132

SYSTEMS THINKING : A SERVICE

SCIENCE PERSPECTIVE

Haluk Demirkan
Jim Spohrer  (IBM Almaden Research Center)

(University of Washington Tacoma)

VATLBE  Y—ERAY AL IV ANSDRE

VAT LBEREMERREERL, ETIVLT 2RODELED 1 DOTHB. —FH, Y—EXAY ATV AFY—
EXYRTLEMRTDHDICRELDDOHEDEHETHSH. Y—EAVATLIF, 8., §IK, &R, EEEE
DR ZARNICE D MO EMBELR LG 2TV, &, T—EAY AT LR, BENGRY N7 —7EER
DOHRTRRICEELDDOHY, FIC, RFt, KF, THELEDOY—EXVATLIKBEWTE, &Y XWEEDE
Rofedlc, 28 (RUAT v 7)) GERONSMRZETOCENERELBZO>TETCVS. Y—EATA TV
A LEBHFH LWEBDF TH D, Y—EATA IV ADEHICK ST, ROV AT LBEICNT B5EZH

HRESENT 2NN D S.

INTRODUCTION

Systems thinking is an approach to understanding the

complex systems that we live in as well as the complex

systems we are 2,

“Accelerating economic, technological, social, and
environmental change challenge managers and policy
makers to learn at increasing rate, while at the same time
the complexity of the systems in which we live is growing.
Many of the problems we now face arise as unanticipated
side effects of our own past actions. All too often the
policies we implement to solve important problems fail,
make the problem worse, or create new problems. Effective
decision making and learning in a world of growing
dynamic complexity requires us to become systems thinkers
- to expand the boundaries of our mental models and
develop tools to understand how the structure of complex
systems creates their behavior. This book introduces you
to system dynamics modeling for the analysis of policy
and strategy, with a focus on business and public policy
applications.” (Page. vii);

Furthermore, general systems thinking spans many
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disciplines and is an approach to complex systems that can be

used by professionals and laypersons alike 200,

“The general systems movement has taken up the task of
helping scientists to unravel complexity technologists to
master it, and others to learn to live with it.” (Page. 3);

All complex systems have capabilities and constraints that
can be described and modelled to some degree 23).26)

Business and societal organizations continually innovate to
adapt available resources to changing competition, regulation,
and requirements of customers and other stakeholders 9,
Organizations innovate to improve efficiency, quality and
speed of their operations, through mergers and networks that
adapt their resource base to changing needs, and through
rapid services offerings. In other words, they attempt to
manipulate what are perceived of as the controllable variables
within their systems. However, they often discover that these
manipulations do not achieve desired outcomes and/or create
unwanted side-effects — mainly because their system is much
more complex than they anticipated. Changes to the scale of
service delivery may impact service quality in unanticipated
ways, the introduction of a new service may create demand
for different or even more services and service innovations
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may unintentionally shift the market from a product to a
service quality focus. Unanticipated consequences result
in unnecessary costs, lack of responsiveness to customers,
and missed opportunities for innovation. For example,
manipulating the systems can result in fragmented service
delivery. Reduced fragmentation and complexity, improved
efficiency and higher levels of agility in systems can only be
achieved when multiple, complex trade-offs are carefully
balanced (Table 1).

Influenced by the emerging field of service science, service-
oriented strategies, technologies, and management have
gained attention in the past few years, offering approaches
to developing more flexible business processes that co-create
value with customers to manage trade-offs more carefully. For
example, Rolls Royce leveraged its expertise in aircraft engine
manufacturing to implement a service-oriented Power-by-
the-Hour offering for their customers. This new business
model better met customer needs and gave Rolls Royce more
information about the way their customers use resources
to create value. Zara achieved this success by exploiting its
vertical integration to redesign customer oriented service
processes ) Idea of analysing the customer has been around
for many years in manufacturing industry 7, Examples
abound of traditionally product-oriented companies adopting
a service-orientation when they can put in place service-
oriented systems as a platform for continuous innovation
with their customers and partners ”. The growing literature
associated with service-dominant (S-D) logic and service
science document some of these examples 2 and illuminates
the associated orientation.

In addition to the service orientation and service
transformation, service industries are also growing
exponentially. These include financial, education,
transportation and telecommunication, information
technology services, logistics, human resources management
and many others. In fact, these modern service industries
have become the pillars of many national economies.

Although research and experiential findings on services in
many disciplines have achieved impressive results, systematic

Systematize Customize
Cost Effectiveness
Consistency Variance
Standardized Differentiated
Independent Interdependent
Available Convenient
Speed Accuracy
Secure Open
Stable Dynamic

Table 1. Examples of Tradeoff Challenges

research on modern service systems is still very limited.
In this article, after discussing holistic service systems, we
explain how systems thinking and theory can shed light
on the evolution of this new science of service and service
systems. We conclude our article with opportunities and
challenges.

SYSTEMS THINKING : HOLISTIC
SERVICE SYSTEMS

Holistic service systems vary enormously in scale and

are very complex, but they also may be entering an era of
accelerated innovation, or rapid learning from each other's
best practices.

The types of entities that are capable of service interactions
(service for service exchange) vary enormously in scale
and structure. Nations, states, cities, hospitals, universities,
businesses, non-profits, families, and individual people
are capable of service interactions. They apply knowledge,
competencies, and resources for the benefit of other entities,
and engage in service for service exchange (value-cocreation)
The knowledge, competencies, and resources, they needed to
survive were largely contained within their population and
local environment. While there are many benefits of being
largely self-sufficient, nevertheless, because they had minimal
interaction with other entities, processes such as learning and
sharing innovations, or best practices could be quite slow,
and take many generations to jump from one holistic service
system to another D12)

In the interconnected world of today, if a nation, state, or
city were to become cutoft from the rest of the world, quality
of life would begin to suffer almost immediately. There is
a much greater degree of interdependence amount service
system entities today than in the past. Quality of life is a
function of the quality of service from many systems such
as transportation, water, food, energy, communications,
buildings, retail, finance, health, education, and governance.

Could we be entering an era of dramatically accelerated
improvement of holistic service systems? There is some data
that suggests this may be the case. For example, Figure 1
below shows the correlation between a nation's percentages of
world-wide GDP (Gross Domestic Product) and percentage
of top-500-ranked universities. The strong correlation exists
over time, and for nations like China and Japan that have
seen rapid GDP growth, there is also a rapid growth in top
ranked universities. This is likely a case of dual causality, in
the sense that improved universities can help boost GDP, and
improved GDP can help boost the quality of faculty, facilities,
and graduates at the university 10,10,

Furthermore, it appears we are entering an era, where
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Figure 1. The correlation between
a nation’s percentages of world-
wide GDP and % of top-500-ranked
universities (Source : http://www.
arwu.org/ARWUAnalysis2009.jsp)

our understanding of holistic service systems, will enable
accelerated improvements, as they learn best practices
from each other. Quality of life has the potential to improve
consistently generation after generation, including quality
of service from multiple systems, quality of jobs in those
systems, and quality of investment opportunities based on
more predictable change. The service science community is
composed of researchers and practitioners working together
to better understand service systems and to manage, engineer,
and design best practice improvements (Figure 2).
ECOLOGY (Figure 3) is the study of the abundance and
distribution of entities in an environment, and how the
entities interact with each other and their environment over

. . g 4,16
successive generations of entities 110,
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The concept of ecology is more general and can be applied
to entities as diverse as the populations of types of atoms in
stars to the types of businesses in a national economy. About
14B years ago (indicated by the top of this purple bar), our
universe started with a big bang. And through a process of
known as fusion, stars turned populations of lighter atoms
like hydrogen into heavier atoms like helium, and when stars
of a certain size have done all the fusion they could, they
would start slowing down, and eventually collapse rapidly, go
nova, explode and send heavier atoms out into the universe,
and eventually new stars form, and the process repeats over
and over, creating stars with different populations of types
of atoms, including heavier and heavier elements. Eventually
after about ten billion years in the ecology of stars and atoms
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Figure 2. Interactions of Natural Systems and Service Systems for
Quality of Life

within stars, a very important star formed our sun (the
yellow on the left) - and there were plenty of iron and nickel
atoms swirling about as our sun formed, and began to burn
4.5B years ago, and the Earth formed about 4.3B years ago
(the blue on the left)... In less than a billion years, the early
earth evolved a remarkable ecology of complex molecules,
including amino acids, and after less than a billion years, an
ecology of bacteria took hold on early earth (the bright green
on the left).

The ecology of single cell bacteria flourished and after
another billion years of interactions between the bacteria, the
first multi cellular organisms formed, and soon the ecology
of sponges (the light blue on the left) and other multi-cellular
entities began to spread out across the earth. Then after nearly
two billion years, a type of division of labor between the cells
in multi cellular organism lead to entities with cells acting
as neurons in the first clams (the red on the left), and these
neurons allowed the clams to open and close at the right
time. After only 200 million years, trilobites appeared the first
organisms with dense neural structures that could be called
brains appeared (the black on the left), and then after about
300 million years, multi-cellular organisms as complex as bees
appeared (the olive on the left), and these were social insects,
with division of labor among individuals in a population,
with queens, drones, worker bees. So 200 million years ago,
over 13B years after the big bang, the ecology of living entities
is well established on planet earth, including social entities
with brains and division of labor between individuals in a
population...

Living in colonies that some have compared to human cities
— where thousands of individuals live in close proximity and
divide up the work that needs to be done to help the colony
survive through many, many generations of individuals that
come and go. Bees are still here today. And their wingless
cousins, called ants, have taken division of labor to incredible

levels of complexity in ant cities in nearly every ecological

niche on the planet.

Now take 1% of this little olive slice, which is 2 million
years... that is how long people have been on earth, just one
percent of the little olive slice on the left. What did people do
in most of that 2 million years? Basically, they spread out to
every corner of the planet, and changed their skin color, eye
colors, and hair colors, they spread out and became diverse
with many different appearances and languages. It took most
of that 200 millions just to spread out and cover most of the
planet with people. The bar on the right represents 10,000
years or just 500 generations of people, if a generation is about
20 years. 500 generations ago humans built the first cities,
prior to this there were no cities so the roughly 100M people
spread out around the world 0% lived in cities, but about 500
generations ago the first cities formed, and division of labor
and human-made service interactions based on division of
labor took off - this is our human big bang - the explosion of
division of labor in cities.

So to a service scientist, we are very excited about cities as
important types of service system entities, and division of
labor as an important type of value-cocreation mechanism,
and all this really takes off in a big way just 500 generations
ago when the world population was just getting to around
100M people spread out all around the world - so 10,000
years about 1% of the worlds population was living in early
versions of cities. It wasn't until 1900 that 10% of the world's
then nearly 2B people lived in cities, and just this last decade
that 50% of the worlds 6B people lived in cities, and by
2050 75% of the worlds projected 10B population will be
urban dwellers. It should be noted that the growth of what
economist call the service sector, parallels almost exactly
the growth of urban population size and increased division-
of-labor opportunities that cities enable - so in a very real
sense SERVICE GROWTH IS CITY GROWTH OR URBAN
POPULATION GROWTH... in the last decade service jobs
passed agriculture jobs for the first time, and urban dwellers
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passed rural dwellers for the first time.

But we are starting to get ahead of ourselves, let's look at
how the human-made ecology of service system entities and
value-cocreation mechanisms evolved over the last 10,000
years or 500 generations. The population of artifacts with
written language on them takes off about 6000 years ago or
about 300 generations ago (the yellow bar on the right).

Written laws (blue on right) that govern human behavior in
cities takes off about 5000 years ago - and this includes laws
about property rights, and punishment for crimes. Shortly
thereafter, coins become quite common as the first type of
standard monetary and weight measurement system (green
on right).

About 50 generations ago, we get the emergence of another
one of the great types of service system entities — namely
universities (light blue line) - students are the customers,
as well as the employers that need the students. Universities
accelerate the division of labor in cities and the supply
and demand for specialized skills, including the research
discipline skills needed to deepen bodies of knowledge
in particular discipline areas. The red line indicates the
population of printing presses taking off in the world, and
hence the number of books and newspapers. This was only
about 500 years or 25 generations ago. The black line indicates
the beginning of the industrial revolution about 200 years ago
or 10 generations ago, the steam engine, railroads, telegraph
and proliferation of the next great type of service system
entity — the manufacturing businesses that benefited from
standard parts, technological advances and scale economies,
and required professional managers and engineers. By 1900,
just over 100 years ago, or 5 generations ago, 10% of the
world's population, or about 200 million people were living
in cities and many of those cities had universities or were
starting universities.

Finally, just 60 years ago or 3 generations ago, the electronic
semiconductor transistor was developed (indicated by the
olive colored line on the right), and the information age took
off, and many information intensive service activities could
now benefit from computers to improve technology (e.g.,
accounting) and many other areas.

So to recap, cities are one of the oldest and most important
type of service system and universities are an important and
old type of service system, as well as many types of businesses.
Smarter Service Systems = Complex Systems that serve
customers better with services such as water, electricity,
transportation, education, healthcare, etc.

Based on the systems literature, “systems” can be defined as
an “entity which is a coherent whole”. This coherence enables
a boundary to be drawn around an entity distinguishing
the elements that are “inside” from the “outside”. Also, the
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existence of a boundary enables us to identify inputs and
outputs that crosses the boundary ) All these elements
of the system that function together show some level of
organization beyond that of the random or weakly related.
Therefore, an entity considered as a “whole”, has sub-systems
and is part of a wider whole 6,

BOULDING'S SKELETON OF
SCIENCE

)

Boulding » in a short essay entitled “General Systems
Theory - The Skeleton of Science” motivated the importance
of general systems theory for fools like us. Fools like us
use highly specialized symbols and language to learn and
communicate scientific findings between the Right People.
He also indicates that “General Systems Theory' is a name
which has come into use to describe a level of theoretical
model-building which lies somewhere between the highly
generalized constructions of pure mathematics and the
specific theories of the specialized disciplines.” As Boulding
observes the need for general systems theory is accentuated
by the present sociological situation in science... the crisis
of science today arises because of the increasing difficulty of
such profitable talk... The Republic of Learning is breaking up
into isolated subcultures... the total growth of knowledge is
being slowed down by the loss of relevant communications...
As Boulding points out, these two approaches (general
phenomena/ecological and ordered complexity/evolutionary)
(Figure 4) are complementary rather than competitive
approaches. Simon '7) further developed the notion of
hierarchical complexity in his work on “sciences of the
artificial.” Arthur 2 more recently developed a further
theory of the nature of technology as ever more complex
recombinations of prior technologies, and Auerswald® talks
about “production recipes” in economics as recombinations
of prior recipes, including both technology and rule

recombinations. Spohrer, et al 101

. provide a useful broad
brush perspective of the same territory, using a combined
ecological and evolutionary view of physical systems,
chemical systems, biological systems and service systems.
In particular, this latter worked surveyed what scientists
know about the origin of phenomena from the Big Bang
some 14 billions years ago to the rise of cities some 10
thousand years ago to modern technologies such as the
semiconductor transistor (~1947), integrated circuit (~1958),

and microprocessor (~1971).
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Two possible approaches

The first approach The second approach

Some growth phenomena can be dealt with in terms of relatively and
simple population models .. At the more complex levels, interaction
structural problems become dominant and the complex
interrelationships between growth and form are the focus of
C tion and inf ion p _are tions
essential in the development of organization, both in the
biclogical and social world

This, however, Is
abily a long way
ahead.

pick out ina hierarchy of complexity
cartain general phenomena of organization
Some examples of the first approach ....
the interaction of population can be discussed in terms of may
C . y o parasitic i ultimately
. "behavior” of each individual is “explained” by the structure and I:g;::“
arrange of the lower individuals of which it is composed, or by ikea erl?era!
certain principles of equilibrium or homeoslasis according to fisld U?eoq-'
which "states” of the individual are “preferred of dynamics

Two possible approaches

The first approach , The secand approach
pick out In a hierarchy of complexity
certain general phenomena of erganization

... more systematic, hilﬂll:g to a “system of systems™,

{1} ... first leved ., static structure . level of frameworks One
() ... simple dynamic system with predetermined, necessary mations . level of advantage
clockworks. it gives
(1) .. CONRro MeEChanism oF cybemetc system .. level of the thermostat ts ““";“
{iv) ... “open system,” or self-maintaining structure .. Iife begins io idea of the
p it
Iisedf from not-tte ... level of the cell |, gaps in both
{v) .. genetic-societal level . typified by the plant theoretical
(vi) . “animal’ level, ized by mobéity, and
and self-awareness empirical
{vii) .. “human~level . sell-consciousness . different from mere awareness knowledge
{wiii) ... symbolic images and behawior based on them ... social organization
) .. b systems . and and the
unkncwables .,

Figure 4. General System Theory : The Skeleton of Science 2

REFRAMING PROGRESS SINCE
THE BOULDING'S SKELETON
OF SCIENCE

Boulding, as emphasizes the importance of notions such

as discovery and innovation, which from a service science
perspective relates to knowledge creation and the application
of knowledge to create benefits broadly.

From a service science perspective, progress can be thought
of in terms of the rights and responsibilities of entities
(individuals and institutions). In our human service ecology,
value-cocreation depends on trust, and trust depends on
rights and responsibilities. Rights are associated with societal
benefits and freedoms, and responsibilities are associated with
societal constraints (backed up by the threat of loss of rights
or access to resources as well as reputation damage, fines,
or coercion). Governance mechanisms are a special type of
value proposition in the service ecology, and governance
mechanisms are one of the twelve fundamental concepts in
service science ¥,

When we lose trust in “the system of others,” society falls
apart and progress slows. Therefore, progress can be seen in
terms of rights and responsibility of entities to acquire and
use competences (knowledge) for the benefit of themselves
and others. This view has the potential to integrate the three
major traditions associated with the concept of progress,
namely, societal progress (responsibility to next generation's
quality of life), scientific progress (rights to share, expand,
and accumulate knowledge), and the myth of progress (not a
linear scale).

First, consider competence without rights and responsibilities
of entities to address the knowledge burden. Competence
without comprehension can be seen in both organisms in
the natural world and machines in the technological world.
Both organisms (evolved) and machines (designed) can do
remarkable things, without comprehension of what or how
they do what they do.

Next, consider competence with comprehension of what

entities are doing, how they are doing it, and the associated
rights and responsibilities of using the knowledge. For
example, consider the work of a scientist trying to understand
bird flu, or a pharmaceutical firm introducing a new drug.
Individuals and institutions have rights and responsibilities
associated with the use of knowledge.

We also need to think about how we can evolve systems
thinking with learning and coevolving. According to Ing **
systems thinking need to evolve based on service systems in
three ways: (1) from parts and wholes to learning and co-
evolving, (2) from social and environmental to resilience of
emerged ecologies, (3) from specialized and separate episteme
(deduction), techne (abduction) and phronesis (induction) to
integrated and holistic approaches.

Concluding Remarks : Future
Directions

21), 22) . . .
, service science is

As articulated in Spohrer & Maglio
a specialization of systems science that attempts to integrate
elements of many other disciplines (associated with the
four fundamental types of resources, people, technology,
organizations, and shared information). Each disciplinary
part contributes to the understanding of the evolution of
value-cocreation interactions between complex adaptive
entities — service systems - within an ecology of nested,
networked entities. It focus on service systems and value co-
creation ®> %,

We call this perspective the service systems worldview. The
service systems worldview can be used to interpret the world
that we live in as a world of (1) interacting service systems,
(2) connected by value propositions (to cocreate value), (3)
with governance mechanisms (to resolve disputes) among the
many stakeholder service systems, (4) that collectively form
many dynamic, interlocking service networks. Service systems
collaborate and compete, explicitly or implicitly, to cocreate
and cocapture value. Service systems are knowledge-intensive

systems, evolving more sophisticated value propositions to
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enhance win-win interactions, more sophisticated governance
mechanisms to resolve disputes and learn to benefit from
measured risk-taking, discovery, and perpetual change, as
well as more sophisticated service networks that increase
value creation density 12) Spohrer and Demirkan 20) proposes
a systematic new framework for conceptualizing the evolution
of value co-creation interactions between complex adaptive
entities — service systems - within an ecology of nested,
networked entities as a new way to describe the innovation
processes of service-producing entities instead of following
traditional “bricks-and-mortar product development
processes and platforms,” and seeks a formal and universal
theory - The Abstract-Entity-Interaction-Outcome-
Universals (AEIOU) - in which to understand entity,
interaction, and outcome patterns of service systems. AEIOU
theory defines service separation as customers' absence from
service production, which denotes the spatial separations
between service production, distribution, consumption and
recycling in time and space complexity. Service separation
increases customers' perceptions of not only access and
benefit conveniences but also performance and psychological
risks ',

This view leads to a new set of OPEN questions for service
and systems scientists to answer, about the nature of entities,
interactions, outcomes, and their dynamics over time. For

example :

» What types of entities are capable of service interactions?

* What types of interactions do service system entities engage
in?

* What types of outcomes can result when service system
entities interact?

* How do the types of entities and interactions change over
time?

* How do the spatial distributions of types of entities change
over time?

* How do the hierarchical structure and network relationships
of entities change over time?

* How do the knowledge, competencies, resources owned and
accessed by the entities change over time?

* How do innovativeness, equity, sustainability, and resiliency

interact?

The world is a rich and wonderful place, full of many
possibilities for how history might have unfolded differently.
Service science with its emphasis on service system entities
and value-cocreation interaction can provide perspective for
attempting a new definition of what progress is and if there is
a speed limit to progress, what that speed limit is.
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