Rethinking Complexity

November 1, 1999

Prepared for

Business Enterprise Solutions and Technologies.

Veterans Health Administration 

Department of Veterans Affairs

Prepared by 

Tom Munnecke

Science Applications International Corporation

Health Care Technology Sector

10260 Campus Point Dr.

San Diego, Ca. 92121

Munnecket@saic.com
Table of Contents

2Executive Summary

Things for Free
3
Health as a Space
5
The Spiral of Distrust
8
Conclusion
10
Acknowledgements
10



Executive Summary


The author was once a seven-year-old vacationing in Boston in the family station wagon.  We asked a traffic officer for instructions to a local attraction.  He shouted, “you can’t get there from here” and hurried us on with an aggressive wave.


The same message may be applied to the healthcare crisis.  “We can’t get there from here,” is the refrain, as we are waved on to handle more pressing problems.


One of our more pressing problems is the definition of where “there” is.  There is no single point of view from which to define our healthcare system.  Under the industrial era “one correct way” mode of thinking, one party must take charge and lead to the appropriate “there” which is considered best for all.  

In reality, there is a swarm of participants, each having their own point of view.  This diversity can be seen at all levels, from an individual’s immune system to the health of humanity as a whole.  It is also reflected in the diversity of organizations that make up the health care industry.

The traditional way of dealing with complexity is to divide a system into a hierarchy, a sequence of levels divided into successively smaller levels.  For example, we may focus on health at the global, national, community, family, person, body part, chemical, or genetic levels.  Each part then is treated independently, with the expectation that we can optimize each part to achieve the optimal whole.

Although this appears to simplify things, issues which cross levels become very difficult. The model of hierarchical decomposition leaves us with no way of dealing with things that appear at all scales of the hierarchy.

Trust, for example, is an intrinsic that appears “everywhere and nowhere” at many levels of the health system.  It is a necessary component at nearly every interaction in our health system, yet it is the specialty of no particular level.  There is no “Vice President of Trust” in a health care company, and there is no “Trust 101” taught in the university.

The intrinsics of health – those attributes that scale across multiple levels of understanding – are at risk in a system that only deals with one scale at a time.  Someone involved in a crisis of a specific patient’s body part may have little interest in global health, yet both are important at their own scale.

An ant colony is a swarm in which the colony as a whole has behavior smarter than any of its participants.  No ant understands the whole, yet the colony is able to thrive according to dynamics of the swarm.  A central command and control center to assign and control each ant’s daily activity would be an impossibly complex activity.

Similarly, a single command and control center to deal with all health processes is an impossibly complex activity.  We must seek to understand the health process as a swarm of activities and individuals, not necessarily controlled by “one correct way” thinking.


This is a massive topic; a short paper such as this can only hint at some of its aspects.  This paper samples some of the aspects of complexity in our health system, and ways of rethinking it in light of the information economy and the information age:

1. The notion of “things for free.”  Things that were expensive in the old era have become nearly free in the new.  Things that were scarce have become plentiful.  Things that were difficult have become simple.  Things that required effort and management attention can happen spontaneously.

2. The notion of a “space” for health, instead of a single “system.”  Things that must be explicitly analyzed and created in the “systems” approach can be intrinsic in the “space” approach.

3. The spiral of distrust in our current system.  The “one correct way” systems approach has triggered an ever-deepening spiral of distrust across all levels of our health system.  AMA’s interest in unionizing physicians is but one iteration of this spiral. 

Things for Free

 
Many goods, services, and organizational concepts that used to be the source of market superiority have become low cost or free.  They are self-emergent – not requiring conscious creation and specification.  This goes against conventional wisdom.  Our management structures, accounting mechanisms, legislative processes, and general mindset are all based on controlling complexity by adding specificity.  We have been taught that as things become more complex, they require more control, categorization, and measurement.  In the networked economy, the opposite may be true.

The Encyclopedia Britannica has made its content available on the web – content for free.  American auto manufacturers used to think of quality as something to be added on after assembly, until Japanese competitors discovered that they could build quality in at a lower cost – quality for free.  Stock brokerage houses offer free information and research, as well as drastically discounted trading services – information for free.  The World Wide Web has exploded on the scene – connectivity for free.  It is growing explosively with no management committees, interdisciplinary teams, or CEO – organization for free.  Complexity scientists have discovered that with sufficient diversity and interactivity, systems can organize themselves – order for free. 

These expensive/free inversions are revolutionary in each of their industries, yet they contain a common thread: 

"If goods and services become more valuable as they become more plentiful, and if they become cheaper as they become valuable, then the natural extension of this logic says that the most valuable things of all should be those that are ubiquitous and free. 

Ubiquity drives increasing returns in the network economy.  The question becomes, What is the most cost-effective way to achieve ubiquity?  And the answer is: give things away.  Make them free."'
 
Health is one of the most valuable things an individual, family, or society can possess.  Following the logic of network economics that the most valuable things should be ubiquitous and free, what aspects of health and perhaps healthcare should be “free?” 

Quality for Free  


Harold Ganeen said, “Quality is not only right, it is free.  And it is not only free, it is the most profitable product we have.”
  The American automobile industry learned this lesson due to competition from Japan.  In mid-century, General Motors positioned the Chevrolet as a lower priced car.  Following the “quality is expensive” mindset, the Chevrolet was also expected to have lower quality.  The Cadillac was the higher priced, higher quality car.  One difference was the manufacturing process in which Cadillacs were inspected more thoroughly than Chevrolets.  More flaws would be reworked in the Cadillac than the Chevrolet, requiring additional cost, justifying the higher price.  General Motors knew that consumers, following the “quality is expensive” mindset, would accept lower quality in return for the lower price.

Japanese manufacturers, applying the concepts of quality taught by Peter Deming, developed manufacturing techniques in which quality was built in to the car.  It was cheaper to build quality throughout the initial construction of the car, rather than rework it later.  Suddenly, quality was “free.” Japan demonstrated that using a different paradigm, lower cost cars could have high quality.  The failure of General Motors not to perceive and capture “free” quality was devastating and the US auto industry has yet to fully recover.  From one point of view, pre-quality auto manufacturing was creating errors in order to justify the higher price of “error free” automobiles. 

Order for Free


When we drop an egg on the ground, it splatters into pieces.  No one would expect the pieces to spontaneously reassemble themselves into a whole egg. The second law of thermodynamics describes how systems “run down” into increasing disorder. 

However, if we mix together some chickens, water, and grain, a whole egg will likely appear. Living things exhibit order in apparent violation of the second law.  An incredibly complex set of interactions has made the farmyard become more complex, not more disorderly:

An ecosystem is a tangled bank of interwoven roles – metabolic, morphological, behavioral – that is magically self-sustaining.  Sunlight is gathered, carbon dioxide and water are built up to sugars; nitrogen is fixed and built into amino acids – the captured energy driving linked metabolisms within cells, within organisms, and among organisms.


Stuart Kauffman studies the process by which order emerges in living systems: 

“Astonishingly simple rules, or constraints, suffice to ensure that unexpected and profound dynamical order emerges spontaneously.”


The explosion of the World Wide Web is an example of an “unexpected and profound dynamical order” based on astonishingly simple rules.  Tim Berners-Lee, inventor of the World Wide Web, said:

“What was often difficult for people to understand about the design [of the web] was that there was nothing else beyond URIs [his name for URLs], HTTP, and HTML.  There was no central computer “controlling” the web, no single network on which these protocols worked, not even an organization anywhere that “ran” the Web.  The web was not a physical “thing” that existed in a certain “place.”  It was a “space” in which information could exist.”
 


The Web is growing daily in its complexity, with new companies and information sources continuously emerging.  This is an example of “order for free.”  The web did not, and could not, have come from an “expensive” managed approach with blue ribbon panels, interdisciplinary groups of experts, and a CEO to make sure that the web operated correctly.


Our notions of correctness and predictability are based on the notion of imposed control.  We expect to use expensive processes management processes to create policies, procedures, and policing mechanisms to make a system do what we expect.  However, self-organizing systems can be found everywhere in nature and in human social structures, and are able to adapt well without these artificial control structures.

Health as a Space

In the same way that the web was designed as a space within which information can exist, we can envision a space in which health can exist.


An analogy may explain this concept.  Suppose we wanted a motion picture of a child throwing a ball in a park.  If we went to an animation company, they would take our requirements, design the scene, and decompose it into a sequence of frames.  They would create each frame, then integrate them all into a single cartoon with the desired effect.  They would use knowledge of physiology for the child’s actions, physics for the trajectory of the ball, botany for the waving of the trees, meteorology for the passing for passing of the clouds, trigonometry for computing the views and perspectives, and a host of other techniques to create a lifelike representation of the activity.


Suppose, however, that we simply went to a park with a video camera, a child, and a ball.  We could create hours of  “lifelike” action by simply pressing the record button of the camera.  We would not be concerned about making the video lifelike because it would happen “for free.”  Rather, we would be concerned with composing the video that most effectively captured the effect we wanted.


These two approaches illustrate two fundamentally different ways of looking at the world:

· Decomposition, used by the animator, in which things are broken down into pieces to be assembled into the whole.

· Composition, used by the videographer, where the whole is created from a set of existing components.

From “System” to “Space”


The cartoon is a system – it functions exactly as we decompose it, according to our predetermined perspective, requirements, budget, production schedule, and skills of the artists.

The video approach is a space in the sense that we are free to wander around, change camera angles, zoom in and out, crop out extraneous features, and generally compose the image as we see fit. 


Different people compose their videos in different ways.  Some may use only the simplest of cameras.  Others will equipment, lights, and other paraphernalia far beyond the basics.  Some may include lovers on a park bench, others may include air pollution in the background.  Some may show a closeup of a child’s laughter, others may show the child as only a point of interest in the landscape of the park itself.


All of these are images of the same space.  They are not a constrained system such as the cartoon.  The technology of the video camera is a liberating influence, allowing people to deal with the park space as they see fit.


The differences between these two approaches can be illustrated in the following table:

System (The Cartoon Approach)
Space (The Video Approach)

Purpose is a set of predefined functions
Purpose is defined by participants

Requirements and Specifications
Dynamics of Interaction

Cost to control
Order for Free

Fixed Dimensionality
High Dimensionality (dimension is itself a dimension)

Top
Boundaries

Closed
Open

Correctness
Adaptability

Decomposition
Composition

Control by policy, policing, punishment
Freedom, evolution, self-organization within boundaries

Goals from top
Intention from below

Brittle
Resilient

Single point of view
Unlimited points of view

Composing Health Within a Space


The body of a person who cuts a finger begins repairing the cut, probably before the person even feels the pain.  This is a natural life process that occurs independently of any external intervention.  Bandages, medication, , a mother’s kiss, and sutures may assist the healing, but the basic healing process is on “autopilot.”  The body is invoking its intrinsic life-restoring properties, independent of whatever external requirements and specifications the healthcare system creates.  We don’t need to tell our body to heal a certain way, nor do we need to decompose the cut into specific categorizations to make it heal.  Like the videographers in the park, our health process goes on whether we specifically decompose it or not.


These two points of view have enormous implications for our health care system. Our current system is based on decompositional thinking, analogous to creating a cartoon from a decomposed sequence of snapshots.  Only with great expenditures and luck can we reconstruct a “lifelike” reproduction of the of the health process.  We have become so driven by specificity and reductionistic thought that the whole is frequently obscured.  It is as if we are trying to understand the enigma of Mona Lisa’s smile by studying a gas chromatograph.


In its quest for precision and control, modern medicine is often reduced to “medicine by body part” thinking.  Parts, not wholes are understood.  Dealing with a part may have side effects on the whole which are not visible strictly by looking at the part at a specific level:

“Other limitations of drug therapy can be illustrated by the attempts to control bovine mastitis, a disease in which the udder of dairy animals can be infected with various types of bacteria.  As streptococci used to be the microbes most commonly found in bovine mastitis, it was thought that control of the disease could be readily achieved by treatment with penicillin.  It was soon recognized, however, that elimination of streptococci was often followed by the appearance of other types of bacteria which took their place in the udder.  Mastitis cannot be controlled merely by attacking the bacteria associated with a particular outbreak of the disease.  Control can be achieved only by changing the practices of animal husbandry, which permit the bacteria to become established and to multiply in the udder.  Translated into terms applicable to human diseases, it signifies that drugs cannot be effective in the long run until steps have been taken to correct the physiological and social conditions responsible for the disease that is to be treated.”


Treating all the parts does not always constitute curing the whole.  Even something that would seem obvious to the untrained eye can miss the specialist’s perspective:

“By the time Moniz and Hess shared the Nobel Prize in 1949, [for inventing the frontal lobotomy] thousands of lobotomies were being performed every year.  Yet by the end of the 1950s, careful studies revealed what had somehow escaped the notice of many practicing physicians for two decades: the procedure severely damaged the mental and emotional lives of the men and women who underwent it.  “Lobotomized” became a popular synonym for “zombie,” and the number of lobotomies being performed dropped to near zero.”
 


Thinking of health as a multidimensional space, rather than a fixed system will allow us to apply technology to understand the health process from a broader range of perspectives.

The Spiral of Distrust


The progression of healthcare over the century has been largely driven by the attempts to create a “system.”  It was not alone.  In the late nineteenth century, Frederick Winslow Taylor invented the notion of scientific management.  He strove to find the one correct way to do each task.  In 1906, he said:

“In our scheme, we do not ask for the initiative of our men.  We do not want any initiative.  All we want of them is to obey the orders we give them, do what we say, and do it quick.”

Taylor’s approach to scientific management is analogous to the animator’s decomposing a scene for a cartoon.  In the same way as the animator slices a scene into discrete images, Taylor sliced work into components.  The total job was the sum of the tasks.  In 1883 he wrote:

“[it] occurred to [me] that it was simpler to time each of the elements of a job and establish an overall time for it by “summing up the total times of its component parts” than to search through records of past jobs and guess how they might apply to a future one.  With this strategy, work was no longer an undifferentiated lump.  It consisted of discrete pieces, each of which could be timed and studied.”


Industries adopting Taylorism began the downward spiral:


The consequences of Taylorism for labor-management relations in the industries in which it was implemented were both predictable and, in the long run, quite harmful.  A factory organized according to Taylorite principles broadcasts to its workers the message that they are not going to be trusted with significant responsibilities and that their duties will be laid out for them in highly detailed and legalistic form.  It is only natural, then, that trade unions respond with demands that the employers specify their duties and responsibilities in explicit detail as well, since the latter could not be trusted to look out for the welfare of the workers in return…groups can enter into a spiral of distrust when trust is repaid with what is perceived as a betrayal or exploitation.


[A] spiral of distrust occurred in key American manufacturing industries like automobiles and steel in the first half of the twentieth century.  The result, by the end of the 1970’s was an adversarial pattern of labor-management relations characterized by a high degree of legal formalism.  For example, the 1982 national agreement between the United Auto Workers and Ford consisted of four volumes, each two hundred pages in length, and supplemented at the plant level by another thick collective bargaining agreement specifying work rules, terms and conditions of employment, and the like.


One casualty in this move towards “objective, scientific” thinking was the notion of trust.  Our dependence on rules and bureaucratic behavior increased, which decreased our ability to trust each other, the system, and ourselves:

A high-trust society can organize its workplace on a more flexible and group-oriented basis, with more responsibility delegated to lower levels of organization.  Low trust societies, by contrast, must fence in and isolate their workers with a series of bureaucratic rules.

In a low-trust society, the network form of organization would be a formula for paralysis and inaction.  Each member of the network, when faced with the need for collective action, would try to figure out how to exploit the network for its own advantage and would suspect the others of scheming to do the same.

Healthcare today finds itself in a spiral of distrust, which triggers increased bureaucratic regulation, which in turn again increases distrust.  The following letter to the editor of the Wall St. Journal by a physician describes an exploding paperwork requirement – the same patterns of adversarial patterns and legal formalism which characterized the auto industry:

“For example, to justify a 25-minute visit… a physician will have to generate a written record including--just try to follow this--the chief complaint, an extended history of the present illness (four or more elements, or the status of at least three chronic or inactive conditions); a review of systems (an inventory of two to nine bodily systems); pertinent past medical, family and social history; plus either a detailed examination (including at least six organ systems or body areas with at least two elements each or at least 12 elements in two or more organ systems or body areas), as well as two out of three of either multiple diagnoses or management options, a moderate amount or complexity of data to be reviewed, along with the risk of complications or morbidity or mortality.

There's more. Somewhere along the line, a numbingly complex matrix of required elements must be consulted for each medical interaction to determine which level of office-visit service should be coded for billing to Medicare. Failure to do so with consistent accuracy can subject the miscreant physician to fines of up to $10,000 an incident. So the physician must turn to elaborate tables of symptoms and body parts to be sure that the reported number of findings are distributed among the right number of body systems and duly recorded.”


Physicians and the AMA are now considering unionization of physicians, a step that would have been unthinkable just a few months ago.  This may represent yet another irreversible step in the distrust spiral.  Only, instead of the four 200 page manuals outlining the Ford/UAW relationship, we can expect a whole library of rules, regulations, and other artifacts of distrust. The premise of open systems of connected participants is that trust can be recovered.

Conclusion

One of the reasons we “can’t get there from here” in the health care field is we are operating under management and control paraphernalia of an industrial model which is unsuited for the complexity of the health process.  Connectivity and freedom provided by modern communications technology enables us to rethink the foundations of what we are doing, and where we are going.

If we cast the problem as one of “connectivity” rather than “industry,” things can be greatly simplified.  Things which previously required elaborate specification and control can happen “for free.”  One of the critical first steps in dealing with this complexity, however, is dealing with today’s spiral of distrust.  
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