups not associated 

with disturbed motor behavior were included, univariate analysis failed to reveal 

differences between diagnostic groups with a long history of association with abnormal 

motor behavior and those without such a history. Multidimensional scaling and cluster 

analysis were thus employed to uncover the structure of the data in exploratory analyses 

that used two distance measures and several methods each of multidimensional scaling and 

cluster analysis. Results were interpreted to indicate that different patterns of movement 

behavior were observed for each group of patients that were not measure- or 

method-dependent. The results of the study are discussed within the context of the 

potential for the inventory and the advancement of the study of motor behavior and 

psychopathology, an area that has the potential to effect progress in diagnosis, etiology, 

pathogenesis, and treatment of mental disorders. 



CHAPTER 1 

INTRODUCTION 
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Motor abnormalities associated with severe psychopathology constitute an area of 

study with a very long history. Historical references to this study can be found in the 

writings of the ancient Greek philosophers, and in the Talmud, in which abnormal motor 

behavior was used to define insanity (Waxer, 1978). By the end of the 19th century, 

extensive clinical descriptions of disturbed motor behavior in patients with severe mental 

illness had been made by neurologists and psychiatrists (Rogers, 1985). For example, in 

1873 Maudsley wrote that motor features formed a part of nearly all psychiatric illnesses 

(Rogers, 1985). Descriptions of motor disturbance over the years have catalogued an 

array of abnormal motor behaviors, initiating the use of terminology (such as catatonia, 

stereotypies, and posturing) sometimes still used to describe behaviors observed in 

schizophrenia (American Psychiatric Association, Diagnostic and Statistical Manual of 

Mental Disorders, 1994). 

Understanding the association between motor behavior and psychopathology holds 

the promise of advances in differential diagnosis, etiology, pathogenesis, and treatment of 

mental disorders (Man schreck, 1986; Jones, 1965; Rogers, 1985; Caligiuri, Lohr, Panton, 

& Harris 1993; Iqbal, Schwartz, Cecil, Imran, & Canal, 1993). For example, better 

understanding of motor abnormalities in schizophrenia could prove useful in identifYing 

structural brain abnormalities related to the disorder (Iqbal et. aI, 1993). Motor signs are 

considered good measures for research purposes since they are less neuropsychologically 
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subtle, more easily recognizable than other signs, and allow relating observable behavior 

to other aspects of brain function (Merriam, Kay, Opler, Kushner, & van Praag, 1990; 

Manschreck, 1986). However, in spite of the fact that motor abnormalities have been 

repeatedly observed in patients with severe psychiatric illnesses, and despite the 

knowledge that motor abnormalities are potentially valuable variables for research, they 

have not been exploited to advance the understanding of psychopathology (Manschreck, 

1986). We still know little about the motor abnormalities associated with 

psychopathology beyond classification, description, and some of their neurological basis. 

This lack of knowledge can be explained in part by reviewing the history of explanatory 

paradigms, the theoretical frameworks used to understand movement disorders associated 

with psychopathology. 

In an impo~ant contribution, Rogers (1985) described conflicting paradigms 

regarding motor abnormalities and mental illness that historically influenced the use of 

motor signs in research. According to Rogers, near the end of the 19th century 

neurologist Karl Kahlbaum described the motor abnormalities of patients with severe 

psychiatric illness he referred to as catatonia. This syndrome was included in the group of 

deteriorating psychoses which psychiatrist Emil Kraepelin called "dementia praecox" and 

his colleague Eugene Bleuler renamed "schizophrenia" (Rogers, 1985). Both Kraepelin 

and Bleuler also made extensive clinical descriptions of the motor abnormalities of patients 

with schizophrenia (Jones, 1965). The conflict of paradigms resulted when Kahlbaum 

interpreted the motor disorder in schizophrenics as representing disease of the brain, while 
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Kraepelin and Bleuler interpreted motor symptoms as the result of psychological factors 

and repudiated attempts to suggest a cerebral basis for them (Rogers, 1985). The 

paradigm put forth by Kraepelin and Bleuler was generally adopted by psychiatrists. In 

the 1920s an epidemic of encephalitis produced motor signs in affected patients similar to 

some of those documented in psychiatric patients. This observation prompted debate and 

a renewed interest in the motor features of psychiatric illness. However, ideas of the 

neurological basis for motor symptoms inspired by the encephalitic patients failed to 

influence the entrenched psychological paradigm. 

In the 1950s neuroleptic medication introduced as a treatment for severe psychiatric 

illness was found to induce motor disorder. By the 1960s neuroleptics were also 

discovered to produce a more persistent motor syndrome in patients, tardive dyskinesia. 

Initially it was suggested that all motor signs associated with severe mental illness were 

tardive dyskinesia, since the signs could be indistinguishable from each other (Rogers, 

1985). 

The discovery of neuroleptic-induced movement disorders finally disrupted the 

psychological paradigm and forced the generation of other explanations of the movement 

abnormalities associated with psychiatric illness. These varied from social explanations, 

to covert administration of drugs, to hypothesizing a viral infection to explain motor 

symptoms (Rogers, 1985). The impact of the discovery of neuroleptic-induced 

movement disorders on the field has had lasting effects. Paradoxically, these effects 

served both to advance and hinder knowledge in the field. For example, the neurological 



basis of motor disorders could no longer be easily refuted, and the concept that both 

motor and mental disorder are an expression of underlying cerebral disorder was 

established (Man schreck, 1986). In addition, studies of neuroleptic-induced movement 

disorders served to advance the understanding of neurotransmitters in the brain. 
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However, other effects of the discovery of drug-induced movement disorders did not 

result in the expansion of knowledge. Essentially, spontaneous disorders were forgotten 

or assumed to be manifestations of drug-induced disorders. Manschreck, Keuthen, 

Schneyer, Celada, Laughery, and Collins (1990) stated "indeed, most psychiatrists think of 

abnormal involuntary movements as synonomous with drug effects, a view that is 

inconsistent with a number of reliable observations," (p. 151). Evidence of this view is 

apparent in the literature, which is rife with studies of drug-induced disorders, while 

studies of spontaneous disorders are few. 

The research and resulting knowledge in the field of motor abnormalities associated 

with mental illness reflects the effects of a long history of observation confounded by 

conflicting explanatory paradigms, as illustrated above. Rogers (1985) wrote that "motor 

disorder as part of psychiatric illness is currently hardly accepted as a legitimate field of 

study. The explanation for this may lie in the conceptual frameworks," (p. 231). As will 

become apparent in the discussion of specific motor signs that follows in Chapter 2, a 

clear functional classification of motor abnormalities is still beyond our reach. This fact 

can be used to argue that research on motor abnormalities should be used to advance our 

understanding of cerebral functioning and psychopathology. 
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And yet, even with the establishment of the neurological basis for motor 

abnormalities, our understanding of the neurology of motor abnormalities and the 

neurology of psychiatric illnesses is still limited. The scope of these limitations is 

glaringly apparent in the lack of substantive findings on motor abnormalities associated 

with psychiatric illnesses. This paucity of findings is the result of a combination of factors 

-- the history of conflicting paradigms, the introduction of neuroleptic drugs, and 

methodological and measurement problems in the research designs -- that have acted to 

constrain the research. The present study, an investigation of an inventory of abnormal 

motor behavior differing from other instruments in its descriptive terminology and 

organization of patterns of motor behavior, illustrates how attempts at addressing 

particular factors that have constrained the literature can be used to produce more 

informative findings. 



CHAPTER 2 

LITERATURE REVIEW 
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Motor disorders associated with psychopathology comprise a complex area blending 

neurology and psychiatry. The complexity, created by a history of conflicting explanatory 

paradigms, is compounded by other issues related to the current neurological 

understanding of movement disorders, their measurement, and methodological problems 

that are common in the research. This chapter first addresses the neurological basis of 

motor disorders by presenting them within the context of the motor system and a specific 

functional part of the motor system. Then specific motor signs are discussed and typed 

according to their physical presentations and neurological associations. Following the 

categorization of specific signs, findings on particular types of motor disorders and 

psychopathology are presented. The chapter concludes with a discussion of measurement 

and methodological issues that bear on the current state of the literature and the present 

study. 

Organization of the Motor System 

The motor system is a complex and pervasive part of the central nervous system. 

Disturbances of motor function surpass all other neurologic symptoms in frequency and 

importance (Adams & Victor, 1993). The major portion of the human nervous system has 

been described as designed for the purpose of controlling movement, both the movement 

of the body in space and the parts of the body in relation to one another (Adams & Victor, 



1993). Motility can be affected by injury to parts of the brain that are and are not 

primarily concerned with motor or sensory functions. 
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Essentially, the motor system is organized hierarchically into three levels with each 

level controlling the one below. The spinal and brainstem neurons represent the lowest 

level, the motor neurons of the posterior frontal region represent the second, and the 

prefrontal parts of the cerebrum are the third and highest motor center. According to 

Adams and Victor (1993), the parts of the nervous system known to be engaged primarily 

in the control of movement and showing characteristic patterns of dysfunction in disease 

states can be defined in six groupings. These are (1) the lower motor neurons, (2) the 

corticospinal tract (pyramidal system), (3) several brainstem nuclei that extend to the 

spinal cord, (4) the basal ganglia and cerebellum (making up the extrapyramidal motor 

system), (5) parts of the cerebral cortex, most notably the premotor and supplementary 

motor cortex, and (6) the prefrontal cortex which provides motor signals to the 

supplementary motor and premotor cortex. 

Damage to the first two groups, the lower motor neurons and the corticospinal tract, 

results in either partial or complete paralysis. Damage to the brainstem nuclei extending 

to the spinal cord results in apraxia, or the loss of ability to perform learned sequences of 

movement. The results of dysfunction of the basal ganglia and cerebellum are involuntary 

movements and abnormalities of voluntary movement such as posture, gait, and 

coordination known as ataxia. The extrapyramidal system can be differentiated from the 

rest of the motor system on the basis of functional impairment, in that paralysis or loss of 



voluntary movement do not result when structures in the extrapyramidal system are 

damaged. Another distinction that is responsible for the designation of this system as 

"extra" pyramidal, is that the bundles offibers serving this system are largely located 

outside the pyramidal fiber tract. 

The Extrapyramidal Motor System 
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The basal ganglia and the cerebellum have important roles in the control of muscle 

tone, posture, and coordination of movement by virtue of their connections with the 

corticospinal (pyramidal system) and other descending pathways from the cortex. In 

health, the activities of the basal ganglia and cerebellum blend and modulate the 

corticospinal and cortical-brainstem-spinal systems. The following standard neurological 

test gives an example of the blended functioning of the basal ganglia and cerebellum: the 

patient is asked to touch his or her nose starting from a position with both arms extended. 

The basal ganglia activate the large movement of the hand toward the general area of the 

nose, and the cerebellum actually guides the final approach to an on-the-button landing 

(Bloom & Lazerson, 1988). The basal ganglia and the cerebellum use separate tracts to 

transmit impulses to the motor cortex, although first the impulses travel to the thalamic 

nuclei, where some integration takes place. 

As an anatomic entity, the basal ganglia have no precise definition. The structures 

usually included in the basal ganglia are the caudate and lenticular nuclei, the claustrum, 

the subthalamic nucleus, and the substantia nigra. The exact functioning of the basal 

ganglia is still debated (Adams & Victor, 1993). Early attempts at understanding basal 
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ganglia functioning through ablation of different structures were unsuccessful. 

Understanding was enhanced by the development and use of reserpine and phenothiazines. 

Although reserpine was developed as a drug to treat high blood pressure and 

phenothiazines were preanaesthetic agents, both drugs demonstrated sedative effects and 

began to be used to treat patients with severe psychiatric illnesses in the 1950s. These 

agents are the neuroleptic medications referred to earlier. Because they were noted to 

regularly produce motor symptoms, their use led to the study of neurotransmitter 

substances in the central nervous system. Reserpine was found to deplete the striatum, a 

division of the lenticular nucleus, of the neurotransmitter dopamine while phenothiazines 

blocked dopamine receptors within the striatum. The lack of dopamine induces 

parkinsonian symptoms or severe reduction in motility (hypokinesia) which is relieved by 

restoring dopamine concentration. Excess dopamine induces dyskinesias or excessive 

motility (hyperkinesia). The neurotransmitter acetycholine, also present in the basal 

ganglia opposes dopamine by increasing caudate activity. Other neurotransmitters that are 

known to be important to basal ganglia functioning are gamma-amino butyric acid 

(GABA) and serotonin. For example, GABA concentrations in the basal ganglia and other 

brain areas are reduced in Huntington's disease, a disorder in which nonrhythmic, jerky 

involuntary movements are observed. Norepinephrine is also present in the basal ganglia 

in small amounts, but its function as a basal ganglia neurotransmitter is not clear (Adams 

& Victor, 1993). In summary, motor abnormalities attributed to dysfunctional 
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neurotransmission in the basal ganglia can be identified, although, the exact mechanisms of 

the dysfunction are only partially specified at this time. 

The cerebellum can be subdivided into three lobes along roughly functional lines. 

The vestibulocerebellum is concerned primarily with the equilibrium of the body, the 

spino cerebellum is largely concerned with posture and muscle tone, and the neocerebellum 

essentially functions to coordinate skilled movements initiated at a cerebral cortical level. 

The cerebellum is essential for the timing of the elements in a motor sequence. In contrast 

to the basal ganglia, less is known of the neurotransmitters of the cerebellum. GABA, 

aspartate, and noradrenalin are the only currently identified neurotransmitters of the 

cerebellum (Adams & Victor, 1993). In contrast to motor disturbances associated with 

the basal ganglia, which appear to be the product of dyfunctional neurotransmitter 

interactions, cerebellar lesions are known to produce abnormal movement. However, the 

influence of neurotransmitters in the cerebellum on motor functioning is stilI to be 

discovered. Particular motor abnormalities associated with basal ganglia and cerebellar 

dysfunction comprise the motor disorder observed in patients with severe 

psychopathology. I will describe these abnormalities in some detail to lay the 

groundwork for a basic classification system. The classification should facilitate 

presentation of the literature on motor abnormalities and psychopathology. 



20 

Motor Signs 

Abnormal Voluntary Movements 

Lesions to the cerebellum can produce several types of motor signs. Hypotonia, or 

a decrease of the resistance of muscles to palpation which can result in gross abnormalities 

of posture, is a frequently noted sign. Abnormalities in the rate, range, and force of 

movement -- a broad category of abnormalities of intended movement referred to as 

incoordination or ataxias -- can also result from cerebellar lesions. Abnormalities of gait 

and equilibrium are another sign of cerebellar lesions. Other cerebellar-related signs such 

as difficulty in alternating movements (also called Luria movements), balance abnormality, 

and clumsiness or incoordination, can be elicited or observed in spontaneous movement. 

Cerebellar signs are also referred to as abnormal voluntary movements (A VMs) 

(Man schreck, et al. 1990). 

Abnormal Involuntary Movements 

In contrast to A VMs, abnormalities associated with the basal ganglia are organized 

into groupings called "syndromes," and are referred to as extrapyramidal syndromes 

(EPMS) or abnormal involuntary movements (AIMs). However, motor signs related to 

either cerebellar or basal ganglia dysfunction could technically be termed 

"extrapyramidal." To avoid confusion, the terms A VMs ( discussed above) and AIMs are 

used here to refer, respectively, to cerebellar and basal ganglia motor signs. AIMs 

attributable to basal ganglia abnormalities include parkinsonism, athetosis, chorea, 

hemiballismus, and dystonia (Adams & Victor, 1993). Other disorders that do not 
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conform to these classic patterns, and where the origin is largely unknown include 

tremors, tics, Tourette's syndrome, and myoclonus (Kaufman, 1990). AIMs are generally 

of two types, hyperkinetic (e.g. chorea, athetosis, hemiballismus, and dystonia) and 

hypokinetic (e.g. parkinsonism, although it can have features of both) (Kaufman, 1990). 

These disorders are usually intensified by anxiety, reduced by concentration, and abolished 

by sleep. 

Parkinsonism is characterized by hypokinesia (extreme underactivity or poverty of 

movement). In parkinsonism the frequent, habitual movements such as crossing the legs 

that are present in normal movement are absent or greatly reduced, and the face lacks 

expressive mobility (masked facies). Bradykinesia or slowness of movement including 

both reaction time and prolonged execution time can be present. Muscle rigidity or 

hypertonus, and cogwheel rigidity, which is a ratchet-like resistance when muscles are 

passively stretched, can occur. A resting tremor and loss of postural reflexes can also be 

present. 

Hyperkinesias such as chorea, ballism, athetosis, and dystonia may have a common 

anatomic and physiologic basis. Chorea refers to nonrhythmic, rapid, jerky movements 

that can be simple or complex and can be distributed in different body parts. Ballism 

describes large and sudden movements of the limbs which, when occuring on one side of 

the body, are referred to as hemiballismus. Athetosis is the inability to sustain any part of 

the body in one position. The maintained posture is interrupted by slow sinuous 

movements that flow into one another, a detail that can make it difficult to distinguish 
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athetosis from chorea. When indistinguishable, the term choreoathetoid is used to refer to 

the movement. Dystonia is a persistent attitude or posture either overextention or 

overflexion, that disproportionately involves axial muscles (limbs and trunk girdles). 

Drug-Induced Movements 

Many of the AIMs just described are also induced by neuroleptic medications. 

Tardive dyskinesia, parkinsonism, acute akathesia, and acute dystonia compose the group 

of known neuroleptic-induced movement disorders observable in treated patients 

(Kaufman, 1990). Of these disorders, tardive dyskinesia, a choreic (hyperkinesia) 

syndrome, is considered the most serious drug-induced disorder since it can have lasting 

effects and is not easily reversed or treated (Brown, White, & Palmer, 1992). The 

appearance of neuroleptic-induced disorders is quite similar to AIMs which occur 

spontaneously. Because of the frequency of treatment of schizophrenic patients with 

neuroleptic drugs, many studies of neuroleptic-induced disorders have used schizophrenic 

patients. The following paragraph briefly summarizes findings of studies estimating the 

frequency of occurrence of induced disorders. 

Tardive dyskinesia occurs in about 30% of schizophrenic patients, reported most 

commonly in the orofacial area (Sandyk & Kay, 1991). Tardive dyskinesia sometimes 

occurs concurrently with other neuroleptic-induced movement disorders (Brown et aI., 

1992). Parkinsonism and dystonia also occur as side effects of neuroleptic medications. 

Dystonic reactions occur in 2% to 10% of treated schizophrenic patients and are more 

common in young patients, particularly young males (Sandyk & Kay, 1991). In a sample 
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of adult patients between the ages of 25 and 34 years old, 24% were found to have 

parkinsonian reactions, although children and adolescents are considered particularly at 

risk for these side effects (Richardson, Haugland, & Craig, 1991). Akathesia is a common 

side effect of neuroleptic medications which is not commonly seen in unmedicated 

schizophrenic patients, and is evidenced by a sense of inner restlessness or unease and 

typical patterns of restless movement such as foot shuffling. From 20% to 25% of 

patients experience akathesia during treatment (Barnes & Braude, 1985). The three 

variants of akathesia noted are acute, chronic, and pseudoakathesia in which there is no 

subjective report although excessive limb movements are present (Halstead, Barnes, & 

Speller, 1994). 

Soft Signs 

A fourth category of motor signs sometimes found in the literature on motor disorder 

and psychopathology are "soft signs," or abnormalities on neurological examination. Soft 

signs are transient and non-localizing, rather, they are sometimes present and sometimes 

absent, and do not localize to specific pathology (lesions) in brain tissue (Trimble & 

Rogers, 1988). Generally, soft signs indicate neurointegrative defects which are 

reportedly increased in pathologic conditions, such as minimal brain dysfunction, hysteria, 

polydrug abuse, schizophrenia, and character disorders (Nasrallah, Tippin, McCalley

Whitters, & Kuperman, 1982). Some soft signs clearly indicate neurointegrative defect in 

the sense of involving several systems. For example, graphesthesia is a sign of 

neurointegrative defect determined by a test in which a common symbol, such as a number 



or letter, is traced on the palm of the hand. If defect is present, the individual cannot 

identify the symbol. Other signs such as alternating movements, in which the individual 

observes and mimics a pattern of hand movements, emphasize motor coordination. 
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Confusion in the terminology used to describe motor signs characterizes the 

literature, making interpretation and discussion of findings rather difficult. The problem 

relates to the fact that the four groups of motor disorder presented -- A VMs, AIMs, drug

induced, and soft signs -- cannot be unequivocally organized by exact etiology at the 

present time. AIMs are related to neurotransmitter dysfunction in the basal ganglia, but 

specific information on etiology in the form of interactions of neurotransmitters is not 

available. Similarly, A VMs are associated with cerebellar dysfunction, but information on 

the neurotransmitters in the cerebellum and their interactions as possible influences on 

these motor signs is unknown. Essentially, at this time we can say that all motor signs are 

indications of brain dysfunction, but the exact nature of the dysfunction cannot be 

specified. The inability to specify etiology muddies the literature in that motor signs are 

referred to with conflicting terminology. For example, a single sign such as alternating 

movements can be referred to both as cerebellar (A VMs) and as a soft sign, or nonspecific 

neurointegrative sign. References to drug-induced signs as AIMs (see lager, Kirch, Jeste, 

& Wyatt, 1986) provide another example of the confusion in terminology. Both drug

induced signs and AIMs are related to neurotransmitter dysfunction in the basal ganglia, 

but without explication of the exact mechanisms, it may be imprudent to consider them as 

synonomous. 
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Several authors have devised systems of classification of motor signs for use in their 

work. Manschreck (1986) categorized abnormal movements by presentation in the 

following groupings: 1) decreased motor activity, 2) increased motor activity, 3) postural 

disturbances, and 4) neuroleptic-induced movements. Rogers (1985) used terminology 

descriptive of the movement or body part in which the movement occurred. For purposes 

of discussion here, Manschreck' s (1986) categories will be modified to combine 

presentation and general brain locality to form the following categories: 1) AMVs 

including postural disturbances and soft signs, 2) AIMs including both hyperkinetic and 

hypokinetic forms, and 3) drug-induced signs. 

Movement Disorders and Psychopathology 

Since motor pathology is historically associated with schizophrenia more than any 

other psychiatric illness, studies of motor disorder and psychopathology have used 

schizophrenic patients more than any other diagnostic group. Other diagnostic groups 

have only occasionally been used as psychiatric controls, and rarely as the focus of studies 

on motor disorder. Brief descriptions of schizophrenia and other diagnostic groups 

studied -- affective disorders, schizophrenia spectrum disorders, and personality disorders 

-- should help to introduce the literature and enhance the discussion of findings. 

Schizophrenia is a heterogeneous group of disorders with no single defining feature. 

Instead, its diverse symptoms can include disturbances in attention, perception, thought, 

affect, and behavior. The syndrome varies both across individuals and within individuals 

over time (Iqbal et aI., 1993). Schizophrenia is considered the most serious of chronic 
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mental illnesses, as marked social and occupational dysfunction is common in affected 

individuals ("Schizophrenia: The Present State of Understanding", 1992). Mood (or 

affective) disorders are a diagnostic category in which the essential feature is a disturbance 

of mood accompanied by a full or partial manic or depressive syndrome that is not due to 

any other physical or mental disorder (DSM-IV, 1994). Mood disorders are also 

considered serious mental illnesses with disruptive influences that cause problems in social 

and occupational functioning. Schizoaffective disorder is a diagnostic category in which 

features of schizophrenia co-exist with features of affective disorder in an uninterrupted 

period of illness (Coryell, 1988). It is considered one of the schizophrenia spectrum 

disorders along with schizophreniform disorder, which is a disorder marked by features 

that are identical to those of schizophrenia, except that the total duration of the illness and 

the impairment in social and occupational functioning are less (DSM-IV, 1994). 

Personality disorders are markedly different from the disorders discussed previously. A 

personality disorder is defined as an enduring pattern of inner experience and behavior that 

deviates markedly from the expectations of the individual's culture, is inflexible and 

pervasive, and leads to stress or impairment (DSM-IV, 1994). There are 11 types of 

personality disorder that are organized into three clusters based on descriptive similarities. 

The cluster of interest in the present study includes narcissistic, borderline, antisocial, and 

histrionic personality disorders, a group sharing dramatic, emotional, and erratic 

characteristics. 
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Diagnostic classification of mental disorders, represented by the groups just 

mentioned, divides mental disorders into types based on criteria sets with defining features 

(DSM-IV, 1994). Although efforts have been made during the last several years to make 

this classification more empirically based, diagnostic classification remains at this time a 

typological or conceptual system, rather than a taxonomic or empirical system (Bailey, 

1994). It may be helpful to keep in mind that some of the lack of clear correspondence 

between psychiatric diagnosis and motor signs could be due to problems inherent in 

attempting to match a conceptual or typological categorization with a more taxonomic 

classification represented by motor signs. 

In patients with schizophrenia, AIMs can occur spontaneously, drug-induced signs 

can occur secondary to neuroleptic medications prescribed to treat psychosis, and A VMs 

have been noted. AIMs in patients with schizophrenia were observed long before the 

introduction of neuroleptic medications, and were described by Kraepelin (1919/1920; as 

cited in McCreadie & Ohaeri, 1994) as well as others. More recently, AIMs were 

observed in drug-free patients (Owens, Johnstone, & Frith 1982; Caligiuri, Lohr, & Jeste, 

1993). Owens et al. (1982) found the distributions of abnormal movements for 47 

schizophrenic patients who had never been treated with neuroleptics remarkably similar in 

severity and prevalence to those of364 patients who had been treated. When Rogers 

(1985) studied 100 psychiatric patients whose illnesses predated neuroleptic medications, 

archival analysis and observation showed that all of the 100 exhibited motor abnormalities, 

and 91 % had at least five of the total of 10 AIMs and A VMs included for study. 
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Following a different line of inquiry, several studies have tried to associate types of 

drug-induced disorders with positive and negative symptom schizophrenia. The positive 

and negative symptom schizophrenia dichotomy, which orders the phenomenology of 

schizophrenia by isolating the persistent mental and behavioral features (Adams & Victor, 

1993), figures prominently in current discussions on the pathogenesis and course of 

schizophrenia (Sandyk & Kay, 1991). Negative symptom schizophrenia is characterized 

by the absence or diminution of ordinary psychological functions and most notably, 

absence of psychosis. Positive symptom schizophrenia represents the exaggeration of 

ordinary psychological processes and the presence of psychosis. Based on neurochemical 

and neuroradiological findings of similarities between negative symptom patients and 

patients with Parkinson's disease, in combination with the association of tardive dyskinesia 

and positive symptoms of schizophrenia, Sandyk and Kay (1991) proposed that tardive 

dyskinesia is a "positive" movement disorder and drug-induced parkinsonism a "negative" 

movement disorder. The implication is that only schizophrenic patients with psychosis 

develop tardive dyskinesia, and that psychosis neurochemically differentiates the 

heterogeneity present in the diagnosis. Studies have either returned mixed findings on this 

issue (Brown et aI., 1992; McCreadie & Ohaeri, 1994) or have not identified a relationship 

between tardive dyskinesia and negative symptom schizophrenia (lager, Kirch, Jeste, & 

Wyatt, 1986). Equivocal findings make this an interesting but unestablished association. 

No studies of motor disorder in the positive-negative symptom dichotomy have 

investigated AIMs (spontaneous disorders). 
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Useful information has been gained from studies of drug-induced movement 

disorders. One example is the implication of dopamine, a neurotransmitter found in the 

basal ganglia and other parts of the brain. Parkinsonian (hypokinetic) movement disorders 

result from depletion of dopamine and hyperkinetic disorders from dopamine excess, 

which would seem to create a clear dichotomy regarding dopamine in schizophrenia. 

However, the hyperdopaminergic hypothesis of schizophrenia formulated on the basis of 

this observation has proved to be too simplistic (Ershefsky, Tran-Johnson, & Watanabe, 

1990). Although dopamine activity is considered an important factor in schizophrenia 

(Davis, Kahn, Ko, & Davidson, 1991), the drugs that appear to affect dopamine are 

nonspecific in their effects on the different types of receptor sites, and effects on other 

neurotransmitters are unknown. Dopamine appears to be related to psychosis, but this 

effect could be the by-product of other neurotransmitter effects or interactions creating 

unstable or erratic neurotransmission (Ershefsky et aI., 1990). 

Studies of AIMs and A VMs are less frequent than studies of drug-induced signs in 

the literature on schizophrenia, yet several exist that include SUbtype comparisons of 

schizophrenia as well as psychiatric and nonpsychiatric normal controls as comparison 

groups. Manschreck and Ames (1984) examined a sample of patients with schizophrenia, 

affective disorder, and normal controls for AIMs and A VMs (some of these also classifY 

as soft signs). Motor disturbances were found overall in 92% of the schizophrenics, 52% 

of the affective disorder patients, and in 5% of the normal controls. This finding was 

consistent with other estimates of prevalence in schizophrenics and normal controls 
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(Manschreck, Maher, Rucklos, & Vereen, 1982; Nasrallah et al., 1982). When severity 

of the signs was considered, 60% of schizophrenics, 9.5% of affective disorder patients, 

and none of the normal controls showed signs rated as severe. Frequencies of 

abnormality among the schizophrenia subtypes examined, undifferentiated, paranoid, and 

disorganized, were statistically the same even though the paranoid group had fewer 

deficits than the two other subtypes. Covariate analyses using age, length of illness, 

education, hospital status, and drug dosage were performed in an attempt to explain the 

difference, but only years of education influenced subtype comparisons. Additionally, 

schizophrenic patients had more A VMs (cerebellar-related disturbances) than did patients 

with affective disorders. 

Manschreck et al. (1982) included patients with paranoid, undifferentiated, and 

disorganized subtypes of schizophrenia, affective disorder, and schizoaffective disorder in 

a study of A VMs. The schizophrenic and schizoaffective patients showed proportionally 

more A VMs (both elicited and spontaneous) than did the affective disorder group. There 

were no statistical differences among schizophrenia sUbtypes. The most common 

spontaneous motor abnormalities seen in the schizophrenics were clumsiness and 

awkwardness, and postural disturbances. Elicited motor disturbance was notable for the 

fact that 92% of the paranoid schizophrenics showed these disturbances, the same 

percentage as the undifferentiated schizophrenics. Interestingly, a study of soft signs 

including 28 motor and sensory integrative tests, by Nasrallah et at. (I982) similarly failed 

to find differences between paranoid and nonparanoid schizophrenics. 
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Two characteristics of the research on motor disorders and psychopathology are 

rather outstanding. The first is illustrated in a study by Manschreck et aI. (1990) that was 

unusual in that the relationship between AIMs and A VMs was investigated. In an 

interesting comparison of the relationship between A VMs (repetitive movements and poor 

coordination or clumsiness) and AIMs in schizophrenics Manschreck et al. (1990) used 

two groups of schizophrenics, one group with AIMs and a group without AIMs. The 

schizophrenics with AIMs had significantly more negative symptomatology, formal 

thought disorder, and A VMs than did the schizophrenics without AIMs. The 

relationships among types of movement disorders have rarely been investigated in this 

manner. The literature is characterized by univariate and bivariate analyses of motor 

signs, and although the Manschreck et al. (1990) study did not use multivariate analysis, 

the attempt to examine the relationship between two types of motor signs was 

noteworthy. Commonly, studies have attempted to relate a particular type of movement 

disorder, such as soft signs, to other types of symptomatology such as thought disorder 

(see Marrengo & Harrow, 1988), or to compare frequencies of motor signs in diagnostic 

groups. 

The second interesting characteristic of the research on movement disorders is the 

frequent exclusion of diagnostic groups that have no historical association with AIMs or 

A VMs, for example, patients with personality disorders. Few studies of motor signs have 

included personality disorders. An exception was a study by Gardner, Lucas, and 

Cowdrey (1987) that examined soft signs in patients with borderline personality disorder 
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and normal controls. A statistically greater number of soft signs were seen in the 

borderline group. Abnormalities seen in the normal controls were limited to rapid 

alternating movements, mirror movements, and lateral dominence, while those seen in 

borderlines also included right/left confusion, adventitous overflow, and difficulty hopping 

on one foot, representing a broader range of signs. Burgess (1992) found differences in 

perseveration and alternating movements between normal controls and a heterogeneous 

group of personality disorders that included histrionic, narcissistic, borderline, and 

antisocial personality disorders. 

The two features of the research just presented -- restriction of analysis to univariate 

and bivariate techniques, and restricted use of diagnostic groups -- provide an 

introduction to the discussion of methodological and measurement issues in the research. 

The features demonstrate that inattention to important issues potentially obfuscates 

knowledge. For example, previous exclusion of diagnostic groups cannot be taken as 

indication that these groups do not show motor signs. Further discussion of issues in the 

research should provide other examples. 

Methodological and Measurement Issues 

Several problems that plague the study of movement disorders and psychopathology 

have already been mentioned: the confusion created by the history of conflicting 

paradigms, the confusion that exists in the terminology used to refer to motor signs, the 

lack of using multivariate methods to examine relationships among motor signs, and the 

exclusion of certain diagnostic groups. Three additional measurement and methodological 
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problems also deserve attention. These relate to how motor signs are observed, rated, and 

interpreted, and the ways in which changes in diagnostic criteria over time have failed to 

be reflected in the research. Given the importance of measurement reliability and validity 

to any research endeavor, it seems reasonable to first address issues related to rating 

motor signs. 

Problems in the Reliability and Validity of Rating Movement 

Orofacial tardive dyskinesia and oro facial AIMs have been reported as more common 

than other types of disorders (Owens & Johnstone, 1982; Sandyk & Kay, 1991; Caligiuri, 

Lohr, Panton, et aI., 1993; McCreadie & Ohaeri, 1994). In addition, a commonly used 

scale for rating AIMs, the Abnormal Involuntary Movement Scale (Guy, 1976) was found 

to have better reliability for items pertaining to the perioral area than for items related to 

the facial expression muscles, legs, neck, shoulders, and hips (Bergen, Carter, Craig, and 

McFarlane, 1988). This raises a question about reported prevalence estimates for both 

drug-induced signs and AIMs. Higher rates for the orofacial area may reflect unreliable 

or biased ratings for other body parts. Reliability for other body areas may be poor due to 

raters' inattention to body areas, or attentional preference for facial areas. A contributing 

factor affecting raters may be the perceptual set particularly common in Western cultures, 

in which facial features are attended to over body features. It is also possible that an 

interdependence of action or size of movement and observation takes place, so that subtle 

movement occurring independently of a recognized voluntary action such as a gesture, is 

not noted by observers. Although not reported or apparent in reports, contamination of 
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ratings by raters basing severity on the number of different co-occurring disorders is also 

possible. 

Most research reports on motor signs use standardized instruments and trained raters, 

but few report training procedures or potential confounds to the ratings. The Abnormal 

Involuntary Movement Scale (Guy, 1976) is a good example of a standard rating scale for 

movement disorders. It uses a severity coding in which the quality, frequency, and 

amplitude of the movement perceived by the rater contribute in a general way to the 

judgement of severity. Instructions for observing and eliciting disorders are rather 

explicit while judgement of severity is more dependent on the rater's training (Munetz & 

Benjamin, 1988). Manschreck et. al (1985) describe a similar type of scoring for A VMs 

rating no impairment to severe impairment judged by noting delayed response, postural 

persistance, lengthy completion, and disorganization of movement. Overall, the 

experience of the rater and the ability of the individual rater to avoid observational biases 

are issues endemic to live observation of movement disorders that are not sufficiently 

addresssed in the literature. 

Barrows (1980) suggested that it may be more informative for a rater to carefully 

describe the character of spontaneous and involuntary movements rather than labeling 

them with the conventional terms. He suggested observing the following important 

aspects of movement: (1) amplitUde and rapidity of movements, (2) distribution of the 

muscles involved, (3) duration of muscle contractions, (4) direction and rhythm of 

movements, (5) extent of muscle involvement, and (6) effects of rest, posture holding, 
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voluntary activity, fatigue, emotion, and sleep. This suggestion might be incorporated into 

rating instruments so that detailed observations are summarized, rather than classifying 

movements into AIMs categories such as chorea or parkinsonism in the manner of the 

Abnormal Involuntary Movement Scale. However, this suggestion does not adequately 

address the experience and perceptual set of the rater. 

Rating bias and reliability issues have been addressed, albeit infrequently, through 

alternatives to movement observation, such as quantification using electromechanical 

devices. Equipment sensitive to mild rigidity and parkinsonian tremor was used by 

Caligiuri, Lohr, Panton, et aI. (I993), who found that the process demonstrated 89% 

sensitivity to the presence of clinically observable motor pathology. The advantages of 

electromechanical measurement are attractive, yet unfortunately, no means of measuring 

hyperkinesias or hypokinesias in this manner has been reported. A new technological 

process being applied to studies of motor development with great success (Thelen, 1995), 

allows video-taped movement to be read by computer programs; in this process reflective 

tape is attached to the major joints of the body and movement is recorded from several 

vantage points by cameras sensitive to the reflective tape. The sensitivity of this method 

may not be great enough to pick up some of the more subtle movements related to 

movement disorder (Manschreck et aI., 1985) but further development of the technique 

may hold promise for the future. In summary, many aspects of observing and rating 

movement disorder continue to be problematic, and although technological solutions may 

soon be possible, they are not currently available. 
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Discriminating AIMs and Drug-Induced Signs 

An issue which is much debated in the literature is the discrimination of AIMs versus 

drug-induced signs. The problem is that once a patient has received neuroleptic drugs, it 

is not possible to clearly distinguish between drug-induced signs and AIMs. Rogers 

(1985) argued that when motor disorder of psychiatric illness is regarded as representing 

cerebral dysfunction, the most parsimonious hypothesis for the effects of treatment such as 

neuroleptic medication is the interaction between drug and disease process. This 

hypothesis, first put forth by Steck (1954; as cited in Manschreck, 1985), can be used to 

explain the similarity between treated and untreated patients found by Owens et al.(1982) 

among others. Rogers (I985) further stated that attempting to separate absolutely motor 

disorder due to disease from that due to medications was an artificial exercise, due in part 

to the fact that time limits for residual action of discontinued medication are arbitrary. 

Other support for the disease-treatment interaction hypothesis is found in the research on 

positive and negative schizophrenia and drug-induced motor disorder. Although findings 

in this area are equivocal, the idea that the disease process differs for positive and negative 

symptom schizophrenia, and that this difference in the illness produces different types of 

movement disorder, is quite in line with Steck's hypothesis. Typically in the research on 

drug-induced disorders no mention is made of the possible confound of pre-existing motor 

signs unrelated to the drug. This seems to echo Rogers' (1985) assertion that 

distinguishing between the two is arbitrary. 
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The determination of tardive dyskinesia, by virtue of its occasional irreversibility, is 

arguably the only drug-induced distinction that is necessary. Early detection of tardive 

dyskinesia is considered an important factor in preventing irreversibility (Brown, White, & 

Palmer, 1992). Guidelines for rating tardive dyskinesia have changed somewhat over 

time and are somewhat undefinitive. Schooler and Kane (1982) proposed criteria 

sufficient for a diagnosis of tardive dyskinesia that are frequently used in research, as 

either two ratings of moderate severity or one rating of severe on items of a standard 

inventory of AIMs. In the American Psychiatric Task Force Report on tardive dyskinesia 

a history of 90 consecutive days of neuroleptic drug treatment and 90 days of observation 

of the movement disorder are required for diagnosis of tardive dyskinesia (as cited in 

Szymanski, Munne, Gordon, & Lieberman, 1993). Criteria for the Abnormal Involuntary 

Movement Scale require 90 days of cumulative exposure and either a score of mild on two 

discrete body areas, or a score of moderate on one body area (Munetz & Benjamin, 1988). 

Apart from attempting to prevent tardive dyskinesia, the current understanding of the 

etiology of basal ganglia-related disorders including AIMs and drug-induced disorders is 

rather limited. For research purposes the approach to the induced versus AIMs 

distinction used by Manschreck et at. (1990) appears reasonable. He noted AIMs and 

applied tardive criteria to the ratings noting any patients that met criteria for tardive 

dyskinesia. Alternatively, others have used comparisons of medicated and unmedicated 

patients reminiscent of Owens et at. (1982). A final issue related to the distinction 

between AIMs and drug induced disorders is the treatment of induced disorders with 



anticholinergic drugs. There is evidence that anticholinergics affect performance on 

cognitive measures, but their contribution or interactions with motor signs beyond the 

control of tardive dyskinesia are unknown. 

Diagnostic Plurality 
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The third measurement and methodological issue alluded to previously is the lack of 

diagnostic plurality in motor disorder studies. Motor signs are still most closely 

associated with schizophrenia, as reflected in the greater number of studies of this group. 

Yet a narrowing of diagnostic criteria for schizophrenia has taken place during the last 50 

years, changing the determination of who is diagnosed schizophrenic. The DSM-III 

(1980) represented the sharpest break with previous editions in the definition and 

diagnostic criteria for schizophrenia (Andreasen & Flaum, 1991). Many forms of the 

disorder were removed and included in other categories, most notably psychosis not 

elsewhere classified, affective disorders, and related personality disorders. In spite of this 

narrowing, research on movement disorders has not regularly included the removed 

disorders. The result is that AIMs are associated only with schizophrenia, and rarely 

investigated in other disorders that were classified with schizophrenia until 1980, with the 

exception of the several studies noted previously. Caligiuri, Lohr, Panton, et at. (1993) 

suggested that investigation of spontaneous syndromes in affective and other disorders 

characterized by psychosis is necessary for a complete picture of the relationship of AIMs 

to psychosis. The lack of investigation of related disorders is an example of a common 

confound to research on mental disorders, inappropriate comparison or control groups. 



Psychiatric control or comparison groups are a necessity when attempting to define 

characteristics specific to a particular diagnostic group. The current association of 

spontaneous movement disorders to schizophrenia is at best phenomenological without 

investigation of other psychiatric disorders, particularly those in which psychosis also 

occurs. 

Summary of the Literature Review 
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Continuing the investigation of motor signs and psychopathology from many 

observational levels including morphological and neurotransmitter interactions holds the 

promise of advancing our understanding of mental illness by integrating observable 

behavior with neurology. The observation of movement patterns has proven useful in 

combination with structural and functional neuropsychological research, and would seem 

to have continued potential as well. Improvements in the reliability and sensitivity of 

instruments and inclusion of appropriate comparison groups are needed to further 

illuminate the relationship between disorders of movement and psychopathology. 

Suggestions gleaned from the literature on movement disorders point to contributions 

that could be made by using a more descriptive approach to noting motor signs (Barrows, 

1980), and investigating motor signs in mental disorders other than schizophrenia to 

complete the picture of the relationship of movement disorders to mental illness (Caligiuri, 

Lohr, Panton, et aI., 1993). Increasing the sensitivity of ratings by using video-taped 

rather than live observations could contribute a form of solution to some of the problems 

discussed in the absence of other technological solutions. In addition, relationships among 



motor signs could be investigated and techniques other than univariate and bivariate 

analyses should be employed. 
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The present study addresses these suggestions in the following ways. First, an 

alternative rating scale was used with a diagnostically heterogeneous sample of psychiatric 

patients that included a group not typically associated with motor signs. Second, video

taped observations rather than live observations were rated to increase the detection of 

subtle signs, and a consensus rating was used for analysis. The reliability of raters was 

addressed by using a consensus rating made by a group of three raters. Inventory items 

rated both motor signs and nonverbal communication parameters, a class of movement 

behavior not previously investigated in conjunction with motor signs. Finally, 

multivariate techniques were used for analysis to discover the relationships among motor 

signs and nonverbal parameters and to assess differences in diagnostic groups. 



CHAPTER 3 

METHOD 

Measurement 
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The Movement Psychodiagnostic Inventory (MPI) is a research instrument 

developed by Davis (1991) that rates aberrant motor patterns. The inventory offers a 

descriptive approach to the measurement of abnormal movements that differs from other 

instruments by virtue of its use of the Effort/Shape system of movement observation and 

description originated by Rudolph Laban (Dell, 1977). The Effort/Shape system 

structures the dynamic aspects of movements such as rhythm, spatial orientation, 

amplitude, muscle involvement, and muscle contraction apart from action. Use of this 

system for observing movement has been restricted to the areas of dance research and 

dance therapy, and its application in the MPI is unique within the measurement of 

abnormal motor behavior associated with psychiatric illness. 

The movement behaviors rated with the MPI are subtle, can be less obvious than the 

AIMs and A VMs described earlier, and are not elicited for purposes of observation. It 

should be clearly stated that the movement behaviors rated with the MPI are aberrations 

of voluntary and involuntary movement that have not been empirically associated with the 

AIMs and A VMs discussed. However, due to the presentation of these movements and 

the character of movement distortions known to be related to the extrapyramidal motor 

system and presented in Chapter 2, items of the MPI can be related to abnormal 

involuntary and voluntary movements. 



The MPI is a behavior observation inventory designed to be used in continuous 

observation and recording of video-taped sessions of one-on-one clinical interviews. 

Although video-taped observations are considered superior, the MPI can be used in live 

observation and was actually developed in this manner (Davis, 1970). The items of the 

inventory are rated throughout the duration of the video-tape and raters are allowed to 

stop the action of the tape and view segments again in order to be confident of their 

ratings. The rating scheme is divided into two sections: the Action Inventory and the 

Primary Inventory. 
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Items in the Action Inventory reflect the context of the observation, rating 

conventional nonverbal behaviors associated with maintaining conversation. These items 

are organized into seven subscales: 1) Gesture, 2) Self-touch Action, 3) Instrumental 

Action, 4) Orienting Action, 5) Head Movement, 6) Facial Movement, and 7) Posture. 

An example of an item in the Action Inventory is item 10 in the Head Movement subscale, 

"head movements with speech: clearly accompany, nods or shakes only or very rare 

accenting moves, none." The patient's behavior throughout the video-tape is used to 

score this item, and choosing the first option to rate the behavior observed, "clearly 

accompany," would indicate head movement within normal parameters in a conversational 

context. These Action Inventory items are theoretically quite different from the Primary 

Inventory items. Davis (1991) described the Action Inventory as "ambiguous and context 

sensitive," and stated that the items are not considered indicators of pathology but are 

parameters of nonverbal communication that are valuable as a frame for the observation. 



43 

The Primary Inventory consists of specific patterns of involuntary and voluntary 

movement associated by presentation with A VMs and AIMs, which are described by 51 

items grouped into 10 categories on the basis of similarity. Some of the categories 

(subscales) are clearly related to the hyperkinesia and hypokinesia dichotomy described in 

Chapter 2, but others do not fit neatly into the traditional framework. The subscales of the 

Primary Inventory are 1) Disorganization, 2) Immobility, 3) Low Intensity, 4) Low Spatial 

Complexity, 5) Perseveration, 6) Flaccidity, 7) Diffusion, 8) Exaggeration, 9) 

Hyperkinesis, and 10) Even Control. An example of an item from the Primary Inventory is 

item five in the Disorganization subscale, " sequence of weight shifts and/or weight in 

stillness disorganized; e.g., one part shifts, then another in a different direction, etc., 

and/or body does not come to balanced rest." Observation of this item would indicate 

abnormal movement related to hyperkinesia. Table 1 lists the subscales of the Action and 

Primary Inventories and the number of items making up each subscale. 

The MPI reflects clinical and research experience in assessing psychiatric patients and 

has been revised several times to reflect current knowledge in this area (Davis, 1970, 

1974, 1977, 1991). Data gathered using the inventory had not previously been subjected 

to a great amount of statistical analysis, a fact that influenced the construction of the 

scoring rubric. The inventory was not designed to to be summed, and instead, scores 

were summarized according to a complex combination of weighting and frequency that 

was not numerically supported by the construction of the Primary Inventory since the 

number of items in subscales differed, and certain items in the subscales were weighted in 
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Table 1 
The Organization of the MPI 

Action Inventory Primary Inventory 
Subscale Number of Items Subscale Number of Items 

Nonverbal Communication Parameters AIMs! A VMs Related Movements 

Gesture 2 Disorganization 12 

Self-related Action 2 Immobility 12 

Instrumental Action 1 Low Intensity 3 

Orienting Action 4 Low Spatial Complexity 3 

Head Movement 2 Perseveration 4 

Facial Movement Flaccidity 4 

Posture 2 Diffusion 4 

Exaggeration 3 

Hyperkinesis 3 

Even Control 3 

the absence of empirical data to support the weighting scheme. This made some values of 

the summarization rubric impossible to achieve for some subscales. The data were re-

scaled by removing the weightings and using an amplitude or severity rating of individual 

items extrapolated from the original coding. The items in the Primary Inventory were 

scored as never occurring (0), mild in severity (1), or moderate in severity (2). The 

severity rating represents the salience of the movement to the trained observer, and is 
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similar to severity coding common in other rating scales of abnormal involuntary 

movements described in Chapter 2. No changes were made to the grouping of the 

Primary Inventory items within each subscale. With the exception of the Posture and 

Gesture subscales, items in the Action Inventory were originally coded in terms of relative 

frequency of occurrence yielding codes for not observed (0), observed with low frequency 

(1), and frequently observed (2). Posture and Gesture subscale items were actual 

frequency counts of changes in posture, changes in position, and number of gestures used. 

No changes were made to the coding of the Action Inventory items. All inventory items 

were scored to reflect pathology via higher scores. A copy of the MPI is included in 

Appendix A, and it is important to note that the scoring directions for the Primary 

Inventory differ from the reformulated scoring just described. 

Originally three raters of varying levels of expertise were used to observe the 

sample. One rater was expert, one rater was experienced, and the third rater was a novice 

who had received training. After their initial individual observations had been completed, 

the raters met to score each tape as a consensual unit. The consensus ratings were used 

in all analyses. 

Sample 

Data were collected from two sites in the form of video-taped interviews of 

clinician/patient dyads and diagnostic and demographic data from the medical charts for 

each of the 62 patients. The sample was composed of diagnostically heterogeneous 

psychiatric patients from two settings, a public inpatient psychiatric hospital in the United 
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States, and a government-operated outpatient clinic in Sweden. The sample was made up 

of23 patients from the American site and 39 from the Swedish site. Of the total sample 

24% were male and 76% were female. The patients ranged in age from 16 years to 50 

years with a mean of30 years, standard deviation of8.27 years, and a median of29 years. 

Sixty-seven percent were Caucasian, 27% were African-American, and 6% were of other 

racial groups. Duration of psychiatric illness in the sample ranged from 13 months to 553 

months with a mean of 141 months and a standard deviation of 134 months. The median 

for duration of illness was 120 months. A full description of the psychiatric diagnoses of 

the sample is provided in Appendix B. Although the diagnoses of patients from each site 

were heterogeneous, no patient from the American site carried a diagnosis of personality 

disorder, and no patient from the Swedish site carried a diagnosis of schizophrenia. 

Early Analyses ofMPI Data 

Initially, the data were expected to show differences between diagnostic groups on 

the Primary Inventory subscales, as it was thought that the items represented in the 

subscales were indicative of severe pathology. Schizophrenic patients were expected to 

have higher scores on Primary Inventory subscales than patients with personality 

disorders, and patients with narcissistic personality disorder were expected to have lower 

scores than the borderlines based theoretically on differences in the severity of clinical 

symptoms used to define these diagnoses. My preliminary analysis of these data consisted 

of summing the rescaled items in each sub scale and testing mean score differences for each 

Primary Inventory subscale among three groups of patients, the patients with 
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schizophrenia and schizophrenia spectrum disorders (n = 19), borderline personality 

disorder (n = 21), and narcissistic personality disorder (n = 12). No statistical differences 

were found. Additionally, no strong associations of scores with psychiatric symptoms 

such as thought disorder and auditory hallucinations were found. In the next analysis two 

diagnostic groupings were explored by combining patients with subtypes of personality 

disorders into one group and comparing these patients with the schizophrenia-related 

group, but no mean differences in Primary Inventory scores were found between the two 

groups. 

Since the different diagnoses present in the sample could be theoretically contrasted 

in several ways, a full fledged exploration of the Primary Inventory sub scale scores was 

undertaken comparing mean scores for three combinations of diagnostic groups: 1) 

paranoid schizophrenics, undifferentiated schizophrenics, schizo-affective patients, 

schizophreniform patients, borderline patients, and narcissistic patients were all compared, 

2) paranoid schizophrenics were compared with undifferentiated schizophrenics and 

schizophrenia spectrum patients combined as one group, and 3) borderlines were 

compared with narcissistic patients. Each of these diagnostic comparisons could be 

justified based on findings in the literature or the lack of previous investigation in the 

literature. For example, the work of Man schreck et al. (1982) and Nasrallah et al. (1982), 

failed to find statistical differences among sUbtypes of schizophrenia and schizo-affective 

patients. Comparisons of schizophrenia subtypes and schizophrenia spectrum disorders on 

the MPI subscales was undertaken as the motor signs rated on the MPI represent a 



different level of detection with potential to reveal differences among the sUbtypes. 

Additionally, no study had compared narcissistic personality disorders to borderline 

personality disorders on motor variables, and so this comparison was considered 

important. However, no statistical mean score differences were found on any Primary 

Inventory subscale for any comparison. 
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Although there were not explicit expectations for differences between groups on 

Action Inventory items, these scores were examined next, and mean score differences 

between patients with schizophrenia-related disorders and patients with personality 

disorders were found on two Action Inventory items, item nine, related to trunk orienting, 

and item ten, related to head movements with speech. The schizophrenia-related disorders 

displayed greater failure to adjust trunk positioning (1 = 3.63, 11 < .001) and head 

positioning while speaking (1 = 3.86,11 <.001). These results should not be over 

interpreted in light of the number of statistical tests that were performed on the data, and 

were thus taken as interesting descriptive information about the groups. 

The sample included patients with borderline and narcissistic personality disorders, 

which are psychiatric disorders that are not associated with motor symptomatology in the 

way that schizophrenia has been associated with spontaneous movement disorders. 

Although no neurological screening procedures were carried out, patients with personality 

disorders were observed to exhibit similar ratings on the Primary Inventory to those for 

patients with schizophrenia. At least one study has documented the presence of soft 

neurological signs in borderline personality disorder (Gardner, Lucas, & Cowdry, 1987), 
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but the authors examined a limited number of motor tests and did not rate AIMs or 

A VMs. Similar studies of narcissistic personality disorder have not been conducted, and 

the fact that diagnostic groups as diverse as schizophrenia and personality disorders did 

not statistically differ when univariate comparisons were made of the AIMs and A VMs 

related items in the MPI data is an interesting finding in light of the differences in clinical 

symptoms between these diagnostic groups. Also interesting is the fact that the two types 

of personality disorders representing one personality disorder cluster (as described in 

Chapter 2) did not differ on Primary Inventory ratings, possibly confirming the similarities 

between these two diagnoses leading to their assignment to one cluster in the DSM-IV 

(I 994). Overall, the findings were very similar to comparisons of diagnostic groups cited 

in the literature. The statistical differences on the Action Inventory items were not 

predicted by any of the literature, and this was due in part to the fact that nonverbal 

parameters such as those represented by the action items have not been used in studies of 

schizophrenic subtype comparisons or comparing schizophrenics with personality 

disorders. 

The comparisons on Primary Inventory items were reconsidered with respect to 

neuroleptic medication. As discussed in Chapter 2, the effects of neuroleptic medications 

are either to produce tardive dyskinesia or parkinsonian signs. Relationships between the 

signs noted by the MPI patterns and tardive dyskinesia could not be established, and thus 

could not be investigated. However, clear relationships could be established between 

parkinsonian signs and patterns described in the MPI, and so these were investigated. 
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Specifically, in the overall comparisons on Primary Inventory scores, patients with 

schizophrenia-related disorders, all of whom were taking neuroleptic medications, were 

compared with personality disorders, only one of whom was taking a neuroleptic. Any 

differences between the groups attributable to medication, were expected to show most 

clearly in the Immobility category (the category most associated with parkinsonian signs), 

and the finding of no difference between medicated and unmedicated groups on all 

Primary Inventory categories including immobility can be interpreted as showing no effect 

due to medication. The differences on the Action Inventory items between the two groups 

are argued not to result from medication differences, as it would not be logical for these 

items reflecting nonverbal communication to be affected in the absence of an effect on 

AIMs type items. The lack of differences between medicated and unmedicated groups is 

similar to findings in the literature cited earlier, for example, studies by Owens et at. 

(1982) and Manschreck et at. (1990). 

The Present Study 

As noted in Chapter 2, studies of motor disorders have almost exclusively used 

univariate and bivariate analyses similar to those reported for the MPI data above, and 

have similarly failed to find differences among diagnostic subtypes and groups that were 

expected to be different. Due to the similarity of results of the early analyses of the MPI 

data to the findings in the literature, and the need to explore the MPI as a measurement 

tool, multivariate techniques were investigated as alternative tools for analysis. Two 

multivariate descriptive techniques were chosen for exploration on the basis of their 
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potential for uncovering the structure of the data set given its size and characteristics. The 

techniques used for exploration were 1) multidimensional scaling (MOS) which allowed 

the relationships among the movements described by the MPI to be examined, and 

2) cluster analysis which allowed the classification of the patients using their movement 

behaviors as represented by their MPI scores. The MDS was intended to explore and 

clarifY the complex associations between the two parts of the inventory as well as the 

associations among the different movements represented in the Primary Inventory 

subscales and Action Inventory items. Cluster analysis was intended to give an indication 

of the potential of the inventory for grouping the patients into distinctive sets, thus 

investigating the informal clinical use of the inventory that has taken place for many years 

(Davis, Cruz, & Berger, 1995). The brief introductions to MDS and cluster analysis that 

are presented below are intended as orientations to the techniques. These introductions 

are supplemented with detailed descriptions, beginning with a discussion of proximity 

coefficients for measuring interpoint distances (the cornerstone for these techniques) in 

later sections of this chapter. 

MDS is a class of techniques using the proximities (interpoint distances represented as 

similarities or dissimilarities) among objects as a starting point from which to calculate 

coordinates that locate the objects in space so that the proximities can be represented 

spatially as a map (Dillon & Goldstein, 1984; Kruskal & Wish, 1990). MDS is primarily 

concerned with representation, and MDS models differ in the assumptions made about the 

quantitative properties of the data (Coxon, 1982). The first step in MDS is to determine 



the dimensionality of the data, since this is unknown. Once the dimensionality has been 

determined, the data can be spatially represented and interpreted. 

52 

Since MDS is an exploratory descriptive technique, two types of proximity measures 

were used with two types ofMDS to avoid measure- or method-dependence in the 

analyses, as well as, to obtain different types of information about the variables. The two 

types ofMDS used were classical MDS (CMDS) and weighted MDS (WMDS). CMOS 

is the simplest form ofMOS, in which one positions a set of objects in the space based on 

information in a single matrix of proximities. WMDS is also referred to as individual 

differences scaling, and differs from CMOS in that two or more related proximity matrices 

can be used, and weights are calculated which specifically portray differences between the 

matrices. In WMDS, one positions objects in a common or group space, based on the 

information that is common among multiple matrices, and the differences between the 

matrices are portrayed in a separate space called the weight space. The matrices may 

represent proximities of the objects obtained under mUltiple conditions (e.g., mUltiple 

judges rating the same set of objects). The weights calculated for each matrix represent 

"distortions" in the group space (e.g., giving a sense of salience of each dimension to each 

judge). 

Cluster analysis is a classification technique in which cases are grouped into 

homogeneous classes on the basis of their similarity on variables that represent key or 

fundamental characteristics (Bailey, 1994). There are many types of clustering methods 

which define the rules of how to search a proximity matrix and when to combine 
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individual cases. F or example, a commonly used group of techniques, hierarchical 

agglomerative clustering, begin with each case in a cluster of its own and join the two 

closest cases at the next level of merger. At the third level a new case joins an existing 

cluster or a new cluster is formed according to the assignment rule, a specified algorithm 

that differs among techniques (Aldenderfer & Blashfield, 1994). The issues of method

and measure-dependence were addressed by comparing solutions employing two types of 

proximity measures, and by using several types of clustering methods. 

Coxon (1982) described three crucial considerations in using MDS which are also 

applicable to cluster analysis: the data which provide the information to be represented, 

the model that interprets the data by giving the relative proximity of objects, and the 

transformation that specifies which information in the data is to be preserved in the 

solution. These considerations were used to illuminate and address particular issues in 

analysis of the MPI data. One issue of concern was the fact that any given individual was 

expected to receive a limited number of positively scored items on the inventory overall. 

The choice of appropriate proximity measures to model the distances among the variables 

for MDS and among the cases for cluster analysis was addressed with care, given this 

characteristic of the data. The exploration of Coxon's (1982) three considerations over 

the two types of analyses served as guidance that enhanced the representation, 

interpretability, and conformity of the data to the models. 
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Data Analysis 

Variables and Cases Analyzed 

The Primary Inventory and Action Inventory subscales were evaluated for use in 

MDS and cluster analysis by examining several aspects related to their functioning as 

variables. The re-scaled Primary Inventory data were reduced by choosing the item with 

the maximum value within each sub scale to represent the subscale. This produced 10 

Primary Inventory scores for analysis. The importance, ifany, of frequency of motor signs 

is not addressed in the literature. However, severity of signs is frequently addressed and 

considered important, and this influenced the decision to use the item with the highest 

severity rating in each sub scale to represent the sub scale. The new subscale scores kept 

the original severity coding intact, and were not confounded by combining frequency and 

severity as they were when items were summed across categories. For example, the 

disorganization and immobility subscales have 12 items each while the other eight 

subscales have three or four items. When scores were summed over the items in each 

category, the severity rating was confounded with the number of items, and the subscales 

with larger numbers of items had greater ranges than those with fewer items. 

Studying the relationships between the Action Inventory items and the Primary 

Inventory items was considered important to this study, since the relationships had not 

previously been investigated with respect to the MPI, nor have motor signs and nonverbal 

communication parameters been combined in studies in the literature. However, some of 

the items within the subscales presented problems. The Gesture and Posture sub scale 
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items had large differences in the ranges of values possible which presented a problem for 

analysis. Specifically, these items had ranges up to 10 times as large as the other subscale 

items. As described earlier, the items were absolute frequency counts of each gesture and 

change in posture occurring within the observation, and differed from the other action 

items which were relative frequency counts, and the Primary Inventory items which were 

rated in terms of quality or severity. Since the Gesture and Posture items were absolute 

rather than relative frequency counts, they were confounded with the length of the video

taped sessions which differed for the two parts of the sample. A further complication 

regarding these items was the lack of a theoretical basis for establishing the relevance of 

number of changes of posture or number of gestures to either the context of the 

observation or abnormal involuntary movements. Due to the confound and the inability to 

substantively relate these four items to other parts of the inventory, they were excluded 

from the analysis. Of the remaining action items, two (one from the Orienting sub scale 

and one from the Head Movement sub scale ) were excluded due to a high rate of missing 

data across the sample. Three more items failed to discriminate among the patients, in 

that greater than 90% of the sample received a score of zero (not observed) on these 

items. One of these items was also suspected of representing a cultural confound as it 

related to eye contact, a nonverbal parameter known to be culturally related in the 

population at large. These variables were also excluded, leaving five Action Inventory 

items representing four of the original seven subscales for analysis. Since the Action 

Inventory subscales represented a descriptive rather than theoretically derived convention, 
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they were dropped as reference terms, and the action items are referred to individually 

from this point forward. Table 2 lists the Primary Inventory subscales and action items 

used for analysis and their variable names that are used in Chapter 4. 

In the earlier analyses two relatively large groups of diagnostically different patients 

were culled from the sample, schizophrenia-related disorders and personality disorders. 

These two groups were chosen again since it was hoped that any differences associated 

Table 2 
Variables Used in MDS and Cluster Analysis 

Primary Inventory Category Variable Name Action Inventory Item Variable Name 

Disorganization DIS Repetitive Action A3 

Immobility 1M Self-touch Action A4 

Low Intensity LIT Instrumental Action AS 

Low Spatial Complexity LSP Trunk Orienting Action A9 

Perseveration PSV Head Movement Action Al 0 

Flaccidity FLC 

Diffusion DIF 

Exaggeration EXG Primary Inventory - Cont 'd 

Hyperkinesis HYP Even Control EVN 



57 

with diagnosis might be apparent in both :MUS and cluster analysis when restricted to 

these groups of patients. The schizophrenia-related disorder group was made up of 

individuals with paranoid schizophrenia, undifferentiated schizophrenia, schizoaffective 

disorder, and schizophreniform disorder. The personality disorder group was made up of 

patients with narcissistic personality disorder and borderline personality disorder. This 

division was justified on the basis of diagnostic similarities within each group (see Chapter 

2). The specific diagnostic categories composing the two groups of patients in the sample 

used for analysis are summarized in Table 3. 

Table 3 
Sample Cases Used for Analysis 

Schizophrenia-related Disorders n Personality Disorders n 

Schizophrenia Undifferentiated 4 Narcissistic Personality Disorder 12 

Schizophrenia Paranoid 9 Borderline Personality Disorder 21 

Schizophreniform Disorder 3 

Schizoaffective Disorder 3 

Group Total 19 Group Total 33 

Once patients with missing data were excluded, 44 patients (15 schizophrenia-related 

patients and 29 personality disorder patients) of the original sample of62 were used for 
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analysis. Demographic data reported earlier for the total sample did not substantially 

differ for the sample used for analysis and is summarized in Table 4. 

Demographic data for the schizophrenia-related disorders and personality disorders 

groups were also compared. There was no statistical mean difference between the groups 

in years of education. The schizophrenia-related group was younger (1 = -4.19, l! < .001), 

and had been ill for a shorter period of time (1 = -5.23,12 < .001). These differences were 

not expected to affect the analyses since the personality disorder group was not old 

enough to show motor signs due to aging (M = 33 years), and duration of illness has not 

been linked to motor signs in the literature. 

Table 4 
Comparison of Demographic Data for Total Sample and Sample Used for Analysis 

Total Sample Sample Analyzed 

Age 

M = 30 years SD = 8.27 Mdn = 29 M = 30 years SD = 8.58 Mdn = 28 

RacelEthnicity 

Caucasian = 67% African-American = 27% Caucasian = 69% African-American = 25% 

Other = 6% Other = 6% 

Duration of Illness 

M = 141 months SD = 134 Mdn = 120 M = 144 months SD = 143 Mdn = 96 

Education 

M = 12.37 years SD = 2.75 Mdn = 12 M= 11.9 years SD=2.75 Mdn= 12 
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Proximity Measures 

Proximity coefficients represent the distance between two points as either a similarity 

or a dissimilarity, according to how the coefficient is calculated. Distance is formally 

defined by satisfying the requirements of the properties of non-negativity, equivalence, 

symmetry, and the triangle inequality. Non-negativity and equivalence imply that the 

distance between two points (a and b) must be either zero (which describes the situation 

when the points have the same exact location) or a positive number, and will be the same 

for all points a and b. Symmetry means that the distance from point a to point b is the 

same as that from point b to point a. To satisfy the triangle inequality, either the distance 

from point a to point b plus the distance from point b to point c must equal the distance 

from point a to point c (if the points lie on a straight line), or the distance from point a to 

point b plus that from point b to point c must be greater than or equal to the distance from 

point a to point c (if the points do not lie on a straight line). Many types of data can be 

used with different types of proximity coefficients, and all resulting measured distances 

should conform to these properties. 

When distance is calculated using a similarity measure high values imply that objects 

(points) are close together, and conversely, high values of dissimilarity measures imply 

that objects are distant. Euclidean distance is a common proximity measure used with 

ordinal or interval level variables in which the dissimilarity between two objects is 

calculated across all subjects as the square root of the sum of the squared differences 
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between the values for the items. The Euclidean distance between two objects, rated by 

multiple units, is expressed by the following formula. 

where i = the index for unit of analysis 

x = the value on object x 

y = the value on object y 

The Euclidean distance measure is affected by scale differences in the variables, which can 

distort results in that differences between variables with greater ranges can overwhelm 

those with smaller ranges (Dillon & Goldstein, 1984). Variables can be standardized 

when there are scale differences to address this concern. 

Distance between variables whose values are binary data (e.g., yes/no, 

present/absent) can be measured with a variety of proximity coefficients, for example, the 

Jaccard similarity measure. For such data, a two-by-two table as shown below, can be 

used to summarize the four possible outcomes of ratings on the two objects. In the 

example shown below, the values of the two objects (x and y) are represented as 

occurrence (coded as 1) and nonoccurence (coded as 0). 

x 

Y 
1 a 1m am 
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The upper left cell (a) of the table represents joint occurrence, the upper right cell (b) 

represents occurrence on the first but not the second variable, and the lower left cell ( c) 

represents occurrence on the second but not the first variable. The lower right cell (d) 

represents joint nonoccurrence of both variables. In the formula for the Jaccard measure, 

which follows, joint nonoccurence (the d cell) is not included as part of the formula. 

DJaccard = a / (a + b + c ) 

Care was taken with the choice of proximity measures since frequencies of the data 

were quite low, reflecting Davis' (1991) notation that the inventory items represent "rare" 

data in that anyone subject will display only a small subset of the items. The Euclidean 

distance measure was chosen as a traditional and well known distance measure, and its use 

with the data was considered appropriate since the severity coding represented an ordinal 

level of measurement. Since all variables used had the same range of values (0 to 2) 

variables did not need to be standardized. The Jaccard measure was chosen as a 

contrasting distance measure because it is designed for categorical data. Recoding the 

data for use with the Jaccard measure necessitated making only the distinction between 

whether a movement was observed or not, and although this obviated the severity coding, 

the distinction of observed presence or absence of movement abnormalities is a valid 

aspect ofthe data for consideration. I hoped that using the Jaccard measure would help to 
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avoid any inflation of proximities based on the joint absence of motor symptoms rather 

than their presence (e.g., variables measured as similar due to the fact that neither was 

observed in the sample). My concern with the rarity of the data can be illustrated by 

inspecting the raw data for the ordinally coded data (severity scores) and the 

dichotomously coded data (observed or not observed), which are included, respectively, in 

Appendices C and D. Viewing the raw data, one is struck by the number of scores that 

are zero. 

Coefficients for the two types of proximity measures are included in Appendix E. 

Since the Euclidean distance is a dissimilarity measure, large coefficients in the matrix of 

Euclidean distances indicate that the objects are distant. Large values of the coefficients 

in the Jaccard matrix (a similarity measure) indicate that objects are close. Using the two 

types of proximity measures to create input matrices for MDS allowed checking the 

results for possible effects due to type of measure. 

MDS Techniques 

Dimensionality is "the number of separate and interesting sources of variation among 

a set of objects," (Jacoby, 1991, p. 27). Since dimensions have no inherent reality, they 

should be thought of as merely simplifYing the characteristics of the set of objects scaled. 

In other words, dimensions are a mathematical convenience for the simplification of 

variance in a data set, and are specific to the sample characteristics and number of objects 

contained in a data set. The dimensionality of a data set is always context specific, and if 



63 

the context changes, for example, if variables or cases are added or dropped from the data 

set, the dimensionality may change (Coxon, 1982). 

In MDS the task is to recover the underlying structure of a set of data points, given 

the proximities among points, by attempting to reconstruct a representational space with 

estimated coordinates that satisfactorily reproduce the proximities of the points. There are 

two forms ofMDS to address different levels of data. Metric MDS is used with interval

or ratio-level data, and nonmetric MDS is used with ordinal or categorical data. Further 

discussion will be restricted to nonmetric MDS since it was used exclusively in the present 

study, as the level of measurement of the motor variables was at best ordinal as described. 

Nonmetric MDS techniques arrive at a solution for the spatial coordinates of the 

objects by using the rank ordering of the proximities coefficients in the input matrix. The 

purpose of the basic nonmetric MDS procedure is to find a configuration of points whose 

distances reflect as closely as possible the rank order of the proximities. This is done by 

finding a rescaling of the data proximities that transforms them into Euclidean distances. 

From these distances, coordinates for the points are obtained so they can then be plotted 

in a k-dimensional Euclidean space (Coxon, 1982). Since the dimensionality of the data 

set is unknown, the first task becomes to determine the appropriate value of k by 

specifying several values to be used in the procedure. The solutions for the different 

values of k are evaluated to choose the best fitting configuration in k dimensions. Once a 

solution in k dimensions has been determined as acceptable, patterns or directions in the 
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configuration for that dimensionality are detected and ascribed a meaning or interpretation 

(Coxon, 1982). 

Since two different distance matrices are used in the MDS procedure, which can be 

confusing, my further discussion of the technique distinguishes these distances in the 

following way. The term proximities is used to refer to the distances that are used as 

initial input for the procedure. The Euclidean distances that are derived as part of the 

MDS procedure will be referred to as derived distances or simply as distances. This 

clarification of terminology should enhance the following discussion of the nonmetric 

MDS procedure. 

The process of nonmetric MDS begins with the rank ordering of the proximities 

(dissimilarities or similarities) in the input matrix. The proximities are standardized and 

used to estimate coordinates and derived distances which are also standardized. The rank

ordered proximities are then compared to the distances and any discrepancies in the 

ordering of the distance matrix from the ordering of the proximity matrix are smoothed 

using a procedure called isotonic regression so that the monotonicity constraint, which 

requires that the estimated distances have the same rank ordering as the proximities, is 

satisfied. The smoothed distances are used to replace the values that were discrepant in 

the distance matrix and the new matrix that results from this step is referred to as a 

disparity matrix. The distance and disparity matrices are then compared, and if the 

improvement in fit is smaller than a specified criterion value the procedure is terminated. 

If the improvement in fit is larger than the criterion value an iterative process using new 
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estimated distances and disparities is activated until the discrepancy between the matrices 

is minimized. Fit of the solution at the termination of the procedure can be assessed by fit 

statistics called Stress and S-stress. Two commonly used Stress statistics are Kruskal's 

Stress formula one and Young's S-stress formula one. Computer scaling algorithms differ 

in telms of which Stress statistic is minimized to arrive at a solution. The formula for 

Kruskal's Stress formula one is as follows. 

L( dij - Sij)2 

SI= 
L (dl) 

112 

where i and j = objects scaled 

dij = distance from object i to object j obtained from 

coordinate estimates 

sij = the fitted value (disparity) of dij obtained through 

isotonic regression 

The formula for Young's S-stress formula is shown below. It differs from Kruskal's 

Stress formula one in that it is defined in terms of squared distances and squared 

disparities (Davison, 1983). 



Lij (dl- sli 

L (dl)2 

where i and j = objects scaled 

112 

dij = distance from object i to object j obtained from 

coordinate estimates 

Sij = fitted value of dij obtained through isotonic 

regression 
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Stress and S-stress are used to control the iterative part of the procedure, and the value of 

the statistic at the termination of the procedure is used to evaluate the fit of the solution. 

Small values indicate little error between the fitted distances ( disparities) and the original 

proximity values from which the space was derived (Dillon & Goldstein, 1984). Values of 

Stress and S-stress are affected by the type of coefficient used, random noise in the data, 

and the number of dimensions (Jones, 1987). Since there is no known distribution for the 

Stress statistics, the fit of the solution cannot be evaluated in terms of probability. 

CMDS and WMDS are two types ofMDS referred to previously. In CMDS only one 

matrix of proximities is scaled, and although either variables or cases can be used as the 

objects scaled, both cannot be represented in the matrix or scaled at the same time. 

WMDS is used when variables and cases are scaled simultaneously since several related 

matrices can be used as input for the technique, allowing both variables and cases to be 

represented. For example, in the WMDS used in this study, a proximity matrix was input 
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for each case (patient), which depicted the proximities among the variables for that 

individual case. WMDS produces two representational spaces rather than one, a variable 

space and a weight space. Since both variables and individuals are scaled simultaneously 

in WMDS, each matrix has a weight for each dimension of the variable space, with the 

weight representing the importance of the dimension for that individual (Schiffinan, 

Reynolds, & Young, 1981). In other words, the variable space represents the information 

that is shared in common across the individuals about the structure of the variables, and 

the weight space represents the information that is unique to individuals. 

Once solutions for the values of k specified by the researcher have been generated, 

the evaluation of solutions for CMDS is accomplished with a combination of indices, 

guidelines, and the researcher's interpretation. To determine the number of dimensions 

that best represent the data, four considerations are taken into account. In MDS the 

number of objects scaled places some restriction on the number of dimensions of the 

solution in that the number of objects should be greater than approximately four times the 

number of dimensions (Kruskal & Wish, 1990). This restriction provides one means of 

evaluating dimensionality, for example, a four dimensional solution for a scaling of nine 

objects would not be appropriate. The second method of evaluating dimensionality 

involves inspecting plots of the distances versus the disparities, and plots of the distances 

versus the proximities. This allows a visual assessment of the differences between the 

derived distances and the disparities obtained through isotonic regression, and the 

differences between the proximities and the derived distances. The third and fourth 
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methods that can be employed to evaluate CMDS solutions are comprised of evaluating 

measures of goodness of fit in the form of Stress statistics. Stress and S-stress, as 

discussed previously, are measures of fit in which the differences between the derived 

distances and the disparities (distances which are smoothed to satisfy the weak 

monotonicity constraint of nonmetric MDS) are compared. The value of Stress and S

stress at the termination of the procedure can be evaluated in the followings ways. The 

general guidelines that can be used for evaluating Stress (Kruskal's Stress formula one and 

Young's S-stress formula one since the values of these statistics are generally quite close) 

consider values of .20 and greater to be poor, .10 fair, .05 good, .025 excellent, and 0 

perfect. The scree plot uses values of Stress or S-stress (whichever formula was 

minimized in the scaling algorithm) plotted against the number of dimensions and the plot 

is examined for abrupt change in the slope. 

Evaluation ofWMDS solutions is the subject of some disagreement in the literature. 

Kruskal and Wish (1990) recommended using the percentage of variance accounted for, 

while Davison (1983) recommended using Stress. One of the problems with using Stress 

to evaluate WMDS is that values may not fit the guidelines mentioned earlier. In WMDS, 

variables and individual responses are scaled simultaneously, creating a more complicated 

analysis that can result in larger values of Stress than those referred to above for 

evaluating CMOS. Davison (1983) recommended determining an a priori estimate of 

dimensionality using CMOS and then evaluating both the fit statistic for the group space 

and each subject for the specified dimensionality. 
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Interpretation of configurations focuses on graphical interpretation, detecting local 

structure and direction. According to Coxon (1982), interpretation can be accomplished 

with internal or external methods, in other words, the configuration itself can be 

interpreted or data independent of the scaled data can be used to aid interpretation. 

Internal methods include spanning dimensions (noting the objects with the highest and 

lowest coordinates on a dimension and identifying the dimension), graphical interpretation, 

and detecting regions of high and low point density. 

For the purposes of the present study, the Primary Inventory subscales and Action 

Inventory items measured by the MPI served as the objects in MOS, and proximities 

among these variables calculated using the Euclidean distance and Jaccard measures were 

used as input matrices. The approach taken was first to use CMOS in two scalings, one 

using Euclidean distance proximities, and one using Jaccard proximities. Solutions were 

generated for one, two, three, and four dimensions. Then two additional scatings, one for 

each of the diagnostic groups using Jaccard proximities, were obtained for one, two, and 

three dimensions. Differences between the two groups were further investigated by using 

WMDS in a similar pattern, first using individual input matrices for each of the 44 

patients, and then scaling individual input matrices for the schizophrenia-related patients 

and the personality disorder patients separately. Jaccard proximities were used with the 

CMOS, and the Euclidean distance proximities were used with the WMDS to avoid 

method- or measure-dependence in the exploration of group differences. This could 

reasonably have been accomplished in a different way by also using the Euclidean distance 
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in two separate CMDS analyses of the groups and the Jaccard measure with the WMDS, 

but this design would not have been parsimonious. Since method- and measure

dependence could be addressed with less analysis, I chose the method described. 

Evaluation of solutions was carried out according to the indices and guidelines that were 

described. The computer algorithm for all CMOS minimized S-stress (Young's formula 

one) to control the procedure, and the algorithm used in all WMDS minimized Stress 

(Kruskal's formula one). However, results should not substantially differ using either fit 

measure. With respect to the WMDS, Davison's (1983) approach was taken, and the 

CMDS analyses were used to obtain an estimate of dimensionality, which was then used in 

WMDS and evaluated for interpretability. 

Interpretation was accomplished with internal methods focusing on graphical 

representation and regional areas of density with limited directional analysis. Part of the 

reason for this approach was due to the fact that the literature would predict two 

dimensions associated with the hyperkinesia and hypokinesia dichotomy, and a third 

dimension associated with A VMs. However, the movement variables could not be used to 

interpret dimensions beyond a basic hypokinesialhyperkinesia orientation, since more in

depth understanding of the association of the variables to A VMs is still needed. I 

considered naming dimensions a meaningless exercise for this reason. It should be noted 

that dimensions, in the sense of directions, are meaningless since any orientation of the 

axes which preserves the distances among variables is equally acceptable. I viewed 

inspecting graphical representations for the information they contained about the distances 
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and similarities of the motor variables as consistent with the exploratory nature of the 

study. The patients' diagnostic groups were employed as both internal and external data to 

help with interpretation. Coxon (1982) recommended cluster analysis as a supplemental 

means of interpreting MDS solutions. The CMDS and WMDS were used to begin to look 

at similarities and differences in the patterning of patients on the MPI variables, and then 

cluster analysis was used to explore the groupings or clustering of patients in more depth. 

The SAS and SPSS statistical packages were used for the analyses. Each package 

has different advantages in the ease of programming and the quality and flexibility of 

output produced. The ALSCAL procedure in SPSS and PROC MDS in SAS were used 

with the proximity matrices to carry out nonmetric MDS. The Jaccard matrices were 

transformed so that the interpretation of interpoint distances in the scaled space was the 

same for all analyses (i.e., larger values correspond to larger distances) as advised by 

Jacoby (1991). This transformation was accomplished with standard commands in the 

programs. 

Cluster Analysis Techniques 

Cluster analysis was used to investigate the usefulness of the MPI movement variables 

in grouping the patients, and to accomplish this task the proximities among the patients on 

the MPI variables were calculated and submitted for analysis. The proximity measures 

were both Euclidean distance and the Jaccard measure. The clustering methods employed 

in the analyses included both hierarchical, agglomerative methods and k-means clustering. 

Agglomerative methods are relatively simple and reflect different merger rules or linkage 
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forms. The clusters formed from these methods are non-overlapping at each stage but are 

nested, as each cluster can be subsumed as a member of a larger cluster at a different level 

of similarity at a subsequent stage (Aldenderfer & Blashfield, 1994). 

The agglomerative clustering methods used were single linkage, average linkage (both 

within clusters and between clusters), and complete linkage. These techniques differ 

based on how distance is defined within each technique. In the single linkage method, 

which is also called nearest-neighbor, distance is defined as the the distance between the 

two most proximate objects in separate clusters. In this technique clustering starts by 

joining the two cases with the minimum interpoint distance to form the first cluster. At 

the next stage either a third case will join the cluster, or a second cluster will be formed by 

the two closest unclustered cases. This decision is determined by whether the distance 

from one of the unclustered cases to any member in the first cluster is less than the 

distance between the two closest unclustered cases. In complete linkage distance is 

defined as the proximity between the two most distant points (the most dissimilar pair of 

cases) in separate clusters. Average linkage methods use the average of distances between 

all pairs of cases in a cluster and a case outside the cluster to calculate the distance. Two 

variations of average linkage were used in the analysis of the :MPI data, within-groups and 

between-groups. In the average linkage within-groups method clusters are combined so 

that the average distance between all cases in the resulting cluster is as small as possible. 

Between-groups average linkage defines the distance between two clusters as the average 

of the distances between all pairs of cases in which one member of the pair is from each of 
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the clusters, so this method uses information about all pairs of distances. Once distance is 

defined, the two closest objects are joined, whether they are two clusters, two cases, or a 

combination of the two. 

K-means clustering is an iterative partitioning technique in which a case is assigned 

to the cluster for which the distance between the case and the center (or centroid) of the 

cluster is smallest. The k-means algorithm is appropriately used with proximities that have 

the properties of Euclidean distance, and there are several ways offorming the starting 

points used as initial estimates of cluster centers (Dillon & Goldstein, 1984). The 

procedure used in this study was to specify a value for k (number of clusters) and allow 

the initial cluster centers to be found by selecting k cases with well-separated values on the 

variables to represent initial cluster centers. The next step of the algorithm assigned each 

case to the nearest cluster center, and at each assignment, updated the cluster center to a 

mean for the cases that were thus far in the cluster. This caused the centers to migrate to 

the concentrations of observations as cases were processed. In the third step the 

algorithm reassigned each case to the nearest of the updated cluster centers. The 

allocation of a case to a cluster is not irrevocable in this method, although cases cannot 

belong to more than one cluster. The second and third steps involve the iterative shifting 

of cases to clusters to improve the solution. 

Agglomeration schedules and graphical depiction in the form of dendrograms are 

used to track the process of assigning cases to clusters in hierarchical cluster analysis 

methods. In the process of evaluating the cluster solutions for the MPI data, 
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agglomeration schedules and dendrograms were studied for indications of effectiveness in 

clustering the patients, and in addition, cluster solutions were evaluated in terms of cluster 

membership. For example, solutions that produced clusters with only one member were 

viewed as inefficient, in that the usefulness of a cluster of one to a classification procedure 

is limited. Emphasis was placed on comparing cluster solutions across methods and types 

of proximity measures and looking for patterns in the assignment of diagnostic groups to 

clusters in the analysis in keeping with the exploratory nature of the research overall. 

Procedures CLUSTER and QmCK CLUSTER were used to carry out agglomerative 

and k-means clustering, respectively, in SPSS. The output for the SPSS clustering 

procedures was considered superior to that ofSAS, and was used exclusively. 
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The MOS analyses took place in several steps. First, the sample was used in two 

CMOS analyses to compare differences between solutions using proximity matrices 

created with the Euclidean distance and Jaccard measures. The sample was then divided 

into the two diagnostic groups and separate CrvIDS analyses, using proximity matrices 

created with the Jaccard measure as input, were obtained for each group. Then WMDS 

was used with the Euclidean distance proximity matrix to simultaneously scale the MPI 

variables and the patients. Finally, WMDS was used to scale each diagnostic group 

separately. The use of Jaccard proximities with the CrvIDS for each group and Euclidean 

distances with the WMDS, as explained earlier, was chosen as a means of avoiding 

method- or measure-dependence in the exploration of group differences. 

CMDS Results 

The evaluation criteria discussed previously were applied to the output for analyses 

of both the Euclidean distance and Jaccard similarity matrices. Values of Young's S-stress 

formula one were plotted on the ordinate and number of dimensions was plotted on the 

abscissa to create the scree plot for the Euclidean distance matrix shown in Figure 1. The 

scree plot indicated a slight elbow at three dimensions (S-stress value .059), and the three

dimensional solution was thus chosen as a reasonable fit and representation of the data. 

The guidelines for the size ofKruskal's Stress formula one coefficient were used and 

interpreted to indicate that the three-dimensional solution (Stress value .069) could 
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be considered a "good" fit to the data. Other output for the three-dimensional solution 

was reviewed for indications of acceptability. Plots of linear fit (distances versus 

disparities) and nonlinear fit (distances versus proximities) showed more dispersion of 

points for lower values of distances, a typical situation related to the fact that the S-stress 

criterion tends to minimize discrepancies for large distances rather than small distances 

(Jacoby, 1991). 

The coordinates derived for each movement variable were plotted in three 

dimensions for graphical interpretation (see Figure 2). Few of the 15 movement variables 

grouped near each other in the space, indicating that the variables are roughly equally 

distant. Only one region with a greater density of points can be distinguished in the space. 

Variables located in this region are Diffusion (OIF), Even Control (EVN), Trunk 

Orienting Action (A9), Low Spatial Complexity (LSP), Instrumental Action (AS), Head 

Movement Action (AI0), and Low Intensity (LIT). Immobility (1M) and Disorganization 

(DIS), the MPI categories in which items most strongly resemble, respectively, 

hypokinesia and hyperkinesia, are at opposite sides of the space in the plane of dimensions 

one and two. Immobility is joined only by Flaccidity which is much lower on dimension 

three. The Primary Inventory variables in the dense area are not associated with 

traditional measures of hyperkinesia and hypokinesia as are Disorganization and 

Immobility. There is a clear ordering of the variables in the space with hypokinesia 

defining the left part of the space, hyperkinesia occupying the right part of the space, and 

action items joining Primary Inventory subscales not related to the hyperkinesia and 
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hypokinesia dichotomy located in the center of the space. 

MDS analysis of the Jaccard matrix was evaluated similarly, and the scree plot was 

not as clear as desired. The plot (see Figure 3) had two rather slight elbows, one at two 

dimensions and one at three. The value of S-stress for three dimensions was . 147 and 

considering that S-Stress and Stress are affected by the type of measure used among other 

things, this was considered a good fit. Values ofKruskal's Stress formula one were also 

interpreted to evaluate the two- and three-dimensional solutions using the guidelines 

associated with the size of the statistic mentioned previously. The value of the statistic 

was .171 for two dimensions and . 103 for three dimensions. The three-dimensional 

solution was close to the "fair" category (.10). The dimensionality was consistent with 

that reported for the Euclidean distance analysis. The plot of the distances versus 

disparities showed rather consistent spread for all distance values, high, medium, and low, 

although greater spread was evident than the spread graphed for the Euclidean distance 

matrix as would be expected due to differences in the proximity measures. 

Figure 4 depicts a graphical representation of the three-dimensional solution for 

Jaccard proximities, and two interpretable regions of relative density are visible in the 

representational space. One region is composed ofInstrumental Action (AS), Repetitive 

Action (A3), Flaccidity (FLC), and Disorganization (DIS). This region shows a 

juxtaposition of fidgeting actions with hypokinetic-type signs near hyperkinetic signs and 

repetitive action on dimensions one and two. This combination might give an 
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observer the impression that the patient was nervous or anxious, while otherwise 

depressed. The other region that is visible consists of Self-touch Action (A4), Immobility 

(1M), Diffusion (DIP), Low Intensity (LIT), and Low Spatial Complexity (LSP). This 

region contains a mix of hypo kinetic signs, atypical categories (those not related to the 

hyperkinesia and hypokinesia dichotomy), and self-touch that, again, are closer on 

dimensions one and two. The combination of these movement characteristics could create 

the picture of regression and depression in a patient. No large separation of hypokinetic 

from hyperkinetic movements was seen overall in contrast to what was observed in 

Figure 2. In other words, the Jaccard CMDS was not interpretable in terms of directions 

in the space in the same way that the scaling for Euclidean distances was interpretable. 

Differences between the three-dimensional depiction based on the Euclidean distance 

proximity matrix and that based on the Jaccard proximity matrix can be viewed as the 

result of the differences between the two measures. Few patients scored greater than 

zero (not observed) in many of the movement categories (the "rare" quality referred to 

earlier), and dissimilarity calculated with the Euclidean distance measure used dissimilarity 

among all variable combinations averaged over the patients, incorporating into the 

proximity coefficients instances in which the value of both variables was zero. When the 

proximity coefficients are transformed into distances, the movement variables appear 

separated in the space, possibly reflecting inflation of the distances related to the Euclidean 

distance measure. The Jaccard measure does not include joint nonoccurrence (instances 

when the values for two variables are both zero) into the calculation of the coefficient. 
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Since the focus of interest was on motor symptoms that were observed in the sample, joint 

nonoccurrence was not of interest. The transformed Jaccard similarities are interpretable 

as co-occurrence with the influence of joint nonoccurrence removed. In Figure 4 the 

more densely populated regions indicate surprising combinations of hyperkinesia and 

hypokinesia-type items co-occurring with action items. This is quite a different mapping 

than that seen in the ordering of the scaling using the Euclidean distance proximities, yet 

informative in a way that might have been missed if only the Euclidean distance measure 

had been used. Particularly, the information on the co-occurrence of hypokinesia items 

and action items resulting from the use of the Jaccard measure, implies that the items of 

the inventory allow for sophisticated differentiation of movement behaviors. 

Once solutions were obtained for the entire subsample, scaling was performed for 

the schizophrenia spectrum disorders and personality disorders individually. Since the 

Jaccard matrix provided input clearly interpretable as co-occurrence, an aspect of 

particular interest, and produced a reasonable representation of the data, it was used for 

the analyses of the schizophrenia-related disorders and personality disorders groups. 

Values of Stress and S-stress for each group scaling were compared with the scaling for 

the entire subsample, and are summarized in Table 5. Values of S-stress were lower and 

more similar for the entire sample and the schizophrenia-related disorders than for the 

personality disorders, suggesting that the personality disorder group was somewhat more 

heterogeneous than the schizophrenia group. Stress values for three-dimensional 

solutions fell into Kruskal's "fair" category. Plots of the distances and disparities, and 
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Table 5 
S-stress and Stress Values for Overall and SeIlarate GrOUIl Scatings 

Number of Fit Statistic Entire Schizophrenic Personality 
Dimensions Sample Disorders Disorders 

1 S-stress .33989 .41506 .51382 

1 Stress .32681 .34498 .45231 

2 S-stress .21489 .23128 .32782 

2 Stress .17088 .17145 .22973 

3 S-stress .14690 .15437 .17084 

3 Stress .10287 .11730 .13973 

distances and dissimilarities showed similar amounts of scatter and were comparable to 

those seen for the entire subsample. The three-dimensional solutions for the separate 

scatings were chosen for graphical interpretation. Graphs of the three-dimensional 

solutions show differences in the relationships of the movement variables across the two 

groups. 

The graph for schizophrenia-related disorders (Figure 5) shows two variables, 

Immobility (1M) and Self-touch Action (A4) very close to each other in the space. It 

should be noted that these two were originally so close that the variable labels were not 
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easily read, and they have been separated a little to facilitate identification in Figure 5. 

Using a co-occurrence interpretation, this is an unusual combination in that Immobility, 

which notes an atypical depression of normal movement (e.g., the parkinsonian signs 

mentioned earlier), co-occurred with voluntary movement in the form of self-touch. Two 

other regions of density, neither as extreme as the first, are also represented in the space. 

One is created by Hyperkinesis (HYP), Low Intensity (LIT), and Trunk Orienting Action 

(A9) where the greatest proximity is on the first and second dimensions, and indicates an 

interesting relationship among hyperkinesia-type movement, a lack of dynamic variation in 

movement, and lack of orienting the body to another in a social interactive context. The 

other region of relative density is composed of Disorganization (DIS), Exaggeration 

(EXG), Repetitive Action (A3), and Instrumental Action (AS). The region reflects 

hyperkinesia-type movement, bizarrely exaggerated gesture or action (somewhat similar in 

form to hyperkinesia), and excessive voluntary action in the form of rocking and fidgeting 

with an object such as a pencil or button. Of the three regions described, only the third is 

unsurprising in that hyperkinetic signs and excessive voluntary actions might be expected 

to occur together. The other two regions were quite striking since they describe 

combinations of movement that initially seem discordant. However, if pictured together, 

the first region would depict someone with an abnormal lack of responsive movement (for 

example, very little facial expression, eye blinks, no changing or shifting of position) but 

who is in motion quite a bit in the form of wiping the nose or rubbing an ear lobe. The 

second region would produce a picture of someone who used excessive or overly large 
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gestures, while overall not appearing to have any dynamism or flow (the "aliveness" of 

movement) and failing to adjust his or her body to accomodate the interviewer. This 

combination might be reminiscent to the clinician of the disassociation commonly seen in 

schizophrenic patients. 

The graph for the personality disorders (Figure 6) shows two areas, one more dense 

than the other. The more dense area is populated by Flaccidity (FLC), Immobility (1M), 

Repetitive Action (A3), Self-touch Action (A4), Disorganization (DIS), and Low Spatial 

Complexity (LSP). What is most salient here is the mixture of hypokinesias (Immobility 

and Flaccidity), hyperkinesia (Disorganization), lack of spatial clarity in movement, and 

repetitous voluntary action (A3). The area depicts a pattern of movement features 

reminiscent of agitated depression which, as it sounds, is a mixture of depressive 

symptoms and irritability. The other area, which is only relatively dense on the first and 

second dimensions, is made up of Even Control (EVN), Instrumental Action (AS), 

Exaggeration (EXG), and Diffusion (DJF). This is a mix of hyperkinesia, atypical 

categories that describe disturbances in the form of spatial or dynamic unclarity and 

muscle tension, and fidgeting voluntary action, and may describe a clinical picture that 

includes poor self-other boundaries. The wider range of movement signs in the 

personality disorder groups than in the schizophrenia-related group is particularly 

noteworthy since they were not expected to show many motor signs. The result is 

reminiscent of the findings of Gardner et al. (1987) in which borderline personality 
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disorder patients were found to exhibit not only more soft signs, but a wider range of signs 

than normal controls. 

Differences between the two diagnostic groups were characterized by the number of 

groups of related movements and the range of movements included in each grouping. 

The schizophrenia-related disorders were characterized by three small groups of related 

movements, Immobility with Self-touch Action, Hyperkinesis with Low Intensity and 

Trunk Orienting Action, and Disorganization and Exaggeration with Repetitive Action 

and Instrumental Action. The personality disorder group, on the other hand, was 

characterized by two groups of related movements involving a wider range of categories. 

Flaccidity, Immobility, Disorganization, and Low Spatial Complexity with Repetitive 

Action and Self-touch Action composed one group, and Even Control, Exaggeration, 

Diffusion, and Instrumental Action composed the other group of movements for the 

personality disorders. 

WMDS Results 

The differences in the solutions for the two diagnostic groups were intriguing for 

several reasons. First, they revealed unexpected pictures of the co-occurrence of 

hypokinetic and hyperkinetic types of movements, movements not classified in the 

hyperkinesia or hypokinesia dichotomy, and voluntary actions that differed between the 

groups. Second, the different patterns of co-occurrence reflected in the two scatings were 

exciting in light of the predominance of no difference findings resulting from the univariate 

tests. WMDS was employed to continue exploration of pattern differences between the 
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two groups. First, WMDS was used to scale the sample using the Euclidean distance 

measure to create an individual proximity matrix of the variables for each patient as 

explained earlier. Because three-dimensional solutions proved to be reasonable 

representations of the data for the previous CMDS analyses, WMDS was generated for 

three dimensions (Davison, 1983). As mentioned, evaluation ofWMDS solutions is 

complicated by the fact that more than one matrix is used, and that both variables and 

participants are scaled. Kruskal's Stress formula one was used to evaluate the solution 

since the WMDS algorithm minimized Stress in the iterative part of the procedure, and the 

overall Stress value of the variable space and the average value for the patients in the 

weight space were both .24. This value was interpreted to indicate that the fit, while not 

as small as desired, was nevertheless acceptable considering the number of matrices and 

variables scaled (Norusis, 1990). 

Figure 7 depicts the graphical representation of the variable space. There were no 

regions of density evident as, overall, variables were spread throughout the space, and 

only limited directional interpretation was possible. For example, Disorganization (DIS), 

Hyperkinesis (HYP), and Exaggeration (EXG) representing hyperkinesis categories are 

located at some distance from Immobility (1M) representative of hypokinesis. 

Additionally, slight differentiation can be seen on the third dimension, where hyperkinesia

related categories (EXG, HYP, and DIS), Repetitive Action (A3), and Self-touch Action 

(A4) are generally located at relatively high levels on dimension three. Perseveration 

(pSV), which is also a hyperkinetic category, is not as close to this group as might be 

expected, while Diffusion (DIP) is close to this group. Immobility (1M) is located at a 
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slightly lower level on dimension three with even control (EVN), Self-touch Action (A4), 

Trunk Orienting Action (A9), Low Spatial Complexity (LSP), and Perseveration (PSV). 

Located at even lower levels are Instrumental Action (AS), Low Intensity (LIT), Head 

Movement Action (AIO), and Flaccidity (FLC). Given the greater computational 

complexity involved with WMDS, the lack of correspondence between the WMDS 

variable space and the CMDS maps of the variables using the Euclidean distance and 

Jaccard proximity matrices was not surprising. Examination of the WMDS weight space 

offered more detailed information about the analysis. 

The weight space graphed in three dimensions (Figure 8) shows patients' coordinates 

identified by their group as either "s" for schizophrenia-related disorders or "P" for 

personality disorders. Direct correspondence between Figure 7 and Figure 8 is 

complicated by the fact that individuals' dimension coefficients are the square root of their 

subject weights calculated in the analysis. The subject weights should not be negative 

(and none were), but the axes of the variable space and the weight space do not have the 

same range of values since the axes of the weight space show only positive values. The 

subject weights reflect the importance of each dimension for individual patients. Thus, the 

weight space displays the patients positioned according to the relative importance of each 

dimension for each person. There is no clear location of all schizophrenia-related patients 

or all personality disorder patients in one area of the graph, but it is possible to see that 

overall most patients are located in the left and middle parts of the space on all three 

dimensions, and that no schizophrenia-related patients are located in the right half of the 

space. In a supplemental analysis, the mean dimension coefficients between the groups 
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were found to be statistically different for dimension one (1 = 2.25, 12 < .03) and dimension 

two (1 = -2.11, 12 < .04) indicating higher dimension coefficients for the personality 

disorders on dimension one and higher dimension coefficients for the schizophrenia-related 

disorders on dimension two. Correlations among the dimension coefficients for each 

group showed different patterns (see Table 6) for the two groups. Of note is the fact that 

dimensions two and three are moderately negatively correlated for the schizophrenia-

related group and nearly independent for the personality disorder group. 

Table 6 
Intercorrelations of the Dimension Coefficients by Group 

Schizophrenia-Related Disorders Personality Disorders 

Dim 2 Dim 3 Dim 2 Dim3 

Dim 1 -.51 -.43 Dim 1 -.76 -.71 

Dim 2 -.55 Dim 2 -.09 

The differences between the two groups were further explored by WMDS in three 

dimensions, separately scaling each group. In this analysis, Kruskal's Stress formula one 

had a value of .23 for the variable space for each analysis, and a value of .23 for each of 

the weight spaces. Again, this value was considered more than optimal, but acceptable. 

Graphical analysis of the combined variable space (Figure 9) uses upper case letters to 
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denote variables from the scaling of the schizophrenia-related group and lower case letters 

to denote the personality disorder group scaling, and shows differences in the patterns. 

On the far left side of the graph Immobility (im) and Self-touch Action (a4) are quite close 

for the personality disorders and are the only variables that are relatively close in all three 

dimensions. These two variables (IM and A4) are quite separated in the space for the 

schizophrenia-related group. The noteworthy aspect of Figure 9 is that differences 

between the two groups are quite evident. Variables that should be close to each other if 

the groups are similar (similarities in the location of the variables in the space), are actually 

quite distant. For example, Exaggeration (EXG and exg) are located far from each other 

as are Flaccidity (FLC and ftc) and Disorganization (DIS and dis). The interpretation of 

the differences in location of variables seen in Figure 9 is that the proximities of the 

variables differ between the two groups of patients. 

Figure 10 shows the combined weight space, again with the schizophrenia-related 

patients labelled with an "S" and the personality disorder patients labelled with a "P". 

Groups are not clearly differentiated in the space but several clear outliers from each 

group can be seen separated on either side of the central area with the greatest density of 

points. Four of these outliers are personality disorders with low coefficients on dimension 

two and high coefficients on dimension one, and the other personality disorder outlier is 

low on dimension three, high on dimension two, and low on dimension one, indicating that 

these patients' weights on the dimensions distinguish them from the other patients in their 

diagnostic group. 
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To briefly summarize the set ofMDS analyses, different patterns of relationships 

among variables were evident for the two groups using two types of proximity measures 

as input matrices with two types ofMDS. In addition, the different types of input 

matrices gave different views of the relationships among the movement variables that 

would have been missed if only one type had been used. When scaled together using 

WMDS, the groups had dimension coefficients that distinguished their placement as 

individuals and as members of particular diagnostic groups. Finally, scaling of patients 

offered clues to the results of cluster analysis of the patients in that diagnostically distinct 

clusters were not expected after viewing Figures 8 and 10, and outliers were expected to 

cause clusters of very low cluster membership in some cluster solutions. 

Cluster Analysis Results 

The types of clustering methods investigated were k-means clustering and 

agglomerative clustering using several types of linkage forms. Ordinally coded data were 

used with the k-means clustering technique, and to create a Euclidean distance matrix 

calculated among the patients rather than either among the variables or within each 

patients' data as in the MDS analyses, for use with agglomerative clustering techniques. 

In addition, the dichotomously coded data were used to create a Jaccard matrix for use 

with the agglomerative techniques. The agglomerative linkage forms used were single 

linkage, complete linkage, between-groups average linkage, and within-groups average 

linkage. First, all methods were used to generate two cluster solutions as a follow up to 

the MDS, then clustering solutions for larger numbers of clusters were evaluated in terms 



of similarity across methods and interpretability of solutions. Interpretability was 

enhanced by examining diagnostic group, reported symptoms, and duration of illness for 

the clusters. 
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Results for the k-means two cluster solution produced a cluster of 32 patients and a 

cluster of 12 patients. As predicted by the WMDS, the clusters were diagnostically mixed 

with 12 schizophrenia-related patients and 20 personality disorder patients in the first 

cluster, and three schizophrenia-related disorders and nine personality disorders in the 

second cluster. Agglomerative solutions using the Jaccard matrix produced poor two 

cluster solutions (poor in that one cluster contained 43 people and the other contained one 

person) for all linkage forms except within-groups average linkage. The within-groups 

linkage solution produced one cluster of36 (14 schizophrenia-related and 22 personality 

disorder patients), and one cluster of eight (one schizophrenia-related patient and seven 

personality disorders). Agglomerative solutions using the Euclidean distance matrix 

produced only one poor solution, the solution using single linkage. The Euclidean 

distance complete linkage, within-groups linkage, and between-groups linkage solutions 

are compared with the k-means and Jaccard within groups solutions in Table 7. The 

diagnostic groups are designated using the same "S" and "P"convention as in the WMDS 

graphs of the weight spaces. Comparisons across the cluster solutions in terms of the 

numbers of patients assigned to each cluster and the diagnostic breakdown of each cluster 

showed similarities for the different types of linkage forms. Table 7 clearly shows that 

cluster differentiation did not occur along diagnostic lines. 
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Table 7 
Two Cluster Solutions Generated by Five Clustering Methods 

Jaccard Euclidean Euclidean Euclidean 
K-means Within-Groups Complete Within-Groups Between-Groups 

Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 1 Cluster 2 Cluster 1 Cluster 2 

N=32 N= 12 N=36 N=8 N=31 N= 13 N=27 N= 17 N=38 N=6 

S= 12 S=3 S= 14 S=1 S= 12 S=3 S= 12 S=3 S= 14 S=1 

P=20 P=9 P=22 P=7 P= 19 P= 10 P= 15 P= 14 P=24 P=5 

Crosstabulation of the reported symptoms with the cluster memberships for the k-

means, Jaccard within-groups linkage, and the three Euclidean distance solutions shown in 

Table 7 was used to illuminate differences between clusters. Data on eight symptoms 

gathered from the patients' records included appetite problems, sleep difficulties, 

concentration problems, visual hallucinations, auditory hallucinations, thought disorder, 

impulse control problems, and mood disturbances. Particular attention was paid to three 

symptoms related to psychosis, thought disorder, auditory hallucinations, and impulse 

control problems, since these symptoms are good indicators of severity of illness and were 

thought to be potentially more informative than vegetative signs such as sleep and appetite 

problems, or symptoms that occurred at very low rates in the sample such as visual 

hallucinations. Percentages of the three focal symptoms within each cluster did not differ 

greatly for the k-means two cluster solution. In the Jaccard within-groups solution few 

differences were also found between the clusters with the exception that more of the 
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patients in cluster one had auditory hallucinations than did the patients in cluster two. Of 

the Euclidean distance two cluster solutions, marked differences in auditory hallucinations 

were also seen in the within-groups and between-groups solutions, but only the difference 

in the within-groups solution was marked. Considered together, the two cluster solutions 

showed similarities in the clustering of patients across different methods, for example, the 

k-means and Euclidean complete linkage methods produced clusters with very similar 

breakdowns of the diagnostic groups, and the Jaccard within-groups and Euclidean 

between-groups methods produced very similar results. Table 8 shows the percentages of 

the focal symptoms that occurred in each cluster for the five cluster methods. 

Additionally, in the clusters formed for the Jaccard and Euclidean matrices, severity of 

symptoms in the form of more reported auditory hallucinations distinguished the clusters. 

However, although patients assigned to the second clusters of these two solutions were 

slightly less disturbed according to their rates of symptoms, overall diagnosis and 

symptomatology did not strongly demarcate the two clusters in any solution. 

The next step was to investigate solutions with more than two clusters, and since six 

individual diagnoses contributed to making up the two large diagnostic groups, solutions 

for six clusters were investigated. The six cluster k-means solution produced clusters with 

15, 7, 5,4,4, and 9 members. Again, all clusters were diagnostically mixed and 

crosstabulations of the clusters with symptoms did not reveal any clear distinctions. Six 

cluster Jaccard solutions were all poor, resulting in several clusters with one member. The 

Euclidean distance solution using between-groups linkage produced six clusters that were 



diagnostically mixed and somewhat equivocal in terms of symptoms. Since the six 

diagnoses did not break down in an orderly fashion in any of the six cluster solutions, 

these solutions were abandoned as unproductive and unparsimonious. 

Table 8 
Percentages of Focal Symptoms by Cluster for Five Clustering Methods: Two Cluster 
Solutions 

Cluster Method Symptoms Cluster One Cluster Two 

K-Means Thought Disorder 40.6 33.3 

Auditory Hallucinations 37.5 25.0 

Impulse Control 25.0 25.0 

Jaccard Within-Groups Thought Disorder 38.9 37.5 

Auditory Hallucinations 38.9 12.5 

Impulse Control 25.0 25.0 

Euclidean Complete Thought Disorder 45.2 23.1 

Auditory Hallucinations 38.7 23.1 

Impulse Control 25.8 23.1 

Euclidean Within-Groups Thought Disorder 37.0 41.2 

Auditory Hallucinations 44.4 17.6 

Impulse Control 22.2 29.4 

Euclidean Between-Groups Thought Disorder 39.5 33.3 

Auditory Hallucinations 36.8 16.7 

Impulse Control 26.3 16.7 

102 
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Four cluster solutions were then chosen for investigation since this number seemed a 

reasonable compromise between two and six cluster solutions. The four cluster k-means 

solution produced clusters with 17, 6, 16, and 5 members composing clusters one through 

four, respectively. Each cluster was diagnostically mixed with schizophrenia-related 

patients composing 12% of cluster one, 50% of cluster two, 56% of cluster three, and 

20% of cluster four. Patients in clusters two and three showed comparable, higher levels 

of thought disorder and auditory hallucinations than did patients in clusters one and four. 

Using the Jaccard matrix with within-groups linkage, four clusters of 5, 23, 8, and 8 

members resulted. Schizophrenia-related patients made up 60% of cluster one, 39% of 

cluster two, 12% of cluster three, and 25% of cluster four. Cluster one had the highest 

level of thought disorder and auditory hallucinations. Between-groups linkage with the 

Euclidean distance matrix produced clusters with 22, 12, 6, and 4 members. 

Schizophrenia-related disorders made up 36% of cluster one, 25% of cluster two, 16% of 

cluster three, and 75% of cluster four. These clusters were all rather comparable in terms 

of symptoms with the exception of cluster four, a cluster composed of three 

schizophrenia-related patients and one personality disorder patient, which had a higher 

rate of thought disorder and auditory hallucinations than did any other cluster. Table 9 

shows the percentages of the three focal symptoms that occurred in each cluster for the k

means, Jaccard matrix using within-groups linkage, and the Euclidean matrix using 

between-groups linkage solutions. As illustrated in Table 9, the between-groups method 

was the least effective at clustering patients into groups that have clear distinctions in 
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symptoms, while the k-means method produced two clusters in which patients clearly had 

higher rates of the severe symptoms, indicating that these patients were more severely 

disturbed. The within-groups method produced only one cluster in which patients were 

distinguished by severity of symptoms. 

As mentioned at the beginning of this section, clusters were also crosstabulated with 

duration of illness to assess any associations between length of illness and cluster 

membership. There are no clear findings in the literature on the relationship of duration of 

illness to symptomatology and motor symptoms in psychiatric illness, and the exploration 

of duration of illness was considered purely descriptive of the clusters. Duration of illness 

was recoded into a dichotomous variable with one level reflecting 10 or fewer years of 

illness, and the other reflecting 11 or more years of illness. Composition 

of clusters from the four cluster solutions are summarized in Table 10. Table 10 shows 

that certain methods (Jaccard within-groups and k-means) produced clusters that differed 

in diagnostic composition, target symptoms, and also produced clusters that differed in 

duration of illness. The clusters with more schizophrenia-related patients had higher levels 

of target symptoms and were made up predominantly of patients who had been ill for 

fewer years. Several other variables that were investigated to assist in describing the 

clusters and not found to be helpful were history of suicidality, and history of drug and 

alcohol abuse. 
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Table 9 
Percentages of Focal Symptoms by Cluster for Three Clustering Methods: Four Cluster 
Solutions 

Method Symptoms Cluster One Cluster Two Cluster Three Cluster Four 

K-Means Thought Disorder 29.4 66.7 43.8 20.0 

Auditory Hallucinations 11.8 50.0 56.3 20.0 

Impulse Control 29.4 16.7 25.0 20.0 

Jaccard 
Within-
Group Thought Disorder 60.0 39.1 37.5 25.0 

Auditory Hallucinations 60.0 39.1 12.5 25.0 

Impulse Control 0.0 30.4 25.0 25.0 

Euclidean 
Between-
Group Thought Disorder 31.8 41.7 33.3 75.0 

Auditory Hallucinations 36.4 25.0 16.7 75.0 

Impulse Control 18.2 41.7 16.7 25.0 
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Table 10 
Percentages of Patients with Less Than Ten Years of Illness 

K-Means Clustering Jaccard Within-Groups Euclidean Between-Groups 

Cluster One 29% Cluster One 80% Cluster One 64% 

Cluster Two 83% Cluster Two 65% Cluster Two 42% 

Cluster Three 81 % Cluster Three 25% Cluster Three 17% 

Cluster Four 20% Cluster Four 38% Cluster Four 100% 

In summary, the cluster analysis exploration revealed that four clusters distinguished 

along the lines of predominance of cluster membership of either schizophrenia-related or 

personality disorder patients, severity of symptoms, and duration of illness resulted from 

two very different methods of cluster analysis using very different forms of input data. 

Chapter 5 presents possible interpretations of the pattern differences across diagnostic 

groups and the clusters of patients using the :MPI. 



CHAPTERS 

DISCUSSION 
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Currently, the measurement of movement disorders is restricted to the traditional 

observation and notation of the presence or absence of AIMs and A VMs from live 

observation in which subtle aspects of the movement such as spatial orientation, 

amplitude, and muscle involvement are not differentiated. Although the MPI movement 

variables have not been formally associated with AIMs or A VMs, a few can be associated 

to AIMs in a broad sense on the basis of form and presentation of the movement. The 

need to investigate the interrelationships of the three different types of movements -- those 

related to the traditional dichotomy of excessive or reduced motility, those outside the 

traditional forms, and nonverbal communication behaviors -- as well as the possibility that 

the two diagnostic groups might have different patterns of these movements, dictated the 

use of exploratory multivariate analyses. 

Specifically, the scaling of the MPI revealed relationships among certain categories 

of movements -- Immobility, Flaccidity, Disorganization, Hyperkinesis, Exaggeration, and 

Perseveration -- that are interpretable within the dichotomy of hyperkinesia and 

hypokinesia, similarly to AIMs. However, the MPI also includes four categories of 

movements -- Diffusion, Low Intensity, Low Spatial Complexity, and Even Control -

described in terms of spatial orientation, degree or type of tension, timing, and weight or 

impact that do not conform to either the excessive or reduced patterns evident in AIMs. 

For example, the Diffusion category describes movements in which either the spatial path 
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or the dynamic form of a movement (likely to be observed in a voluntary action) is 

unclear. This obviously does not fit the excessive or reduced ordering or AIMs, and 

although it is more often observed in a voluntary action like walking or a gesture, it cannot 

be described as an A VM although it may have some relationship to this type of motor 

disorder. The Even Control category describes the degree of observable muscle tension in 

both movement and stillness, while the Low Intensity category describes fragments of 

dynamic variation observable in movement. The Low Spatial Complexity category 

contains fragmented directional phrases of movement. These atypical categories were 

demonstrated to provide additional rather than redundant information to the more typical 

categories. In addition, the movements of the Action Inventory created a third, distinctive 

type of movement variable, in that these items relate to the context of the observation and 

are thus parameters of nonverbal communication. Although some of the Action Inventory 

items such as Instrumental Action (object handling) may seem hyperkinetic, they should be 

considered as responses to the context of the observation and not as motor signs. The 

relationship of the nonverbal communication behaviors to the other types of movements 

had not previously been studied, and provided a novel form of auxiliary information. 

The first analysis using the Euclidean distance proximity matrix in CMDS gave a 

clear representation of the hypokinesia and hyperkinesia dichotomy reflected in the :MPI 

variables with the categories most strongly associated with the dichotomy defining 

opposite areas of the space. This analysis also showed that the group of movements not 

strongly associated with either hyperkinesia or hypokinesia were located solidly in the 
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middle of the space with all of the Action Inventory items except Repetitive Action which 

was located closer to Perseveration. The solution was easily interpretable as showing the 

separation of the movements from each other and relating the movements to their 

designation as either associated or not associated with the traditional AIMs dichotomy. 

In contrast, the Jaccard CMDS solution in three dimensions offered a representation 

not of the ordering of the movements, but of their co-occurrence. Most interesting in this 

arrangement of the movements were the surprising patterns of co-occurrence in which 

nonverbal behaviors like object handling and self-touch were close to hypokinetic-type 

categories such as Immobility and Flaccidity, indicating that the hypokinetic items were 

not simply distinguishing "no" movement, but an abnormal type of reduction since self

touch and instrumental movements were also taking place. Also noteworthy was the 

picture given of the hyperkinetic movements, which were located at some distance from 

each other indicating low levels of co-occurrence among these conceptually related 

categories, and indicating that individuals displayed only one type (e.g., Disorganization 

rather than a combination of Disorganization, Perseveration, and Exaggeration). 

The co-occurrence relationships shown in the Jaccard CMDS for each group 

indicated different patterns of co-occurrence for the schizophrenia-related group than for 

the personality disorder group. For example, the personality disorder group showed 

broader patterns composed of more Primary Inventory categories and Action Inventory 

items reflecting a combination of Flaccidity, Immobility, and Repetitive Action, related in 

space to another combination of Disorganization, Self-touch Action, and Low Spatial 
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Complexity. In contrast, the schizophrenia-related disorders showed patterns composed 

of less variety in which Immobility and Self-touch Action co-occurred, and Repetitive 

Action and Instrumental Action co-occurred in a separate spatial location. In contrast to 

displaying a broader range of typical and atypical movement categories, in the personality 

disorder group disturbed social behavior in the form of failure to orient head and trunk to 

the interviewer did not co-occur with the groups ofMPI categories, evidenced by the 

distance of these movements from the groups of movements described. However, failure 

to orient the head and trunk did co-occur with the motor signs in the schizophrenia-related 

group. Davis et at. (1995) in a preliminary report of the present study, described this 

difference in the patterns as possibly creating a global impression of more disturbance in 

the schizophrenia-related group. They proposed that clinicians viewing the two groups of 

patients without hearing their speech or knowing their diagnosis would likely judge the 

schizophrenia-related patients as more disturbed based on the combination of pattern 

differences with the impression created by the failure of the schizophrenia-related 

disorders to orient head and trunk to the interviewer. In other words, the disturbance in 

nonverbal communication behaviors, not the motor signs, may create the impression of 

disturbance in the schizophrenia-related patients. 

Simultaneous scaling of the variables and the patients using WlvIDS, a very different 

type of scaling from the CMDS, produced results that were interpreted to show a 

correspondence with the CMDS separate scaling results, in that differences were detected 

between the two diagnostic groups when all patients were scaled together as well as when 
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the groups were scaled separately. When scaled together, the two groups of patients had 

dimension coefficients that were distinctive on two dimensions, and although this did not 

unequivocally separate the patients by their diagnostic groups in the weight space, a 

pattern within their locations was discernible. In addition, the WMDS for each group 

could be interpreted to show that patterns of variables in the space were distinctly different 

for each group. The MDS analyses overall, can thus be used as a set to show that 

differences between groups were not due to either the proximity measure or type ofMDS 

used. 

The set of cluster analyses using the MPI variables to group the patients, showed that 

two cluster solutions, as predicted by WMDS, generally produced comparable solutions in 

which clusters were diagnostically mixed. Consistently, across methods fewer 

schizophrenia-related patients were assigned to the second cluster. Although three of the 

solutions showed that patients in the second cluster had lower rates of auditory 

hallucinations, a symptom of severe illness, generally, the two cluster solutions were 

undefinitive in terms of the separating patients with more or less severe symptoms. The 

four cluster solutions were interpreted to indicate that although clusters were stilll 

diagnostically mixed, severity of symptoms could be used to differentiate among the 

clusters. Although not specific to diagnosis or symptomatology, the usefulness of the MPI 

in clustering patients into groups related generally to the severity of their symptoms should 

be taken as a positive indication of the inventory's potential. Few studies exist in the 

literature that have clearly related symptoms of psychiatric illness to neurological signs 
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such as motor signs. The implication of the present, preliminary study of the :MPI is that a 

combination of traditional and nontraditional motor signs and nonverbal parameters may 

prove useful in this endeavor. 

The multivariate analyses of the :MPI data, as summarized above, were useful in 

making distinctions about the movements described in the :MPI, and demonstrated that 

differences between conceptually different diagnostic groups could be distinguished in a 

broad way by using the:MPI. The present study further demonstrated the heuristic value 

of employing descriptive multivariate methods in the analysis of motor signs rather than 

applying univariate statistical tests. The motor system is a complex and pervasive part of 

human anatomy that is still relatively poorly understood, and it stands to reason that more 

complex models may be needed to understand relationships such as the relationship 

between psychopathology and motor signs. Conceptualizing movement and motor signs 

as multidimensional is not new to dance therapists who use the Effort/Shape system of 

observation on which the :MPI's descriptive language is based. The logic of the translation 

of this concept into statistical methods provided by MDS has not taken place in traditional 

literature on movement disorders and may need to be suggested. 

The results of the present study indicate that expanding the statistical methods that 

are used to analyze movement disorder data to include multivariate descriptive techniques 

can be informative and enriching. Although the results of the present study need futher 

replication in the form of analysis of new data due to the fact that MDS is specific to the 

characteristics of the particular data set used, several features of the data set did address 
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important issues in the literature which should be restated. The:MPI was used with video

taped observations so that rater sensitivity to subtle movements was enhanced by the 

ability to view a movement more than one time, a feature that separates the inventory and 

the study from other studies using standard scales designed to rate abnormal motor 

behavior. Additionally, the inventory provided observation based on a description of 

movements rather than labeling movements as found in standard AIMs scales, and 

included parameters of nonverbal communication behaviors, that have not been included in 

previous studies of AIMs, A VMs, and drug-induced signs. Another important strength of 

the present study was the inclusion of diagnostic groups for comparison that were not 

previously associated with motor symptomatology. Although the descriptive statistical 

techniques used for analysis have the limitation of specificity to the sample, as the study 

was explorative, the use of these techniques is viewed as a strength of the study. 

The limitations of the present study are useful for directing and developing future 

research on the:MPI. Neurological screening procedures for patients to rule out co

existing neurological disorders need to be incorporated in light of the fact that many 

neurological diseases produce motor signs that are similar to AIMs and A VMs. Reliability 

should be addressed by standardizing the length of the observation across the sample, and 

increasing the reliability of information on diagnosis and reported symptoms either by 

using multiple diagnostic sources so that agreement can be calculated, or by using a 

standard diagnostic interview such as the Structured Clinical Interview for DSM IV. This 

would be highly preferable to using information gathered from patient records. 



Recommendations for further study focus on addressing important reliability and 

validity issues related to establishing association between the MPI items and AIMs or 
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A VMs. Improvements to the inventory should address the length of the observation, 

scoring problems, and the reliability of ratings. Of particular importance to future research 

is the inclusion of participants with no known history of neurological or psychiatric 

conditions, and participants with neurological conditions in which psychiatric symptoms 

are absent. The continued inclusion of psychiatric patients with a wide range of diagnoses, 

one of the strengths of the current study, is recommended. 
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APPENDIX A 

THE MOVEMENT PSYCHODIAGNOSTIC INVENTORY 
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MOVEMENT PSYCHQDIAGNOSTIC INVENTORY 

Subject, ___ -::::"=-::~~....;ID # Context Duration_ 
Observer ---Observatio~n-d":"'a-'te-'(~s):-----

CAMERA SHOT DISTRIBUTION Recorded__ Estlmated __ 

Close-up Upper Arm Thigh/Hip Full Body Both in Medium+ 

Totals 

Locomotion on video_ Standing and/or sitting moves on video __ 

Movement Signature Analysis (MSA) Selected Segment(s): 

COMMENTS: 

CODING KEY: 
. O-none-, never seen 1-rare (1-3) 2-some or frequent (unless noted otherwise) 

A :a Almost recorded, seriously considered Z - Data unavailable, not applicable 

Copyright @ 1991 Martha Davis 
Not for quotation or use without permission of the author. 



Subject ________ Observer _________ Date __ MPI-2 

ACTION INVENTORY 

1. Gesticulations. gestures accompanying speech: #_---

2. Emblems. gestures without speech, e.g. shrug: #-

3. Fjepetitive actions, e.g. rocking: o Describe, ___________________________ ___ 

4. Self·touching. e.g. scratching: 0 
Describe ------------------

5. Instrumental actions, object handling: 0 
e.g. smoking, drinking activity (2 ... 50% of session) Describe ________________________ _ 

6, Speaks entire turn without looking at listener 0 
(0 .. no turns 1 ... 1·3 turns 2" 4+ turns) 

7. Holds gaze away from speaker when addressed: 0 
(0 .. no turns 1 = 1·3 turns 2 = 4+ turns) . 

B. Head orienting in conversation: 0 
(0 = at least sometimes 1 "" rarely 2" never toward) 

9. Trunk orienting in conversation: 0 
o = at least some active orientlng. however slight 
1 = stays with chair position, i.e. no active orienting to 
2 = stays markedly away 

2 

10. Head movements with speech: 0 2 
o ... clearly accompany 2 .. none 
1 ... nods or shakes only or very rare accenting moves 

11. Ustens with head nods "yes" or "no": o '1 2 
o .. at least sometimes 1 .. very rarely 2 III never Describe, ______________________ _ 

SUB-SYSTEM 

) esticulation 

2 }ad" Exp .... Jon 

12. Facial expression held longer than 15 seconds: 
o .. none 1 .. once or twice 2 .. often 
De~cribe, ______________ __ 

o 1 

#- )os P ition/Posture 
#-

13. Different resting or "home base" positions: 

14. Phrases of postural shifts: 
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Subject, ________ Observer ________ Date ____ _ MPI-3 

G_S_I_H_F_P_ 

G S I H F P 
G S I=--P-

G_S_I_H_ P_ 

G_S_I_H 

1-

G _S_I_H 

G_S_I_ 

G _S_I_H_ 

G_S_I_H 

G _S_I_ 

G_ 
H_ 

P-

P-

P-

P -
P -
P -

P-

P

P 
P-

P

P 
P= 

P-

F 
-~. 

I. DISORGANIZATION 

*1. Effort flow or weight fragmentation; very erratic 
fluctuations or breaks in fluency or emphasis. 

*2. Sporadic, sudden movements as if "out of nowhere". 
*3. Hand fragmentation: fingers hyperextended, 

flexion/extension only at knuckles and/or wrist. 
*4. Body fragmentation: movement occurs sporadically In 

different body parts during a phrase without a coherent 
sequence or fluent connections. 

*5. Sequence of weight shifts and/or weight in stillness disorganized; 
e.g., one part shifts, then another in a different direction, etc., 
and/or body does not come to balanced rest. 

*6. Different movements performed simultaneously 
in different parts of the body, unsynchronized. 

*7. Spatial/lateral disorganization in upper limbs; as two 
limbs move, changes in their directions are unsynchronlzed 
unsynchronlzed and/or there is no clear bilateral coordination. 

8. Spatial contradiction: one part moves in one direction 
while another goes in opposite direction several times. 

9. Flow contradiction: e.g. one body part moves with very 
bound flow while another is limp or in free flow. 

10. Spatial segmentation: entire movement phrase is broken 
up with perceptible pauses between each change of direction; 
series of one·phasic moves in the air. 

11. Body segmentation: isolated use of one part; a pause 
or clear separation before movement of another part. 

12. Action segmentation: string of short but complete action phases that 
alternate cr repeat such that they segment each other and break each 
other up, e.g. waves hand, then rubs chin, then waves, then rubs, etc. 

II. IMMOBILITY 

*1. No movement and absolutely still except for eyeblinks 
for periods of two minutes or longer (cf catatcnic). 

*2. Head still through time observed. 
*3. Fixed shape or position held up in the air and against 

gravity for long periods of time (30+ seconds). 
*4. No position shifts in 20 minutes or more. 
*5. Gestural movement only in large body actions, no postural movement 

In walking (if seen) or when shifting positions of trunk or legs. 
6. "Fleeting· or single phases of postural movement in 

locomotion and whole trunk or leg pOSition shifting. 
7. Only one or two position shifts in 20 minutes or more. 
S. Distal parts only move while seated or standing In place 

(I.e. hands, feet, head, forearms) through entire session. 
9. Fixed or held body configuration through session, e.g. 

fixed finger·hand position or arms held still. 
10. Uttle or no movement of face apart from eyes 
11. Arrests specific action midway and holds for 15+ secs. 
12. Very low rate of postural movement (e.g. 1 phrase per 30 minutes). 



c:;ubject. ________ O,bserver ________ Date ___ _ MPI-4 

G_S_I_H_F_P_ 

G_ 

G_ 

III. LOW INTENSITY 

*1. Very little fluctuation in effort flow andlor neutral range of now in 
movement; flow changes hard to see. 

*2. No effort qualities (space. weight, time variations) visible in any movement 
during the session. including gesticulations. 

3. Only rare, fleeting occurrence of single effort qualities. 

IV. LOW SPATIAL COMPLEXITY 

P_ *1. Movement has no clear directionality or projection into space; only 
shape flow throughout session. 

2. Any spatial complexity Q.e., shaping, clear directions, curved transitions, 
projection into space) restricted to hand or forearm. 

119 

G_ 1_ 

G_ 

G_ 3. Two'phasic or single phase of fleeting directionality within phrases of shape 
flow variation. 

'3_S_I_H_ 

G_S_I_ 

G_ 

V. PERSEVERATION, FIXED·INVARIANT 

*1. Repetition of one or two effort qualities in an unvarying way; stays intense 
and has no build up or decrease; phrase has clear beginning, ending. 

P_ *2. Repetitive movement 01 one isolated body part; tempo same throughout; 
action appears to "go by itselr unrelated to rest of body. 

P_ *3. An action apparently related to some expression or conventional action 
but unvarying in performance. each repetition dynamically the same. 

4. Moves strictly in one plane or axis per phrase. 

P 
P-

VI. FLACCIDITY OR RETARDATION 

*1. Flaccid, inert, limp trunk tonus throughout. 

G_S_I_ P-
*2. Flaccid, complete limpness, giving into gravity in still limbs most of session 
3. FlacCid, complete limpness and giving into gravity at end of several 

gestures or upper limb actions. 
G_S_I_H_F _P_ 

G_ H_ 

G_ 

P-

G_ 

4. Retardation: Entire action performed with slowness or with a level of 
tension and lack of acceleration such that actlvity is of long duration. 

VII. DIFFUSION 

*1. Movement spatially diffuse and unclear through entire phrase O.e. absence 
of straight, round or 3·0 paths or transitions): difficult to discem phrase. 

*2. Continuous diffuse effort pattem through entire phrase; now and possibly 
effort qualities "running on"; difficult to determine distinct phrases and 
clear build up or die down in intensity. No clear endings to movements. 

3. Overlapping actions: particular action not completed before person starts 
new actlon; no pause or transition but a kind of diffuse overlapping. 

* For Extreme Forms of This Pattern Only. 
4. Diffusion (spatial or dynamiC) in one part of phrase. Part of an otherwise 

clearly defined phrase is diffuse spatially or dynamically. 



C;ubject. ________ Observer ________ Date ____ _ 

VIII. EXAGGERATION 

G_S_I_ -1. More postural or large limb position shift phases than 
gestural phases wittlin a phrase than emphasizes limb 
activity (e.g. gesticulation or instrumental action). 
Locomotion or standing/sitting excluded. 

G_S_'_H_' _ P _ -2. Large, exaggerated movements through phrase; i.e. 
no modulation In large size within phrase. 

G_S_'_H_F_P_ -3. A ·conventional· gesture or action that is bizarrely 
exaggerated. 

IX. HYPERKINESIS 

P _ -1. Three or more phrases 01 large limb and/or trunk shifts 
within 15 seconds or less (excluding instrumental activity 
and gesticulating periods). 

S_I_ P _ 2. Three or more phrases 01 peripheral limb position shilts 
within 15 seconds, i.e. hands, forearms, lower legs 
(excluding instrumental activity and gesiiculating). 

G_S_I_H_F_P_ 3. Activity or action performed very rapidly either 

MPI-S 

either because each phase is done without pause or 
deceleration or because there are repeated instances of the 
effort quality of suddenness throughout. 

G_S_'_ P_ -1. 

G_S_I_H_F_P_ 2. 

P_ 3. 

*For Extreme Forms 01 This Pattem Only. 

X. EVEN CONTROUSUSPENSION 

Suspended in space; movements and still 
positions are without time variations, suspended, and 
possibly light throughout; weightless and surreal quality. 

High degree of bound now or muscle tension 
maintained throughout the entire movement phrase; 
absence of free moments, release, giving into gravity within 
the phrase. To be coded most of the movements must 
display this pattem. 

High degree of bound control or muscle tension actively 
maintained through position repertoire, I.e. in trunk and 
limbs when still. 

Additional observations and comments: 

* Asterisked items are hypothesized to be pathognomonic of severe psychopathology. Those without 
- asterisk may contribute to the degree of disturbance, but are not in themselves considered sufficient for 

diagnosis of severe mental illness until research indicates otherwise. Note that VII. 3. and IX. 3. may be 
asterlsked If they are extreme. 
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Subject Session Observer MPI-6 

MOVEMENT PSYCHODIAGNOSTIC INVENTORY (MPI)-Profile Analysis 

Subsystem 
involved 

I DISORGANIZATION 0 2 3 

II IMMOBIUTY 0 2 3 

III LOW INTENSITY 0 2 3 

IV LOW SPATIAL COMPLEXITY 0 2 3 

V PERSEVERATION/FIXED·INVARIANT 0 2 3 

VI FLACCIDITY OR RETARDATION 0 2 3 

VII DIFFUSION 0 1 2 3 

VIII EXAGGERATION 0 2 3 

IX HYPERKINESIS 0 2 3 

X EVEN CONTROLJSUSPENSION 0 2 3 

LIMITED COMMUNICATIVE REPERTOIRE 0 2 3 

L-J Check further for extrapyramidal/organic/medication signs (AIMS __ I DIMSE---.J 

L-J Viewing conditions adequate (20+ minutes in at least medium shot) L-J Viewing conditions inadequate:, _______________________ _ 

Scoring lor MPI Categories I·X: 0 - not obselVed 1 .. presence of 'less serious', not asterlsked patterns 
2 .. ona to three 'pathognomonic", asterisked patterns 3 .. four or more 'pathognomonic' patterns 

Scoring for Umited Communlcallve Repertoire: 
o - some speech gesllculatlons, head movements with conversation, facial expression, range of homebase positions, and clear 

orienting to other (2+ gesticulation phrases per 10 minutes, at least 3 dlffemrt base positions, and 0 on 6-12 of Action Inventory). 
1 .. slight restriction, low lcone (1 on items 6-12,1 gestfculatlon/l0 minutes, only 2 different base positions) on 1-3 items of 

ActIon Invel'lUlry. 
2. notable restridlon, high score (2 on items 6-12, less than 3 gesticulationsl3O minutes, one base positlon) on one or two items or 

low scores only on 4-5 items. 
3 .. sill/ere restriction (1 or 2 hlgh with ~+ low or high score on 3+ items or low only on 6+ items) 

Subsystem Key: G - Gesticulations S - SeIf·related actlons I .. Instrumental adlons 0 - Orientfng 
H • Head mCMIS with speech F .. Facial expression P - Positions, Postural shifts and Locomction 

Copyright ® 1991 Martha Davis Not for quotation or use without pennission of the author. 
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APPENDIXB 

PSYCIDATRIC DIAGNOSES FOR TOTAL SAMPLE N = 62 



123 

Diagnosis Number Frequency 

Schizophrenia paranoid unspecified 295.30 3 

Schizophrenia paranoid subchronic 295.31 1 

Schizophrenia paranoid chronic 295.32 3 

Schizophrenia paranoid chronic acute 295.34 2 

Schizophreniform disorder 295.40 3 

Schizoaffective disorder 295.70 3 

Schizophrenia undifferentiated 295.90, .93, 4 
.94 

Major depression single episode 296.20 1 

Bipolar disorder manic 296.40 1 

Bipolar disorder depressed 296.54 

Delusional disorder 297.10 1 

Brief reactive psychosis 298.80 1 

Multiple personality disorder 300.14 1 

Schizoid personality disorder 301.20 2 

Narcissistic personality disorder 301.81 12 

Borderline personality disorder 301.83 21 

Post traumatic Stress disorder 309.89 1 

Diagnosis deferred 799.90 1 
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APPENDIXC 

RAW SCORES FOR ORDINAL DATA 



125 

ID DIS 1M DIF LSP PSV FLC EXG HYP EVN LIT ACT3 ACT4 ACT5 ACT9 ACTIO 

1 0 2 0 0 0 1 0 0 1 1 0 2 0 0 0 
3 0 2 1 1 0 1 0 0 1 0 2 2 1 0 1 
4 0 0 0 0 0 2 0 0 0 0 1 2 0 0 0 
5 2 1 1 0 0 0 0 0 0 0 2 2 0 0 0 
6 0 2 0 0 0 0 2 0 0 0 2 1 0 1 0 
7 0 2 0 0 0 2 0 0 0 2 2 2 1 0 0 

10 0 2 0 0 0 1 0 0 0 0 0 2 1 0 0 
11 0 0 0 0 0 0 0 0 0 0 2 2 i {) {) 12 0 0 0 1 0 0 0 0 0 0 
13 2 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
14 2 2 1 2 0 2 0 0 0 0 i 2 2 {) {) 15 1 2 0 0 0 2 0 0 0 0 
16 2 2 2 0 0 0 0 0 0 0 1 2 0 0 0 
18 0 0 0 0 0 2 0 0 0 0 1 2 0 0 0 
19 0 0 0 0 0 0 1 0 0 0 2 2 0 0 0 
20 1 2 1 0 0 1 1 1 0 0 0 2 0 0 0 
21 1 0 0 0 0 0 0 0 0 0 2 2 1 0 0 
22 0 0 0 0 0 1 1 0 0 0 2 2 2 0 0 
24 0 2 2 0 1 2 0 0 0 0 2 2 1 0 0 
25 2 0 1 0 1 0 1 1 0 0 2 2 1 0 0 
26 0 0 0 0 0 0 2 0 1 0 0 2 1 0 0 
28 2 0 1 0 0 1 1 1 0 0 2 2 0 0 0 
29 2 2 0 0 0 0 0 0 2 0 0 2 0 0 1 
30 0 2 0 0 0 1 0 0 0 0 2 2 0 0 0 
31 2 2 0 0 0 0 2 0 0 0 0 2 0 0 0 
32 2 1 0 1 0 2 2 1 0 2 2 1 0 0 
33 0 0 0 0 1 0 0 0 0 0 2 2 2 0 0 
34 1 2 0 2 0 0 2 0 0 2 2 2 0 0 0 
35 2 2 0 0 0 1 2 1 0 0 2 2 0 1 0 
36 0 2 0 0 0 0 0 0 0 0 1 1 1 1 0 
37 1 2 1 1 0 0 0 0 0 0 1 2 0 0 0 
38 2 2 1 0 0 0 0 0 0 2 2 2 0 0 0 
39 0 2 0 1 0 2 0 0 0 2 1 2 0 0 0 

60102 0 1 2 0 0 1 0 0 1 1 0 0 1 1 
60120 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 
60301 0 2 0 0 0 0 1 0 0 0 0 2 0 0 1 
60503 1 2 2 1 0 0 1 1 0 0 0 2 0 1 0 
60907 1 2 0 {) 0 1 2 2 2 {) 0 2 2 0 2 
61018 0 2 0 0 0 0 0 1 0 1 0 1 2 
61019 1 2 0 0 0 0 2 0 0 0 0 1 2 0 0 
61023 0 1 0 {) 1 0 0 0 0 Ii 1 1 0 2 1 
61102 2 2 0 0 0 0 0 0 1 1 0 1 1 
61103 0 1 0 2 0 0 1 0 0 2 1 2 1 1 1 
61110 0 1 0 2 0 1 0 0 0 2 1 1 1 1 1 
61202 0 2 0 i 0 0 0 0 0 i 0 0 0 0 1 
61207 2 2 0 0 0 0 0 0 2 2 1 0 0 
61208 0 2 0 1 0 2 1 0 0 1 1 1 0 1 1 
61302 2 1 0 0 2 0 2 2 1 0 2 2 0 1 0 
61313 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 
61401 0 1 0 {) 0 0 0 0 0 Ii 1 2 1 0 0 
61803 1 2 0 0 1 0 0 0 2 2 1 1 0 
64205 0 2 0 0 0 0 0 0 1 0 0 1 1 1 0 

Number of cases read: 52 Number of cases listed: 52 



126 

APPENDIXD 

RAW SCORES FOR DICHOTOMOUS DATA 
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10 DIS 1M DIF LSP PSV FLC EXG HYP EVN LIT ACT3 ACT4 ACTS ACT9 ACT10 

1 0 1 0 0 0 1 0 0 1 1 0 1 0 0 0 
3 0 1 1 1 0 1 0 0 1 0 1 1 1 0 1 
4 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 
5 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 
6 0 1 0 0 0 0 1 0 0 0 1 1 0 1 0 
7 0 1 0 0 0 1 0 0 0 1 1 1 1 0 0 

10 0 1 0 0 0 1 0 0 0 0 0 1 1 0 0 
11 0 0 0 0 0 0 0 0 0 0 i i i 6 6 12 0 0 0 1 0 0 0 0 0 0 
13 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
14 1 1 1 1 0 1 0 0 0 0 i i i 6 6 15 1 1 0 0 0 1 0 0 0 0 
16 1 1 1 0 0 0 0 0 0 0 1 1 0 0 0 
18 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 
19 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 
20 1 1 1 0 0 1 1 1 0 0 0 1 0 0 0 
21 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
22 0 0 0 0 0 1 1 0 0 0 1 1 1 0 0 
24 0 1 1 0 1 1 0 0 0 0 1 1 1 0 0 
25 1 0 1 0 1 0 1 1 0 0 1 1 1 0 0 
26 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 
28 1 0 1 0 0 1 1 1 0 0 1 1 0 0 0 
29 1 1 0 0 0 0 0 0 1 0 0 1 0 0 1 
30 0 1 0 0 0 1 0 0 0 0 1 1 0 0 0 
31 1 i 0 0 0 0 1 0 0 0 0 1 0 0 0 
32 1 1 0 1 0 1 1 1 0 1 1 1 0 0 
33 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 
34 1 1 0 1 0 0 1 0 0 1 1 1 0 0 0 
35 1 1 0 0 0 1 1 1 0 0 1 1 0 1 0 
36 0 1 0 0 0 0 0 0 0 0 1 1 1 1 0 
37 1 1 1 1 0 0 0 0 0 0 1 1 0 0 0 
38 1 1 1 0 0 0 0 0 0 1 1 1 0 0 0 
39 0 1 0 1 0 1 0 0 0 1 1 i 0 0 0 

60102 0 1 1 0 0 1 0 0 1 1 0 0 1 1 
60120 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
60301 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 
60503 1 1 1 1 0 0 1 1 0 0 0 1 0 1 0 
60907 1 1 0 6 0 1 1 1 1 6 

0 1 1 0 1 
61018 0 1 0 0 0 0 0 1 0 1 0 1 1 
61019 1 1 0 0 0 0 1 0 0 0 0 1 1 0 0 
61023 0 1 0 6 1 0 0 0 0 6 1 1 0 1 1 
61102 1 1 0 0 0 0 0 0 1 1 0 1 1 
61103 0 1 0 1 0 0 1 0 0 1 1 1 1 1 1 
61110 0 1 0 1 0 1 0 0 0 1 1 1 1 1 1 
61202 0 1 0 i 0 0 0 0 0 i 0 0 0 0 1 
61207 1 1 0 0 0 0 0 0 1 1 1 0 0 
61208 0 1 0 1 0 1 1 0 0 1 1 1 0 1 1 
61302 1 1 0 0 1 0 1 1 1 0 1 1 0 1 0 
61313 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
61401 0 1 0 6 0 0 0 0 0 6 1 1 1 0 0 
61803 1 1 0 0 1 0 0 0 1 1 1 1 0 
64205 0 1 0 0 0 0 0 0 1 0 0 1 1 1 0 

Number of cases read: 52 Number of cases listed: 52 
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Euclidean Dissimilarity Coefficient Matrix 

Variable DIS 1M DIF LSP PSV 

1M 8.5440 
DIF 6.6332 
LSP 7.8740 
PSV 6.9282 
FLC 8.8882 
EXG 7.0000 
HYP 6.0828 
EVN 7.2111 
LIT 8.0000 
ACT3 7.8740 
ACT4 8.8882 
ACT5 7.7460 
ACT9 7.2801 
ACTIO 7.8102 

9.1104 
9.5394 

10.2470 
9.1652 
9.1652 
9.8995 
9.4340 
9.3274 
8.8882 
7.2111 
9.2195 
8.8318 
9.3808 

5.8310 
4.8990 
6.7082 
6.8557 
4.7958 
5.2915 
6.3246 
8.9443 

10.0499 
6.7823 
5.3852 
5.5678 

5.0990 
6.8557 6.5574 
6.2450 5.5678 
5.3852 2.6458 
5.2915 3.7417 
3.7417 5.6569 
8.9443 8.8318 

10.8167 11.1803 
6.0000 5.4772 
4.3589 4.1231 
4.3589 4.5826 

Jaccard Similarity Coefficient Matrix 

FLC 

7.8740 
6.7823 
6.7082 
6.5574 
8.6603 
9.6954 
6.5574 
6.3246 
6.1644 

EXG 

4.6904 
6.0828 
6.8557 
8.4261 
9.7980 
6.7082 
5.6569 
6.6332 

HYP 

4.1231 
6.0828 
8.8882 

10.8628 
6.2450 
4.2426 
5.0990 

Variable DIS 1M DIF LSP PSV FLC EXG HYP 
1M .4571 
DIF .3913 .3030 
LSP .1600 .2500 .1667 
PSV .1364 .0909 .2143 .0000 
FLC .1515 .3611 .2000 .1250 .0455 
EXG .3333 .3056 .2174 .190, .1667 .1724 
HYP .3500 .1515 .3571 .066 .3333 .1364 .4375 EVN .1154 .2500 .1667 .0588 .1667 .12,0 .1364 .1429 LIT .1154 .2903 .1053 .3846 .0000 .22 3, .1364 .oooc ACT3 .4167 .~122 .2647 .2500 .1613 .3611, .3056 .151, ACT4 .4762 • 381 .2857 .2143 .1190 .3953' .3810 .166 
ACT5 .2,00 .3421 .1429 .2083 .1905 .2667 .2000 .0800 ACn .1 86 .4194 .0870 .2222 .0588 .1923 .2609 .1765 
ACnO .0714 .2813 .1000 .2667 .0000 .2174 .1304 .0000 

EVN 

5.6569 
9.6954 

10.8167 
6.0000 
4.1231 
3.6056 

EVN 

.1250 
.0811 
2143 

.1600 

.2222 

.2667 

LIT ACT3 ACT4 ACT5 ACn 

8.9443 
10.7238 6.8557 
6.4807 8.0000 9.4340 
5.0000 9.0000 10.7703 5.9161 
5.0000 9.7468 11.1355 6.2450 3.4641 

LIT ACT3 ACT4 ACT5 ACT9 

.2121 .6977 .2143 .4762 .1600 .4167 

.2222 .2H l .309J .1786 

.2667 .1 89 .209 .1111 .3529 

~ 

~ 
CD 
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