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[bookmark: _GoBack]Abstract: This paper pulls collects recent inquiries togetherinto  recent inquiries regarding the disciplines I call, “systems-thinking” and “systems-making”.  The firstThe first I see as a  primarily refers to the practice of developing of representing nature with explanatory systems of ideas somewhat separate from any applications in the mind.  T, the second I see as primarily to a practice of improvising,s of developing the theory and material aspects of designs together, bringing theory and accumulative design and building of systems of relationships in nature closer together.   They differ as paradigms of thinking, one centered on fitting mental images together together in the mind, the other centered on fitting material relationships together, mental design versus material design.  We’ll discuss Ppatterns of their differences and similarities are discussed while, looking for how each can work with the other.   The mainBoth strategies have much in common.  They both  similarity is that both their products, mental systems and material systems,tend to 1) proceed by nonlinear step-wise accumulative design inquiries and 2) end in designs with emergent properties, and .  They also 3) both rely on the useusing of natural verbal and graphic language to communicate, in addition specialized terms of art to any special terms or languages.  Like all sciences theyThey also both 4) both rely on relating relate to nature by observing and testing as sciences, followingas if in conversation, translating back and forth, as depicted in the the general model proposed by Robert Rosen (1991), depicted as conversations with nature, learning from nature by a process of) shifting attention back and forth between observations and interpretations.  Studying those differing processes and the non-linear way of accumulative design each usesand how they work, helps expose opportunity for their working more successfully apart and together.  
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[bookmark: _Toc471834650][bookmark: _Toc471834652]Systems Science Context
GENERAL MODEL AND METHODS
[bookmark: _Toc471834651]Introduction
This research paper pulls together recent threads of inquiry into the disciplines practices of “systems-thinking”(ST) and “systems-making”(SM), and into how conceptual thinking and material developmentsthey differ and connect.  The distinction in emphasis is primary distinction is that one is primarily concerned with making mental models (as systems of thought) and the other, and to succeed needs to be coordinated with the other, primarily concerned with creating  material designs and organization.  A strong focus on one without the other would be unbalanced. A strong focus on both, alternating to work together, is more the idealis the concern, and the “practical” necessity being an alternating strong focus on both is illustrated (Figure 1), a matter of balance or imbalance between concentration on one or the other or both.   As in Figure 1 one would expect system ideas to emerge in any of the four quadrants, with the normal practice to follow an exploratory path ending up “converging” with others on what is in some way holistically practical. Still, in experience we find a focus on how our minds would explain things conceptually, will often quite ignore how nature would achieve things developmentally.  A focus on how things can develop procedurally can also lose sight of greater goals conceptually, so the focus needs to go back and forth (Figure 2 & 3)
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Strong and Weak “Systems-Thinking” and “Systems-Making”
My interpretation of complex systems is somewhat like that of Midgley (1992, 2016), who recognized the need for a plurality of competing paradigms, for “natural world”, “societal world”, “subjective world” worldviews and “their interactions”.   I go a bit further, based on evidence that people develop worldviews like languages, and readily shift from one and another for those they know.  That’s visible in how we readily switch between worldviews for differing circumstances, and for different professional, family and personal social networks.  I think the minimum number of four paradigms somewhat overlooks the multiplicity of different competing paradigms people need to recognize to get along.  In my papers on natural system pattern language (Henshaw 2015a, 2015b) I refer to this need for recognizing multiple paradigms as a “dual-paradigm” view. It treats as the minimum duality of worldviews as being “natural world” and “interpretive”. In this paper I’m repositioning those issues under the paradigms of ST and SM, with ST being centered on making explanations and SM centered on making.
The balance needed between SM and ST is in their interactions and each one’s coupling with the natural world.  How our minds explain things conceptually will often need to ignore natural processes that will need to take place developmentally.  Conversely, a focus on how things can develop practically can be out of balance with and lose sight of broader conceptual designs and goals.  To keep differing paradigms in balance the focus usually needs to go back and forth, working on bridges between them, each serving as a guide for the other (see also Figure 2 & 3).  I see this work as in keeping with the increasingly common practice of Varied use of using systems-thinking and systems-making in alternation is quite common too, as part of a combined practice, with the mental focus going back and forth between the two (Ison, 2008).   My thesis is that as we learn to work with complex systems we find the forces in our environment increasingly seem to be pushing us to clarify their the separate  roles of systems-thinking and systems-making, soso the alternation between them they can better work better together.  To coordinate each often needs to proceed by itself conceptual thinking needs to involve a separate exploration of mental options, without distractions.   Procedural developments need to involve a separate exploration of material options without distractions. However they coordinateE, each will also sometimes need to take the lead or hold back and sometimes need toeach back-track and start over as the other is put on hold.  Each will also still need the chance to work independently too, in order to work effectively together, a marriage of opposites that needs to be in balance.  
The importance of each being able to remain independent comes from each being a process of organizational development, needing successive additions that fit together with the elements being built onto, and those it will follow.    How the parts making a house fit together is a good example.   How a house is made starts with removing what was there before, then digging holes for the foundations, to then pour or lay the foundations, so you can then start building floors and walls till you can put the roof on and start installing the interiors and finishes.  It’s only at that point that the work of creating the “new way of living” the house was made for can begin. That each step can coordinate with the next is all-important.For example, sustainability practice and policy calls for developed systems thinking that coordinates with patterns of both human and natural systems making.  Different actors then need different roles in conceiving and executing successful plans, and alternating the lead role back and forth.  Strong systems thinking is needed to guide people on their improvisational task.  They don’t need explanatory theory as much as methods for reading their circumstances and making building lasting relationships for their own natural cultures and environments.  The system-thinking involved cannot be drawn from theory, but needs to be guided by observation of what material practices are available, offering a guide to creative system-making.  
Continued economic growth, for example, is rapidly creating new kinds of systems for our changing the world, things we need to discover and interpret, and get along with.  So in a changing world we’re more dependent on learning from nature as a guide.  In part that calls for recognizing the naturally changing organization of our world from raw data.  So we need a more general theory for observing change, and how to adapt familiar theory and practice to new circumstances.  So here I’m offering some elements of theory useful for that kind system discovery and adaptation.  When we learn to separate the roles of system-thinking and system-making each becomes a more versatile tool, and helps clarify what each is needed for individually, and so also working better together.
Our challenge today, with everyone facing a fast changing world, also concerns our fast growing specialized languages for specialized knowledge, we call “silos”.  Their only way to communicate with others remains the inherited natural language all share, and containing terms and meanings of very ancient origin and complex meaning.  So we’ll find it very helpful to develop the use of natural languages for systems-thinking and system-making, both to have a universal systems language just by learning to sharpen our use of natural language terms for the complex subjects and experiences of life that we need to work with and communicate.  
The word “growth” also generally refers to long , for example, process of fitting together steps of connecting change following an accumulative sequence.  Nrefers directly to and invokes meanings for the exceedingly common and highly complex naturale uses it to  process of developing  new living systems and eruptions of many kinds.  People use it to grow their cultures and communities, their businesses and the world economy.  We also grow our ways of system-thinking by fitting mental images together and grow our system-making by finding the right material changes to go together too.  .   We also use personal growth to overcome challenges in school and life to rise to the occasion. Generally what succeeds is a chain of fitting steps that build on each other.  
I mention that both to suggest the variety of kinds of growth processes that systems-thinking and systems-making might address.  I also mention it to point out the shared language that may be available for discussing growth of their own and other kinds from each different view. Growth of many kinds creates a home for what’s inside them too.  Recognizing that offers a potential It expands and clarifies its meaning to notice that growth is also generally results in building the home for the active system doing the building,  Understood as having that common meaning makes it a potential bridge between the knowledge silos  that seem to have so little in common they are unable to communicate.concerned with growth as a subject, but developed separate languages largely unable to communicate with others. 
 Another kind of available natural language “bridge term” for opening communication across silos, is the modern use of the term “architectures”.  The original meaning has roots as ancient as civilization, and new usage spreading to other design communities, like software, business among others.  Unexpectedly its new usage seems often fairly consistent with the ancient one; an emerging use for uncommonly important ideas, referring to elegant frameworks producing service and delight[footnoteRef:1] [1: ] 

Common Methods Separated LanguagesCultures, Common Strategies
The theoretical biologist Robert Rosen was one of the scientists who pointed out various discrepancies between scientific theory and evident patterns of systems-making in nature (1991).  Rosen’s approach bucked the common assumption in the sciences that the laws of science are embedded in nature.  His , developing a model of depictingscience depicts it more as a conversation with nature, the theories of  scientifice theories asbeing human translations from observed natural patterns of in designnature.  , an insignificant It makes little difference for the scientific validity of the laws of sciencenatural laws, but makes a big difference for understanding  the relationships between sciences and with other ways of interpreting nature, asour world.  His model of scientific research shows it more as a “conversation with nature”, a depictioned in  I use in Figure 2.  
[image: ][image: ]
Figure 1  Systems -Thinking working with& Systems Systems Making only connected by common language. 
In Figure 2, “Scientific Cultures” and “Maker Cultures” ience areis depicted as in Rosen’s model, as turning their attention back and forth between nature and their internal processes, “theory & implication” for the sciences, “practice & design” for crafts.  Each looks for patterns in nature their methods can reliably working by first “observeing and encodeing” .  Each also looks for effective ways to apply their “implications” or “designs” and “decode and engage” with discovered nature. patterns in nature to create theory  , then to apply theory it “decodes and engages” with nature, translating the theory back into actions.  The importance Each kind of knowledge is fairly isolated from each other, and each loses different things in translating back and forth between the patterns of their internal and external subjects.  The implication is that each also would be of that view of science as translation is the realization that something is always lost in translation, different things by different translators.  Figure 2 depicts two sectors of society, “Science Cultures” and “Maker Cultures” in their own independent conversations with nature, drawnfinding  like Rosen’s model (omitting different things).  They would need another way of communicating to exchange the important insights into nature each one gains from its that fit its own specialized form of knowledge, that it can’t directly share with particular vantage pointothers in their own specialized form of knowledge.  .  
T. S.  Kuhn (1970) addressed part of the communication problem this creates, discussing the failure of emerging scientific paradigms to gain converts.  That requires any new paradigm to gain a toe hole somewhere and then grow to replace the old paradigms, displacing rather than converting old the latter’s adherents.   It creates conflict.  Just waiting for new paradigms to take over with young scientists, as their elders retire, is a slow and painful but is seems unavoidable process. It appears the rigidity of natural ways of thinking creates silos of culture that can’t change, and we are in a world of ever faster change that needs them to The social integration around old paradigms is what seems to create the whole ways of life that are the barriers to adopting the next kind of scientific thinking.. 
  As in Figure 2, When as in Figure 2, that is ffor differing whole cultures that developing their paradigms of thought side-by-side, paradigm succession, however difficult, can only’t work internally,.  To learn from each other it and some other kind of communication is needed.  Then what is implied is a need forthat  botheach  culture might find bridges between their languages, and s to convey the essence of their new ideas using their through their shared natural language, using cultural transmission not replacement. , elevating their common use of language for communicating with their new ways of thinking with others.   One place such transmission seems possible is for new learning methods each is developing as each faces the growing challenges of our complex world. They both already use natural language to communicate.  What seems missing is the ability of use of natural language to refer to commonly observed and experienced things and relationships of nature.  Science and even economics largely uses abstract language defined independently.  The sciences still do have use for new ideas about complex systems like natural growth processes, or pleasing frameworks of practical design, so there may be more threads of potential communication.  Even if only in a small modest way, unifying "systems-thinking" and "systems-making" as two paradigms of conversation with nature with vantage points to share, wouldit might  be a tremendous breakthrough, though.   
[bookmark: _Toc471834654]“Action Research” formal design forModel Structured  lLearning
There’s another great commonality between our varied paradigms for learning from the natural world, one that cuts across cultures, professions and disciplines.  All learning really follows a All process of turning attention use the same basic method of learning, adapted to each field, that of going back and forth between first creating subjects, not so different from the Rosen model of scientific learning.    theory by encoding observed patterns for the subject of interest and then testing the theory invented by translating it into actions for confirmation and added information.  It’s a universal method of learning.  It applies to the science experiments that lead to new observations leading to new experiments to test.  It applies to design practices, as repeated cycles of improvisation and testing as the design is shaped to fit its requirements.  We also use it when creating lasting professional or personal relationships too, making contact and adjusting in response to the reaction, starting from new opening and working to its conclusion.  Figure 3 shows a diagramsdepiction of the learning practice called “action research” or sometimes “action learning’, as alternating periods as periodic cycles of work and pauses to for discussing the work (Stephens et all.  2009; Flood 2010; Ison 2008; Jackson2003; Reason & Bradbury 2001; Susman & Evered 1978; Lewin 1947) .  It’s an ancient practice for designers like , like architects now increasingly is used for business management,, software developmenters and other kinds of designers practices.  It is being done much more self-consciously, described as transformational, and  use, suggestinged as a those as sources of deep cultural knowledge for systematic environmental engagement to learn from.  A very similar approach is called One of the leading practices is called the “Agile method” and “SCRUM” as action research for highly productive teamwork (Rising, & Janoff 2000; Schwaber 1997, 2004).  
One can use simple familiar development tasks for investigating how it works, like “making lunch” or “starting a conversation” or even “growing up” as a creative task of informed improvisation.  In recent decades it has been increasingly called “action research” or “action learning” (Stephens et all.  2009; Flood 2010; Ison 2008; Jackson2003; Reason & Bradbury 2001; Susman & Evered 1978; Lewin 1947)  When adapted to business management and software development teamwork efforts it is called the “Agile method” and “SCRUM” as action learning for highly productive teamwork (Rising, & Janoff 2000; Schwaber 1997, 2004).  These are really very versatile methods anyone can learn from, if you make the initial effort and find someone to talk with.
What is seems to be driving it is partly the scale of business organizations and intensity of competition, partly progress is the social sciences of the organization.  Partly seems o be also that sustainability and complex regulation require far more disciplined innovation, making everyone become more of a designer.   As profitable innovation in basic learning strategies creates a demand around the world that might let them spread widely. Figure 3 shows a very conceptual modeldiagram arranged to reflect the work of a design team that alternates between periods of work and review.  The circles represent the breaks inI the work for review andfor study of all dimensions of the project’s progress and requirements and for setting clear goals for the next phase of work.   The arrows are the concentrated stages of concentrated work on the new direction, ending in a presentation of all aspects to start the next stage for review and study. For comparison with the Rosen Model the review periods of represent the “engagement and observation” with the project environment, the work periods the progress on encoding and decoding the theory. 
You can see that same basic pattern of alternating work and review in many kinds of familiar practices as well, looking up at the end of each stage of work, suggesting it has been a natural pattern that has been with us throughout human history.  What has changed over time is the vastly improved knowledge and tools and methods of learning that have become increasingly purposeful and sophisticated.  
[image: ][image: ]

A general design for complex system learning.
So from that view “action research” modern applications like “Scrum” improvisational learning methods that would presumably have been with us throughout our species’ history, maybe longer given the evidence of creative learning strategies in observed in wild life too.  What has changed over our long history is vastly improving the methods and making them more explicit as structured heuristic methods.
From the simpleWe see the shape of  action learning the natural strategy likewe commonly use for “making lunch”, displaying how we exhibit our own expertise,  improvising from step to step as youwe go to.  We also see the design of sophisticated sequential design and learning in long term processes of education by repeated periods of work and reflection or in the complex business methods of  the complex like “creating a product”, going through many steps with contributions from  with large diverse teams of specialists all making their independent contributions, improvising as they go., the pattern by which action learning processes develop is invariable.  Those stepwise learning methods can They canalso be recognized from by the succession in scales of the steps:
1. [bookmark: _Toc471834655] first proceeding by smaller  tentative steps they begin with, 
2. [bookmark: _Toc471834656]then  that building up usually in a non-linear way toward taking larger bold steps, 
3. [bookmark: _Toc471834657]only to similarly reverse  and then reversing course to end scale down in a non-linear way 
4. [bookmark: _Toc471834658]toward with smaller finishing steps that break off at  to reach completion.  
That the heuristic, marked by a continuity of usually non-linear rising and falling scale steps, is often recognizable by surrounding observersby others  without direct involvement. That without being directly involved makes its  makes it a pattern mark of where one can look to study what creative learning happening nearby.  It could also be an opening for learning and sharing of changes something of a universal common language of creative learning.  action research methods. If they are made explicit innovation in learning methods of fields normally work in closed silos It might help might bridge those the barriers, making them part of  between paradigms and silos of learning to share the action learning methods each uses, as an element ofthe common language of design, as start to discovering what is going on inside.
[bookmark: _Toc471834659]Directions inPatterns of Scientific Systems-Thinking.
[image: ]
Systems-Thinking Concept Diagrams
Today’s mainstream systems science most directly came from the highly abstract theoretical work in the 1940’s and 50’s on cybernetic and information theories of Weiner (1948), Von Bertalanffy (1969) and Ashby (19911956).  A tremendous great variety of others took directions that built on or branched off from those founders.  Economists like Ken Boulding (1956) had great influence too, bringing with them the use of economic models modeling of money systems to informon which other kinds of theoretical models of other kindswere based.  The origins of the modern science of “complexity” was came from the later discoveries in the physics around theof  irreversible thermodynamics of investigated by Prigogine (Nicolis & Prigogine (,1967) and others. A further advance came from and the recognition by Georgescu-Roegen (1971) that the entropy principle of thermodynamics also applies to modeling the use of natural resources. (Georgescu-Roegen, 1971). The next bigAnother pivotal advance in theoretical systems science was the use of computer modeling of equations for  chaotic fluctuation (Feigenbaum et all.   1982), as a combinedin combination creating a new abstract theoretical world view just called “Complexity”.  See(See also Henshaw (2010a) for more on how the diverse branches of the systems sciences developed and on important questions that remain unanswered).
Following More recent innovation in complex systems science has been more about computer applications as reported in the broad variety of books published, and led by advances inwith advances in computer modeling creating Complex Adaptive Systems (CAS) (Gel-Man 1993; Holland 1992; Bar-Yam 1997). Those all set the stage for the modern modeling “artificial life” using cellular automata and “artificial intelligence” using cellular automata, for which current advances are almost too many numerous to characterize (Langton 1989;  Russell et all.  2003) (Langton 1989;  Russell et all.  2003).  A general view by Goerner (1999) of “After the Clockwork Universe” summarizes the new view of the complex world we live in that these combined developments created.   Various authors interpret This this advanced science of complexity can also be applied science view for to business decision making as by, such as Kurtz & Snowden’s ((2003) with their Cynefin method of sense making methodmaking that interprets theoretical complexity states to guide business decision making.’  A THE Google Ngram for complexity terms (Figure 4a) shows the frequency of the terms forof  these terms of complexity complex systems science in books scanned by Google, perhaps suggestingdisplaying the a slowing growth and history rate of new emerging disciplines. 
[image: ]
Figure 4a Complex Systems, Cellular Automata, Complexity Science Ngram
Less known Eearlier scientists with quite important contributions less often creditedare were the early the economists Jevons (1872, 1885) and Keynes (1935).   That their highly useful findings were not derived from abstract theory, but y developed their own highly useful theories from observation, not abstract theory,, of seeing the workings of economies based on design principles they observed in natural systems and from reasoning of in how businesses and society’ssocieties really work.  My view is that Ssome of their neglected easily validated major advances findings in would be important to today’s complex systems science systems science are and easily validatedstill not incorporated in today’s complexity science, but remain neglected for not having been derived from abstract theoretical methods. apparently due to  their differing learning methods.  Keynes, for example, noted that growing compound financial investment would need to end for the economy to stabilize at its limits to growthbecome sustainable (ch 16; Keynes 1935; Boulding 1962), and Jevons observed that improving resource use efficiency generally accelerated not reduced decelerated their rates of depletionits use (Jevons 1885; Polimeni 2008).  
Developments in ecology also contributed to advanced systems-thinking, ecologists like Odum (1983) and Gunderson & Holling (2001) are most best known to systems sciences for their ways of representing natural systems with computer models.  They modeled ecologies as economies of nature, with adding ed evolutionary variables for representing ecologies as learning systems.  Today the focus of interest of in ecology has turned for evident reason to the  is the complex conditions of ecologiescal distress; under duress, and  understanding the complex system property called “resilience” by (Walker & Holling (2004) among many others.  Others such as Ulanowitz (2009) take a more analytical approach, demonstrating that there is an increasing pressure on ecosystems results in an a natural balance inverse relationship between efficiency and resilience in complex systems, with clear natural limits.
[bookmark: _Toc471834660]Directions Patterns ofin Scientific System-Making
Scientific practices for creating and working on and with complex systems in business and natural environments also emerged in the 1940’s with Lewin’s concept of “Action Research” 1947).  As widening interest from the social and business management sciences it followed a path nominally parallel but separate from the systems-thinking of the so called “hard sciences”.  At the point when Churchman (1979) began emphasizing the use of natural language terms for discussing organizations (rather than abstractions), Checkland then proposed (1981) a “soft systems methodology” (SSM), making a clean break from the hard sciences and their systems engineering approach.   SSM focuses on facilitating organizational transformations guided by a process of inquiry into the world’s complexity that is itself a system for exploratory learning.   
[image: ]
System Making Concept Diagrams
Scientific practice and theory for making and guiding complexly organized systems developed somewhat parallel to the abstract sciences of complex systems. The use of “action research” as a organizing tool emerged in the 1940’s with Lewin’s group dynamics (1947).  Growing interest in the social and business management sciences to   faced with an ever more complex world for decision making drove its development  and kept it separate from the abstract systems sciences.  Churchman in (1979) began emphasizing terms of natural language for discussing organizations (rather than abstract theory). Checkland then proposed (1981) a “soft systems methodology” (SSM).  Together that made a clean break from the “hard sciences” and the systems engineering approach that had proceeded (Susman & Evered 1978; Reason & Bradbury 2001; Senge 2006; Jackson2003, 2007; Ison 2008; Stephens et all.  2009; Flood 2010; Checkland & Poulter 2010, 2014).
These movements are somewhat harder to trace than for the hard sciences for seeming natural cause.  They don’t have the press attention the hard sciences have for one.  They are also , centered more on “hands on” methods of creative collaboration,  developed and passed down more as  “practices” than theories, and so not fully recorded , progressing so much as chains of in research papers.  Their terms of discussion are sometimes less consistent, such as with a .  The 80’s also saw a new term for action research called “action learning” (McGill & Brockbank 2003) which has become hard to clearly distinguish in practice.   (McGill & Brockbank 2003), along with the growing spread and maturity of the entire field. (Checkland & Poulter 2010; Stephens et all.  2009; Flood 2010; Ison 2008; Jackson2003, 2007; Senge 2006; Reason & Bradbury 2001; Susman & Evered 1978)  More rRecent important developments included the emergence of Agile Management (Schwaber 1997, 2004) (Schwaber 1997, 2004) and the associated SCRUM method of business team-learning widely adopted for software development and creative business management of business team-learning widely adopted for software development as well as  creative business management.
Another important innovation stretches the envelope of kind of revolutionary action-research,  is called “pattern language”, a .  It is a more content based collaborative method of holistic architectural design,  invented in the 70’s by Christopher Alexander (Alexander 1965, 1977, 1979) that and spread widely to other fields in the 80’s and 90’s , with particular influence on software development(Tidwell 1999; Rising 2000; Pugh 1991; Hillside Group 1993-2017).  Its importance is partly its revolutionary conception and partly its ability to spread a high level design language from one field to another.  That ability to spread comes from its origin as a technique for making communicating the ancient practices of holistic design explicit, so people could copy them, a general model of recording expert knowledgepractices of architecture developed by the architect Christopher Alexander, showing people how to be explicit in defining holistic designs, (Tidwell 1999; Rising 2000; Pugh 1991; Hillside Group 1993-2017), (Alexander 1965, 1977, 1979).  
Pattern language is also an action research kind of creative method when applied to any field of creative design. Its early form developed from Alexander’s teaching architectural theory at Berkeley and writing his first books onbook “A pPattern lLanguage”(1977) as an explicit method (ibid).  Pattern language design theoryIt’s use empowered enabled the development of modern “object oriented” software in the 80’s .  design andIt provided much of the the theoretical foundations enabling the development of Wiki’s and leading to Wikipedia (Gamma et all. 1995; Leitner 2016).  It’s having aBeing organized around as way to explicitly define record reusable holistic designs ‘patterns’ that allows designersseems to be what is so successful in helping designers  to better understand the opportunities and requirements of their designs.  
The Google Ngram inbelow (Figure 5a) shows the frequency of the terms for “action research”, “action learning” and “pattern language” in many books scanned by Google (Figure 5a), showing the pace and timing of those emerging system-making disciplines, showing sine continuecontinuingd rapid growth. compared with the slowing growth of the systems-thinking audience (Figure 4a)
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Figure 5a Ngram for Action Research & Action Learning
My own approach to systems science is a mixture of system-thinking and system-making.  It came from field research in physics that exposed the systemsome of the system-making processes of common air currents.   My first field studies wereThat study traced of the evolution of indoor convection currents over 24 hour cycles in passive buildings, watching as their shapes and pathways evolved individually and with the motion of the sun individually and in the course of a day.  It let me closely study complexly organized energy systems emerging and evolving changing in form over their lifetimes (Henshaw 1978). They were also notable for displaying predictable patterns of non-linear development and that matched their organizational changes. It was that ability to, locateing their system boundaries in time and space and corresponding correlate them towith their non-linear phases in changing of shifting organization that prompted a general systems theory of system-making.  
It’s having those It gave me orthogonal views , temporal and spatial, for the same subjects, firmly groundeded in physics and observation for developing a way of that led to my scientific systems thinking systems-thinking about design patterns of complex system-making (Henshaw 1979, 1985).  Those boundaries let one Seeing their boundaries interpret natural systems as a “black box” for testing hypotheses for and looking for how their internal processes and external relationships repeatedly raised better questionsare both separated and connected. .  As a body of work, my writings focus mainly on the class of complex exploratory systems, behaving as exploratory systems, either having or acting like they had have actively learning parts., such Those includeas ecologies, economies and others things that develop by innovation and growth (1979, 2008 2010b 2011, 2015a, 2015b, 2010c).  Recognizing theThat led to learning to recognize more and more kinds of  accumulative non-linear signature organizational change as markers of the organizational change in dynamic systems like cultural eruptions, collapses and of spontaneous development signals the presence of an internal process, such as the flocking of economic marketsbehavior as markets chased after bargains or fled from threats.around discovered advantages, both very predictable and very individualistic and dynamically changing. too.  
[bookmark: _Toc471834661]Methods
[bookmark: _Toc471834662]Alexander’s Template for System-Making Template 
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Template for Explicit Holistic Design Pattern Writing
What is most unusual about Alexander’s language of holistic design is its ability to flourish while passing from one community to another.  Part of what makes that possible is using a structured learning template like in Figure 6.  It pulls a user in several holistic learning directions at once, ones he described in his book “The Timeless Way of Building” (Alexander 1979, Iba 2014). The template fosters a holistic approach, intended to condense the essentials of expert knowledge recurrent circumstances.  Figure 6 is a template for askingThe template asks  a set of challenging orthogonal challenging questions to answer, that are about designs that Alexander proposed aimed for guiding the user to follow conveying the ancient ideals of architectural design.  
The structured learning produced is a, as a  “design pattern” for a  with “emergent properties” simplifying ideal way to respond to the identified “forces”, exhibiting “emergent properties” that creating for generating designs with strong “centers” of “living quality” (Alexander 1979; Iba 2014) .   Speaking of its use for software development, Jennifer Tidwell (1999) touches on the heart of why this method makes that possible: 
“They are not abstract principles that require you to rediscover how to apply them successfully, nor are they overly specific to one particular situation or culture.  Instead, they are somewhere in-between: a pattern describes possible good solutions to a common design problem within a certain context, by describing the invariant qualities of all those solutions.”  
My recent papers on the pattern language (Henshaw 2015a 2015b) contain a variety of references and supplemental resources.
A “home” is such a universal “ideal expert solution”, composed of an enclosure with openings allowing its occupants a secure domain.  It’s where they can define their own way of living, having ready access to the networks of the exterior world.   A “currency” is another ideal expert solution fraught with sometimes great risk.  Money is a common token of value that each holder assigns their own value to in trade with others, so normally every exchange is profitable to both.  It’s the potency of these powerful designs makes them important to study as “patterns” and how they affect the world around them.  So part of the ST involved in using The main value of Alexander’s technique of SM is is learning how to recognize these neat packages of design elements and their powerful emergent effects.  
Filling in the blanks in a blank template is what guides a designer to study their contexts for unresolved forces as part of the search for simplifying ideals for resolving them.  guiding As with any design process you don’t automatically know what design elements you’ll need to weave thetogether.  You first start with a “blank template” and are guided to explore holistic views of multiple kinds, always prompting you to look beyond the horizons. At first it’s  user to begin designs with a widean  open ended effort of “problem finding“ as“  a first step towardwhich then sets setting very idealistically practical high standards for “solution finding”.  With each kind of search you’d ask recurrent questions for It guides a designer to studying their contexts for unresolved forces as part of the search for simplifying ideals for resolving them.  That would include observation from orthogonal different views; 
1. for the as for considering both the internal and external relationships of the systems studied, 
2. for the independence and connections of the parts,
3. for searching their natural world, societal and subjective , relationships. 
4. for both the subjects as they exist and as they are interpreted.
5. Perhaps as great a value as the method is to produce so the needs of both can be fulfilled with “life-giving purpose”.  
Tthe suggestion that designers have apparently been doing this kind of that kind of thinking since the dawn of civilization, only passing it down non-verbally. How this kind of design template would be used without being explicit, is an important part of the discovery. For any given for action-research is as depicted in Figure 3,  project you’dstarting with a blank template.  Each cycle of accumulating work and study would revisit the same searching questions from the new vantage point, moving toward the fulfilling ideal for both the SM and ST in the end.  Seeking balance and life-giving qualities as repeat the review the template of ideals for each cycle. That combination of explicit ideals, andthe structured application learning produce becomes a a “scientific method”  of holistic design.”, guided by maximizing the “fitness” in responding to environmental forces s the method’s life-giving purpose (Henshaw 2015a 2015b).
[bookmark: _Toc471834663]Systems-thinking for Systems-makingST & SM Guides I – Common Design Tasks  
Figure 7 depicts two very general systems-thinking guides for system-making.   The first guide (7.1) There are various familiar daily taskssymbolizes the rising and then falling complexity of efforts for starting and completing any task, an “inside view” of it.  The second (7.2) shows the accelerating and decelerating accumulating use of energy and other resources in the process.  Both have beginning (A) and ending (B) periods for the respective “build-up” and “build-down” phases.  To use these guides you just need to think through the kinds of decision making involved in guiding familiar projects from beginning to end.   Take “ that can serve as models of how systems-thinking can combine with systems-making.  For example, “making lunch” for example.  It’s usually an improvisational design task that starts with an idea and then proceeds with refining a concept as you put together the end product, a course of creative effort with a clear beginning and end, following is a  these classical patterns (7.1,7.2). recurring challenge for improvised 
 system-making, engaging you in a heuristic “action learning” design process and review of how the whole effort is progressing.  You look to see what’s in the fridge and think over the needs of others as internal and external forces than matter, and while taking things out to prepare you judge the fitness of your choices and look for the perfect balance to end up with.  That and any other action-learning process can be diagrammed from an inside view as in Figure 3, showing a repeated alternation between acting and inquiring.  
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Process Diagrams for System-Making
To go through the steps think of “making lunch” as a repetitive process of innovation, a series of steps as your attention turns back and forth between the concept and the process again and again.  It might starting from opening the fridge to get out the main ingredients, collecting the needed dishes and utensils, and thinking through the appetites that need to be satisfied.   That initial stage sets up the framework for the work, getting everything ready to combine.  That “differentiates” the ingredients by task, expanding the complexity of the work by increasing steps at first.  That increasing complexity then “pivots” toward reducing it again, as the framework is filled in with the large then successively smaller details “integration”. As that nears completion the final touches added are to “weave” the product into the environment in which it needs to fit in with, to achieve a satisfying balance and full service in the end.  
This normal way people go about improvising familiar design tasks, going back and forth between ST on the intent and SM putting the pieces together is the normal natural practice our leaning reinforces.  That “intuitive way” is what more formal “action research” projects are based on.  Generally formal plans would include all the parts of (7.1 & 7.2) as the most general case.  For both simple and complex projects an outside observer will be less able to follow the expanding and contracting complexity of the internal process. That observer will be more aware of the rising and falling scale of change and its constraints (7.2), than the people absorbed in the details, as differences in exposure, each view having different things seen more clearly and hidden from it.   
Other examples that can be studied this way include 1) designing a home 2) going through a grade level in school and 3) how we respond to emergencies.  Many natural processes follow the same pattern too, though our terminology for them may differ, such as 4) biological reproduction from fertilization to birth, or from birth to maturity and 5) the growth of civilizations from their “early renaissance” to their “classical periods”.  What the various whole system diagrams do is provide an easy way of holding together whole narratives of complex accumulative designs, connecting the “inside view” (7.1) and “outside view” (7.2) proceeding in a familiar way.  
beginning (A) and ending (B) periods for the respective “build-up” and “build-down”
The beginning and ending stages (A) & (B) of increasing and decreasing complexity (7.1) generally do correspond to the respective stages (A) and (B) of accelerating and decelerating increase in scale (7.2).  They are given different names to associate them with the observer’s view. Seeing evidence from view will often help you find corresponding evidence in the other, like how a “plan view” of a building is very different from an aerial view, each showing the same building.  So very importantly, one can quite often confirm a finding of one kind with evidence of the other.  The stages of each kind of development may vary quite widely, of course.  
Someone watching you make lunch can’t read your mind directly, but can read the external signs of what is happening, All three of the major turning points in the accumulating complexity (7.1), the ‘germ’, ‘pivot’ and ‘weave’ as points of change, occur at times when very little may seem to be changingfrom the steps of small beginnings that then increase in size and complexity.  Looking from the outside view (7.2) tracing the scale of accumulating work, offer little hint of internal complexities that are changing, not even at the “inflection” point in the middle where the turn from expanding of filling in the system’s complex framework changes.  For “making lunch” the final touches of putting the food into the lunch box or onto the table generally make big differences in presentation and in how much the meal will be enjoyed.  Without prompting to study the plurality of world views one might well overlook that meals are also social ceremonies, even if done for one’s self, and that greater purpose is often present in the initiating ‘germ’ of any process if you look just a little closer, to then pivot toward smaller steps again as the project approaches completion, Figure 7.1 reflecting the complexity sequence and Figure 7.2 .
ST & SM Guide II – System in Environment
We can also look at the same progressions (Figure 8) depicted as a developing organization in its environment.  The corresponding type (A) stage (8.1) is shown as a block of operations with Self-Investment driving its growth.  That becomes a Self-maintenance core of the organization when in (8.2) when the added Life-Investment stage is added on.  This simplifies the general growth model of businesses, while keeping the differentiation of the core functions and environmental interface.  The actual subject could be organism or a business or a person and their life’s work, for distinguishing the core and interface parts.  For a family business the “pivot” point is when it has adequately established itself and attention can turn to living well instead of putting every resource and effort to into the business to get it to grow.  Resources are then available to expand their savings for the future and enjoyment.  
reflecting the scale of the process.  The idea of what making lunch is the “germ” of the process that sets the starting pattern for how to proceed.  Then getting the main ingredients out of the fridge and deciding the order to prepare them starts the “differentiation” process of increasing complexity.  The “pivot” occurs when the complexity of the process reverses course and proceeds to smaller and simpler tasks, getting eventually to the finishing touches, to complete the task, and to “weave” it into the environment by bringing it to table.  
Other examples of familiar developmental processes with that same swell in the middle include 1) designing a home 2) going through a grade level at school 3) one’s response to an emergency.  Many natural system changes follow the same pattern too, though our words may differ, such as 4) biological reproduction from fertilization to birth or 5) the growth of a civilization from its “early renaissance” to its “classical period.  What the diagrams provide is an apt way of tying the whole narrative together, having both an “inside view” and an “outside view”, following a familiar interrelated pattern..
The real value of these patterns is that wherever you observe phases of growth as in 7.2 you generally also find observable evidence of some system’s emergence, going from their naturally occurring complex design stages.  Their phases A and B for changing scale can be associated with their phases A and B of complexity.  Seeing evidence of one of the kinds of change implies the other, so very importantly, one can usually then confirm the finding of one by looking for evidence of the other.  The shapes of the curves and the complexities of the evolving system may vary quite widely, but any natural process will be found to need to first build up and then build down toward its completion, with non-linear processes beginning and end, a matter of continuity.    
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Organization Phase Diagrams for Systems Making
Figure 8 shows an “environmental view” of the main system-making stages for emerging organizations, perhaps an organism, business or a person’s life work, perhaps. The resources available as the system emerges, A, are mainly self-invested for building up the organization’s scale to a point its attention can turn to self-maintenance, B, and finding a role in its environment.  For a family business the “pivot” point is when it has adequately established itself so attention can turn to improving quality and maximizing output, no longer needing to put all profits back into the business to make it grow.  Resources are then available for investing in resilience and in the future, allowing savings and enjoyment and advancing customer loyalty, as opposed to growth.  
As these life-cycle patterns become familiar Tthe main assurance test of the validity of using these techniques for action-research is the repeated andwill be the feedback of  accumulative useful learning feedback itself.  The recurrent application of high ideals for creating satisfying relationships, like repeatedly reviewing the “design patternUsing the more structured  templatemethods (like Figure 3) for repeatedly exploring all the options, as with a learning template like ” for Alexander’s approach (Figure 6), is designed to be idealistically self-critical and objective.  So you can generally trust that if a periodicSo a well-constructed action research design review produces satisfying results in finding improving options, that’s a positive feedback for the direction taken as well.   If a new direction results in conflicts it can be taken as a negative feedback, prompting a rethinking and new search for direction.   That is natural self-validation  of a system-making process is no guarantee that the whole plan approach isn’t unbalanced, though, and needing review from other perspectivesother kinds of evaluation are needed.        
One broad method of evaluating systemic interventions is given by Midgley (2007).  The It can be difficult to know what criteria to use for measuring the success of mperformance of multi-stakeholder engagement in action-research projects in particular. can be difficult when tThe differing views of the different stakeholders will are to suggest different criteria, and the evaluation may come at the end be more biased.  That dilemma is somewhat resolved by just broadening the view, so an outsider to the process can ask the questions, assessing the overall fitness of the intervention project forto the circumstance, on three dimensions.. That offers  a simple common sense assessment method to contrast with relying on various subjective assessments.  Midgley’s approach is to first assess the intervention with a simple check list, not unlike a medical team goes through a check list, using just three basic criteria of “fitness”.  The basic goal is to assess the project as a whole for fitness and balance of its own parts, asking The question is whether the intervention asit was well suited a whole is appropriate  for 1) the circumstance, 2) for the abilitiesy of the team involved, and also 3) for the purpose intended.  Additional consensus fitness indicators could also be added, such as having “producing emergent changeproperties” or producing “strong centersliving quality” in the result, or “initial idea”, perhapsas pattern language designs are intended to have.   The value of the approach is partly that of getting to judge the project using criteria different from those used in doing it.  It directly addresses a common usual problems with systemic interventionsaction research efforts, that of doing one thing quite well and others somewhat poorly, so falling short  are their own imbalanced designs, so unable to reach balanced fitness for working together on all the categories evaluated, i.e.  failing to addressing the subject as a whole.

[bookmark: _Toc471834664]The ConclusionUnification 
TBD
As in Figure 9, we may make sense of the image of a tree by representing it as a whole system of relationships in the mind.  Applying Midgley’s test of appropriateness for systemic interventions we might ask how useful the mental image of the systemic nature of a tree is for working with either a particular tree, or for replicating the design of a tree.  That asks “does the systems-thinking fit the systems-making”?
[image: ]
Relating systems-thinking and systems-making
The answer is of course “no, not generally”, as a mind is not like a tree.   The systems-thinking presents the image of a tree as an abstraction.   It might arguably be the right theory for discussing trees conceptually, but the real value of the image for working with actual trees is to inform our pattern recognition when directly observing and experiencing. So the image of a tree isn’t directly useful for replicating the tree as a whole system. That requires reproducing the tree’s own growth process not its image, learning to mimic nature by planting a seed or transplanting a seedling.  That way the systems-thinking and systems-making work together, the abstract system-thinking used to guide the systems-making.
[bookmark: _Toc471834665]Discussion
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System-making produces complex
individuals, the system’s internal
complexity (I.) is mostly hidden,
the system’s behavior and energy
use (II.) more exposed to view.

To connect differing views one
searches for the gaps others fill
in. Here the “Pivot” to forward
design and “Inflection” in the
curve coincide where the energy
invested begins to taper off.

These guides are then used to
help direct attention to the
details in the environment.
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System-making creates complex
individual systems, developing
internal complexity (7.1) seen
from inside and behavior as a
whole (7.2) seen from outside.

The guides help you follow the
signs of progression in the natural
environment.

To connect differing views one
searches for matching evidence.
The Pivot from Differencing to
Integrating should align with the
Inflection in the curve, as it turns
in the opposite direction.
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To imitate the making of a tree,
systems-thinking doesn’t directly
help, unable to invent the seed. It
needs to recognize the seeds in
patterns of human, their system-
making contexts and behaviors.

Very common examples include
projects with non-linear stepwise
progression like “making lunch”
“making friends”, “making peace”,
or “making money”. ALL work by
replicating a self-investing design
pattern, then stabilizing it to last.

Nature can’t follow explanations, only organization




