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PART ONE:  Introduction and system overview

I. Introduction

This document describes progress on the initial design and development of a computer software system for supporting clinical decision-making in psychiatric rehabilitation.  The system is designed to support multi-modal treatment, over extended time frames and changing settings, for people with the most severe, complicated and disabling psychiatric conditions. The system is named SOCRATES because it is expected to help in decision making by asking pertinent questions as much as by providing facts.

Development of SOCRATES began in 2004, supported by a grant from the office of the University of Nebraska – Lincoln Vice Chancellor for Research.  Federal funding was obtained in the form of an NIMH R24 research infrastructure development grant, which began in 2007.  Actual design of the system began in 2007.  So far the design process has involved two parallel tasks.  The first is development of the domain ontology, a full accounting of the logical relationships between the entities, concepts, principles and procedures of psychiatric rehabilitation.  The second is identification of the functional components of decision making in psychiatric rehabilitation.  Both processes of development have proceeded in “horizontal” and “vertical” directions.  The “horizontal” process articulates the ontology and the functional relationships between system components at the higher or broader levels of system organization, e.g. ontological relationships between assessment data and diagnosis, and the functional relationships and interactions between the core executive component, the treatment administration and progress evaluation arm of the system, and the case-wise database.  The “vertical” process articulates the details of system functioning pertinent to more specific domains of decision making, such as when to provide what treatment.

Articulating the interactions of system components is always complicated by the facts that, on the one hand, an informatics system is a set of computerized databases and software that manages and analyzes the data in them, but on the other hand, it is part of a larger information processing system that includes human participants.  The humans themselves are engaged in complex activities that must be served, and in some ways emulated, by the computer.  Different types of activities, e.g. psychiatric rehabilitation vs. internal medicine, involve different decisions, framed by different situations and contexts, and different types of treatment intervention.  For SOCRATES, ontology development must be accompanied by a detailed, operational formulation of the practices of psychiatric rehabilitation, the key situations in which psychiatric rehabilitation is provided, and the human decisions that guide the process.  There are no useful precedents from which to begin this process.  The domain ontology of psychiatric rehabilitation, and indeed of mental health in general, has not previously been worked out.  The judgment and decision processes of psychiatric rehabilitation, and indeed of mental health service provision in general, have not been systematically analyzed or studied.  Developing SOCRATES means breaking ground right from the start, although there are general principles and precedents in clinical informatics design that provide helpful guidance.

SOCRATES has two overlapping but separable roles, one given by the state-of-the-science in psychiatric rehabilitation, and the other given by the nature of advanced informatics systems.  The first, the conventional role of clinical informatics systems, is to provide information and advice to human decision makers.  The second role is to record and “learn from” actual psychiatric rehabilitation decisions and processes. SOCRATES accumulates an ever-expanding database on these processes as it participates in the rehabilitation enterprise.  This database informs the subsequent analyses and advice that SOCRATES generates, and it also is a resource for systematic research on the nature of mental illness and recovery, the nature of clinical judgment and decision making, and the effectiveness of rehabilitation.  SOCRATES should therefore be considered a research tool as well as a clinical tool.

This document describes the current point of development of SOCRATES.  The description is divided into three parts.  Part One introduces and describes the entire system, with respect to its information elements and their interactions, and the interactions between the computer-based elements and the human participants.  Part Two of this document describes assessment and decision making processes common to all aspects of psychiatric rehabilitation.   This reflects the “horizontal” dimension of system development.   Part Three describes the “vertical” development of one aspect of psychiatric rehabilitation domain ontology, treatment with psychiatric medication.    This domain was the first chosen for extensive “vertical” development for several reasons, including as part of a strategy to obtain further external funding to forward the project.

II.  Descriptions and definitions of system informational components

Figure II.1 (next page) schematically shows the relationships between the domain ontology, the other types of information processed by the SOCRATES, and the humans with which SOCRATES interacts.  This type of schema is typical of clinical informatics systems.

The human participants with whom SOCRATES interacts are collectively defined as the treatment team.  The treatment team includes the person undergoing treatment and rehabilitation, variously termed “patient” in a medical context, “consumer” or “client” or “participant” in other contexts.  All such terms have ambiguous meaning, especially when used in discussing informatics systems.  The term “patient” is arguably the least ambiguous and most rhetorically economical, but has connotations of passivity and subordinate status that are incongruent with the principles of psychiatric rehabilitation and its ultimate goal, recovery from severe and disabling mental illness.  “Client” is therefore used hereafter, and should not be confused with the entire team, technically a collective “client” of SOCRATES (the latter use of “client” is common in computer science and engineering).  The term “patient” will be used to denote clinical data (not the actual person) specific to individual clients, as in “patient data.”
Figure II.1  schematic diagram of major informational components of the system and relationships to the treatment team; arrows indicate direction of information flow


Definitions and description of components:

Patient data:  a relational database containing information on each client’s history, current behavioral and social functioning, psychiatric status, personal goals, desires and preferences.

Algorithms:  Processes that analyze patient data to arrive at recommendations for the treatment team.  These recommendations are of 2 types: problem hypotheses and intervention hypotheses.

Domain ontology:  The logical relationships between the entities, concepts, principles and procedures processed in the system. The ontology is the basis for acquiring information needed to evaluate (calculate) algorithms and perform other operations, and for modifying data sets, algorithms and other operations according to new data collected in the course of participating in rehabilitation. 

Domain rules: Postulated relationships between elements in the domain ontology that form the basis for evaluating algorithms and performing other operations.  Domain rules have both “horizontal” and “vertical” dimensions, as some apply to the entire system while others are specific to particular activities (e.g. prescription of medication or psychotherapy).

Knowledge base: A database of information about the assessments and treatments available to the treatment team, including information on the basic nature of mental illness, outcome probabilities associated with various treatment options and possible risk factors.  The knowledge base is derived from the current scientific, technical and professional literature in relevant areas.  It includes information internal to SOCRATES, but SOCRATES also has the capacity to scan external electronic databases for updated and highly specific information.  

In addition to declarative information, the knowledge base contains problem-solving methods and general procedures for solving well-defined tasks. A problem-solving method defines what a system should do with specific information.  Specific problem-solving methods in the knowledge base are comparable in form, but separate from, the problem-solving that characterizes the human treatment teams’ overall interactions with SOCRATES and clinical realities.

Biosystemic model:  A theoretical model of severe, disabling mental illness. The biosystemic model is separate from the domain rules and the knowledge base because it provides an overall framework with which to organize and interpret the information in those system components.  The model represents people as complex self-regulating biological, psychological and social systems.  As such they consist of distinct processes and mechanisms that interact to maintain biological and behavioral homeostasis. These mechanisms and processes organize themselves into levels of functional organization that range from the most molecular (e.g. neurophysiological regulation) to the most molar (e.g. performance of complex social roles).  Intermediate levels include neuropsychological functioning (e.g. attention, memory), sociocognitive functioning (e.g. social cognition, beliefs, attitudes), and behavioral functioning (performance of instrumental and psychophysiological skills).  Applied to mental illness, the biosystemic model recognizes that interactions between impaired mechanisms and processes can result in a stable but deteriorating state (maladaptive homeorhesis rather than homeostasis).  Rehabilitation and recovery are conceptualized in the biosystemic model as gradual improvement or repair of the impaired mechanisms and processes, resulting in a return to adaptive homeostasis, expressed as effective and appropriate personal and social functioning.  

Knowledge revision system:  Processes that analyze previous system recommendations, treatment team decisions and treatment outcome to revise and update the domain rules, knowledge base and treatment model information that supports the decision-making algorithms.  SOCRATES thus “develops itself” as the system interacts with (and “learns from”) human treatment teams.

Treatment/rehabilitation plan:  A record of treatment decisions and related parameters (treatment type, schedule of provision, dosage, etc); this information directs actual treatment provision.
Dispositional orders:  A record of non-treatment-related decisions and actions of the treatment team (admission, discharge, crisis interventions, precautions, etc); this information directs staff who implement the orders.

Progress data:  A record of data generated by treatment provision, including fidelity (whether delivered as planned) and patient response.

PART TWO:  The overall organization of the system

III. Top level system organization

SOCRATES is heuristically organized to reflect the organization of clinical processes and procedures in psychiatric rehabilitation.  At the top level of that organization, there is a treatment team, a treatment setting, a clinical database (“patient data” in Figure II.1), a treatment plan, and a treatment tracking system.  These can be represented in turn as top-level modules of the software system.  The human treatment team interacts with SOCRATES primarily through an executive module.  An additional module records and archives interactions between SOCRATES and the human treatment team.  The relationships between the modules are schematically diagrammed in Figure III.1.

FIGURE III.1  Top level of organization (line arrows indicate direction of information flow; block arrows indicate direction of executive actions)


Definitions and description of components:

Executive/treatment team module:  The data sets, domain rules, algorithms and related processes that interpret patient data and treatment response data, monitor contextual data, advise and interact with the human treatment team, and record and communicate treatment team decisions. 

Assessment database module:  A database derived from specific clinical assessments and the client’s social and case history, with associated processes for data collection and management and preliminary analysis (e.g. test scoring).  The treatment team accesses the database in the course of making decisions.  Some of these decisions inform processes within the database module that determine what data is subsequently deposited in the database, and prompt the human clinicians to perform the necessary assessment procedures.

Context database module:  A database that represents situational, circumstantial, legal, institutional and related characteristics that may influence or constrain treatment team decisions, with associated processes for data collection and management.  The context database is unique to a particular treatment setting or service program.  It includes service eligibility requirements, institutional policies and priorities, discharge criteria and related information.  The context database also defines the problems the team can address, the array of treatments from which the treatment team chooses, and other actions (based on dispositional decisions) the treatment team may take.  The treatment team accesses the information in the context database conjointly with the assessment database, in the course of making all decisions.

Treatment plan module:  A record that codifies the treatment decisions of the treatment team, and databases that track implementation, with associated processes for data collection and management. 

TAC (Therapy/Activity/Class) module (a module within the treatment plan module):  databases and associated processes for data collection and management, activated by inclusion of specific interventions in the treatment plan, that tracks implementation of intervention (tx monitor) and client response (standardized progress indicators).

Designated progress indicators:  Specific measures in the assessment database, designated and activated by the treatment plan to track progress for specific problems.

Dispositional orders module:  A record that codifies treatment team decisions that are not properly part of “treatment.”  These include admission to and discharge from the team’s clinical purview (e.g. an agency or service program), clinical statuses (e.g. suicide precautions, privilege levels), and changes of setting (and therefore of context).  The dispositional orders record directs these actions in the same way the treatment plan directs treatments.  This module returns data on the outcome of dispositional orders to the treatment team, analogous to the TAC data module returning patient data on treatment response.

Decision support archive:  A set of databases and associated process for collecting and managing the data, that record all treatment team decisions and interactions between the team and SOCRATES.  The interactions include all recommendations and notifications generated by SOCRATES, the logical pathways by which those recommendations were formulated, treatment team revisions in SOCRATES recommendations, actual treatment team decisions and actions and the results of formal analyses of treatment effects and outcome.  The data is fed back to the treatment team as a history of the current treatment episode, and archived for future use by the knowledge base revision system (Fig. II.1).

IV. The Assessment Database module

The organization of the Assessment Database is schematically diagrammed in Figure IV.1.

Figure IV.1  The Assessment Database module (block arrows indicate information passing out of or into other modules)


Definitions and description of components:

Assessment measures:  Raw data created by administration of specific clinical instruments and assessment procedures, further specified as variables in the case-wise database (defined in section IV.A).

Assessment manager:  A set of procedures to 1) direct data collection through administration of clinical procedures, according to a selection protocol and time schedule determined by the treatment team (executive); 2) perform preliminary analyses (e.g. test scoring) on raw data, and 3) organize the data into a heuristic format for the treatment team.  The format reflects a biosystemic model of mental illness, wherein various measures indicate functioning at different levels of biobehavioral functioning.

Assessment database:  The database of individual clients’ patient data, accumulating as treatment and rehabilitation proceed, organized into categories that reflect levels of biosystemic organization and functioning (see Biosystemic Model, Section II).  SOCRATES includes a standard set of variables, associated with specific collection instruments.  Some of the instruments are proprietary and must be obtained by the end user.  SOCRATES provides for the entry and management of data after it has been collected with the proprietary instruments.  Additional variables and assessements may be added by the end user.

IV.A. Variables in the case-wise assessment database

Definitions and description of components:

Data entry procedures:  Each variable includes interactive routines to collect and record the data from the human clinicians, via a collection instrument.

Collection instrument:   A device and/or procedure for collecting and recording specific assessment data.

Default case-wise assessment data base:  A record of data consisting of the following variables and associated collection instruments (others may be added by the end user):

Variable
Collection instrument
a. static/historical variables

Client identifying variables
Name
intake form

Date of birth
intake form

Program i.d. number
generated

Current residential address
intake form
Guardian name
intake form
Guardian contact info
intake form
Program administrative variables
Date of start of program services
intake form


Date of termination of program services
discharge form

Dates of previous program service episodes
retrieved/social hx form

Demographic & personal context variables
Legal status (type)
intake form
Current living situation (type) 
social hx form

Living situation previous to entering program (type)
social hx form 

Family involvement in client’s everyday life (type)
social hx form

Family involvement in client’s mental health services (type)
social hx form

Education (number of years completed)
social hx form

Education (GED/diploma/degree) 
social hx form

Axis I Diagnosis
social hx form

2nd Axis I Diagnosis 
social hx form

3rd Axis I Diagnosis
social hx form

Axis II Diagnosis
social hx form

2nd Axis II Diagnosis 
social hx form


Axis III Diagnosis
social hx form

Axis IV Diagnoses & nonpsychiatric medical problems
social hx form

Social historical variables
History of Trauma & Abuse (age, type & severity)
social hx form

History of Aggression (age, type & severity)
social hx form

History of Head Injury/CNS neuropathy (age, type & severity)
social hx form

History of Neurotoxic Exposure Risk 
social hx form

History of Self-Harm (age, type & severity)
social hx form

History of Substance Abuse (age, type & severity)
social hx form

Special Education (age range)
social hx form

Premorbid Behavioral Problems (age range, type)
social hx form

Marriage (age range)
social hx form

Occupational/vocational Functioning (age range, type)
social hx form

Age of Onset of primary diagnosis
social hx form

Type of Onset (type)
social hx form

Historical risk factors: violence
HRC history

Historical risk factors: self-harm
social hx form 

Treatment history variables

Previous medication (type, age range, evidence of effectiveness [type])
social hx form

Previous nonpharm. medical treatments (type, age range, evidence of effectiveness [type])
social hx form

Previous psychosocial treatment (type, age range, evidence of effectiveness [type])
social hx form

Previous residential treatment (type, age range, evidence of effectiveness [type])
social hx form

Days in Hosp before start of program services
social hx form

Dates of previous hospitalizations
social hx form

Facility & location of previous hospitalizations
social hx form

Date of last/previous hospital discharge
social hx form

b. dynamic/continuous variables (all dynamic/continuous variables are associated with a collection date and a default collection schedule which can be modified by the assessment manager)

Neurophysiological functioning

Current psychiatric medication regimen (dose, purpose[type])
treatment plan

Medication blood levels (medication, value)
laboratory assays

Neurotoxicity screen(s)
laboratory assays

Misc. physiological screens (type, purpose, value)
laboratory assays

Psychiatric symptom profile – interview based
Brief Psychiatric Rating Scale

Psychiatric symptoms – milieu observation
BMP sx baseline data

Neuropsychological functioning

Verbal IQ (age, type)
record, WAISIII default

Performance (age, type)
record, WAISIII default

Full Scale IQ (age, type)
record, WAISIII default

Overall neuropsychological functioning
NAB Total

Working memory
Letter-Number Sequencing

Attention
NAB Attention

Basic language
NAB Language

Verbal memory
NAB Memory 

Spatial memory
NAB Spatial

Executive/overall
NAB Executive Functioning

Executive/performance
Trails

Executive/conceptual
COGLAB CS

Frontal/inhibitory
FAS

Sociocognitive functioning
Insight into personal condition
insight checklists

Locus of control/chance
FKK Chance 

Locus of control/external
FKK Externality

Locus of control/internal
FKK Internal 

Locus of control/interpersonal
FKK Powerful Others 

Self-concept
FKK Self Concept 

Self-efficacy
FKK Self Efficacy 

Social apperception
Hinting Task 

Scholastic achievement
WRAT-R2 Reading Grade Level 

Literacy
WRAT-R2 Reading Raw Score 

Risk factors: elopement
?tbd

Risk factors: self-injury
?tbd


Risk factors: suicide
SPS

Risk factors:  violence/abuse
PCL

Social functioning: treatment milieu

Overall milieu functioning
NOSIE TOT

Performance of ADL’s
ADL checklist

Adherence to daily schedules
NOSIE COM

Self-care/grooming
NOSIE NEA

Social interest
NOSIE INT

Irritability
NOSIE IRR

Psychotic-like behavior
NOSIE PSY

Lethargy/amotivation
NOSIE RET

Emotional lability
NOSIE EMO


Diurnal activation
Diurnal checklist

Idiographically identified problem behaviors
BMPs, PTDS

Risk behaviors: elopement
BMPs, PTDS
Risk behaviors: self-injury
BMPs, PTDS
Risk behaviors: suicide
BMPs, PTDS

Risk factors:  violence/abuse
BMPs, PTDS
Social/community Functioning

Overall social/community functioning
MCAS Total Score

Interference from sx
MCAS Interference w Functioning

Interference from behavior problems
MCAS Behavior Problems

Living skills
MCAS Living Skills

Interpersonal functioning
MCAS Social Functioning

Personal management
ILSI PM

[other ILSI areas]
[other ILSE scales]

[other ILSI areas]
[other ILSE scales]

[other ILSI areas]
[other ILSE scales]

[other ILSI areas]
[other ILSE scales]

[other ILSI areas]
[other ILSE scales]

[other ILSI areas]
[other ILSE scales]

[other ILSI areas]
[other ILSE scales]

Risk factors: dynamic
HRC risk and clinical

Treatment engagement


Overall engagement with social services
SES Service Engagement

Collaboration with providers
SES Collaboration Subscale Score

Help-seeking behavior
SES Help-Seeking Subscale Score

Treatment adherence
SES Treatment Adherence 

Accessibility for treatment
SES Availability Subscale Score

IV.B. The assessment manager

Definitions and description of components:

Default assessment protocol:  Schedule of data collection for case-wise data sets if no revisions are made by the treatment team.

Specified assessment protocol:  Revised schedule of data collection for case-wise data sets revised by the treatment team.

Data collection manager:  A set of routines that notify the treatment team when measures are due for administration as determined by the default or specified assessment protocol, and interact with clinicians to input raw data from assessment instruments.  Specific modules for interactive data input include the intake form (initial collection of demographic and circumstantial data), the social history form, and modules unique to the respective assessment instruments.

Initial data formatter:  A set of routines that convert raw data to initial, un-interpreted initial summary output reports.

Initial summary output reports:  tabular-format output that summarizes the contents of the case-wise database.

V.  The treatment plan, treatment monitors and progress indicators

The treatment plan (see Figure III.1) is created by the treatment team and implemented by clinical staff.  SOCRATES assists in creation and documentation of the treatment plan, produces the directive documentation implemented by clinical staff, monitors implementation, and processes data on treatment response.  

The data in the treatment plan is hierarchically organized.  The top level organizational unit is the problem.  For each problem, there is a set of variables that describe the problem, define treatment goals and objectives, and prescribe specific treatments.  Specific treatments are further associated with specific measures of treatment delivery (treatment monitors) and measures of progress for that particular treatment (progress indicators).  The treatment monitors and a subset of standardized progress indicators are subsumed in the Therapy/Activity/Class (TAC) tracking module.

Definitions and description of components: 

Problem set:  a list of all the Problem types assessed and treatment in a clinical program.  This is actually a component of the Context database, but is mentioned here to identify a key contextual factor in the decisions that create the treatment plan.  The biosystemic model on which SOCRATES is based defines a set of 27 Problem types.  The Problem types are defined on the basis of presumptive etiological processes (“causes”) and treatment implications, to establish a rational link between problem definition and treatment selection.  Collectively, the Problem types in the problem set define the scope of problems addressed and services provided by the service program/treatment team. 

The default Problem set used in SOCRATES is listed below.  More detailed descriptions and discussion are provided elsewhere.  The Problem set is heuristically organized according to levels of biosystemic functioning, from the most molecular level (neurophysiology) to the most molar (the social environment).
Neurophysiological problems

1. Functional neurophysiological dysregulation of the central nervous system

2. Metabolic/neurotoxic dysregulation of the central nervous system

Neurocognitive problems

3. Post-acute neurocognitive impairment

4. Residual neurocognitive impairments

Sociocognitive problems

5. Social problem-solving insufficiency

6. Symptom-linked attribution problem

7. Mood-linked attribution problem

8. Achievement-linked attribution problem

Sociobehavioral problems – skill deficits
9. Self care skill deficit

10. Independent living skill deficit

11. Disorder management deficit

12. Occupational skill deficit

13. Interpersonal skill deficit

Sociobehavioral problems – psychophysiological dysregulation

14. Dysregulation of behavioral activation

15. Dysregulation of mood

16. Dysregulation of anger/aggression

17. Dysregulation of fear/anxiety

18. Dysregulation of appetitive behavior (hunger, thirst)

19. Dysregulation of sexual behavior
20. Dysregulation of multiple psychophysiological systems

Sociobehavioral problems - combined

21. Substance abuse

Socioenvironmental problems

22. Rehabilitation nonadherence

23. Socialized psychiatric symptoms

24. Socially unacceptable behavior

25. Social-environmental conflict

26. Restrictive legal status

27. Unstable living conditions
Treatment plan:  The case-wise record that codifies the treatment team’s assessments and formulations, defines treatment goals and objectives, prescribes treatment and identifies variables for tracking treatment delivery and client response.

Problem list:  the particular Problems chosen by the treatment team to reflect their assessment of an individual client. The number of Problems varies with individual clients, but ranges between 1 and 15.  The Problem list is not a separate data array – it is all the problem titles on an individual treatment plan (see below).  For documentary and heuristic purposes the Problem list is treated as a separate screen or printout. 
Problem:  The variables associated with each Problem on the Problem list.  These include:

1. Problem type:  the name of the problem type as defined in the problem set.

2. Problem description:  a narrative description of the problem as it manifests itself in a specific client.  As data accumulates, the description increasingly includes treatments of known effectiveness.

3. Treatment goal:  a narrative description of criteria for problem resolution

4. Treatment objectives [1..5]: narrative descriptions of progress toward the goal

5. Key indicators [1..5]:  Specific measures in the assessment database and progress indicators that reflect progress toward objectives and goals

6. Interventions [1..10]:  Specific treatments prescribed to address the problem, according to additional variables:

a.  provider:  person responsible for administering the treatment

b.  planned start date:  date treatment is intended to start

Progress indicators:  Specific measures linked to specific treatments and/or designated by the treatment plan as key indicators

Treatment monitors:  Specific measures linked to specific treatments that indicate the degree to which the treatment is being provided as prescribed by the treatment plan.  Treatment monitors fall into two major sub-divisions, reflecting treatments that occur at discreet times (therapy, skill training) vs. those that operate continuously (behavior management programs, medication):  

1. TAC system:  All scheduled treatment is tracked collectively across the agency or program by the Treatment/Activity/Class (TAC) system.  The TAC system provides data on individual clients to the treatment team and agency- or program- wide data on treatment activity to clinical administrators.

2. Medication orders and errors:  SOCRATES interacts with standard nursing and quality control procedures to identify problems with medication administration.

3. Behavioral observation and management system:  When a behavior management program is prescribed as an intervention, SOCRATES treats the data generated by the intervention as a designated progress indicator (see Section III).  In addition, SOCRATES interacts with quality control procedures to identify problems with administration of behavior management programs.

Treatment plan formatter:  Procedures that format variables in the treatment plan for output as a clinical document.

Treatment plan document:  The output of the treatment plan formatter, a printable documentation of the treatment plan.

VI.  The Executive/treatment team module

The organization of the Executive/treatment team module is schematically diagrammed in Figure VI.1.

Figure VI.1 The Executive/treatment team module (block arrows indicate information passing from or to other modules as noted).


Definitions and description of components:

Client perspective analyzer/translator:  a set of procedures to identify the client’s values, goals and preferences and pass this information to other procedures for use in influencing decisions.  These procedures use information from the client, the assessment database and existing treatment plan to identify particular client preferences.  This module also identifies occasions to re-evaluate client perspective through interactive data collection, e.g for scheduled progress evaluations or when the treatment plan is revised.

Problem identifier:  a set of procedures to identify the presence of specific problems for inclusion in the treatment plan.  These procedures operate on data from the assessment database, from the client perspective module, and from progress data generated by treatment. The problem identifier also interacts directly with the human treatment team, making recommendations based on data and revising output based on human input.  The treatment team accepts or revises these revisions, which are then encoded in the treatment plan.

The output of the Problem identifier module is a set of Problems, each with an identified Problem Description and Problem Type.  Together, the Problem Description and Problem Type identify the objective characteristics of a problem and an hypothesized “etiology” or “cause” or “antecedent.”  SOCRATES applies the assumption that for rational selection of treatment, an etiological hypothesis is necessary.  SOCRATES tests this hypothesis in the course of analyzing treatment response.  Selection of a particular Problem type for a particular Problem description codifies the hypothesized etiology of the Problem that this module has identified.  For example, a Problem description describing aggression may be given a Problem type of “CNS dysregulation” if a specific neurophysiological process is hypothesized to be causing or influencing the aggressive behavior.  Alternatively, it may be given the Problem type of “psychophysiological dysregulation” if the cause is hypothesized to be failure of learned self-control and interpersonal abilities.  Both are common, and not mutually exclusive.  When aggression is hypothesized to have both CNS and psychophysiological causes, each requiring a separate treatment, two problems are identified, and identified as being different Problem types, even though their Problem descriptions may be similar.

Developers’ Comment:  The above is a critical point in the treatment process, roughly corresponding to “making a diagnosis” in conventional clinical practice.  However psychiatric diagnosis as codified by the DSM IV does not identify or hypothesize any particular etiology or treatment indication.  It simply organizes symptoms and other clinical characteristics into ad hoc categories.   Like DSM IV diagnosis, the Problem type variable does provide categories suitable for summarizing data across groups.  Unlike DSM IV diagnosis, the categories created by Problem type are rationally associated with specific etiologies and treatment approaches.  Most importantly, the Problem type variable codifies and supports rational choice of treatment, an element often lacking in conventional clinical decision making.
Problem prioritizer:  a set of procedures that assign a priority code to each problem identified by the problem identifier module.  The priority code determines which problems will be actively treated, which are considered inactive, and which cannot be treated until preemptive problems are reduced, and moderates interpretation of treatment response data.

Treatment selector:  a set of procedures that set treatment goals, identify key indicators and prescribe treatment for the problems identified by the treatment identifier.  The treatment selector uses information from the client perspective module, as well as internal algorithms, to arrive at treatment recommendations.  It interacts with the human treatment team to translate recommendations into treatment plan directives.

The treatment selector consists of “sub-modules” designed to be activated by the Problem type code.  For example, the “ functional CNS dysregulation” problem type activates a sub-module for further assessing and treating problems treated primarily with psychiatric medication, and the “psychophysiological dysregulation” problem types activate sub-modules for further assessing and treating problems treated primarily with specialized psychotherapy and psychoeducation modalities.

Data formatter:  a set of procedures that compile and format data from the assessment database and the treatment plan progress data for heuristic presentation to the human treatment team.

Treatment response/progress evaluator:  a set of procedures that evaluate changes in key indicators and other assessment data, compare the changes to expectations defined in the treatment plan, and make recommendations accordingly.

Risk assessor and manager:  a set of procedures that identify patterns in the assessment and treatment progress data indicative of risk situations requiring special actions by the treatment team.  Identification of and responsibility for risk situations are influenced by information in the context database.

Disposition monitor/decider:  a set of procedures that identify situations requiring dispositional decisions by the treatment team.  This module identifies the situations, makes recommendations, interacts with the human treatment team and revises output based on human input.  Data for these determinations come from the assessment database, the context database, the treatment response/progress evaluator and the risk assessor.  The output is a dispositional order directing care staff to perform specific procedures and/or place the client on some specific status.

VI.A.  Problem identifier

VI.B.  Client perspective analyzer/translator

VI.C.  Risk assessor and manager

VI.D.  Problem prioritizer

VI.E.  Treatment selector(s)

VI.F.  Disposition monitor/decider

VI.G.  Data formatter

VI.H.  Treatment response/progress evaluator

VII.  The context database module

PART THREE: vertical development of decision making support for use of psychiatric medications

VIII.  Treatment selector sub-module for the Functional CNS dysregulation Problem type

Each Problem type in the Problem set is associated with specialized processes for further analyzing the Problem and recommending specific treatments or rehabilitation interventions.  

The problem “Central Nervous System Dysregulation” denotes biochemical problems in the brain expected to benefit from pharmacological treatment.  Therefore, identifying a Problem on the Problem list as being of the CNS Dysregulation Problem type activates the treatment selector sub-module that prescribes and evaluates psychiatric medication.

The components of this sub-module are diagrammed in Figure VIII.1.

Figure VIII.1.  The Functional CNS Dysregulation treatment selector sub-module with key inputs.


Definitions and description of components:

Symptom-treatment match protocols:  A set of algorithms and domain rules for determining the best possible match between the symptoms or other expressions of illness that are targets of treatment and the action profiles of psychiatric medications.  Data for evaluating the algorithms and rules comes from the assessment database, via the narrative problem description on the treatment plan, and from the treatment response history analyzer.

Treatment response history analyzer:  Algorithms that analyze the client’s case history for evidence of previous response to specific psychiatric medications.  This analysis informs the symptom-treatment match algorithms and heuristics.

Options lister and trial organizer:  Algorithms that analyze and simplify alternative medication strategies, and recommend specific medication trials.  This component interacts with the human treatment team, which accepts or revises the recommendation for further processing.  A trial is then designed for testing the recommended medication.  The designed trial is in turn accepted or revised by the human treatment team, and translated into intervention parameters for the psychiatric medication intervention on the treatment plan.

Observed/expected response match heuristics:  Algorithms that compare data from the progress indicators designated by the treatment plan for the CNS Dysregulation problem with the treatment response expected for the selected medication regimen.  The result of this analysis is a recommendation to extend the medication trial (because effectiveness remains unclear), discontinue the trial but continue the medication (because it appears sufficiently effective), or discontinue the trial and recycle the options lister and trial organizer for a new set of recommendations.

IX. Symptom-treatment match protocols and trial designer

Symptom presentation is matched to medication action profiles by determining the status of four dimensions of CNS dysregulation:  schizophreniform, affective, explosive/aggressive and anxiety/agitation.  The dimensions are defined and operationalized in the system knowledge base.  The medication action profiles are also part of the system’s knowledge base.  For each dimension of CNS dysregulation, there is a set of domain rules that determine whether there is a significant clinical presentation on that dimension, and if so, a medication selection protocol is activated for that presentation.  The results of these protocols are then simplified to create the most simple candidate regimen.  The candidate regimen is then compared to case history data to determine a “highest effectiveness probability” recommended regimen.  This recommendation is either accepted or revised by the treatment team.  The accepted or revised regimen is then analyzed to determine an optimal strategy for testing the regimen’s clinical effectiveness.

The match protocols and trial designer are diagrammed in Figures IX.1 – IX.3:

Figure IX.1.  Progression of tx/sx match algorithms, domain rules and related protocols:


Figure IX.2.  Simplifying the candidate regimens and matching to history


Figure IX.3.  Medication trial designer


Definitions and description of components:

Drug response history analysis protocol (Fig. VIII.1):  a set of domain rules and algorithms that evaluate historical data for previous medication use and evidence of effectiveness and generate a list of candidate medications accordingly.

Medication selection protocols (schizophreniform, affective, anxiety/agitation, aggression/explosive) (Fig. IX.1):  sets of domain rules and algorithms that match presenting (current) patient data with medication action profiles to create a list of candidate medications.

Preliminary regimens (inclusive, reduced, optimized, proposed, trial) (Figs. VII.2 & VII.3):  Lists of candidate medications at sequential points in the evaluation process).

Present/past match protocols (Fig. IX.2): a set of domain rules and algorithms that compare medication candidate lists from presenting data and historical data and create a new candidate list based on joint consideration.

Regimen negotiator (Fig. IX.3):  A set of domain rules and algorithms that revise the proposed regimen according to information from the context data base, problem prioritizer and client perspective module.

Multiple baseline designer (Fig. VII.3):  A set of domain rules and algorithms that recommend a set of outcome measures, with expected time frame of effects on the respective measures, for acceptance or revision by the treatment team.  The recommendation is predicated on the choice of combined rather than separate trials; i.e. all trial medications are started at the same time.  The accepted or revised recommendation activates specific patient data measures as designated outcome indicators and enters directive information (e.g. assessment procedures, medication administration schedules, dosages) in the treatment plan.  The accepted or revised recommendation also activates protocols within the Treatment Response Evaluator (Executive/treatment team module, Fig. IV.1) specific to multiple baseline analysis of medication effects, in preparation for analyzing and interpreting treatment outcome data.

Trial prioritizer/designer (Fig. VII.3): A set of domain rules and algorithms that recommend a set of outcome measures, expected time frame of effects on the respective measures, and a sequence and schedule for starting the respective medications in the trial list.  The recommendation is predicated on the choice of separate trials; i.e. trial medications are started at different times to allow more confident interpretation of treatment response data.  The accepted or revised recommendation activates specific patient data measures as designated outcome indicators and enters directive information (e.g. medication administration schedules, dosages) in the treatment plan. The accepted or revised recommendation also activates protocols within the Treatment Response Evaluator (Executive/treatment team module, Fig. IV.1) specific to separate analysis of medication effects, in preparation for analyzing and interpreting treatment outcome data.

IX.A. drug response history analysis protocol

IX.B. schizophreniform selection protocol

IX.C. affective selection protocol

IX.D. explosive/aggressive selection protocol

IX.E.  anxiety/agitation selection protocol

IX.F. present/past match protocol

IX.G. regimen negotiator

IX.H. multiple baseline designer

IX.I.  separate trials prioritizer/designer

Part four:  Vertical development of modules for socioenviron-mental problems

“Socioenvironmental problem” denotes problems in person-environment relationships, wherein desirable behaviors have too little subjective and economic value to the patient, and/or undesirable behaviors have too much subjective and economic value.  The primary treatment approach is usually to engineer environmental contingencies associated with specific behaviors so that desirable behaviors are rewarded and undesirable behaviors are not.  Usually, treatment includes a process of transferring behavioral control from therapeutically contrived contingencies to natural ones.  Often, the behavior of interest is a simple one, such as going to a particular place and a particular time.  Sometimes it is more complex, sometimes to the degree that the behavior is appropriately conceptualized as a “skill.”  In such cases, sociobehavioral interventions such as social skills training may be necessary prerequisites or adjuncts to contingency management.  Socrates makes this determination based on historical data and current assessment data.  Further assessment of skill training needs uses the sub-module dedicated for that purpose within the sociobehavioral problems module.  Further assessment of person-environment relationships pertinent to contingency management is performed within the socioenvironmental problems module, by a functional behavioral analysis sub-module.

The components of the socioenvironmental problems module are diagrammed in Figure IX.1.

Figure IX.1.  The socioenvironmental problems TX selector module with key inputs.
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