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Abstract

We encounter pattern every day, with scientists and artists approaching and using it in disparate ways that can have unpredictable consequences on the world around us. This paper is one interpretation of how pattern defines our relationship with the world and how makers are in a unique position to harness the power of pattern. Full examination of pattern as an epistemological tool for designers and makers is beyond the scope of this work, which is reflected in the choice of research materials and sources.










Introduction

We encounter pattern every day, with scientists and artists approaching and using it in disparate ways that can have unpredictable consequences on the world around us. This paper is one interpretation of how pattern defines our relationship with the world and how makers are in a unique position to harness the power of pattern. Chapter one will explore the multifaceted nature of pattern, in relation to itself, mathematics, systems, perception and nature, across intangible and material contexts with a focus on the practice of scientists, artists and makers. Chapter two will focus on the embodiment of pattern; it explores the relationship between pattern recognition and formation, and the differences in their manifestations across disciplines, through examination of the brain’s structure. Through critical analysis and evaluation of the theories and models of; A. L. Loeb, R. Buckminster Fuller, T. Ingold, P. Ball, I. McGilchrist and M. Merleau-Ponty, throughout this paper I intend to provide an in-depth investigation into our relationship with the concept of pattern. Full examination of pattern as an epistemological tool for designers and makers is beyond the scope of this work; this is reflected in the choice of research materials and sources. Due to the economy of words within this paper it was appropriate to analyse articles by McGilchrist and Loeb rather than their books, it was also necessary to select small sections of Buckminster Fuller’s writing from his weighty book Synergetics as well as signpost K. Kraft’s and S. Bell’s writing for future research into this topic.


Chapter One: Pattern, As Itself

[bookmark: _Hlk532935452][bookmark: _Hlk531549705]Pattern. A powerful and polysemic word that conceals its fundamental epistemological nature within the mundane; it touches everything we know, in our own minds and the world around us (Kristensen Johnstone, 2017, p.15-16, 177). With roots which extend back to the medieval Latin word ‘patronus’ and the old French word ‘patron’, it appeared as a noun meaning “outline, plan, model” in the early 14th century evolving to encompass “model of behaviour, exemplar” and “decorative design” by the following century (Etymonline.com, 2018). By the late 1700’s the usage of the word pattern began to diversify according to specialism; an example of this is found in the writings of Jane Austen, referring to a pattern as a dressmaker’s paper design model (Etymonline.com, 2018). Now, this esoteric, yet banal word has many valid definitions; which one to use depends entirely on the context it is being applied to. 
[image: ]      [image: ]
Fig. 1: Constellations  	Fig. 2: A Simple Construction of the Golden Section
[image: ]From astronomy, mathematics, computer science and crystallography to linguistics, psychology, and textile production; their distinctive relationship with pattern connects these and other diverse disciplines, with each field of study wielding its own specific definition framed within their own unique ‘language’ (Kristensen Johnstone, 2017, p.15; Parasher et al., 2011, p.371; Loeb, 1971; Buckminster Fuller and Applewhite, 1975, p.9). 

Fig. 3: Undulating Lines Unpressed

[bookmark: _Hlk532935489][bookmark: _Hlk531537034]When attempting to define Pattern, as itself, in qualitative academic language it is important to discern that it is not the same as the definition of a pattern. Examples of ‘a pattern’ can be seen in many places both mental and physical, a pattern can be pluralized and described, but this does not explain their collective formation, function and manifestation across the known universe (Kristensen Johnstone, 2017, p.16; Etymonline.com, 2018; Buckminster Fuller and Applewhite, 1975, p.73). To understand Pattern, as itself, it is therefore necessary to define a pattern and examine the relations between these two concepts. An example of this difference can be observed in T. Kristensen Johnstone’s recent licentiate thesis Surface Patterns, Spatiality and Pattern Relations in Textile Design (2017), when she wrote about the difficulty defining pattern. Two sources particularly stood out: K. Kraft’s definition from her article Textile Patterns and Their Epistemological Functions (2004) and S. Bell’s from his book Landscape: Pattern, Perception and Process (2009) (Kristensen Johnstone, 2017, p.15). 

[bookmark: _Hlk532935513]Kraft’s definition, though rooted in textile production processes, focused on the interdisciplinary benefits of using established mathematical principles including symmetry, repetition and dimension to systematically and scientifically identify, measure and communicate the relations of entities within a pattern (Kristensen Johnstone, 2017, p.15; Kraft, 2015; Loeb, 1971). However, in contrast to Kraft’s mathematically based approach that aims to describe the many manifestations of individual patterns, Bell’s definition, that pattern is “the opposite of chaos” synthesises and elevates the sum of these separate patterns into a whole system that alludes to the mystical or divine (Kristensen Johnstone, 2017, p.15; McGilchrist, 2011, p.13). In his book, Bell considered Pattern within a system that encompasses natural and cultural processes in relation to both physical and mental landscapes, weaving together the separate disciplines of the sciences, psychology and philosophy (Kristensen Johnstone, 2017, p.15; Thompson, 2000, p.255). From this, the difference between a pattern and Pattern, as itself can be understood as the difference between an entity and the system it exists within. The task of creating a full definition of Pattern, as itself, therefore requires knowledge of mathematics, psychology, philosophy and systems.

[bookmark: _Hlk531365614][bookmark: _Hlk531553023][bookmark: _Hlk532935569]Arthur Lee Loeb, the father of Design Science and Visual Mathematics gained his PhD in Chemical Physics then spent his career collaborating with the innovative thinkers and designers R. Buckminster Fuller and M. C. Escher (Scott, Kunst and Edwards, 2018). His academic life was dedicated to synthesising the languages of science and art to form a new spatial pattern language and later set up the International Society for the Interdisciplinary Study of Symmetry (Scott, Kunst and Edwards, 2018). As an international expert and leader in this field, his understanding of what makes a pattern, is fundamental to any successful attempt to define it. His reasoning in Structure and Patterns in Science and Art provided the basis for this definition: a pattern is any ordered collection of entities (Loeb, 1971, p.371; Noakes, 2018, p.2). From this interpretation, a pattern can be deconstructed to its three essential and relational elements; ‘entities’, ‘collection’ and ‘order’. By framing a pattern in this way, we can now use it as a tool to navigate and consistently analyse patterns across a wide range of dimensions, scales and contexts, both intangible and material.
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Fig. 4: Diffraction Patterns / Fourier Transforms of Crystals.
[bookmark: _Hlk531880804]
[bookmark: _Hlk532935587]Furthermore, Loeb left a clue to help uncover the relations between a pattern, mathematics and systems when he described the different ways in which scientists and artists relate to pattern: “The scientist tends to analyze, categorize and systemize, whereas the artist synthesizes.” (1971, p.342). It appears that the key to understanding this relationship lies within scientific method. Loeb demonstrated this by examining x-ray crystallography; the branch of science concerned with the classification of the vast array of atomic and molecular patterns in crystalline structures, observed using short wave neutron, electron and x-ray beams (1971, p.340). In order to “categorize and systemize” these structures, crystallographers analyse two mathematical properties of the “relations within and between [the] patterns” they observe; topology and symmetry (1971, p.340). Topology is a “simple but powerful” system of pattern classification developed by Swiss mathematician Loenhard Euler which numerically analyses the connections of edges at a corner (1971, p.341; Buckminster Fuller and Applewhite, 1975, p.72), whereas symmetry quantitively defines the angles and distances required to bring one entity into complete coincidence with each other either through reflection or rotation (1971, p.341). 

[bookmark: _Hlk532935608][bookmark: _Hlk532935640]Mathematics and crystallography have demonstrated that there are a finite number of stable modular pattern configurations. By categorising them according to their symmetrical and topological classifications, any periodic pattern can theoretically belong to one of 17 two-dimensional or 230 three-dimensional symmetrical arrangements and fit into one of three topological families (Loeb, 1971, p.342). This demonstrates that there are a finite number of regular spatial pattern configurations. Loeb’s definition that a systemisation of patterns is “a catalog in which all patterns are listed in a meaningful order” in the context of his description of the relations artists and scientists have with pattern; transforms this mathematical pattern system into a finite palette of forms, that are made infinite by the artist’s ability to synthesise them (see fig. 9) (1971, p.340, 342). Therefore, it is clearly established amongst experts that the analysis and organisation of patterns, according to their mathematical properties, enables the formation of an explicit system of patterns that can be utilised as a beneficial problem-solving tool across disciplines and bridges the cultural chasm between the Arts and Sciences. 

Through the process of scientifically cataloguing patterns, crystallographers have also observed how these pattern configurations transform under environmental change; the systemisation of atomic scale patterns reveals their dynamic nature. (Loeb, 1971, p.340). This molecular transformation is the transition from one symmetrical and topological classification to another and involves the internal reorganisation of atomic patterns driven by natural forces governed by their own laws (Loeb, 1971, p.340). Changes in environment can lead to patterns becoming unstable as they are defined by natural forces within the environment, this leads to pattern entropy and provides the catalyst for transformation, leading to a new pattern configuration that is stable in the new environment (Loeb, 1971, p.340; Qin et al., 2012). 
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Fig. 5: Expanding Children’s Garment.


[bookmark: _Hlk532935669][bookmark: _Hlk531895535]This is reflected in the growing kinetic trend that intersects many disciplines from art and design to architecture and engineering (Loeb, 1971, p.340). An example of this within textiles (see fig.5), is designer Ryan Yasin’s expandable children’s clothing, which he designed after becoming frustrated over how quickly his nephew and niece grew out of their new and often-expensive clothes (Petit Pli, 2018). By employing origami folding techniques, he designed garments which can expand in two directions, this effectively enables the clothing to ‘grow’ with the child, which saves money and reduces environmental waste (Petit Pli, 2018). Yasin won awards for his designs, successfully demonstrating how an understanding of dynamic pattern systems can be used as a problem-solving tool for textile designers (Petit Pli, 2018; Loeb, 1971, p.340). Mathematics clearly has a theoretic and practical function in understanding the nature of a pattern; the many variations that a pattern can manifest spatially as well as how they relate to each other as a dynamic system, but how does this connect to Pattern, as itself? To answer this, we must broaden our knowledge of systems in relation to Pattern.

[image: ]
Fig. 6: The Biosphere Environment Museum

[bookmark: _Hlk532935699]Loeb’s key collaborator was the visionary transcendentalist and practical philosopher R. Buckminster Fuller; a contemporary polymath, design scientist, inventor and pre-eminent systems theorist, popularly known for his iconic geodesic domes (see fig. 6) and connection to the carbon-60 molecules nickname, ‘bucky-balls’ (Scott, Kunst and Edwards, 2018; Bfi.org, 2018; Buckminster Fuller and Applewhite, 1975, p.9). Buckminster Fuller provided an illuminating clue towards understanding the mystery of Pattern, as itself, in his seminal text Synergetics, Explorations in the Geometry of Thinking. From the introduction, The Moral of the Work: 
Anticipating, cooperating with, and employing the forces of nature can be accomplished only by the mind. The wisdom manifest in the omni-interorderliness of the family of generalized principles operative in Universe can be employed only by the highest integrity of engagement of the mind's metaphysical intuiting and formulating capabilities.
(Buckminster Fuller and Applewhite, 1975, p.17).

[bookmark: _Hlk532935725]Although not referring to it directly, he provided an elegant interpretation of Pattern, as itself and importantly as a system in relation to the mind and natural universal forces/processes. He goes on to say, “the wellspring of reality is the family of weightless generalized principles”; this suggests he believed that reality, and our experience of it, is formed and governed by the immaterial laws of nature (Buckminster Fuller and Applewhite, 1975, p.21). Considering his relationship with Loeb, the language he employed as well as the obvious clue within the title of the text, these ‘generalised principles’, can be viewed as natural pattern systems which can be discerned and described mathematically. Buckminster Fuller’s words can therefore be interpreted as a glimpse into the nature of Pattern, as itself, which can loosely be reframed as “the wisdom manifest in the omni-interorderliness” of natural universal patterns (Buckminster Fuller and Applewhite, 1975, p.17). It has been clearly demonstrated that mathematics is essential to our understanding of a pattern, Buckminster Fuller’s words suggest that it may also be a tool to navigate a path to understanding and defining Pattern, as itself.

In the dedication (to the mathematician Professor Donald Coexter) in his book Synergetics, Buckminster Fuller wrote that geometry’s “inspiring effectiveness in winnowing out and evaluating a plurality of previously unknowns from a few given knowns, and its elegance of proof lead to the further discovery and comprehension of a grand strategy for all problem solving” (Buckminster Fuller and Applewhite, 1975, p.6). His description implied his relationship with geometry was greater than that of a craftsman and a faithful tool; his writing carried a warmth reserved for an admired instructor and old friend. This connection between Pattern, as itself and mathematics is not exclusively found in Buckminster Fuller’s work. Mathematicians and writers Keith Devlin and Gianluigi Oliveri have both described mathematics as the “science of patterns” while science writer Philip Ball observed “The natural language of pattern and form is mathematics”; it is clear that this relationship has been discussed, recorded and established by experts within the discipline (Oliveri, 1997; p.379; Kirstensen Johnstone, 2017, p.16; Ball, 1999, p.10).
[image: ]Fig. 7: Under Way

[bookmark: _Hlk532935748][bookmark: _Hlk532935778]Ball, like Buckminster Fuller and Bell, went a step further and observed mathematics and Pattern in relation to nature and perception as a system (Ball, 1999, p.4; Buckminster Fuller and Applewhite, 1975, p.17; Thompson, 2000, p.255). Ball, employing the metaphor of nature as a self-made tapestry, wrote that nature “is woven from a blueprint of archetypes, that there are themes to be discerned within the colourful fabric. Nature’s artistry maybe spontaneous, but it is not arbitrary” (1999, p.4). It seems that Ball’s ‘archetypal natural patterns’, Buckminster Fuller’s “family of generalized principles” and Loeb’s “systemisation of patterns” could be synonymous and relate to the definition of a pattern (Ball, 1999, p.4; Ball, 2003, p.8; Buckminster Fuller and Applewhite, 1975, p.17, Loeb, 1971, p.340). Whereas, when Buckminster Fuller referred to “the wisdom in the omni-interorderliness…” and Ball wrote about nature as being “spontaneous, but not arbitrary” and as having “woven… themes”, they seem to be referring to a different aspect that relates to Pattern, as itself (Buckminster Fuller and Applewhite, 1975, p.17; Ball, 1999, p.4).  

[bookmark: _Hlk532935799][bookmark: _Hlk532935839] The short yet meaty extract, taken from The Moral of the Work, like much of the writing in Buckminster Fuller’s heavyweight text, has poetic and subversive qualities. Loeb, in the preface of Synergetics set out his belief that Buckminster Fuller’s use of metaphor afforded him a place amongst the American literary elite and cautions readers not to be immediately dismissive of the author’s seemingly “outrageous statements” (1975, p.10). At the start of the quote, Buckminster Fuller wrote about “Anticipating, cooperating with, and employing the forces of nature” (1975, p.17); having read this as a maker, the words felt instantly familiar. Dr Tim Ingold, whose anthropological research into the shared root of textiles’ and technology’s social history illuminated the cause of this familiarity (Aberdeen, 2018). Ingold eloquently and insightfully defined a maker’s practice in his article The Textility of Making:
[T]he forms of things arise within ﬁelds of force and ﬂows of material. It is by intervening in these force-ﬁelds and following the lines of ﬂow that practitioners make things. In this view, making is a practice of weaving, in which practitioners bind their own pathways or lines of becoming into the texture of material ﬂows…(2009, p.91).

[bookmark: _Hlk532935875]Ingold’s careful phrasing and humble choice of words expressed the sense of familiarity evoked by Buckminster Fuller’s lofty language; the three actions he described are the heart of a maker’s practice. The ‘anticipation’ of the “fields of forces and flows of material” are the natural forces that govern Buckminster Fuller’s system of generalised principles and Ball’s archetypal natural patterns (Ingold, 2009, p.91; Buckminster Fuller and Applewhite, 1975, p17; Ball, 1999, p.4; Ball, 2003, p.8). The ‘cooperation with’ and ‘employment of’ this system can be viewed as the maker weaving their designs with their understanding of archetypal pattern systems governed by flowing force-fields (see fig. 7) (Buckminster Fuller and Applewhite, 1975, p.17; Ingold, 2009, p.91; Ball, 1999, p.4). A maker intervenes and transforms; the centrality of their practice can be interpreted as an alchemical process of weaving intentions into archetypal pattern systems (Ingold, 2009, p.94). 

[bookmark: _Hlk532042422][bookmark: _Hlk532935903]Buckminster Fuller concluded that someone hoping to successfully undertake these activities must utilise “the mind's metaphysical intuiting and formulating capabilities” (Buckminster Fuller and Applewhite, 1975, p.17). By considering this in relation to Pattern, this can be read as consciously utilising our mental capacity for pattern recognition and pattern formation activities. It seems clear that Buckminster Fuller believed makers should endeavour not only to understand the world in terms of ‘generalized principles’ or dynamic pattern systems (which relates to a pattern), but also how these principles are woven together as a thematic and wise ‘omni-interorderly’ system (Pattern, as itself) (1975, p.17; Ingold, 2009, p.91; Ball, 1999, p.4). It also seems clear that he believed it was equally important for a maker to consciously engage with their own mental capacities to recognise and form pattern systems (1975, p.17; Ingold, 2009, p.91). Therefore, the next step on the path to understanding Pattern, as itself, is to explore the role of the mind in relation to pattern recognition and formation (Buckminster Fuller and Applewhite, 1975, p.17).

Chapter Two: Separation and Synthesis

[bookmark: _Hlk532935939]Along the path to understanding Pattern, it became clear that it has two aspects; the finite and measurable variations that ‘archetypal patterns’ manifest and the “wisdom” with which they are “woven” together as an “omni-interorderly” system (Ball, 1999, p.4; Ball, 2003, p.8; Buckminster Fuller and Applewhite, 1975, p.17). Mathematics, “the natural language of pattern”, wielded by x-ray crystallographers, revealed that these manifestations of pattern have a dynamic nature; they transform from one to another under environmental change, yet remain within the same system (Ball, 1999, p.10; Loeb, 1971, p.340). Furthermore, it became clear that designers and makers, as well as scientists can benefit from understanding the dynamic properties of pattern (Loeb, 1971, p.340; Petit Pli, 2018). Buckminster Fuller highlighted the need for makers to understand and utilise the mind’s ability to recognise and form patterns in order to mindfully weave their intentions within archetypal pattern systems (Buckminster Fuller and Applewhite, 1975, p.17; Ball, 1999, p.4; Ball, 2003, p.8; Ingold, 2009, p.91). 

[bookmark: _Hlk532935956]Often in nature, structure is intimately related to function, therefore, the key to unlocking the mysteries of the mind in relation to, and in terms of, a pattern as well as Pattern, as itself, may reside in the structure of the brain (McGilchrist, 2011, p.3). In order to progress on this journey, it is therefore necessary to examine the brain’s structure in terms of pattern recognition, formation and communication.
[image: ]Fig. 8: The Divided Brain

[bookmark: _Hlk532935999]Dr Iain McGilchrist is an internationally acclaimed expert whose work is fundamentally important when considering the relationship between the brain and mind (Iain McGilchrist, 2018). McGilchrist studied both literature and medicine in order to answer the philosophical questions about the mind-brain-body system that he couldn’t find in either realm alone (Iain McGilchrist, 2018; McGilchrist, 2011, p.2). His distinguished career in psychiatry is a record of his questioning nature as well as his extensive clinical based research and experience (Iain McGilchrist, 2018).  His drive to understand the mind-brain-body system stems from his belief that it is inseparable from the culture and environment it exists within (Iain McGilchrist, 2018). Viewed within this context, a full understanding of Pattern, as itself in connection to the mind, has far reaching implications on our society. His book, The Master and his Emissary: The Divided Brain and the Making of the Western World (2009), is the synthesis of all his research into an innovative and comprehensive map of the mind-brain-body-culture system (McGilchrist, 2011, p.1). 

McGilchrist used a story, once told by Nietzsche among many others, of a wise master and his unfaithful emissary, to encapsulate his theories about the nature of the divided brain (2011, p.1). In this tale, a devoted master ruled a “small but prosperous domain” that flourished and expanded, the master wisely realised he could not and should not oversee the whole of his expanding realm (2011, p.1). To solve the problem, he trained and trusted emissaries, who would travel to and govern the distant parts of his domain; over time an intelligent and ambitious adviser, filled with contempt for the master, usurped authority dooming the realm to tyranny and ruin (2011, p.1). McGilchrist recognised a pattern within this story, writing that as “the consequences are grave indeed, we need to understand what it is” (2011, p.1). In order to understand the implications this pattern has on our minds we need to explore the relationship between the two hemispheres of the brain.

[bookmark: _Hlk532936025]In the past it was thought that the two hemispheres performed entirely separate functions; it was thought that the left dealt with reason and the right with emotion when in fact both hemispheres deal with different aspects of the same functions (RSA Animate, 2011; McGilchrist, 2011, p.2). McGilchrist stated that it is important to remember the brain is part of a living person, not a machine, and our understanding of the relationship between the two hemispheres is better served by considering them in terms of ‘the manner’ they approach the world (McGilchrist, 2011, p.2). When he wrote about the essential differences between the two halves of the brain, he first reframed the brain in terms of the world it must navigate, stating that “experience is forever in motion… all things flow”. This is remarkably similar to Ingold’s words when he wrote about the nature of making (2011, p.8; Ingold, 2009, p.91). As the brain needs to both live in a continuum of non-repeating flowing experience and simultaneously needs to step back from “the immediacy of experience”, these polar needs cause two entirely different worlds to manifest within its hemispheres (McGilchrist, 2011, p.9). This can be interpreted as the brain’s need to navigate its experience of Pattern, as itself, by stepping back reducing complexity, representing its experience of the whole as individual manifestations of pattern. It seems that pattern’s dual aspects (a pattern and Pattern, as itself) are embodied within our brains and are synonymous with the difference between the two hemispheres.

[bookmark: _Hlk532936042][bookmark: _Hlk532936072]These two vastly different mental worlds are both necessary and valid, but McGilchrist believes that they are unequal; like the master and emissary in the story, one is meant to serve the other (2011, p.2). The master or right brain can be viewed as: “the live, complex, embodied, world of individual, always unique beings, forever in flux, a net of interdependencies, forming and reforming whole, a world with which we are deeply connected” (2011, p.9). There are implicit similarities between this description and Buckminster Fuller’s ‘omni-interorderly family’ and Balls ‘woven themes’; they relate to the nature of Pattern, as itself, as a whole (McGilchrist, 2011, p.9; Buckminster Fuller and Applewhite, 1975, p.17; Ball, 1999, p.4). In contrast, the emissary or left brain re-interprets our ‘whole’ experience creating “a ‘re-presented’ version of it, containing now static, separable, bounded, but essentially fragmented entities, grouped into classes, on which predictions can be based” (McGilchrist, 2011, p.9; Gendlin, 1992, p.344). The way the left hemisphere breaks down experiences into clear, explicit and static fragments is a very useful service for the right hemisphere which reabsorbs this back into the dynamic whole. This can be reframed as: the left hemisphere, like the scientist; “tends to analyze, categorize and systemize” the explicit manifestations of pattern in our experiences, in service to the right, which like [image: ]the artist; “synthesizes” (Loeb, 1971, p.342). Therefore, both aspects of pattern are innately human, reflected in the bio-physical structure of our brains generating the two interdependent yet polar ways of being in the world: the way of the scientist and the way of the artist are the living embodiment of pattern’s dual nature.

[bookmark: _Hlk532505620]Fig. 9: Gebonden Vrijheid (Disciplined Freedom)

[bookmark: _Hlk532936100]Relating the dual aspects of pattern with the scientist’s and artist’s modes of experience requires an understanding of pattern recognition and formation (Loeb, 1971, p.339; McGilchrist, 2011, p.9; Buckminster Fuller and Applewhite, 1975, p.17). It is scientifically accepted that the cognitive capacity to recognise pattern is the core of human, animal and artificial intelligence, it is fundamental to understanding the bio-physical basis for weightless concepts like thought, consciousness and mind, therefore, pattern recognition is an invaluable tool that shapes our understanding and relationship with the world (Parasher et al., 2011, p.372; Buckminster Fuller and Applewhite, 1975, p.20; de Paiva, 2009, p.6; Kristensen Johnstone, 2017, p.15). Pattern recognition can be understood as the recognition of the relations between entities within a collection (rather than identification of the entities alone); recognition occurs when the pattern experienced in the present ‘pattern-matches’ with one previously experienced (Loeb, 1971, p.339; Parasher et al., 2011, p.327). Within computer science, pattern recognition is considered “the science for observing (sensing) the environment, learning to distinguish patterns of interest… and making sound decisions about the… pattern classes”; like the left brain, computer scientists fragment the ‘whole’ process into its three essential and definable parts: “data perception”, “feature extraction” and “classification” (Parasher et al., 2011, p.372; McGilchrist, 2011, p.9). This process is essentially one of separation and bears a heavy resemblance to the left hemisphere mode of experience; it is a process of understanding the world by fragmenting it to its classifiable parts (McGilchrist, 2011, p.9; Loeb, 1971, p.342). 

[bookmark: _Hlk532936125][bookmark: _Hlk532936151]McGilchrist’s model of the divided brain suggests that this scientific and logical approach to pattern recognition, is only one aspect of this essential cognitive ability, there would be an ‘artistic’ or right hemisphere approach to the task as well (2011, p.2; Loeb, 1971, p.339). The essential difference in the way the hemispheres recognise pattern is the left, with its narrowly focused attention tends to gravitate to what it already knows; the similarities between two unique experiences eclipse the differences forming a certainty from ambiguity (Perspectiva, 2018; McGilchrist, 2011, p.5). Whereas, the right with its broad attention, remains open to possibility by experiencing itself and the world as interdependent aspects of a whole, by living in this ‘omni-interorderly’ mode of experience; it embraces uncertainty and seeks to recognise what it does not know, detecting anomalies then intuits implicit patterns within them (Perspectiva, 2018; McGilchrist, 2011, p.5; Buckminster Fuller and Applewhite, 1975, p.17; Macdonald, 2014). The right hemisphere synthesises the sum of its experience with newly discovered unknowns and intuitively recognises pattern in contrast to the left’s analytical approach (Perspectiva, 2018; Loeb, 1971, p.339; Macdonald, 2014). This can also be interpreted as a generative act; when the right hemisphere recognises its first encounter with a previously unknown archetypal pattern, the pattern simultaneously manifests within the woven flowing whole (Perspectiva, 2018; Ball, 1999, p.4; Ball, 2003, p.8; Ingold, 2009, p.91). It seems that in both modes of experience, the capacity for pattern recognition is a specialised type of mental pattern formation (McGilchrist, 2011, p.9; de Paiva, 2009, p.2). This indicates that pattern recognition and formation are not separate cognitive functions, rather they are dual aspects of a synergetic whole. 

[bookmark: _Hlk532936188]The task of pattern recognition is clearly handled in two unique ways by the dual modes of experience generated within the hemispheres of the brain, that of the artist and the scientist (McGilchrist, 2011, p.9; Loeb, 1971, p.339). Less clear is the peculiar relationship between pattern recognition and formation with their indistinct boundaries and shared origins. To uncover the nature of this relationship, it is important to examine how the two modes of experience approach pattern formation activities (McGilchrist, 2011, p.9; Loeb, 1971, p.339; Buckminster Fuller and Applewhite, 1975, p.17). 

[bookmark: _Hlk532936210][bookmark: _Hlk532936236]Ingold’s research into the common root of textiles and technology illuminates the different ways the hemispheres approach pattern formation (McGilchrist, 2011; Loeb, 1971, p.342; Ingold, 2009, p.93). The scientist-mode follows the hylomorphic principle: an agent imposes form in accordance with a design “conceived in the abstract in advance of its realisation”, in a manner that objectifies, or in McGilchrist’s words, “thingifies” material (Loeb, 1971, p.342; McGilchrist, 2011, p.9; Ingold, 2009, p.92; Perspectiva, 2018). Matter is rendered “passive and inert… that which was imposed upon”, when removed from its flowing interdependent context by the scientist-mode’s approach to pattern formation activity (Ingold, 2009, p.92; McGilchrist, 2011, p.8-9; Loeb, 1971, p.342). The scientist-mode of pattern making can therefore be characterised as technological and relates to the meaning of a pattern (Loeb, 1971, p.342; McGilchrist, 2011, p.9; Ingold, 2009, p.91). Accordingly, technology can be understood as a making practice that employs pattern separation and fragmentation and is the core of the scientist-mode’s approach to pattern formation.

[bookmark: _Hlk532936270]In contrast, the right hemisphere’s (or artist-mode) approach to pattern formation is embedded within the meaning of Pattern, as itself. The artist-mode recognises pattern by identifying the unknown, this is reflected in its approach to making; Richard Sennett, in his book The Craftsman, wrote “the use of imperfect or incomplete tools draws on the imagination in developing the skills to repair and to improvise” (Loeb, 1971, p.339; McGilchrist, 2011, p.9; Sennett, 2008, p.8). Therefore, the right hemisphere-mode, experiencing itself as interconnected with the world around it, embraces the unknown and fashions pattern formation tools from ambiguity. As Ingold elegantly puts it, the artist-mode of making is textillic; it “does not…seek to replicate finished forms that are already settled, whether as images in the mind or as objects in the world. It seeks, rather, to join with those very forces that bring form into being” (Ingold, 2009, p.91; Loeb, 1971, p.339; McGilchrist, 2011, p.9). The artist mode understands “materials of all sorts, energised by cosmic forces… mix and meld with one another in the generation of things” (Loeb, 1971, p.339; McGilchrist, 2011, p.9; Ingold, 2009, p.92). To the right hemisphere pattern formation activity, or making, like everything else it experiences, is not a separate function with distinct parts; it is an intrinsic part of being in the world, one thread woven into the fabric of the whole.

[bookmark: _Hlk532936298]French philosopher and phenomenologist M. Merleau-Ponty spent his career researching perception and embodiment; he left a clue to uncover the relationship between pattern recognition and formation, framed in right hemisphere (artist-mode) language (Toadvine, 2016; Gendlin, 1992, p.343; McGilchrist, 2011, p.10; Loeb, 1971, p.339). Eugene Gendlin, who developed “the philosophy of the implicit” and is credited with bridging the disciplines of psychology and philosophy through his mind-body practice, explored Merleau-Ponty’s work in Primacy of the Body (Torpey, 2017; Gendlin, 1992). Gendlin interpreted Merleau-Ponty’s metaphor of two touching hands: “my sense of touching you inherently includes also your sense of touching me… The duality is like a screen, a thin sheet, a surface which, in the very act of uniting divides the two sides” (1992, p.343). In contrast, Loeb indirectly encapsulated this unusual relationship within left hemisphere, scientist-mode, language when he described mathematical mirrors:
[G]eometrical mirrors are of the Alice-in-wonderland type, since they permit their subjects to pass through them and to reflect themselves in both the front and back sides of the mirror. Remember that Lewis Carroll was a mathematician! (1971, p.345).

[bookmark: _Hlk532936317]Therefore, pattern recognition and formation are at once an indivisible whole and simultaneously divided dual aspects, separated by a thin mirrored surface that allows each to overlap into the other while remaining reflections of one another.

After following the clues left by Buckminster Fuller in The Moral of the Work, leads makers to consider pattern recognition and formation; the exploration of these mental capacities through analysis of the brain’s structure revealed our bio-physical relationship with patterns dual nature of a pattern and Pattern, as itself (Buckminster Fuller and Applewhite, 1975, p.17; McGilchrist, 2011, p.9). The quote from The Moral of the Work can now be reframed as: makers need to weave together the scientist and artist-modes of experiencing both the wisdom within Patten, as itself and archetypal patterns in nature by engaging with the separate reflections of pattern recognition and formation (as well as their united wholeness) (Buckminster Fuller and Applewhite, 1975, p.17; Ingold, 2009, p.91; Ball, 1999, p.4; Loeb, 1971, p.339, 345; McGilchrist, 2011, p.9; Ball, 2003, p.8; Gendlin, 1992, p. 343). It seems that a maker is separate from a designer, a scientist and an artist, yet their practice requires the synthesis of all. 

[bookmark: _Hlk532936384]The relations they each have with pattern can be interpreted as: pattern is detected by scientists, synthesised by artists, adapted by designers and woven by makers (Loeb, 1971, p.339, 342; Ingold, 2009, p.91). To navigate this never-repeating flowing universe, it is therefore necessary for makers to arm themselves with multi-disciplinary knowledge of pattern’s dual nature and be able to think and converse in many “pattern languages”, understanding that “thinking and feeling are contained within the process of making” (Ingold, 2009, p.91; Buckminster Fuller and Applewhite, 1975, p.17; Meszaros and Doble, 2018; Sennett, 2008, p.7). This requires the brain’s hemispheres to work together as a whole, which according to McGilchrist, needs the left or scientist-mode to submit to, and serve, the right or artist-mode; the divided brain must transform into a ‘whole’ that contains the mind-brain-body-world as a synergetic system (2011, p.2; Loeb, 1971, p.339; Ingold, 2009, p.94; Buckminster Fuller and Applewhite, 1975, p.59). This transformation of mind is the woven alchemy of pattern making.














Conclusion

Through the in-depth exploration of our relationship with pattern, it became evident that it possesses a twin nature which we embody within the structure of our brains. Its dual aspects, viewed as a pattern and Pattern, as itself, govern the differences between the divided hemispheres within the brain and generate two dialectic modes of experience. The meaning of a pattern relates to the left hemisphere which can be understood as the scientist-mode of being in the world. The scientist-mode recognises pattern through a process of separation and classification and forms patterns through technology led design processes. This mode relates to the world in terms of distinct archetypal patterns that form dynamic systems, which can be interpreted as explicit mathematical blue-prints. The meaning of Pattern, as itself relates to the right hemisphere which can be understood as the artist-mode of being in the world. The artist-mode recognises pattern through a process of synthesis, intuiting connections within unknowns and forms patterns by employing a textillic understanding of material flows entwined with its evolving intentions. This mode understands the wisdom with which all patterns, known and unknown, formed and yet to be formed, are woven together into a devoted whole. To heed the warning in McGilchrist’s story of master and emissary, it is necessary for makers to move away from the separateness of either mode of experience, forsaking both, synthesising them to create a third way of being in the world: the whole-mind approach that characterises makers as alchemical weavers. This work has laid the foundation for future research into this topic which will address how makers can develop and fashion a whole-mind approach to pattern into a socially-responsive design tool.
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