
ABSTRACT 

HUH, JOO HEE. The Dynamic Interplay between Spatialization of Written Units in Writing 
Activity and Functions of Tools on the Computer. (Under the direction of Meredith Davis.)  
 

I criticize the typewriting model and linear writing structure of Microsoft Word software for 

writing in the computer. I problematize bodily movement in writing that the error of the 

software disregards. In this research, writing activity is viewed as bodily, spatial and 

mediated activity under the premise of the unity of consciousness and activity, and embodied 

mind. In order to explore the role and importance of bodily movement in writing tools, I 

hypothesized that when tools respond to human bodily movement well, and when they work 

as if they are extensions of the body, the best conditions of use during the process of writing 

will be possible. Also, spatial arrangement activity in writing was assumed to be a self-

generated tool-making process for writing that regulates thought and behavior. And, I 

supposed that spatial image schemas could be manipulated with conceptually in the activity 

of writing. 

In an attempt to examine the assumption and hypothesis, and develop the concept, I 

investigated design graduate students’ thesis document writing process in which I 

specifically checked the assumption by studying the effects of spatial activity. The design 

graduate students’ writing process was interpreted through the lenses of activity theory, 

embodied reasoning, and Csikszentmihalyi’s creative process model which included 

preparation, incubation, insight, evaluation and elaboration. 

I found that spatial activities such as the physical manipulation of written units, 

spatializing words, creating signs, and manipulating spatial-formal relations for concept 

development played an important role in reading, understanding, connecting, analyzing, 

synthesizing, hierarchizing, structuring, remembering, retrieving, communicating, a design 

project, an explorative research process, and integrating reading, a design project into 

writing. In the beginning of the writing process, having an hierarchically organized 

representation of conceptual relations of the thesis statement, problem areas, key words and 

theories by spatial arrangements of written units aided in its use in evolving writing structure 

and expansion of thought in imagination. Spatially externalizing thought played an important 

role in embodying the relationship between the reality where the research problem was 



located, knowledge, and embodied imagination, which was the function of mediated activity. 

The process of embodiment necessitated special qualities of writing tools with respect to 

bodily movement.  

The indeterminate qualities of writing tools enabled the correlation of the body, 

gesture, and the written units that the body manipulated to be physically easier. From an 

unorganized material basis, manipulating conceptual relations consisted of concrete physical 

skills such as using Post-its, making matrices, outlines, note cards, user path maps, concept 

maps, narrative concept maps, signs, sketch, diagrams, and models. Writers showed the 

significant difference in perceptions of tool affordances and concrete skills. In relation to 

spatial activity in the use of writing tools, writers showed five types of difference: an 

intensity of motivation, acquisition of a new tool-mediation, practice and a cognitive effort, a 

tendency to limit bodily, spatial and mediated activity within design activity, and increasing 

perceptions of tool affordances in proportion to practice, i.e., changing perceptions of tool 

affordances depending on an activity or developmental aspects. The perceptions of tool 

affordances did not form writer’s meaningful activity. In conclusion, the expansion of 

thought was activated by making processes involving bodily movement, which produced the 

differences in the writing processes. The productive role of spatialization of written units 

involving physical manipulation in writing suggested a need for spatial activities in writing 

software in the computer.  
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Chapter 1. Introduction 
 
 
Have you recently written five paragraphs, without any tool, and in one draft? I raise this 

question to think about the relationship between the function of tools and thought in writing. 

Since writing activity, as one of the external symbolic forms, is based on visual 

representation, it necessarily involves tools. The tools have material properties, and our body 

works with the tools. At this moment, the materiality of any tool is important in that it 

determines the ways we interact with written words. In addition, tools mediate and enable 

certain thought and the physical reality of language as written form. Therefore, bodily 

movement matters in the use of the tool and in the development of thought and representation 

of thought. 

 Let me narrow down the range of writing tool analysis to a software program in the 

computer, Microsoft Word (MS Word). If we open MS Word, a white background appears. 

You find tens of fonts as options waiting for your selection like clothes in a wardrobe. Other 

menu options such as left or right paragraph arrangement are easy to see. If you type a 

sentence longer than the page width, the cursor goes one step down as if there is an invisible 

staircase. But, can you represent easily Mallarmé’s concrete poetry using MS Word? 

Probably not. Obviously, what is given is 2-D space, but what Microsoft not so subtly 

implies is the space of typewriting and the printed novel model of linear writing. It isn’t even 

implicitly hierarchical. It is about continuing text. This is the current cultural selection that 

many schools and institutions adopt as the primary tool for writing. Could we say that our 

choice of writing tool is satisfactory in all respects? We even call this a “word processing” 

not a “writing” or “thought processing” program. 

 Do we use only words and keystrokes when we write? I observed five graduate 

students writing their theses in a studio on campus for two months in 2009 spring. In this 

observation, what I stopped taking for granted was bodily movement—human bodies going 

back and forth voluntarily between the fixed environment of the screen and the movement of 

the mouse. The relationship between the bodily movement and tools were problematic 

because the expansion of thought seemed to go with the whole process through which 
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thought in writing interacts with objectified words and spatial arrangement in addition to 

written words. But, the functions of a tool for writing, in particular, MS Word does not 

presume such a process. The five students left MS Word to work in another way. In other 

words, there seemed to be a gap between the way the students oriented their attention in 

writing activity and the functions of the tool on the computer. 

 Further, the five students’ writing did not proceed in a linear way, either in a material 

or intellectual sense. In most cases, their writing did not start with opening of MS Word. 

Writing activity did not always proceed like reeling silk from cocoons. This raises a question 

about how writing proceeds, the use of specific tools, and understanding of the process of 

constructing text. 

 In addition, something other than the alphabet came out in the students’ writing 

process. Written words were arranged spatially on the page along with frequent appearances 

of concept maps, diagrams and personal notes and drawings. Those signs accompanied words, 

or sometimes stood alone. Some written words, located in a diagram, were moved from time 

to time, and circles in a diagram were superimposed or divided. There were lines linking 

certain words, and some written units stayed on Post-it® slips for a while and then 

disappeared. Students were working on paper when I observed. Once they externalized ideas, 

they grouped or linked ideas with simple tools such as flash cards. Also, as the thesis project 

grew, individual ways of over controlling evolving ideas appeared. Surely, there were 

various forms of transitional states of writing and elements that MS Word could not fulfill 

with ease.  

 The thesis projects did not advance following the already known problems, not just 

by recording of the facts of yesterday, but through searching for an understanding of the 

problems themselves. Namely, since the writing took place simultaneously with larger 

investigations of the theses project, the process could be called an activity of knowing as well 

as of writing. 

 The behavior that emerged in the process of the five students’ writing activity 

followed a pattern. They created certain external signs as parts of written units, manipulating 

those signs spatially and dealing with them like objects; through these objects they mediated 

their own thought. Signs were used as a mnemonic device or a reminder of a larger concept 
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or future discussion. Some students built 3-D models of concept relationships, using 

marshmallows and toothpicks. The models represented the multiple relationships between the 

concept and other ideas in the text. They served as three-dimensional concept maps1 that the 

student rotated in space as a way of thinking about how the written narrative would be 

different if ordered by alternate points of entry to the discussion. After, they made three-

dimensional models and took pictures of them, they viewed them on the computer, moving 

them this way or that way from various perspectives. Raised and active in a hypermedia 

environment, for these students, writing is spatial. Each unit of information has many 

connections to the rest of the text, not just to the paragraph immediately before or after. 

These behaviors raised questions. 

 Why did these students make visual signs in addition to words and use them in 

writing process? Where did a writing process in which people move letters spatially and 

transform spatial arrangement of signs continuously come from? Why did they need spatial 

arrangement and movement to resolve writing? Considering that the artificial spatial 

arrangement of signs was a manifestation of their thinking as part of the invention process, 

either as a conscious or unconscious activity, we can say that those signs and spatial 

arrangement of the signs were used as cognitive tools. This observation raised questions 

about the nature of cognitive tools. Moreover, it brought up a question of the relationship 

between the cognitive tool, the activity of thinking and knowing, and external representation. 

 Finally, the students’ writing activity was beyond the range and modes that MS Word 

could support. Only during a short period of the entire writing process was MS Word used. 

Although MS Word was not their own preference for writing, it was used because of a 

required format for sharing among readers and its grammar checking function and ease of 

editing by faculty. This observation raised a conflict between personal choices about how to 

work and write, and the institutional demands for editing by a second person. And, it speaks 

to the degree to which certain software programs have become standards that may be shaping 

                                                
1 Concept maps consist of concepts and propositional statements. Propositions are “the basic units of meanings 
people form, and consist of two concepts joined by linking words to make a meaningful statement” (Moon, 
Hoffman, Novak & Cañas, 2011, p. 6). The linking words between concepts indicate the relationship between 
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or constraining development and practice of certain thinking competencies—word processing 

rather than thought processing. 

 
 
1.1. Writing as bodily, spatial and mediated activity 
 
The behaviors observed in the five students’ thesis projects suggest interesting connections to 

Lev Semyonovich Vygotsky’s study of aphasic behavior in the book, The Vygotsky Reader 

(Van der Veer & Valsiner, 1994). Vygotsky’s observations and study of aphasia are 

noteworthy in that he approaches the relationship between language and thought by 

understanding people who suffer from language problems and their distinguishing 

characteristics. The comparison of aphasic patients and graduate students enables us to see 

the taken-for-granted characteristics of language and thought clearly, not from a view of 

normal or abnormal behavior. The comparison illuminates the obscure parts of everyday 

behaviors and tells us that my ordinary behaviors could be otherwise. 

 The biggest difference between the behavior of the students and the aphasics in 

Vygotsky’s study seems to be a self-controlling, artificial, manipulative behavior over 

objects relating to one’s purpose. The observed student behaviors contrast with those of an 

aphasic in terms of controlling voluntary attention. 

According to Vygotsky (Cole, John-Steiner, Scribner, & Souberman, 1978), the use 

of speech or “the use of artificial means, the transition to mediated activity, fundamentally 

changes all psychological operations” (p. 55). The term mediated activity means an indirect 

act in which “the direct impulse to react is held back, and the operation follows a roundabout 

way, establishing a certain auxiliary stimulus that fulfils the operation by indirect means” (p. 

145).  The term mediated activity means an indirect act in which “the direct impulse to react 

is held back, and the operation follows a roundabout way, establishing a certain auxiliary 

stimulus that fulfils the operation by indirect means” (Van der Veer & Valsiner, 1994, p. 

145). For example, signs such as language, writing and number systems, and tools serve as 

indirect means of human behavior (Cole, John-Steiner, Scribner, & Souberman, 1978, p. 7). 

The function of speech in terms of mediated activity enables the division between a visual 

field and thought to be possible. 
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The breakdown of speech is accompanied here by the disappearance of sign 

operations...the aphasic suffering from an affliction of higher sign operations 

becomes in his practical actions completely subject to the elementary laws of the 

optic field. The most serious consequences of the affliction of the higher symbol 

systems manifests themselves in the following ways such as the immediate motor 

manifestation of impulses coupled to an impossibility of delaying action and of 

forming an intention postponed in time, the inability of transforming a given image 

through transferred attention, the total incapability of abstracting judgment and action 

from intelligent and familiar structures, and finally, the reversion to primitive forms 

of reflective imitation” (Van der Veer & Valsiner, 1994, p.141).  

 

These specific aphasic behaviors have a direct and non-mediated quality. Vygotsky presents 

examples, 

 

Once, during a conversation which took place on a nice sunny day, when he was 

asked to repeat the sentence “Today the weather is bad and it is raining,” he could not 

bring himself to carry out this request. The first words were uttered easily and 

confidently, but then he became confused, stopped speaking and could not bring 

himself to finish the sentence in the way it had been given to him. He kept on 

changing over to another form, which corresponded to the observed reality (Van der 

Veer & Valsiner, 1994, p. 266).  

 

The case above shows that there is the zero point of distance between what the patient could 

say artificially and what he was actually seeing in reality. Vygotsky gives us another example 

that shows “the inability to form any resolutions” in cases of aphasia, “a disorder which 

results from disturbed verbal activity and thinking in concepts” (Van der Veer & Valsiner, 

1994, p. 268).  

When an aphasic is asked to perform a task which can be started from either end, and 

he is unable to solve the problem because he cannot find a starting point and does not 

know where to begin. The starting point must be chosen at will, and for him this is 
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precisely the main source of the difficulty. During my studies we have frequently 

been able to observe how difficult it is for certain aphasics to repeat a sentence which 

contains an indefinite statement from the point of view of a concrete concept (Van der 

Veer & Valsiner, 1994, p. 268).  

 

In the case above, the fact that the aphasic was not able to find a starting point means that he 

could not distinguish or select among options, which shows that his behavior cannot follow 

his own choice. In addition, it means that he cannot build behaviors in order, and select an 

order of behaviors autonomously. This shows a close link between language as mediated 

activity, will, and behaviors. 

 In addition, in Guillaume et Meyerson’s experiments “involving the analysis of the 

use of tools by apes...which compares the intellectual operations of an ape with the process of 

solving concrete problems as exhibited by people suffering from aphasia. The authors find 

that the methods used by the aphasic and the ape to accomplish a given task are similar in 

principle and coincide in certain essential points....Unable to speak (speech would have freed 

him from being tied to the visually evident situation and rendered possible and the planned 

consecutiveness of successive actions), he becomes the slave of the situation—one hundred-

fold more than the speaking child” (Van der Veer & Valsiner, 1994, p. 112). Thus, this 

finding leads to that using tool without an ability to exercise a mediated thought confines one 

to fulfilling only direct necessities. 

 Vygotsky’s studies show that imagination is not only the idea but the ordering of 

actions or possibilities necessary to construct or implied by the idea; the linking of an 

intention and imagining the physical/sensory experience of acting on that intention. Some 

would refer to this as “seeing in the mind’s eye” the course of action in moving from an 

existing to a preferred state. Tools, therefore, are extensions of the mind; they are the means 

through which what is in my heads is executed in the physical world. Therefore, the greater 

the potential of the tool to respond as imagined, and the greater the affordances of the tool to 

respond in the multitude of ways we might imagine actions designed to execute intentions, 

the more likely the products of thought will be imaginative. 
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 Vygotsky suggests that tool and symbol can be placed on the same plane in terms of 

mediated activity, but they are different in that they produce different behaviors (Figure 1). 

Vygotsky explains the logical relationship between the use of signs and of tools using as 

follows. 

 

On the purely logical plane of the relation between the two concepts, our schema 

represents the two means of adaptation as diverging lines of mediated activity. This 

divergence is the basis for our second point. A most essential difference between sign 

and tool and the basis for the real divergence of the two lines, is the different ways 

that they orient human behavior. The tool’s function is to serve as the conductor of 

human influence on the object of activity; it is externally oriented; it must lead to 

changes in objects. It is a means by which human external activity is aimed at 

mastering, and triumphing over, nature. The sign, on the other hand, changes nothing 

in the object of a psychological operation. It is a means of internal activity aimed at 

mastering oneself; the sign is internally oriented (Cole, John-Steiner, Scribner, & 

Souberman, 1978, p. 55).  

 
 
 
 
 
 
 
 

 
Figure 1 The logical relationship between the use of signs and tools  

(Cole, John-Steiner, Scribner, & Souberman, 1978, p. 54).  
 
 
 
Then, how can we define the notion of behavior? In the book, The Tree of Knowledge: the 

Biological Roots of Human Understanding (1998), Humberto R. Maturana and Francisco J. 

Varela define behavior as follows.  

 

Mediated activity 

Sign Tool 
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By behavior we mean the changes of a living being’s position or attitude, which an 

observer describes as movements or actions in relation to a certain environment. 

What we call behavior in observing the changes of state of an organism in its 

environment corresponds to the description we make of the movements of the 

organism in an environment that we indicate. Behavior is not something the living 

being does in itself (for in it there are only internal structural changes) but something 

that we point to (p. 136).  

 

Maturana and Varela’s definition of behavior deals with the transactional relationship 

between an organism and its environment. In addition, their definition of behavior is based 

on the study of the nervous system. Their study will be addressed again later in this 

dissertation. The implication of a simultaneous approach to the behavior of an organism in its 

environment is useful in this study, however.  

 Maturana and Varela’s study of movement and behavior, based on an understanding 

of the nervous system, facilitates an empirical approach to my issue of writing as activated 

partially by physical movement in using tools in that we do not consider bodily movement in 

using tools for writing as taken-for-granted. Their study of behavior allows us to see bodily 

movement as an object of analysis in studying the presumed cognitive activity of writing. 

 In other words, Maturana and Varela’s study does not see bodily movement itself as 

already determined or built-in. Rather, they explain the coupling between the inner parts of 

the body and external behavior through the nervous system; they account for the role of the 

nervous system through a notion of mediation that expands the possibilities of behaviors. 

“The behavior of living beings is not an invention of the nervous system and it is not 

exclusively associated with it, for the observer will see behavior when he looks at any living 

being in its environment. What the nervous system does is expand the realm of possible 

behaviors by endowing the organism with a tremendously versatile and plastic structure” (p. 

138). Now, we see that my discovery of physical movement in using a tool for writing is 

integrated into a discussion of the study of nervous system. 

 Then, what could be regarded as critical in the interplay between writing as an 

external symbolic form and representation by tool? Isn’t it a type of mediation that works in 
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summoning tools for external representation and invisible objects into physical being, that 

delays voluntary attention or selection? And, from where does the necessity of expansion of 

the artificial tool arise? 

 
 
1.2. Non-spatial Microsoft Word contradictory to novice writers’ need 

for the expansion of thought  
 

Working memory is defined as “a temporary memory system that you use in order to help 

you do other complicated cognitive tasks such as reasoning, learning and comprehending” 

(Baddeley, 2011). In the study of Writing and Cognition: Implications of the Cognitive 

Architecture for Learning to Write and Writing to Learn (2008), McCutchen, Teske and 

Bankston discussed the novice writers’ working memory resources and long-term memory 

resources that affect the quality of the paper in the cognitive process of writing. Working 

memory is constrained by “the amount of the material it can hold” and “the length of time it 

can hold it” (MacArthur, Graham & Fitzgerald, 2006, p. 29). According to McCutchen, 

Teske and Bankston, “all of the major writing processes such as planning, text production 

and revising make demands on working memory resources” and “long-term memory depends 

on the availability of sufficient resources within the limited capacity of working memory” (p. 

456). First of all, novice writers with the lack of task schema in long-term memory resources 

may “frequently focus on retrieving relevant content rather than developing conceptual 

plans” (p. 454). Also, “without the benefit of deep topic knowledge and a familiar genre, 

even skilled writers may resort to less mature strategies” and working memory constraints 

can affect “the development and functional use of global planning, ” “the structural 

complexity of texts” and “reading texts critically in a macrostructure of the text level” (pp. 

456-460).  

 The structure is something that needs to be made, thus, it exists as indeterminate and 

needs to expand. But, it should have a logical order for the argument. 

 I criticize that the space of Microsoft Word, with respect to all those needs, presents 

novice writers with one simple structure while spatial and mediated activities are essential. 
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 The theoretical background for the need of tools based on spatial activity comes from 

an embodied nature of abstract reasoning. George Lakoff, in his book, Women, Fire and 

Dangerous Things: What Categories Reveal about the Mind (1987), explains metaphorical 

extensions of the bodily movements to abstract domains as follows. 

 

Schemas that structure our bodily experience preconceptually have a basic logic. 

Preconceptual structural correlations in experience motivate metaphors that map that 

logic onto abstract domains. Thus, what has been called abstract reason has a bodily 

basis in our everyday physical functioning. It is this that allows us to base a theory of 

meaning and rationality on aspects of bodily functioning (p. 278).  

 

Among bodily schemas, for example, the configuration of a baby in his mom’s arms is a 

container schema, which is used to describe a certain conceptual category. The whole 

configuration of the relationship between the baby and the mom consists of a gestalt structure. 

For another example, a scenario consists of an initial state, a sequence of events, and a final 

state when “the scenario is structured by a source-path-goal schema in the time domain” (p. 

285). The initial state is the source, and the events are the locations on the path, and the final 

state becomes the destination. Also, the movement from the initial state to the final state is 

preconceptually structured as a link schema or causal relations (p. 286). But, we don’t think 

usually that our spatial activity is related to our abstract thought. When the abstract relations 

among concepts become complex, and when they go beyond our working memory capacity, 

embodiment becomes important. And, through analysis and synthesis, discoveries emerge. 

The need to see the complexity of relations lies in the fact that such relations need to be made. 

The core of the expansion of thought, the formation of an argument and its logical 

development are abstract relationships, aren’t they? Also, people think spatially and spatiality 

can be used efficiently. Then, why do we lose such an opportunity? 

 In conclusion, Microsoft Word is contradictory to novice writers’ need for the 

expansion of thought, which starts from not knowing the need for mediation to constructing 

abstract concepts through spatial activity. 
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1.3. The purpose of the study  
 
The purpose of the study is to look into the role of the use of tools involving spatial activity, 

in particular, writing activity pursuing the logical expansion of thought. Especially, it is the 

role of spatial activity in writing where five graduate students in Design write their argument 

and propose a new design system based on their written argument. 

 This study addresses thought formation, its transformation and its expansion as the 

core problem in writing, not grammar. It is important to study how writers’ ideas are 

connected, what they discover in the world, and how ideas are coming together and how they 

locate them and through what process they grow. Because writing activity is not just about a 

summary of reading material, but it is the very way which writers analyze text  from various 

resources and from different levels from their own point of viewpoint and make their own 

order.  

 Writing a thesis document requires a special thought process. The activity requires 

that graduate students create their own problem area based on their interest, think logically 

and deal with various resources unlike in everyday writing activities such as, grocery list, text 

messaging, blog entries, and thankyou notes. 

 In their thesis document project, students need to build their own new order in content 

that they think is important. The problem is not given. And, they need to deal with new 

reading material with depth and breadth. It is a precious opportunity to shape an argument, 

thus, a creative activity. Also, all parts of their written documents and the relationship of 

ideas should be logically linked each other along with their own new order in every corner. 

The writing is not the simple sum of individual ideas. It is the whole power of thought and 

linked ideas. It is a structured logic. Thus, the writer needs to have a critical control of the 

whole process. 

 The object of analysis of this study is how the five writers build their own logic and 

pursue interests and the role spatialization of written units plays in the dynamic process of 

expanding content analysis. It examines what was possible only through spatial activity and 

the role of spatial tools. I argue that spatial activity is critical to writing and that authors are 
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not well-served by software that ignores this important aspect of organizing thought; that 

spatial tools would expand the value of word processing software. 

 Thus, I will look into the functions of spatialization of written units during the writing 

process, assuming the principle of mediation of spatialization of written units as writing tools. 

 
 
 
Chapter 2. Literature review  

 

 
2.1. Verbal Syntax versus Visual Syntax 
 
The observation that something other than an alphabet is involved in writing requires us to 

analyze the use of an alphabet and something other than an alphabet carefully. Completed 

writing in the case of English, is read from the left to right side of the page, and has a regular 

grammatical structuring in which the location of the word contributes to its meaning. For 

example, a sentence in English is arranged according to a subject, a verb, and an object. In 

contrast to the linearity of the completed sentence, the process of writing is not usually 

conceived only in linear terms. Rather, the students I observed had a tendency to arrange 

words spatially in non-linear form. What does this non-linear characteristic in the writing 

process tell us? What role does the tendency to arrange words spatially play in thinking about 

a text? How can we analyze such non-linear characteristics? 

 First of all, we need to look at linguistic theories about writing for discussions of 

linearity. This study will find the discussion about non-linearity in the dynamic interplay in 

the use of letters and something other than letters against the linearity of writing. 

 The discussion about writing starts with Ferdinand De Saussure’s linguistic theory. 

Here, we see the core concepts of Saussure’s linguistic theory, and how those concepts are 

related to my study. To be specific, I will address the problems of linearity and nonlinearity 

that the writing process raises. 

 Ferdinand De Saussure, in his book, Courses in General Linguistics (Bally & 

Reidlinger, 1959)—posthumously published based on student notes and Saussure’s memos—
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asked, “what is language.” In that Saussure’s interest in linguistics asked about a process of 

language in use and examines the nature of language regardless of which specific language, 

his study is very different from his predecessors’ approach to linguistics that dealt with 

discrete language forms and genealogical lineages. 

 Saussure defines language as “a system of signs in which the only essential thing is 

the union of meanings and sound-images, and in which both parts of the sign are 

psychological” (p. 15). According to Saussure, “language is a form and not a substance” (p. 

122). And, “language is a system of interdependent terms in which the value of each term 

results solely from the simultaneous presence of the others” (p. 114). Here, Saussure 

emphasizes that linguistic values emanate from the linguistic system, in particular, 

oppositional relations in a linguistic system (p. 122). He analyzes linguistic values within the 

system in terms of the functioning of linguistic oppositions as follows.  

 

Linguistics then works in the borderland where the elements of sound and thought 

combine; their combination produces a form, not a substance...Not only are the two 

domains that are linked by the linguistic fact shapeless and confused, but the choice 

of a given slice of sound to name a given idea is completely arbitrary. The arbitrary 

nature of the sign explains in turn why the social fact alone can create a linguistic 

system. The community is necessary if values that owe their existence solely to usage 

and general acceptance are to be set up; by himself the individual is incapable of 

fixing a single value. In addition, the idea of value, as defined, shows that to consider 

a term as simply the union of a certain sound with a certain concept is grossly 

misleading. To define it in this way would isolate the term from the system; it would 

mean assuming that one can start from the terms and construct the system by adding 

them together when, on the contrary, it is from the interdependent whole that one 

must start and through analysis obtain its elements (p. 113).  

 Within the same language, all words used to express related ideas limit each other 

reciprocally; synonyms like French redouter ‘dread,’ craindre ‘fear,’ and avoir peur 

‘be afraid’ have value only through their opposition: if redouter did not exist, all its 
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content would go to its competitors...The value of just any term is accordingly 

determined by its environment (p. 116).  

 Instead of pre-existing ideas then, we find in all the foregoing examples values 

emanating from the system. When they are said to correspond to concepts, it is 

understood that the concepts are purely differential and defined not by their positive 

content but negatively by their relations with the other terms of the system. Their 

most precise characteristic is in being what the others are not...in French the concept 

“to judge” is linked to the sound-image juger; in short, it symbolizes signification. 

But it is quite clear that initially the concept is nothing, that is only a value 

determined by its relations with other similar values, and that without them the 

signification would not exist (p. 117).  

 The conceptual side of value is made up solely of relations and differences with 

respect to the other terms of language, and the same can be said of its material side. 

The important thing in the word is not the sound alone but the phonic differences that 

make it possible to distinguish this word from all others, for differences carry 

signification...Arbitrary and differential are two correlative qualities (pp. 117-118).  

 When we compare signs—positive terms—with each other, we can no longer 

speak of difference; the expression would not be fitting, for it applies only to the 

comparing of two sound-images, e.g. father and mother, or two ideas, e.g. the idea 

“father” and the idea of “mother”; two signs, each having a signified and signifier, are 

not different but only distinct. Between them there is only opposition. The entire 

mechanism of language, with which we shall be concerned later, is based on 

oppositions of this kind and on the phonic and conceptual differences that they imply 

(p. 121).  

 Each term present in the grammatical fact (the singular without umlaut or final e 

in opposition to the plural with umlaut and -e) consists of the interplay of a number of 

oppositions within the system. When isolated, neither Nacht nor Nächte is anything: 

thus everything is opposition. Putting it another way, the Nacht: Nächte relation can 

be expressed by an algebraic formula a/b in which a and b are not simple terms but 

result from a set of relations.....units and grammatical facts are only different names 
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for designating diverse aspects of the same general fact: the functioning of linguistic 

oppositions (p. 122).  

 

Saussure paid attention to the nature of the linguistic sign from three aspects. First, the 

relationship between sign, signified, and signifier. Second, the arbitrary nature of the sign. 

Third, linearity or the non-linear nature of the signifier. And, Saussure presented four kinds 

of duality: signified and signifier, langue and parole, syntagmatic relations and associative 

relations, and synchrony and diachrony. 

 First of all, the relationship between sign, signified, and signifier, and the notion of 

arbitrariness. Saussure defines the linguistic sign as “a two-sided psychological entity” and 

explains the linguistic sign as a combination of a concept and a sound-image. The link 

between signified and signifier is arbitrary, meaning that the link between signified and 

signifier depends on social convention, not on some natural relationship. Saussure says, 

 

The linguistic sign unites, not a thing and a name, but a concept and a sound-image. 

The latter is not the material sound, a purely physical thing, but the psychological 

imprint of the sound, the impression that it makes on our senses. The sound-image is 

sensory, and if I happen to call it “material,” it is only in that sense, and by way of 

opposing it to the other term of the association, the concept, which is generally more 

abstract. The psychological character of our sound-images becomes apparent when 

we observe our own speech. Without moving our lips or tongue, we can talk to 

ourselves or recite mentally a selection of verse. Because we regard the words of our 

language as sound-images, we must avoid speaking of the “phonemes” that make up 

the words. This term, which suggests vocal activity, is applicable to the spoken word 

only, to the realization of the inner image in discourse. We can avoid that 

misunderstanding by speaking of the sounds and syllables of a word provided we 

remember that the names refer to the sound-image. 

 The linguistic sign is then a two-sided psychological entity that can be represented 

by the drawing (Figure 2): 
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Figure 2 The linguistic sign (Bally & Reidlinger, 1959, p. 66).  

 
 
 

The two elements are intimately united, and each recalls the other. Whether we try to 

find the meaning of the Latin word arbor or the word that Latin uses to designate the 

concept “tree,” it is clear that only the associations sanctioned by that language 

appear to us to conform to reality, and we disregard whatever others might be 

imagined...I call the combination of a concept and a sound-image a sign, a word, for 

example (arbor, etc.) One tends to forget that arbor is called a sign only because it 

carries the concept “tree,” with the result that the idea of the sensory part implies the 

idea of the whole (Bally & Reidlinger, 1959, pp. 66-67). 

 I propose to retain the word sign [signe] to designate the whole and to replace 

concept and sound-image respectively by signified [signifié] and signifier [signifiant]; 

the last two terms have the advantage of indicating the opposition that separates them 

from each other and from the whole of which they are parts (p. 67). 

 The bond between the signifier and the signified is arbitrary...The linguistic sign 

is arbitrary...every means of expression used in society is based, in principle, on 

collective behavior or on convention (pp. 67-68).  

 

Next, the linear nature of the signifier. We cannot pronounce auditory signifiers, multiple 

words at the same time. When one speaks a title, ‘Alice in Wonderland,’ because time exists 

between pronounced signifiers, ‘Alice’ and ‘Wonderland’ we can say that auditory signifiers 

have a linear nature. On the other hand, if one tries to visualize those pronounced signifiers 

on paper, they can be differentiated from auditory signifiers in that those words can exist 

concept 
 

sound-image 
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simultaneously. In other words, visual signifiers can be non-linear. But, auditory signifiers 

and the use of auditory signs are linear because of the implication of time. 

 

The signifier, being auditory, is unfolded solely in time from which it gets the 

following characteristics: (a) it represents a span, and (b) the span is measurable in a 

single dimension; it is a line...In contrast to visual signifier (nautical signals, etc.) 

which can offer simultaneous groupings in several dimensions, auditory signifiers 

have at their command only the dimension of time. Their elements are presented in 

succession; they form a chain. This feature becomes readily apparent when they are 

represented in writing and the spatial line of graphic marks is substituted for 

succession in time (Bally & Reidlinger, 1959, p. 70).  

 

Reading is linear, but in a typographic sense, writing is not. The word “western” set in a 

typeface that looks like a fence or the word “staccato” widely spaced or small word next to 

large word or the juxtaposition of the big word “small” next to the small word “big” demands 

that we read its linear form and visual characteristics simultaneously. In this respect, written 

language is different from spoken language. 

 However, Saussure gives an analysis of writing, as another system of signs, as 

follows. 

 

1) The signs used in writing are arbitrary; there is no connection, for example, 

between the letter t and the sound that it designates. 2) The value of letters is purely 

negative and differential. The same person can write t, for instance, in different ways. 

The only requirement is that the sign for t not be confused in his script with the signs 

used for l, d, etc. 3) Values in writing function only through reciprocal opposition 

within a fixed system that consists of a set number of letters. This third characteristic, 

though not identical to the second, is closely related to it, for both depend on the first. 

Since the graphic sign is arbitrary, its form matters little or rather matters only within 

the limitations imposed by the system. 4) The means by which the sign is produced is 

completely unimportant, for it does not affect the system (this also follows from 
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characteristic. 5) Whether I make the letters in white or black, raised or engraved, 

with pen or chisel—all this is of no importance with respect to their signification (pp. 

119-120).  

 

Saussure, in the analysis above, mentions the arbitrary nature of the graphic sign, as writing. 

However, for Saussure, the graphic sign and the value of letters are understood only in terms 

of formal differences to be distinguished from other letters within the system. In other words, 

the material qualities of written words, graphic representation of language, have nothing to 

do with linguistic values. This will be addressed with Drucker’s analysis of Saussure.  

 In addition, there is a difference between langue and parole. Saussure distinguishes 

langue (language) from parole (speaking). When an individual expresses her thought in a 

certain language, this is called parole (individual speech acts). However, langue is a 

grammatical system that a linguistic collective uses in common. Thus, langue is working 

immanently in individual speech acts or parole. Parole is individual speech acts based on 

langue in a collective that uses the same language. In that time exists between a word 

pronounced first and a word pronounced last in speaking, parole is linear. Parole has the 

linear nature. 

 

If we could embrace the sum of word—images stored in the minds of all individuals, 

we could identify the social bond that constitutes language (langue). It is a storehouse 

filled by the members of a given community through their active use of speaking, a 

grammatical system that has a potential existence in each brain, or, more specifically, 

in the brains of a group of individuals. For language is not complete in any speaker; it 

exists perfectly only within a collectivity. In separating language from speaking we 

are at the same time separating: (1) what is social from what is individual; and (2) 

what is essential from what is accessory and more or less accidental. 

 Speaking (parole), on the contrary, is an individual act. It is willful and 

intellectual. Within the act, we should distinguish between: (1) the combinations by 

which the speaker uses the language code for expressing his own thought; and (2) the 
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psychological mechanism that allows him to exteriorize those combinations (Bally & 

Reidlinger, 1959, pp. 13-14.).  

 

Next, the syntagmatic relations and the associative relations. Parole can be understood from 

the syntagmatic relations and associative relations. This distinction deconstructs two special 

relationships in the use of language. In that there are the preceding part and the following 

part among words, what matters in the syntagmatic relations is the position of each element 

in the whole relations or the horizontal position of a word in a sentence.  

 

In a language-state everything is based on relations. How do they function? Relations 

and differences between linguistic terms fall into two distinct groups, each of which 

generates a certain class of values. The opposition between the two classes gives a 

better understanding of the nature of each class. They correspond to two forms of our 

mental activity, both indispensable to the life of language. In discourse, on the one 

hand, words acquire relations based on the linear nature of language because they are 

chained together. This rules out the possibility of pronouncing two elements 

simultaneously. The elements are arranged in sequence on the chain of speaking. 

Combinations supported by linearity are syntagms. The syntagm is always composed 

of two or more consecutive units. In the syntagm a term acquires its value only 

because it stands in opposition to everything that precedes or follows it or to both... 

The syntagmatic relation is in praesentia. It is based on two or more terms that occur 

in an effective series (pp. 122-123).  

 

On the other hand, the associative relations exist as possibilities. The associative relations 

refer to all the possible words that could reasonably be in that position.  

 

Outside the discourse, on the other hand, words acquire relations of a different kind. 

Those that have something in common are associated in the memory, resulting in 

groups marked by diverse relations. For instance, the French word enseignement 

‘teaching’ will unconsciously call to mind a host of other words (enseigner ‘teach,’ 
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renseigner ‘acquaint,’ etc.; or armement ‘armament,’ changement ‘amendment,’ etc.; 

or éducation ‘education,’ apprentissage ‘apprenticeship,’ etc.). All those words are 

related in some way. We see that the co-ordinations formed outside discourse differ 

strikingly from those formed inside discourse. Those formed outside discourse are not 

supported by linearity. Their seat is in the brain; they are a part of the inner 

storehouse that makes up the language of each speaker. They are associative 

relations...the associative relation unites terms in absentia in a potential mnemonic 

series (p. 123).  

 
 

 
 

 

 

 

 

 

 

 

 

Figure 3 Associative Relations (Bally & Reidlinger, 1959, p. 126). 
 

 

 
Figure 3 Associative Relations shows the various relationships that could be evoked in 

relation to a word enseignement. “In enseignement ‘teaching,’ enseigner ‘teach,’ enseignons 

‘(we) teach,’ etc., one element, the radical, is common to every term; the same word may 

occur in a different series formed around another common element, the suffix (cf. 

enseignement, armement, changement, etc.); or the association may spring from the analogy 

of the concepts signified (enseignement, instruction, apprentissage, éducation, etc.); or again, 
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simply from the similarity of the sound-images (e.g. enseignement and justement ‘precisely’). 

Thus there is at times a double similarity of meaning and form, at times similarity only of 

form or of meaning. A word can always evoke everything that can be associated with it in 

one way of another” (pp. 125-126).  

 Saussure explains the difference between the syntagmatic relations and the 

associative relations like this. “The syntagmatic relation is in praesentia (presence). It is 

based on two or more terms that occur in an effective series. Against this, the associative 

relation unites terms in absentia (absence) in a potential mnemonic series” (p. 123). Figure 3 

Associative Relations above shows various possibilities that could be laid in the associative 

relations, i.e., it presents the associative relations simultaneously. Figure 3 Associative 

Relations, also, shows the possibilities that “similarity of meaning and form” or “similarity 

only of form or of meaning” could recall. 

 But, when Saussure gives an explanation of the syntagmatic relation as an effective 

series and the associative relation as a potential mnemonic series as two different kinds of 

relations, the syntagmatic relation is diachronic while the associative relation is synchronic 

and therefore not linear. In other words, it is not possible to pronounce two elements at the 

same time in parole, but the various possibilities of elements in Figure 3 Associative 

Relations shows a selective system in parole. Thus, parole performs a grammatical system 

and a selective system at the same time. 

 Figure 3 Associative Relations leads us to another point in addition to the associative 

relations. Without a tool, for example, a paper and inscription, can we reveal easily those 

forms of a diagram, potential relations, and possibilities? When we visualize simultaneous 

possibilities of the syntagmatic relations as in a way of Figure 3 Associative Relations, it is 

easier for us to understand it. In other words, in that a tool enables us to objectify auditory 

signifiers into visual signifiers and to manipulate them, reveals the advantage and functions 

that an intervention of a tool could bring in my analytical thought. A tool and inscription’s 

non-linearly objectifying function as technology shows here. The discussion of a tool and 

writing will be dealt with again. 

 Lastly, the notion of synchrony and diachrony. Synchrony and diachrony designate 

respectively a language-state and an evolutionary phase (p. 81). While synchronic linguistics 
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deals with present meaning that exists in the collective mind of speakers and be used, 

diachronic linguistics deals with the meaning of the sign as released or built across in time.  

 Then, how are Saussure’s duality and nature of language—signified and signifier, 

langue and parole, syntagmatic relations and associative relations, and synchrony and 

diachrony—related to my study? Saussure’s conceptual separation between signified and 

signifier enables us to discuss the material qualities of the signifier such as the visual, spatial, 

and kinesthetic attributes which are represented in its form. And, we can discuss additional 

meanings that the material qualities of the signifier impose. Meredith Davis, in the book, 

Graphic Design Theory and Practice (2012), tells us the significance of Saussure’s 

separation between signified and signifier, and typographic form. 

 

This separation of the physical representation (signifier) from the mental idea of the 

thing it stands for (signified) seems simple to us today. However, had Saussure not 

made this distinction (a concept he called duality), it would not be possible to discuss 

the visual, spatial, temporal, auditory, or kinesthetic attributes—the material 

qualities—of the signifier or their contributions to meaning as distinguished from the 

mental concept for which the signifier stands. Theoretically, typographic form—

letterforms and all their possible variations (typeface, weight, size, etc.), their 

composition on the page, and the material qualities of ink on paper or pixels on screen, 

for example—would be considered irrelevant to the meaning of the text, were the 

signifier not seen as distinct from the thing for which it stands. The designation of the 

signifier as a discrete component of language, therefore, makes it possible to discuss 

writing as different from speech, visual signs as different from verbal signs, and 

consequently, form itself as a critical contributor to meaning (Davis, 2012, chapter six, 

in production).  

 

From Davis’ discussion of Saussure’s separation between signified and signifier, we can say 

at least that the physical representation’s (signifier) material qualities other than written units 

perform an additional function that is different from the meaning that written units provide. 
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For example, a spatial arrangement activity of letters performs a function that is different 

from what those letters mean.  

 Johanna Drucker, in her book, The Visible Word: Experimental Typography and 

Modern Art, 1909-1923 (1994), ‘affirms the importance of Saussure’s contribution in her 

analysis of early twentieth century typography. Drucker says that while writing was an 

indispensable tool of linguists in transcribing the spoken word, especially in the phonetic 

recording of exotic or primitive languages that did not possess written form, the inscription 

of language never underwent analysis before Saussure’ (Drucker, 1994, pp. 13-27).  

 Drucker says that Saussure “has a historical importance within the history of writing 

because he reinserts writing, by naming it, into the domain of language” (p. 17). But, Drucker 

criticizes Saussure that Saussure was not able to see writing as a component of 

communication. She argues that by giving writing the secondary role to speech, Saussure 

couldn’t see “the materiality of the signifier as substantive, as having a role to play in the 

production of meaning” (p. 18). Drucker says, 

 

It would be ridiculous to claim that Saussure’s sense of writing was in any way 

similar to the role carved out for it in the visual, graphic, and literary arts in which its 

fuller potential was explored. Saussure definitely assigned to writing a secondary role 

in which the significance of its particular qualities was not appreciated, and in which 

its primary function was to provide a convenient, if inaccurate, record of speech 

(Drucker, 1994, p. 17).  

 

Drucker presents below as evidence for critique on Saussure, 

 

Language and writing are two distinct systems, the only reason for the existence of 

writing is to represent language. The linguistic object is not defined by the 

combination of written and spoken language, spoken language alone constitutes it. 

But the written word merges itself so intimately with the spoken word of which it is 

the image, that it ends up usurping the primary role; and in the process an equal—or 

even greater—importance gets assigned to the representation of the vocal sign than to 
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the sign itself. It is as if one believed it were better to get to know someone through 

their photograph than directly by their face (Drucker, 1994, p. 18).  

 

What Drucker draws from Saussure’s discussion is her critique that Saussure did not 

thoroughly recognize the difference between visual signs and verbal signs. Drucker says, 

 

While he (Saussure) did not pursue the implications inherent in these observations to 

investigate the actual materiality of the visual signs, what was implied in the 

statement was the basis for an understanding of the difference between visual and 

verbal signs, an understanding that they are different and that this difference has a 

substantial bearing upon their function and perception (Drucker, 1994, p. 18).  

 

Drucker is making a case for typography as the material form of language and for how the 

materiality of writing actively produces new meanings in the early twentieth century 

experimental typographic work. For example, Drucker analyzes Filippo Tomasso Marinetti’s 

experimental typographic work. Marinetti’s experimental typographic work contrasts with 

the traditional linear structures of typographic layout. In her analysis of Marinetti’s work, she 

provides us with an account of a signification process that visual materiality, form can carry.  

 

In fact, Marinetti’s agenda of transformation is not so much contained within 

thematic motifs as it is concerned with modes of communication. From the 

Symbolist’s dreamy world of the psyche with its organic metaphors of smoke, 

ritualized transcendence, and esoteric alchemy, methods of communication bound 

into the fluid media of mind and flesh. Marinetti moves immediately into the world of 

transmission, broadcast, and communications dependent on the new technology of 

electricity. The image of speed with which Marinetti and the Futurists are so clearly 

associated should be taken in this technological context, not as the mere vertiginous 

delight in rapid movement, but in a form of moving language, experience, and 

communications through and across spaces intraversable within the framework of 

old-fashioned media or modes of thought. Much of what Marinetti does in the 
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transformation of syntax moves toward the effects of telegraphic language, condensed, 

mathematical, quantifiable (Drucker, 1994, pp. 108-109).  

 But as individual elements, the broken words and large letters, the curved and 

fragmented pieces whose curvature and fragmentation are an aspect of their 

signification, cannot have that signification adequately accounted for in a system 

which designates them as acoustic images. They are visual images of language whose 

complete value derives from aspects of their representation which are graphic in 

nature: form, position, relative direction and orientation within the page, etc. They 

present dramatic evidence that language may exist in visual form and that the visual 

form of language is available to manipulation through the signifier. It is not the 

signified which determines the visual form; rather, signification is achieved through 

the matter of expression which renders it available, extant. The typographic, visual, 

rendering of language is what corresponds, in this case, to the definition of the 

signifier as the “tangible part of the sign” (pp. 138-139).  

 

In short, what Drucker emphasizes is that “it is in material that the activity of significance is 

produced” (p. 246). The discussion above points out that writing does not convey meaning 

transparently, but it works as visual images of language. In other words, when writing is 

working as linguistic signifiers, the very external graphic manipulation of the linguistic 

signifiers produces new meanings. Thus, the signified does not determine the visual form. 

The relationship between the signified and the signifier can be multiplied by graphic 

expressions. 

 This study assumes that spatial arrangement activity itself in writing is the very 

process through which to make auxiliary tools and by which thought and behavior are 

regulated. And, my point of departure is the notion that we did not regard the relationship 

between the use of a tool and bodily movement as taken for granted. 

 Drucker’s analysis shows that the process itself of the typographic, visual rendering 

of language and spatial arrangement in writing is a process of making the materiality of the 

signifier, a process of constructing the “tangible part of the sign.” Also, her discussion 

confirms that the role and function of a writing tool that is useful for the meaning-making 
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process is not merely typing, but the possibility to transform spatial form. This acknowledges 

the difference between visual syntax and verbal syntax. In addition, it sees the potential in the 

manipulative nature of visual syntax could bring; it relates directly to my discussion the 

relationship between the function of a tool and meaning producing. 

 Saussure shows us the linear nature of linguistic signs in parole which is working 

based on a grammatical system, langue. But, Drucker’s analysis indicates that when the 

linguistic signs are visualized, the non-linear nature itself which is caused by the 

manipulation of the material qualities of the signifier becomes to be a method to produce new 

meanings. Marinetti’s message appeals to the public by graphic and typographic 

manipulations. Manipulation of visual materiality presupposed a tool that actualized that 

manipulation and expression. The tools that Marinetti used for his message were collage 

pieces, fragments of printed material, and calligraphic markings, not normal letterpress 

means (for example, pasting, layering, rephotographing for reproduction, etc.) (Drucker, 

1994, p. 137). That use of the tool raises a question of the range of the possibility of meaning 

making that the relationship between representation and media could imply.  

 In conclusion, the difference between verbal syntax and visual syntax is the 

difference of linearity and non-linearity, and a tool may better reveal the non-linearity. The 

non-linear nature of a tool becomes a method to produce new meanings. The visualization of 

the linguistic signs necessarily needs a tool such as an ink stick, a brush, and Chinese 

drawing paper, or paper and pencil, or software programs in the computer, etc. These tools 

show us different media characteristics and their nature. Then, the diversity of tools and the 

media characteristics raise a question as to what extent we can express something. Now, we 

move from the problem of verbal syntax and visual syntax to the problem of a tool and the 

materiality of writing; the issue of the function of a tool and its expression. Figure 4 

describes verbal syntax versus visual syntax.  
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Figure 4 Verbal syntax versus Visual syntax 
 
 
 

2. 2. Writing as Technology, Tools, and the Materiality of Writing.  
 
Walter J. Ong, in his book, Orality and Literacy: the Technologizing of the Word (1996) 

describes four aspects in the nature of writing. First, writing is a technology. While Ong 

compares writing in Plato’s era with today’s writing, and with printing and the computer, he 

makes us rethink the notion of writing practice that we usually take for granted. Ong says, 

“Plato was thinking of writing as an external, alien technology, as many people today think 

of the computer. Because we have by today so deeply interiorized writing, made it so much a 

part of ourselves, as Plato’s age had not yet made it fully a part of itself, we find it difficult to 

consider writing to be a technology as we commonly assume printing and the computer to 

be” (p. 80). But, his remark reminds us that we regard printing or computer as technology, 

unlike writing. 

 Second, Ong addresses the relationship between writing and a tool. “Writing is a 

technology, calling for the use of tools and other equipment: styli or brushes or pens, 

carefully prepared surfaces such as paper, animal skins, strips of wood, as well as inks or 
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paints, and much more” (pp. 80-81). Third, artificiality. Writing is artificial in that “the 

reduction of dynamic sound to quiescent space, the separation of the word from the living 

present, where along spoken words can exist” (p. 81). Fourth, interior transformations of 

consciousness. “Technologies are not mere exterior aids but also interior transformations of 

consciousness” (p. 81).  

 In short, writing is a technology that needs a tool, which is artificial in nature in that 

writing reduces sound to space. And, when writing as a technology is interiorized, it 

transforms our consciousness internally. This interior transformation of consciousness 

indicates the difference between primarily oral cultures and cultures deeply affected by the 

use of writing. The two different cultures, also, show certain basic differences “between the 

ways of managing knowledge and verbalization” (p. 1).  

 Ong, also, provides us with an analysis of the reason for the continuance of scribal 

culture. His analysis is related to my study in that it shows the relationship between the 

physical properties of a tool, what people do to use a tool, in what ways a tool is used for 

thinking process. Ong explains the reason of the continuance in this way: 

 

The physical properties of early writing materials encouraged the continuance of 

scribal culture. Instead of evenly surface machine-made paper and relatively durable 

ball-point pens, the early writer had more recalcitrant technological equipment. For 

writing surface, he had wet clay bricks, animal skins (parchment, vellum) scraped 

free of fat and fair, often smoothed with pumice and whitened with chalk, frequently 

reprocessed by scraping off an earlier text (palimpsests)...Special mechanical skills 

were required for working with such writing materials, and not all ‘writers’ had such 

skills suitably developed for protracted composition.  

 Paper made writing physically easier. But, paper, manufactured in China probably 

by the second century BC and diffused by Arabs to the Middle East by the eighth 

century of the Christian era, was first manufactured in Europe only in the twelfth 

century. Longstanding oral mental habits of thinking through one’s thoughts aloud 

encourage dictation, but so did the state of writing technology. In the physical act of 

writing, the medieval Englishman Orderic Vitalis says, ‘the whole body labors.’ 
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Through the Middle ages in Europe authors often employed scribes. Composition in 

writing, working out one’s thought pen-in-hand, particularly in briefer compositions, 

was, of course, practiced to some extent from antiquity, but it became widespread for 

literary and other prolonged composition at different times in different cultures. It 

was still rare in eleventh-century England, and, when it occurred, even this late, could 

be done in a psychological setting so oral that we find it hard to imagine (pp. 92-94). 

 

Ong’s explanation of scribal culture shows how the change in the physical properties of a 

tool, i.e., from hard-to-use tools and equipment—such as the use of rough surface to easy-to-

use paper affect writing activity, writing as physical practice, and working out one’s thought 

pen-in-hand—are related to each other. Ong’s explanation is interesting because it reveals the 

artificiality itself that we use a tool when we think. It seems that working out one’s thought 

pen-in-hand or in the computer is quite a recent occurrence and very artificial if we look at 

that practice across human history. But, our activity using a writing tool to think seems to be 

not natural. Then, what are the advantages that result from using a tool? 

 Comparing scribal culture and printing culture, Ong analyzes the change in the use of 

space. His comparison is helpful because it provides us with concrete examples of how the 

visualizing practice of signs changed, with the change of a tool: 

 

Writing had reconstituted the originally oral, spoken word in visual space. Print 

embedded the word in space more definitively. This can be seen in such 

developments as lists, especially alphabetic indexes, in the use of words (instead of 

iconographic signs) for labels, in the use of printed drawings of all sorts to convey 

information, and in the use of abstract typographic space to interact geometrically 

with printed words...(p. 121).  

 Lists begin with writing....Goody also notes the initially awkward, ad hoc way in 

which space was utilized in making these lists, with word-dividers to separate items 

from numbers, ruled lines, wedged lines, and elongated lines. Besides administrative 

lists, he discusses also event lists, lexical lists (words are listed in various orders, 

often hierarchically by meaning—gods, then kin of the gods, next gods’ servants), 
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and Egyptian onomastica or name-lists, which were often memorized for oral 

recitation....Goody’s examples show the relatively sophisticated processing of 

verbalized material in chirographic cultures so as to make the material more 

immediately retrievable through its spatial organization. Lists range names of related 

items in the same physical, visual space. Print develops far more sophisticated use of 

space for visual organization and for effective retrieval. Indexes are a prime 

development here. Alphabetic indexes show strikingly the disengagement of words 

from discourse and their embedding in typographic space (pp. 121-122).  

 

What matters in Ong’s discussion is that in a process moving from a scribal culture to a 

printing culture, the spatial organization of linguistic materials became more sophisticated. 

Ong notices that “manuscripts can be alphabetically indexed” but “they rarely are” (p. 122). 

Why were there little alphabetical indexes in manuscripts? Ong makes a point that working 

of alphabetic indexes in manuscripts was not economical unlike that of printing.  

 

Since two manuscripts of a given work, even if copied from the same dictation, 

almost never correspond page for page, each manuscript of a given work would 

normally require a separate index. Indexing was not worth the effort. Auditory recall 

through memorization was more economical, though not thorough-going (p. 122).  
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Table 1 Writing as technology: human writing practice in relation to physical properties of 
writing materials (Based on Ong, 1996, pp. 80-122 and Rabinow, 1984, p. 254).  
 

 

  
 
 

Note: 1) “Composition in writing, working out one’s thought pen-in-hand, 

particularly in briefer compositions, was, of course, practiced to some extent from 

antiquity, but it became widespread for literary and other prolonged composition at 

different times in different cultures” (Ong, 1996, p. 94). 2) “Goody’s examples show 

the relatively sophisticated processing of verbalized material in chirographic cultures 

so as to make the material more immediately retrievable through its spatial 

organization” (p. 122). 3) “The physical properties of early writing materials 

encouraged the continuance of scribal culture” (p. 93). 4) Working of alphabetic 

indexes in manuscripts was not economical unlike that of printing (p. 122). 5) “In the 

physical act of writing, the medieval Englishman Orderic Vitalis says, the whole body 

labors” (p. 94).  

 
 
 
Unique 
 
 
 
 
Practice 
 
 
 
 
 
 
 
Writing  
Materials 
 
 
Note 
 
 

11TH England 
 
 
 
 
 
 
 
One’s thought 
pen-in-hand, 
Still rare  
 
 
 

BC 2TH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paper, 
manufactured in 
China 
 

List begins with writing.  
Initially awkward,  
ad hoc way 

Antiquity 
 
 
Plato,  
Writing as  
alien, external 
technology 
 
One’s thought 
pen-in-hand, 
particularly in 
briefer 
compositions 
 
 
 
Wet clay bricks,  
animal skins, 
parchment 
 
Special 
mechanical 
skills required 
for working with 
writing 
materials  
 
Not all ‘writers’ 
had such skills 
 
 

12TH Europe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paper, 
manufactured in 
Europe 
 

15TH Europe 
 
 
Gutenberg, 
Movable type 
 
Alphabetic 
indexes,  
the use of 
typographic 
space to 
interact 
geometrically 
with printed 
words. 
 
Paper, 
manufactured in 
Europe 
 
 
Paper made 
writing 
physically 
easier. 
 

17TH Europe 
 
 
Epistemological 
mutations and 
transformations 
 
Linne’s spatialization 
of knowledge 
 
 
 
 
 
 
 
Print 

Print develops far more sophisticated 
use of space for visual organization 
and for effective retrieval. 

Scribal culture: Little 
alphabetic indexes in 
manuscripts 
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Michel Foucault discusses the fact that we use spatial organization in addition to the alphabet 

for thinking from the epistemological viewpoint. Foucault, in his interview about the book 

The Order of Things—as discussed in the book The Foucault Reader (Rabinow, 1984)—talks 

about the spatialization of knowledge, and the constitution of this knowledge as a science, 

and epistemological mutations and transformations of the seventeenth century. 

 

I used quite a number of spatial metaphors in The Order of Things, but usually these 

metaphors were not ones that I advanced, but ones that I was studying as objects. 

What is striking in the epistemological mutations and transformations of the 

seventeenth century is to see how the spatialization of knowledge was one of the 

factors in the constitution of this knowledge as a science. If the natural history and the 

classifications of Linnaeas were possible, it is for a certain number of reasons; on the 

one hand, there was literally a spatialization of the very object of their analyses, since 

they gave themselves the rule of studying and classifying a plant only on the basis of 

that which was visible. They didn’t even want to use a microscope. All the traditional 

elements of knowledge, such as the medical functions of the plant, fell away. The 

object was spatialized. Subsequently, it was spatialized insofar as the principles of 

classification had to be found in the very structure of the plant: the number of 

elements, how they were arranged, their size, etc., and certain other elements, like the 

height of the plant. Then there was the spatialization into illustrations within books, 

which was only possible with certain printing techniques. Then the spatialization of 

the reproduction of the plants themselves, which was represented in books. All of 

these are spatial techniques, not metaphors (Rabinow, 1984, p. 254).  

 

From the discussion above, the fact that a spatialization of the very object of their analyses 

enables the rule of studying and classifying to be possible, reversely, reveals the condition of 

spatialization activity. The condition is the use of a tool that facilitates spatialization. And, 

this use of a tool seems to be very closely related to media characteristics. Figure 5 below 

belongs to Carl Von Linné and François-Alexandre Quesné’s book—Carl Linnaeus, also 

known as Carl von Linné or Carolus Linnaeus, Philosophie botanique de Charles Linné: 
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dans laquelle sont expliqués les fondements de la botanique (1788). We can see that lists and 

plants are arranged. In many pages of the book, the classification system of a plant is 

arranged with names and numbers regularly. Lists and spatialization are seen in addition to 

the alphabet, numbers, and plant images. This shows that the use of space was actively 

involved in building the knowledge in the case of Linné. While in Ong’s analysis, an early 

use of space was not that sophisticated, Linne’s classification shows that spatialization was 

used as a cognitive tool. 

 
 
 

 
 

Figure 5 A spatialization of the very objects of analyses in Linné’s classification system 
(Linné and Quesné, 1788, p. 342).  
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If we compare the proposition of writing as technology that Ong makes with the spatial 

techniques that Foucault mentions, we find that Ong says that writing needs an artificial tool 

that reduces sound to space. Foucault shows that the spatialization of knowledge was one of 

the factors in the constitution of knowledge as a science, under the epistemological mutations 

and transformations of the seventeenth century. Then, what can we say through the analyses 

of Ong and Foucault? It seems not possible for us to discuss ‘spatialization’ without 

understanding of the characteristics of media that we use as tools. 

 N. Katherine Hayles in her book, Writing Machines (2002) talks about the 

relationship between the material qualities of media and writing, which is closely related to 

Ong, Foucault, and my study.  

 Hayles criticizes that literary studies “have been imbued with assumptions specific to 

print” (2002, p. 33). She argues that by treating the literary artifacts as “fictional and 

narrative world as if they were entirely products of the imagination,” literary studies did not 

see the materiality of the literary artifact (p. 19). Without understanding of the materiality, 

the print centric view in literary studies is hard to explain “how literature is changing under 

the impact of information technologies” and “fails to account for all the other signifying 

components of electronic texts, including sound, animation, motion, video, kinesthetic 

involvement, and software functionality, among others. Moreover, it does not do justice even 

to print books, as the vibrant tradition of artists’ books testifies with the innovative use of 

cutouts, textures, colors, movable parts, and page order, to name only a few” (pp. 19-20).  

 Hayles’ argument about the importance of the materiality of writing is consistent with 

Jay David Bolter’s discussion, in his book, Writing Space (2001), where she noted that “the 

materiality of writing matters, as much for electronic writing as for earlier forms. Electronic 

writing still requires our physical interaction with terrestrial materials—with the key board, 

the mouse, and the computer screen” (pp. 17-18). Bolter’s emphasis on electronic writing as 

a physical and visual practice, not just in the abstract or as detached from materiality, comes 

from his notion of writing as a technology. As the author says, 

 

The very materiality of writing binds writing firmly to human practices and therefore 

to cultural choices. The technical and the cultural dimensions of writing are so 
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intimately related that it is not useful to try to separate them: together they constitute 

writing as a technology (p. 19).  

 

I see Bolter’s notion of the materiality of writing as pertaining to the problem of my study 

because it acknowledges bodily interactions with writing tools such as the computer or paper. 

In other words, when we mention the materiality of writing and human practices, they imply 

specifically human bodily movement, in the same way we make physical contact with 

writing tools.  

 Second, recognizing the relationship between the materiality of writing and human 

practices leads us to understand the relationship between the range and the level of individual 

agency and the range and level of the affordances of the structural systems in certain media. 

The term affordances means “characteristic capabilities or functions that enable or constrain 

types of interactions among audiences, content, environment, and the originators of messages. 

Books have the affordance of self-pacing; film does not. Websites have the affordance of the 

instant information updating and user-generated content; silk-screened posters do not. Word-

processing has the affordance of allowing different authors to work on the same document in 

different locations at the same time; calligraphy does not” (Davis, 2012, chapter six, in 

production).  

 Thus, Bolter’s discussion reminds us that electronic writing is a physical and visual 

practice, which necessarily needs bodily movement and works on the basis of the materiality.  

 Let us come back to Hayles’ discussion. Hayles argues that “the physical form of the 

literary artifact always affects what the words (and other semiotic components) mean. 

Literary works that strengthen, foreground, and thematize the connections between 

themselves as material artifacts and the imaginative realm of verbal/semiotic signifiers they 

instantiate open a window on the larger connections that unite literature as a verbal art to its 

material forms” (p. 25).  

 Hayles proposes three significant notions that are directly related to my study. First, 

an inscription technology. According to Halyes, “to count as an inscription technology, a 

device must initiate material changes that can be read as marks” (p. 24). Second, technotexts. 

Technotexts is “a term that connects the technology that produces texts to the texts’ verbal 
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constructions. Technotexts play a special role in transforming literary criticism into a 

material practice, for they make vividly clear that the issue at stake is nothing less than a full-

bodied understanding of literature” (pp. 25-26). Third, Writing Machines. “Writing machines 

names the inscription technologies that produce literary texts, including printing presses, 

computers, and other devices. Writing machines is also what technotexts do when they bring 

into view the machinery that gives their verbal constructions physical reality” (p. 26).  

 What Hayles’ three notions of an inscription technology, technotexts, and writing 

machines do is actually to criticize what is lacking in literary studies, as well as to 

complement literary studies by considering “the literary work as physical artifact.” 

 What we gain from Hayles’ critique on the print centric view of literary studies, and 

from the three notions is “a careful consideration of what difference the materiality of the 

medium makes, the advantages their own forms of mediation offer.” Defining the materiality 

as “the physical attributes constituting any artifact,” she says that it is “potentially infinite” 

(pp. 32-33). 

 

Here I want to clarify what I mean by materiality. The physical attributes constituting 

any artifact are potentially infinite; in a digital computer, for example, they include 

the polymers used to fabricate the case, the rare earth elements used to make the 

phosphors in the CRT screen, the palladium used for the power cord prongs, and so 

forth. From this infinite array a technotext will select a few to foreground and work 

into its thematic concerns.  

 Materiality thus emerges from interactions between physical properties and a 

work’s artistic strategies. For this reason, materiality cannot be specified in advance, 

as if it preexisted the specificity of the work. An emergent property, materiality 

depends on how the work mobilizes its resources as a physical artifact as well as on 

the user’s interactions with the work and the interpretive strategies she develops-

strategies that include physical manipulations as well as conceptual frameworks. In 

the broadest sense, materiality emerges from the dynamic interplay between the 

richness of a physically robust world and human intelligence as it crafts this 

physicality to create meaning (pp. 32-33).  
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It is significant to note that the discussion above deals with the indeterminacy of the 

materiality, the possibility to expand. Namely, “materiality emerges from the dynamic 

interplay between the richness of a physically robust world and human intelligence as it 

crafts this physicality to create meaning” (p. 33). The four factors of interaction in the 

discussion above are a physical artifact, the user’s interactions with the work, the interpretive 

strategies of physical manipulations, and the interpretive strategies of conceptual frameworks. 

 In short, the simultaneous operation of the materiality and intelligence creates 

indeterminacy. The notion of indeterminacy is core to my discussion because it tells as the 

condition for making a tool that could be useful for a creative process. 

 Keith Ansell Pearson, in his book, Germinal Life: The Difference and Repetition of 

Deleuze (1999) shows Henri Bergson’s discussion in relation to the notion of indeterminacy. 

 

‘Intelligence’ is to be defined as the faculty of manufacturing artificial objects, 

especially ‘tools to make tools.’ The crucial claim he (Bergson) makes, however, in 

an effort to comprehend the specific character of human intelligence, is that although 

an animal can be said to possess and manipulate tools and machines these remain 

instruments that form an essential part of the animal’s body. This means that tools are 

used by animals on the order of instinct. By contrast, the specific character of human 

intelligence resides in the fact that in its case technics enjoy a functional 

indeterminacy (Pearson, 1999, p. 51).  

 The difference between instinct and intelligence resides in the utilization of 

instruments specific to each: in the former activity is concentrated on instruments that 

are already organized, while in the latter it consists in fabricating and utilizing 

unorganized instruments. The instrument that is fashioned by intelligence is always 

an ‘imperfect’ or indeterminate one—being made of unorganized matter it can 

assume diverse forms and be used for different purposes. Such an instrument is 

inferior to the natural instruments deployed by the instinct since it does not satisfy an 

immediate need. Its advantage is that it allows for the expansion of need and opens up 

an unlimited field of activity. The decisive point Bergson makes is that the 

construction and cultivation of imperfect instruments results in a fundamental 
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transformation of ‘the nature of the being’ that utilizes them to the extent that the 

natural organism becomes extended by the artificial organ (Pearson, 1999, p. 52).  

 

From Pearson’s discussion above, we can see that by expanding needs and opening up “an 

unlimited field of activity,” instruments or tools that are made by intelligence are different 

from tools that are used by instinct. While instinct satisfies the direct and immediate need, 

intelligence transforms the nature of the intelligent being itself by creating unorganized and 

artificial instruments. 

 In summary, I started from Ong’s analysis of the difference in primary oral cultures 

and in cultures deeply affected by the use of writing, and saw connections to Foucault’s 

analysis of the epistemological mutations and transformations of the seventeenth century 

through literally spatializing of the very objects of analyses; Halyes’ critique of the lack of 

recognition of materiality in literary studies; and Bergson’s notion of an unorganized 

instrument that intelligence creates and uses.  

 What I learned from these discussions is that when a tool mediates intelligent activity, 

in order to create a condition where a tool and intelligence work together and to potentialize a 

certain creative field, the tool itself should have an unorganized nature. Our physical 

movement and intelligence come into play at the same time around the unorganized mediated 

nature of the tool, and the nature of expansion of need becomes possible. Next, by looking at 

how body and mind work together, we may see the intersection between those simultaneous 

functions and the use of a tool.  

Figure 6 Writing as technology, tools, and the materiality of writing describes writing 

as technology, tools, and the materiality of writing. 
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Figure 6 Writing as technology, tools, and the materiality of writing 
 
 

 
2.3. Homo Faber, not Homo Sapiens, Embodied Mind, and Embodiment 
 
Johanna Drucker in her book, The Visible Word: Experimental Typography and Modern Art, 

1909-1923 (1994), criticizes that the lack of sensibility to the medium prevented people from 

making diverse visual and spatial arrangement of words although Gutenberg’s first casting of 
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moveable type made those activities possible technologically. Next is Drucker’s critique on 

the lack of sensibility to the medium. 

 

Putting type on a diagonal, mixing faces, sizes, styles all in one line or even one word, 

and any of the other apparently new inventions of nineteenth-century typography 

would have been possible at any moment after Gutenberg’s first casting of moveable 

type. While the graphic vocabulary of metal type had been unlimited range of 

applications. What had been slow in developing was a sensibility to the medium 

which would investigate its potential to disturb the linear order by which the case 

metal forms of type had embodied the normative linear text (Drucker, 1994, p. 96).  

 

Where does the insensibility to the medium and its slow development come from? The study 

argues that the long period of time during which spatial writing and typographic exploration 

had been delayed although we already had Gutenberg’s moveable type originates from where 

the nature of intelligence was not fully understood. I think that if we didn’t use the medium 

properly, it is because we did not understand ourselves. In other words, the insensibility to 

the medium relates directly to not understanding the nature of intelligence, as Bergson 

suggested. 

 In the last chapter, I looked at the definition of intelligence. “Intelligence is to be 

defined as the faculty of manufacturing artificial objects, especially tools to make tools” 

(Pearson, 1999, p. 51). Keeping the definition of intelligence in mind, I will analyze concrete 

and repetitive examples that happens in the ordinary tool use. And, I’m going to analyze by 

what principle the spatial arrangement of words creates new meanings. Then, what I should 

do is to see the practice in using tools that goes with the repetitive use without questioning 

the very way of that use itself. Because it is the very insensibility to the medium. For this 

discussion, concrete examples will be examined first, and those examples will be discussed 

theoretically. 
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2.3.1. Five examples in relation to spatial arrangement of words 
 
I have five examples in relation to spatial arrangement of words in mind: The Visual 

Thesaurus, Siftables, and design major graduate students’ various practice when they left MS 

Word to work in another way. While I examine the examples in turn, the issue of Homo 

Faber, “man the maker,” not Homo Sapiens, and embodiment will be addressed and linked to 

the examples. First of all, keeping that “the prerogatives of homo faber” are “the activities of 

making and fabricating” in mind, let me investigate an example of The Visual Thesaurus 

(Arendt, 1958, p. 295).  

 

 
2.3.1.1. The Visual Thesaurus 
 
The first example. Figure 7 The Visual Thesaurus is shown in a screen image captured for 

the word ‘society.’ “The Visual Thesaurus is an interactive dictionary and thesaurus which 

creates word maps that blossom with meanings and branch to related words” 

(http://www.visualthesaurus.com/howitworks).  

 ‘The Visual Thesaurus’ case is important in relation to my study in that it uses the 

interactive dictionary to play with words. The user types a word ‘society’ to search. Then, 

words such as ‘social organization, social structure, and social group’ appear around the 

word ‘society.’ The cursor changes into a hand, when passing over a word telling the user she 

can do something with the word ‘infinite.’ In clicking on the word, the user reconfigures the 

map around the new word, revealing synonyms that are closer in meaning. The user sees the 

depth of a word meaning of ‘society’ through spatial arrangement of other words in relation 

to it and a list of other words at a glance.  
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Figure 7 The Visual Thesaurus (http://www.visualthesaurus.com). 
 
 
 
‘The Visual Thesaurus’ treats abstract words such as ‘society’ as if they are solid objects. 

When words that are related to the word ‘society’ in terms of meaning appear in the screen, 

the position of each word and the distance between words is significant. In the use of The 

Visual Thesaurus, the embodied spatial arrangement, for example, that is close or far, 

corresponds with the relevance and hierarchy of meaning. In other words, ‘The Visual 

Thesaurus’ objectifies words spatially. Users search for the relationships among word 

meanings by picking up a word and moving it around on the computer.  

 Spatial arrangement activity and the representation of words in the use of Visual 

Thesaurus treat words like real objects. What is interesting is that when users move words 

like real objects—although it is a virtual activity through mouse movement on the computer 

—they extend their behavior with objects and space in the physical world to meaning-making 

in the virtual world. 

 Frank R. Wilson mentions Vygotsky’s study in the book, The Hand (1998). ‘The 

brain treats words as though they are real objects, forming them into small groups much as 

we sort blocks or other objects in the physical world’ (p. 193). Davis (2012) provides further 
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explanation to the work of Vygotsky, “Vygotsky talks about thinking in objects. And our 

sense of language is constructed by thinking in objects. So, ideas, and language and words, 

kind of come together in that sense of physicality” (Davis, 2012, chapter six, in production).  

 In other words, Vygotsky’s study shows that we have a cognitive habit that treats 

words like real objects. I see in my own behavior in the use of Visual Thesaurus that words 

are treated like ‘objectified things.’ 

 In summary, an object that this study pays attention to in a case of The Visual 

Thesaurus is an implied meaning in relation to spatial arrangement and representation of 

words, i.e., a view that treats words like real objects. 

 
 
2.3.1.2. Siftables 
 
The second example, Siftables. Siftables is “a novel platform that applies technology and 

methodology from wireless sensor networks to tangible user interfaces in order to yield new 

possibilities for human-computer interaction. Siftables are compact devices with sensing, 

graphical display, and wireless communication. They can be physically manipulated as a 

group to interact with digital information and media” (Merill, 2008, p. 1).  

 

In a nutshell, a Siftable is an interactive computer, the size of a cookie. They’re able 

to be moved around by hand, they can sense each other, they can sense their motion, 

and they have a screen and a wireless radio 

(http://web.media.mit.edu/~dmerrill/siftables.html).  

 

David Merill talks about a background and motivation of the design of Siftables as follows. 

 

The design of Siftables was inspired by observing the skill that humans have at sifting, 

sorting, and otherwise manipulating large numbers of small physical objects. When 

we overturn a container of nuts and bolts and sift through the resulting pile to find one 

of a particular size, or spread photographs out on a tabletop and sort them into piles, 

we use all of our fingers and both hands actively and efficiently. However, when we 
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sort digital information or media such as digital photographs or emails, the experience 

typically does not leverage our physical manipulation skills. One typical user 

interaction with a modern graphical user interface (GUI) is to click on an icon with 

the mouse, drag it to another location on the screen, and drop it to reposition it or to 

assign the data it represents to a folder. This so-called ‘direct manipulation’ of 

information afforded by a GUI is a poor substitute for our facile all-finger, two-

handed manipulation of physical items (Merill, 2008, p. 1).  

 

According to Merill, the design of Siftables started from an observation of human hands and 

finger movements to manipulate physical objects. And, it began with a question, “what if 

when we used a computer, instead of having this one mouse cursor that was a like a digital 

fingertip moving around a flat desktop, what if we could reach in with both hands and grasp 

information physically, arranging it the way we wanted?” 

(http://web.media.mit.edu/~dmerrill/siftables.html).  

 Thus, the biggest characteristic of Siftables is physical interaction, in particular, two-

handed (including fingers) manipulation of tools, Siftables. Physical manipulation of tools by 

hands becomes a way to deal with data. That process of physical manipulation of tools 

affects data. Thus, a user’s interaction with digital information or media is physical 

manipulation, in particular, all-finger and two-handed manipulation of physical items through 

sensor network technology. Merill talks about the importance of physical manipulation as 

follows. 

 

Most importantly, they’re physical, so like the blocks, you can move them just by 

reaching out and grasping. And Siftables are an example of a new ecosystem of tools 

for manipulating digital information. And as these tools become more physical, more 

aware of their motion, aware of each other, and aware of the nuance of how we move 

them, we can start to explore some new and fun interaction styles.  

 One of the interesting implications on interaction, we started to realize, was that 

we could use everyday gestures on data, like pouring a color the way we might pour a 

liquid. So in this case, we’ve got three Siftables configured to be paint buckets and 
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the user can pour color into the central one, where they get mixed. If she overshoots, 

she can pour a little bit back. 

 There are also some neat possibilities for education, like language, math and logic 

games where we want to give people the ability to try things quickly, and view the 

results immediately...This is a Fibonacci sequence that I’m making with a simple 

equation program (Figure 8 left). Here we have a word game that’s kind of like a 

mash-up between Scrabble and Boggle. Basically, in every round you get a randomly 

assigned letter on each Siftable, and as you try to make words it checks against a 

dictionary. Then, after about 30 seconds it reshuffles, and you have a new set of 

letters and new possibilities to try (Figure 8 right) 

(http://web.media.mit.edu/~dmerrill/siftables.html).  

 
 
 
 
 

 

 
 

Figure 8 Siftables’ examples: a Fibonacci sequence (left) and a word game (right) 
 
 
 

In the Figure 8 Siftables’ examples: a Fibonacci sequence (left) and a word game (right) 

above, each Siftable piece is arranged individually in space. The data that are displayed on 

LCD screen are vulnerable to the specific position of each Siftable, for example, left, right, 

side, etc. How each Siftable is positioned in space is actualized by the hand movement for 

each Siftable. The change of Siftables’ position, movements and tilt are sensed by built-in 
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technology, whose change affects data. The changed data are displayed on LCD screen. The 

technology that makes that process possible is as follows.  

 

Siftables consists in a collection of compact tiles (36mm x 36mm x 10mm)—each 

with a color LCD screen, a 3-axis accelerometer, four IrDA infrared transceivers, an 

onboard rechargeable battery and an RF radio. For a typical data manipulation task, 

each tile is populated via radio with a representation of a single instance of the data to 

be sorted, and a user’s physical manipulations to the collection of tiles are sensed and 

used as input to the system. Visual feedback during the task is presented to the user 

on the LCD display, and auditory feedback can be played by a nearby computer. 

Sensing in the current Siftable design is accomplished by the accelerometer and the 

IrDA transceivers. Manipulated atop a flat surface, a Siftable can sense its own 

motion in the plane of the surface, as well as impacts with other objects. It can also 

sense the action of being lifted, tilted or shaken (Merill, 2007, p. 3).  

 

Figure 9 shows hand movements to manipulate Siftables. The left is ‘Yes/No’ Gestures. “A 

user can shake a Siftable vertically or horizontally to give positive or negative feedback to 

the system.” The right is ‘sugar Pack Snap’ Gesture. “A user could snap a Siftable sharply in 

the downward direction to clear its current data association” (Merill, 2007, p. 3).  
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Figure 9 ‘Yes/No’ Gestures (left): A user could shake a Siftable vertically or horizontally to 
give positive or negative feedback to the system. ‘Sugar Pack Snap’ Gesture (right): A user 
could snap a Siftable sharply in the downward direction to clear its current data association 

(Merill, 2007, p. 3).  
 
 
 
What matters in the interface of Siftables is that hand movements and physical manipulation 

correspond to sensor network technology. Siftables involves the use of bodily hand 

movement in the work of intellect. And, Sensor Network User Interface (SNUI) technology, 

which is currently inexpensive and available, enables that interface to be possible. It is 

important that Siftables’ spatial relationships and spatial logic are actively used in the 

interaction with digital media. 

 Siftables’ human-computer interaction, based on physical movements and physical 

manipulation, could be well understood when we compare it with precursor interfaces. In the 

use of Siftables, the synchronous interaction is based on spatial relationships or spatial logic 

and the digital representation of data accompanies the flexible graphical display capabilities 

of graphic user interface (GUI), the physicality of a tangible user interface (TUI), and the 

capabilities of sensor network user interface (SNUI) at the same time. “In contrast to TUIs 

that provide handles to a projected digital representation of data, a SNUI operator holds a 

representation of the data itself that can be perceived and altered directly” (Merill, 2007, p. 2).  
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 Siftables’ interface, in which GUI, TUI, and sensor network user interface technology 

are combined, makes “the task of maintaining ‘sync’ between the digital and physical 

representations of data more straightforward, and without requiring external infrastructure 

such as a projector or an augmented tabletop surface” possible. 

 As in the case of The Visual Thesaurus, while users are looking at words on the LCD 

screen of Siftables, and grasping, shaking, moving, and arranging each Siftables tile in space, 

the very meaning that is implied in the spatial arrangement activity comes from treating 

words like objects. And, whereas users indirectly move words with mouse on the computer in 

the use of The Visual Thesaurus, they handle data in a direct way, physically manipulating 

the tools, i.e., each tile of Siftables. 

 Merill says, “one of the interesting things about this kind of application is that you 

don’t have to give people many instructions. All you have to say is, “Make words, ” and they 

know exactly what to do” (http://web.media.mit.edu/~dmerrill/siftables.html). I think that the 

reason why people do not need many instructions in the use of Siftables is critical. Why don’t 

they need instruction except to ‘make words’ in those activities? In this respect, The Visual 

Thesaurus and Siftables raise a very interesting question. 

 Why do people not have any problem with missing instructions when they play with 

Siftables spatially? Clearly, when people play with Siftables, their brain functions and they 

think. And, spatial arrangement and their thinking process happen simultaneously. Then, how 

do people know exactly what to do naturally? Why isn’t there refusal to play? Is there a 

connection between physical manipulation and intelligence? After I investigate three cases in 

the third example, these questions will be discussed again. 

 Thus, the power required for Siftables is bodily energy and a battery. Two-handed 

manipulation of physical items is directly synchronized with Siftables’ movement, tilt, speed, 

and data change, without indirect tools such as a mouse. In this respect, Siftables enables 

users to confront words in a more direct way than in the case of Visual Thesaurus. The 

meaning making process is based on concrete actions in the use of Siftables because 

physically manipulating of words is direct, whereas the Visual Thesaurus requires an 

interface. And, here, actions for meaning making occur naturally through simple instructions 
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like “Make words.” In the case of Siftables, bodily movement, in particular, manual play, 

physical manipulation, tool use, and intelligence take place at the same time. 

 In summary, Siftables is mediated action for meaning making, i.e., hand movement 

with physical objects and the physical interaction of tools work together with intelligence. In 

short, with Siftables, the simultaneity of the tool’s concrete representation, physically 

manipulative interaction, and intelligence was examined. 

 
 
2.3.1.3. Making artificial tools by design graduate students 
 
In the third example, graphic design major graduate students make artificial tools. I observed 

five graduate students writing their theses in a design studio for two months in 2009 spring, 

and conducted open-ended interviews. Predictably, these students constructed text. They 

worked in writing text and in understanding concepts and their organization through elements 

that could be re-ordered, combined, and transformed 3-D models.  

 Thus, there were differences among various graduate students’ concrete methods in 

the fieldwork observation, but there was also a common phenomenon. The students used 

physical forms to extend the thinking process. They were thinking, embodying ideas in forms, 

as artificial tools that performed as a catalyst for further thought. They drew forms and 

constructed objects moving them in space, but their behavior and ideas were not fully 

understood only by observation; without listening to their explanation about their behavior, it 

was not apparent what role these objects played. 

 For a specific discussion, let me show my fieldwork observation record and open-

ended interview. All names that appear in the interview quoted, except my name, are 

pseudonyms. 

 
 
2.3.1.3.1. Daniel, “I layer and I layer and I layer” 
 
Next is an excerpt from an open ended interview with Daniel. 
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Daniel: I layer and I layer and I layer...The red is the content when I had met professor 

Walker, but the blue is the content when I met with professor Kim this one. So I know 

that everything that’s in blue I spoke with Kim, everything that’s in red I spoke with 

Walker. 

Joohee: How about yourself? Where is yourself?   

Daniel: Oh, this is, these are all me, it half of them are me, um, and half of them are 

talking with them because I don’t write what they tell me, none of this is what they say. 

My reaction to it. For example, professor Walker said something about my system. It’s 

integrated then I alert, so my reaction was “how do others come from”—in the 

notebook—like my reaction was how do others come up and professor Kim today talked 

about the relationship between a reward and an alert, so then I come back and the balance 

between alerts and rewards. 

 

In Figure 10 Artificial tools: a self-dialogue, left and a diagram, right, the left image comes 

under the interview quoted from Daniel above. Saying, “I layer and I layer and I layer,” he 

said that he visualizes his own ideas for himself with diagrams, not to show it to someone or 

not to include in his thesis. For Daniel, writing is a device for self-questioning and self-

answering, through which he layers ideas over time in the paper. So to speak, while he is 

thinking about his conversation with professor Walker and professor Kim, he leaves his own 

self-questioning and self-answering process, and arranges it spatially in the paper.   
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Figure 10 Artificial tools: a self-dialogue (left) and a diagram (right) 
 
 
 
A word ‘dialogue’ originates from the Greek diálogos. Let me trace the meaning of diálogos. 

‘Diá-’ means ‘between’ and légein means ‘a story.’ Thus, diálogos = diá- (between) + légein 

(a story) + -os = dialogue. Then, we can say that for Daniel, concrete forms are involved in 

the self-dialogue. Daniel’s case shows that he makes his own cognitive tool to continue his 

thinking and uses that tool by externalizing his idea for the self-dialogue. In Figure 10 

Artificial tools: a self-dialogue (left) and a diagram (right) above, the right image is a 

diagram, which is often found in his note. 

 In short, in Daniel’s case, the study focuses on two things. One is the fact that the 

process in which he asks himself and answers himself was represented by written word, 

particularly, spatially in the paper. The other is the appearance of a diagram. Spatial 

arrangement of the alphabet and diagramming are tools for Daniel’s thinking. This raises 

questions: Why is the spatial use of a tool important? What role does diagramming play that 

is not satisfied by the written word?  
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2.3.1.3.2. Diana, “Get this stuff out and then keep moving forward into new territory” 
 
Next is my interview with Diana. The interview started by looking at the left image in Figure 

11 Artificial tools: concept map. 

 

(Diana and Joohee are looking at Diana’s conceptual maps in print on her desk.)  

Diana: When you’re researching, you have so many ideas all at the same time. I had 

to get them just out so that I could kind of move forward. This allowed me to kind of 

get this stuff out and then keep moving forward into new territory, like a way of 

archiving that time of thinking...I’m always externalizing things. I always had stacks 

and stacks of papers, notes, and sketches, and really about everything. I’m a bit of list 

maker, not always just organize. So it’s a list, but it’s not. Yesterday I felt like I hit a 

really big roadblock with thesis. I was really overwhelmed. So I took a break, and 

went home. Just kind of got it all out, and then I would come back and work. 

 
 
 

 
 

Figure 11 Artificial tools: concept map 
 
 
 
Diana: ...And, other thing is not part of the writing, but I make these little models. I 

photographed them and use them as a way to talk to Sarandon (Diana’s adviser) about 
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different things that I was thinking...help me think spatially. They were really abstract, 

so it allowed me to project a lot of different scenarios onto them. This one I was 

looking at wondering if that could be a representation of sorting images. It allowed 

me to talk to Sarandon about what I was thinking without having to verbally 

explaining everything. I could point to them like, imagine of this as photograph and 

then, that’s much easier than trying to talk about it with nothing to look at. 

      Joohee: Did Sarandon want you to make this little model?  

Diana: No, she didn’t direct me to. It was a just way for me to think about it. Last 

year I had used marshmallows and made a model for another project. It worked really 

well for me, so I did it again. 

  

To summarize the interview above, Diana switches from unorganized and complicated ideas 

to ‘something that she can look at’ by externalizing fragments of her thought that are not 

fully digested. At this time, a conceptual map is constructed. Thus, her objectifying process 

with a conceptual map is a transitional stage to move forward. A building of a model was 

used as a device by which abstract ideas could be projected to. It is noteworthy that a model 

was built voluntarily to solve her problem. 
 
 
 

 
 

Figure 12 Artificial tools: a 3-D marshmallow-toothpick model (left) 
and the model in the computer (right) 
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Joohee: Could you tell me more about the marshmallow-toothpick model? 

Diana: Last year, I was trying to visualize a chat conversation online with multiple 

people and I was having a hard time figuring out how to draw it. Professor Walker 

suggested that I get off the computer and build something that would allow me to see 

it, so I did. Do you know what a lazy Susan is? It’s a plate and it has a disk on it and 

it allows you to turn it around, so it’s around the plate and then on the bottom there’s 

a circular mechanism that allows you to just rotate it around. So you can put a camera 

on a little tripod and rotate it around and photograph it from all different angles. And, 

then that allowed me to see what this conversation might look like from the front 

versus the back versus the side. 

(Diana and Joohee are looking at Diana’s computer screen.)  

Joohee: This is three-dimensional. Could you enlarge the picture, and tell me about 

that in detail?  

Diana: This one was exploring how a multi-person chat could be represented if 

people were the marshmallows and then these were the communication lines. This 

one I was using to see what would happen if you pull down different parts, how the 

other parts would respond. So imagining it in motion on screen, you can see just 

really simply how it would work. 

Joohee: It looks like a molecular model. Oh, they’re moving.    

Diana: Yeah! I just drew them in Illustrator, and then used Flash to animate them. 

This is based on a photograph that I took. By building the model, and taking the 

photographs I was able to see what I needed to do on screen, rather than just making 

it from scratch. It’s much harder to do that for me at least.  

Joohee: So, not starting in the computer right away, but...  

Diana: Right. Other methods...this marshmallow exercise was that it directly led to 

the form in the project. 

 

In the marshmallow-toothpick model in the interview quoted, marshmallows are substitutes 

for people, and toothpicks embody communication lines. The whole marshmallow-toothpick 

model represents a multi-person chat. Since this model is three-dimensional, it is a 3-D 
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concept map that could be viewed from various angles and perspectives. Diana thinks 

possible relationships and concept relationships while she rotates the model manually in the 

physical space, and looks at the picture images of the model from various perspectives on the 

computer. 

 In other words, a marshmallow-toothpick model exercise enables Diana to ‘point out’ 

concretely possible relationships of abstract concepts that exist in the head by giving a form 

in the project visually and physically. Thus, building a marshmallow-toothpick model 

becomes a condition in which she can point out possible relationships of abstract concepts 

concretely. But, a physical marshmallow-toothpick model is not just the counterpart of her 

ideas in her head. In that she can physically manipulate the form of a marshmallow-toothpick 

model so that she can also control her ideas in the head back and forth, the model is used as a 

tool to expand thought. Therefore, in that a concretely embodied form of abstract model is 

changed by spatial arrangement and manipulative physical action, the marshmallow-

toothpick model is used as a cognitive tool. 

             In summary, in Diana’s case, the study pays attention to when a conceptual map and 

a marshmallow-toothpick model were used. A concept map appeared when there were many 

undigested thoughts at the same time and when she “felt like a hit of really big roadblock 

with thesis.” After she turned her ideas from unorganized ideas in the head to something to 

be looked at by making a conceptual map, her thesis moved forward without emotional and 

intellectual burden. Second, abstract ideas for a multi-person chat and discussion factors, for 

example, people and communication network, were embodied through a marshmallow-

toothpick 3-D model in spatial form. In particular, imagining the marshmallow-toothpick 

model in motion on screen makes it easier for her to think how possible relationships would 

work if a part of the communication line is pulled down. 

 In short, a marshmallow-toothpick model mediated as a cognitive artifact or artificial 

tool for mental simulation and manipulative actions. Diana’s case shows that an action of 

making something to think about a problem helps the thought process. 
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2.3.1.3.3. Bella, “More wall space, put everything out and see everything as I’m working 

on it” 

 
Next is an interview with Bella. 

 

Bella: Over spring break, I’m just going to work at home because I have more wall 

space. I started working at home last night because I needed space to be able to put 

everything out, but hang it up because I like to see everything as I’m working on it, 

because I do for each one of these categories I’ve already done (taking hold of paper). 

I’ve done some spatial relationship study, so I’ve already figured some of these out 

for each one of these. So I’ve a lot going on, and I need to see it all like wind up on 

the wall.  

(Joohee and Bella are looking at the white board that has a lot of Post-its attached on 

right behind Bella’s desk—the left image in Figure 13 Artificial tools: Post-it® notes 

on the whiteboard and doing a concept map)  
 
 
 

 
 

Figure 13 Artificial tools: Post-it® notes on the whiteboard (left) and doing  
a concept map (right) 
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Figure 13 Artificial tools: Post-it® notes on the whiteboard (left) and doing a concept map 

(right) shows how Bella and Diana make a concept map together. They use an Illustrator 

program on the computer, copies of the books in print that they read, a whiteboard and Post-

it® notes. Each copy of the books has a number on the top of the print. There were numbers 

written from one to twenty-one on the whiteboard. In the Post-its on the whiteboard, it says 

things like “drawing as training,” and “craft—all art arch, engineering, tech......” When they 

reach a certain stage of the process, after physically moving the Post-its on the whiteboard 

around, they reproduced that stage of the progress in Illustrator on the computer. 

 The whiteboard and Post-its are based on physical movements and mirrored their 

thinking process so that I was able to see the process. Spatial representation of thought by 

words on Post-its and physical movement itself for the spatial arrangement were shared 

between Bella and Diana, in addition to words themselves on Post-its. The action of spatial 

representation of thought consists of their intellectual activity. Let me show the interview 

with Bella. 

 

Bella: It’s for our class with professor Kim and professor Walker, our design 

education. This is something Diana and I are working together. We are doing a 

concept map for Kim’s class. We don’t know exactly what’s structure, or what 

common thread we are going to map yet. Each number relates an article that we read 

this semester so far. So what we are doing is we’re going back through the articles 

here, and we are just taking notes on key topics from these articles. We’re going to 

see if we can drop some comment like categories, and we make some 

connections...try do a map (turning over paper). Some of these might go away, like if 

we aren’t going to be talking about people. We can kind of not use them, so...put 

them aside, but just because we don’t know what we’re doing yet.  

  

In short, in Bella’s case, the study pays attention to the release of intellectual tension that 

objectifying ideas and the spatial representation of thought on the wall bring. What matters is 

that objectifying process of thought fragments on the wall space is the intellectual activity 
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and a mediating activity, not the last stage of thought. It documents ideas and the 

relationships among ideas at a specific time in the writing process and it is manipulated as a 

way of projecting the organization of future writing. In an uncertain stage where Bella and 

Diana do not know the right or expected answer to a problem, the spatial arrangement 

activity itself of words is an intellectual tool.  

 Now, let me summarize the five examples in relation to the use of words. Table 2 A 

summary of the five examples in relation to spatial arrangement of words shows what the 

study paid attention to in the five examples. What was commonly and silently involved in the 

five examples of Visual Thesaurus, Siftables, Daniel, Diana, Bella was spatial arrangement 

activity itself. 

 
 
 

Table 2 A summary of the five examples in relation to spatial arrangement of words 
 

Examples An object that the study focuses on. 
The Visual 
Thesaurus 

An implied meaning in relation to spatial arrangement and representation 
of words, i.e., a view that treats words like real objects. 

Siftables A mediated action for meaning making, i.e., the way that the hand 
movement with physical objects and tools’ way of physical interaction 
work together in the use of intelligence. The simultaneity between tool’s 
concrete representation, physically manipulative interaction, and 
intelligence. 

Daniel In the self-dialogue process, the appearance of spatial arrangement of the 
alphabet and diagramming. 

Diana A transition from unorganized ideas in the head to ideas to be looked at 
by mediating words in a conceptual map. 
An embodiment of abstract ideas and discussion factors by building 
three-dimensional model, for example, marshmallow-toothpick model, 
based on which mental simulation is reinforced.  
An action itself of making something to think to solve a problem. 

Bella The objectifying idea process, the release of intellectual tension by 
spatial representation of thought on the wall.  
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Now, I would like to raise a question that synthesizes the five examples of The Visual 

Thesaurus, Siftables, Daniel, Diana, and Bella. Have we problematized the very physical 

manipulation, spatial arrangement activity, and the way that people play with forms to deal 

with abstract concepts? Why is it that all the five examples involve such particular ways of 

working? Why didn’t the implied way of Visual Thesaurus interface where the words are 

treated like solid things cause any problem for users? Why do people feel it is easy to play 

with the Siftables’ interface; that a user deals with the digital data while physically 

spatializing the concrete items (i.e., the concurrence of the way between all-finger, two-

handed manipulation of physical items or physical manipulation skills, and the digital 

representations of data)? 

 When Daniel, Diana, Bella ran into intellectual tension and unforeseen intellectual 

difficulty, they did not just live in their heads, or stare at a blank screen. It was not just about 

thinking. Above all, there were actions. For them, it was action, but for an observer like me, 

it was behavior. They objectified ideas externally, manipulated the ideas spatially, for 

example, spatial arrangement of the words on Post-its, diagrammed, made a conceptual map, 

and built a marshmallow-toothpick 3-D model. Why did Daniel, Diana, Bella execute such 

actions, but were not clearly aware of their own tools and the resulting activity? Why did 

making such tools occur in their thinking processes and why were such activities useful for 

moving their thinking forward? 

 I think that an activity to make tools in the process of problem solving, objectifying 

ideas by concrete representations, spatial arrangement, and physical manipulations should be 

understood in terms of the special tendency of the intellect, not just as a personal approach to 

solving a problem. Because, as we reviewed, such ways are regular patterns, and such ways 

are used on a practical dimension although users are not fully aware of them. I will try to 

grasp that reason though the notion of Homo Faber by Bergson.  

 Figure 14 The Visual Thesaurus, Siftables, and design major students’ practice 

describes the Visual Thesaurus, Siftables, design major students’ practice. 
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Figure 14 The Visual Thesaurus, Siftables, and design major students’ practice 
 

 

 

2.3.2. Homo Faber, not Homo Sapiens: Intelligence and tool 
 
Defining intelligence and differentiating it from instinct explains how humans are different 

from animals. In this respect, the definition of intelligence is a matter of identification; of 

how we humans understand ourselves as well as thinking about other things. Henri Bergson, 

in his book, Creative Evolution (2005), defines intelligence as “the faculty of constructing 

unorganized—that is to say artificial—instruments” (p. 166). When intelligence is defined in 

relation to artificial-instruments, the fact that historical change, cultural change, 

technological innovation, and the change of tools themselves can be discussed in not a 

mutually exclusive way proves that Bergson’s definition of intelligence is pertinent. Thus, I 

need to examine his definition of intelligence in detail. I will look into Bergson’s argument 
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and Keith Ansell Pearson’s analysis of Bergson’s discussion, then, the examples reviewed in 

the previous section will be reanalyzed in the light of Bergson’s discussion. 

 Bergson argues that what makes us human should be understood, not based on Homo 

sapiens, but Homo faber. Homo sapiens is “man the contemplator” but Homo faber is “man 

the maker.” The core of the view of Homo faber is to comprehend the nature of intelligence 

based on an understanding of the relationship between human action, technological 

mediation, and making unorganized artificial instruments at the same time. Thus, the notion 

of ‘mediation’ is a keyword for understanding of the view of Homo faber. Bergson suggests 

the view of Homo faber as follows. 

 

If we could rid ourselves of all pride, if, to define our species, we kept strictly to what 

the historic and the prehistoric periods show us to be the constant characteristic of 

man and of intelligence, we should say not Homo sapiens, but Homo faber. In short, 

intelligence, considered in what seems to be its original feature, is the faculty of 

manufacturing artificial objects, especially tools to make tools, and of independently 

varying the manufacture (Bergson, 2005, pp. 153-154).    

 

Pearson, in the book, Germinal Life : The Difference and Repetition of Deleuze (1999) makes 

an analysis of Bergson’s view of Homo faber as follows. 

 

From the first, human praxis has been mediated by the invention of technics, says 

Bergson, as its ‘essential feature.’ We fail to recognize the extent to which the 

ontogenesis of the human is dependent on this technogenesis, and the extent to which 

human culture is wholly due to the utilization of artificial instruments, simply because 

our individual and social habits survive beyond the circumstances in which they were 

formed. The effects of technical inventions are thus not noticed until their novelty is 

well out of sight. Bergson thus argues that ‘Homo sapiens’ can be defined as ‘Homo 

faber’ to the extent that it has been formed prehistorically and historically by the 

invention of technics (Pearson, 1999, p. 51).  
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Namely, Pearson shows that human practice in the service of culture formation and cultural 

change has been possible by making tools to make tools, which is the essential feature of 

intelligence. This making activity is the basic concept of ‘Homo faber.’ Pearson, also, 

mentions the relationship between intelligence and the invention of technics. 

 

Bergson argues, deficit, understood as the distance or gap between act and idea, is 

nothing other than the normal state of intelligence: ‘Labouring under difficulties is its 

very essence.’ Moreover, because intelligence is implicated in the invention of 

technics it is compelled to evolve in terms of a futurity, involving, for example, the 

satisfaction of needs which always generate the creation of new needs. The evolution 

of needs, therefore, has to be seen as part of a virtual history of technical evolution 

(Pearson, 1999, p. 54).  

  

Let me follow the discussion about the relationship between intelligence and technical 

invention above. If the essential feature of intelligence is not implicated in the invention of 

certain technics, what kind of action would we see among people who use those technics? If 

“labouring under difficulties is its very essence,” as Bergson says, the behaviors that Daniel, 

Diana, Bella showed under intellectual difficulty in the process of writing theses,—i.e., what 

they did to solve an intellectual tension so that they could move forward,—might be the 

essential feature of intelligence. 

 Daniel, Diana, and Bella stopped using MS Word when they faced intellectual tension. 

Instead, they objectified keywords on the wall and arranged them spatially, diagrammed, 

drew concept maps, and constructed a 3-D marshmallow-toothpick model. The action that 

Daniel, Diana, and Bella took outside of MS Word was the process of ‘making.’ In the 

process of thought, to solve their own intellectual difficulties, that is, if “labouring under 

difficulties is its very essence,” what I observed was the action of making their own tools. 

Each person responded to the lack of the technics in MS Word by making tools and it was an 

essential feature of thought. The three students expanded their thought by making tools, 

through which they were able to control their ideas. 
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 The three students’ 3-D model building and spatial arrangement activity were 

mediated tools for thought in that those activities were not final products, but used as a 

cognitive tools. Namely, in MS Word, there was no function for making mediated tools for 

thinking. In this respect, Bergson’s view of ‘Homo faber’ as underlying the essential feature 

of intelligence; as considering human actions; technological mediation, and making 

unorganized artificial instruments at the same time, seems to be very useful. An analysis of 

‘making a mediating tool process for thinking’ oneself has a connection with an analysis of 

Siftables in terms of the characteristic of intelligence. In the case of Siftables, the study 

focused on a mediated activity for the use of intelligence where manual play with physical 

objects and tools’ functions for physical interaction worked together. 

 If I look at Siftables’ interface in the light of Pearson’s discussion that “labouring 

under difficulties is its very essence” and “intelligence is implicated in the invention of 

technics,” that is, the relationship between intelligence and technical invention, an interesting 

fact reveals. Siftables works based on a straightforward “sync between the digital and 

physical representations of data,” which is the sensor network user interface.  

 The evolution of user interfaces can be summarized in this way: from the disk 

operating system (DOS) to the graphic user interface (GUI) to the tangible user interface 

(TUI) to the sensor network user interface (SUNI) In the evolution process of making better 

user interfaces, what has been slowly introduced in the invention of technics and 

technological mediation are physical actions; that is, direct manipulation of information by 

physical interaction with physical items. 

 DOS functions quite independent of physical interaction. As interaction moves 

toward sensor network user interfaces, the fundamental change in the mode of technological 

mediation centers on physically manipulative action. In the use of DOS, the role of the body, 

in particular the hands, is to perform typing on the keyboard, but, with sensor network user 

interface (SUNI), two hands participate in the thinking process activity itself. 

 What the fundamental change of technological mediation modes recognizes is that the 

mind uses the body, and in doing so, changes itself. The implication of the design of Siftables 

is a synchronous process between thinking and physical manipulations. Thus, the implication 
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of technical invention from DOS to Siftables can be seen as supporting the nature of 

intelligence.  

 The technical development from DOS to Siftables has evolved in a way that has 

satisfied our cognitive needs, and our needs were not for a manufacturing product, but for the 

process itself of thinking. Therefore, this evolution can be understood as the process through 

which we realize and satisfied the need for intelligence. In this respect, Pearson’s discussion 

of the relationship between intelligence and the evolution of technical invention that “the 

evolution of needs has to be seen as part of a virtual history of technical evolution” is right.   

 In short, the essential feature of intelligence is toolmaking. When Daniel, Diana, 

Bella ran into an intellectual difficulty, they made something outside the body rather than just 

contemplating. There were activities of making tools that bridge personal intellectual 

difficulties to the further their thought processes. Since MS Word had no function for such 

toolmaking process, they did not use it as the tool with which they used their intelligence to 

the fullest. 

 Moreover, there were physical manipulations, spatially arranging activity, and the 

physical process of dealing with abstract concepts in concrete forms. In the evolution of 

technical invention from DOS to Siftables, what is brought to technological mediation is 

physical action, a physically manipulating mode of interaction. The implication of physical 

interaction is the possibility of transforming an object of thought and spatially manipulating 

forms. In this respect, an understanding of intelligence in the light of Homo faber, man the 

maker and fabricator, explains how mental capacity grows, rather than under the view of 

Homo sapiens, man the contemplator. The core of the view of Homo faber is to comprehend 

the nature of intelligence based on understanding of the relationship between human action, 

technological mediation, and making unorganized artificial instruments at the same time. 

 Now, there is an important characteristic when tools, making activity, physical 

interaction mode, and intelligence are considered together, as in the cases of the Visual 

Thesaurus, Siftables, Daniel, Diana, and Bella. The writing activity itself is an indirect, 

mediated activity because it represents another mode of representation other than thought 

itself, and it is expressed visually. Thus, the writing activity has a function of mediation. 

However, in the examples above, when thought is mediated by the alphabet, the special 
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feature in playing with words is the tendency to objectify them like solid things, and the 

tendency to conceive of an object of thought spatially through modes of representation. Next, 

the origin of the tendency will be discussed. 

 
 
2.3.3. The intellect’’s tendency to conceive of everything spatially through 

modes of representation 
 
Thinking about a history in which the tendency is to objectify text and to conceive of objects 

of thought spatially through modes of representation seems critical. Because if the union 

between such modes of tool use and intelligence satisfies a certain aim, a true understanding 

about that union is directly linked to an understanding of how human beings develop 

themselves. In other words, talking about the essential quality of intelligence is a matter of 

how human beings use their surroundings, learn about themselves, and thus, is a matter of 

education as well. Also, since the issues of tools and technology deal with mediation modes, 

examining such mediation processes critically is important.  

 Where is the technological shortfall in the writing task? How do computer tools 

mediate the transfer of ideas from the mind to concrete form? 

 Let me answer those questions based on the discussion about “an integral part of the 

formation of an intellect.” 

 

Because the intellect has evolved as a means for organizing matter through the 

mediation of technics, we have a natural tendency to conceive only of what is useful. 

An integral part of the formation of such an intellect is the tendency to conceive of 

everything spatially through modes of representation. This is what informs Bergson’s 

claim that the intellect always represents ‘becoming’ as a series of homogeneous 

states that do not themselves change. The irony is that intelligence is constantly 

engaged in the creation of the new but is itself unable to reorganize the novelty of its 

creative evolution. On account of its need for stable forms and controllable objects 

the intellect resolves the unforeseeable and the new into old and known elements, so 
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that the finality it think is always the finality of industry: that is, working on a model 

that is given in advance and composed of elements already known and familiar. 

Bergson then notes another paradox of the intellect, namely, that while it is so skillful 

in dealing with the inert it is incredibly awkward when it comes to touch the living. 

The intellect finds itself much more at home, he contends, with the immobile and the 

dead (Pearson, 1999, p. 52).  

 

I pay attention to the three points from the quotation above. First, “an integral part of the 

formation of an intellect” is “the tendency to conceive of everything spatially through modes 

of representation.” Second, intellect’s “need for stable forms and controllable objects.” Third, 

“the intellect finds itself much more at home with the immobile and the dead.” 

 

If instinct is, above all, the faculty of using an organized natural instrument, it must 

involve innate knowledge (potential or unconscious, it is true), both of this instrument 

and of the object to which it is applied. Instinct is therefore innate knowledge of a 

thing. But intelligence is the faculty of constructing unorganized—that is to say 

artificial—instruments. If, on its account, nature gives up endowing the living being 

with the instruments that may serve him, it is in order that the living being may be 

able to vary his construction according to circumstances. 

 The essential function of intelligence is, therefore, to see the way out of a 

difficulty in any circumstances whatever, to find what is most suitable, what answers 

best the question asked. Hence it bears essentially on the relations between a given 

situation and the means of utilizing it. What is innate in intellect, therefore, is the 

tendency to establish relations, and this tendency implies the natural knowledge of 

certain very general relations, a kind of stuff that the activity of each particular 

intellect will cut up into more special relations. Where activity is directed toward 

manufacture, therefore, knowledge necessarily bears on relations. But this entirely 

formal knowledge of intelligence has an immense advantage over the material 

knowledge of instinct. A form, just because it is empty, may be filled at will with any 

number of things in turn, even with those that are of no use. So that a formal 
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knowledge is not limited to what is practically useful, although it is in view of 

practical utility that it has made its appearance in the world. An intelligent being 

bears within himself the means to transcend his own nature (Bergson, 2005, pp. 166-

167).  

 

According to Bergson, the function of intelligence is to establish relations. The artificial 

instruments made by intelligence become the means of the way out of difficulty in a given 

situation. Thus, the problem solving process, which is mediated by a given situation and tools, 

necessarily leads to the direction of utilizing ‘relations.’ What matters is the fact that 

intelligence utilizes the knowledge of formal relations that is involved in manufacturing, an 

activity of intelligence. Since a form itself is empty, it can be filled with anything. But, the 

material knowledge of instinct cannot be filled with just anything. Thus, the formal 

knowledge of intelligence has greater possibility to expand over the material knowledge of 

instinct in that a form itself is empty. 

 Presenting “a collection of anecdotes on the intelligence of animals,” Bergson shows 

how human intelligence is different from animal intelligences. He makes distinctions among 

animal intelligences from the point of view of manufacturing. An intelligence that 

“recognizes a constructed object” ranks as low. An intelligence that “uses an artificial 

instrument occasionally” ranks as middle. An intelligence that manufactures artifact objects, 

especially ‘tools to make tools’ as highest is, human intelligence. 

 

Now let us open a collection of anecdotes on the intelligence of animals: we shall 

see that besides many acts explicable by imitation or by the automatic association of 

images, there are some that we do not hesitate to call intelligent: foremost among 

them are those that bear witness to some idea of manufacture, whether the animal 

life succeeds in fashioning a crude instrument or uses for its profit an object made by 

man.  

 The animals that rank immediately after man in the matter of intelligence, the 

apes and elephants, are those that can use an artificial instrument occasionally. 

Below, but now very far from them, come those that recognize a constructed object: 
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for example, the fox, which knows quite well that a trap is a trap. No doubt, there is 

intelligence wherever there is inference; but inference, which consists in an 

inflection of past experience in the direction of present experience, is already a 

beginning of invention. Invention becomes complete when it is materialized in a 

manufactured instrument. Toward that achievement the intelligence of animals tends 

as toward an ideal. And though, ordinarily, it does not yet succeed in fashioning 

artificial objects and in making use of them, it is preparing for this by the very 

variations which it performs on the instincts furnished by nature.  

 As regards human intelligence, it has not been sufficiently noted that the 

mechanical invention has been from the first its essential feature, that even today our 

social life gravitates around the manufacture and use of artificial instruments, that 

the inventions which strew the road of progress have also traced its direction. This 

we hardly realize, because it takes us longer to change ourselves than to change our 

tools. Our individual and even social habits survive a good while the circumstances 

for which they were made, so that the ultimate effects of an invention are not 

observed until its novelty is already out of sight.  

 A century has elapsed since the invention of the steam engine, and we are only 

just beginning to feel the depths of the shock it gave us. But the revolution it has 

effected in industry has nevertheless upset human relations altogether. New ideas are 

arising, new feelings are on the way to flower. In thousands of years, when, seen 

from the distance, only the broad lines of the present age will be visible, our wars 

and our revolutions will count for little, even supposing they are remembered at all; 

but the steam engine, and the procession of inventions of every kind that 

accompanied it, will perhaps be spoken of as we speak of the bronze or of the 

chipped stone of pre-historic times: it will pride, if, to define our species, we kept 

strictly to what the historic and the prehistoric periods show us to be the constant 

characteristic of man and of intelligence, we should say not Homo sapiens, but 

Homo faber. In short, intelligence, considered in what seems to be its original 

feature, is the faculty of manufacturing artificial objects, especially tools to make 

tools, and of indefinitely varying the manufacture (Bergson, 2005, pp. 152-154).  
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By explaining mechanical invention—for example, the invention of the steam engine—

Bergson emphasizes that “the constant characteristic of man” and human intelligence the 

original feature is of “the faculty of manufacturing artificial objects, especially tools to make 

tools, and of indefinitely varying the manufacture.” We see that, based on Bergson’s 

discussion, human cultures depend on “the utilization of artificial instruments” and the 

original feature of human intelligence, which is to manufacture artificial objects. 

 Then, based on the discussion above, I see that the intelligence’s tendency to 

conceive of everything spatially through modes of representation, toolmaking, and utilizing 

formal relations is closely related to each other. 

 In short, intelligence works in the mode of using artificial instruments and forms at 

the same time. If so, where does “the intelligence’s tendency to conceive of everything 

spatially through modes of representation” come from? 

 Bergson explains “the intelligence’s tendency to conceive of everything spatially 

through modes of representation,” based on the view that “intellectuality and materiality have 

been constituted through reciprocal adaptation” (Pearson, 1999, p. 56). Let us listen to 

Bergson. 

 

Let us start, then, from action, and lay down that the intellect aims, first of all, at 

constructing. This fabrication is exercised exclusively on inert matter, in this sense, 

that even if it makes use of organized material, it treats it as inert, without troubling 

about the life which animated it. And of inert matter itself, fabrication deals only with 

the solid; the rest escapes by its very fluidity. If, therefore, the tendency of the 

intellect is to fabricate, we may expect to find that whatever is fluid in the real will 

escape it in part, and whatever is life in the living will escape it altogether. Our 

intelligence, as it leaves the hands of nature, has for its chief of object the 

unorganized solid. 

 When we pass in review the intellectual functions, we see that the intellect is 

never quite at its ease, never entirely at home, except when it is working upon inert 

matter, more particularly upon solids. What is the most general property of the 

material world? It is extended: it presents to us objects external to other objects, and, 
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in these objects, parts external to parts. No doubt, it is useful to us, in view of our 

ulterior manipulation, to regard each object as divisible into parts arbitrarily cut up, 

each part being again divisible as we like, and so on ad infinitum (Bergson, 2005, pp. 

169-170).  

 But the intellect is meant for something altogether different. Unless it does 

violence to itself, it takes the opposite course; it always starts from immobility, as if 

this were the ultimate reality: when it tries to form an idea of movement, it does so by 

constructing movement out of immobilities put together...Intelligence, in its natural 

state, aims at a practically useful end. 

 Now, fabricating consists in carving out the form of an object in matter. What is 

the most important is the form to be obtained. As to the matter, we choose that which 

is most convenient; but, in order to choose it, that is to say, in order to go and seek it 

among many others, we must have tried, in imagination at least, to endow every kind 

of matter with the form of the object conceived. In other words, an intelligence which 

aims at fabricating is an intelligence which never stops at the actual form of things 

nor regards it as final, but, on the contrary, looks upon all matter as if it were carvable 

at will (Bergson, 2005, pp. 171-172).  

 

Bergson’s discussion of reciprocal adaptation between intellectuality and materiality can be 

summarized in this way. The intelligence’s tendency to construct and to fabricate something 

can be explained by understanding how humans have adapted specially to the material world. 

 Fabrication or manipulative activity is related to solid matter. We cannot fabricate 

something like water. The most general property that consists of the physical world is inert, 

solid, and extended matter. The intelligence has evolved in handling such extended matter. 

“An integral part of the formation of an intellect,” which is “the tendency to conceive of 

everything spatially through modes of representation,” and its tendency to start from 

immobility, thus, are related to the way to fabricate solid matter. Moreover, formal 

manipulations that the intelligence’s tendency to fabricate comes from its tendency to “regard 

each object as divisible into parts arbitrarily cut up, each part being again divisible as we 

like” (Bergson, 2005, pp. 169-172).  
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 Bergson says that when the intelligence manipulates unorganized and inert matter, it 

is working at its ease. This means that the intelligence transforms such matter into other 

forms according to purpose. At this time, the most general property of unorganized and inert 

matter is found in objects, like stone sculpting. In this process, the use of artificial-

instruments is mediated and the process is implicated in technical innovation. Regarding 

“each object as divisible into parts arbitrarily cut up, each part being again divisible as we 

like” is very useful when we draw a certain form from an object and operate it according to 

practical use and purpose. Conversely, because the intelligence works in such a way, it 

always starts from immobility, objectified things and works, thus, at its ease—because 

objectified things are controllable and can be changed in form. 

 Therefore, in the use of tools, functions for the intelligence’s particular tendency to 

objectify and spatialize everything becomes the condition for the tools that the intelligence 

needs. The implication of “the intellect’s tendency to conceive of everything spatially 

through modes of representation,” thus, regards “each object as divisible into parts arbitrarily 

cut up, each part being again divisible as we like” so that we can manipulate the objectified 

stuff by using formal knowledge. In that the intelligence’s tendency of spatialization can be 

discussed with an activity to manage solid matter and to fabricate it, we can integrate 

intelligence, making activity, physical manipulation, solid objects, and artificial-instruments 

at the same time into a comprehensive whole. 

 The design of the interfaces of Siftables and Visual Thesaurus are different from 

existing interfaces in that they enable users to objectify words, to spatialize them, and to 

manipulate physically as if words are objects. If users were working at their ease with 

Siftables interface, I think that is because the Siftables interface design better corresponds to 

the essential feature of intelligence, which has been constituted along with materiality 

through reciprocal adaptation, compared to existing interface designs. The design of Siftables’ 

physical interactions with physical items started from observation of everyday activity such 

as sifting, not from the notion of usability. Siftables posed a question about the process of 

physically manipulative activities, and made that process an interface. 

 When the intelligence regards stuff as objects “carvable at will,” the process of 

changing forms of that objectified stuff by using formal knowledge and fabricating is 
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possible according to practical purpose. This special quality of the intelligence reminds of the 

‘cut-and-paste’ function that is part of a basic menu of any program in the computer. What 

can we ‘cut’? It is noteworthy that cutting is possible in solid objects, not fluid. The process 

of cutting and pasting is the process of fabricating forms of objects. The menu of ‘cut-and-

paste’ implies forms. Also, changing forms is not possible without ‘physical movement.’ The 

process of changing forms is possible in ‘space,’ thus, it involves a spatial approach and 

three-dimensional consideration.  

 The implication of the cut-and-paste function that are formal changes and physical 

movements is compatible with the intellect’s tendency to objectify and to conceive of 

everything spatially through modes of representation. Formal manipulations evidence the 

intelligence’s tendency to fabricate or make. In writing, the objects for spatialization are 

written words. However, the cut-and-paste function in MS Word does not operate spatially, 

rather it works linearly, which I think is problematic. 

 Let us keep in mind that the purpose of writing text and the use of MS Word is not 

only the recording of certain facts but also, more importantly, processing the activity of 

knowing, of understanding concepts. The cut-and-paste function in MS Word is used in the 

process of writing text. What is implied is the space of typewriting and the printed novel 

model of linear writing, not three-dimensional space. MS Word isn’t even implicitly 

hierarchical. The cut-and-paste function in MS Word is designed to operate only within 

continuing text. Here is a contradiction.  

 First, the space of typewriting and the printed novel model of linear writing, which is 

premised in the design of the cut-and-paste function in MS Word, is not compatible with the 

intellect’s tendency to conceive of everything spatially through modes of representation. In 

other words, a spatial approach and three-dimensional consideration in using the cut-and-

paste function in principle are frustrated by MS Word’s assumption of the space of linear 

writing. In short, the cut-and-paste function in MS Word restrains written words to linear 

arrangement, but the human intellect tends to spatialize objects and works through more 

expansive modes of representation. Thus, the intellect’s tendency to conceive of everything 

spatially, in particular, text or typography in writing, contradicts the linear feature of the cut-

and-paste function in MS Word. 
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 Second, although completed writing has a regular grammatical structure in which the 

location of the word contributes to its meaning, the process of writing is not usually 

conceived only in linear terms. Thought processing is not always linear. The linear nature of 

the cut-and-paste function in MS Word does not know the difference between reading and 

writing. Reading is linear, but in a typographic sense, writing is not. Writing does not convey 

meaning transparently, but it works as visual images of language. In other words, when 

writing is working as linguistic signifiers, the very external graphic manipulation of the 

linguistic signifiers produces new meanings. A third meaning can arise from the 

juxtaposition of multiple written words because we read its linear form based on a 

grammatical system and its visual characteristics simultaneously. When the linguistic signs 

are visualized, the non-linear nature itself, which is caused by the manipulation of the 

material qualities of the signifier, becomes to be a method to produce new meanings. This 

study assumes that spatial arrangement activity in writing is the very process through which 

to make auxiliary tools and by which thought and behavior are regulated.  

 Therefore, the linear nature of the cut-and-paste function in MS Word, without 

knowing ‘spatial,’ does not allow users to create meaning-making processes by manipulating 

written words easily. I argue that the process itself of the typographic, visual rendering of 

language and spatial arrangement in writing is a process of making the materiality of the 

signifier, a process of constructing the “tangible part of the sign.” The role and function of a 

writing tool that is useful for the meaning-making process is not merely typing, but the 

possibility to transform spatial form. 

 When the graduate students in my fieldwork observation faced an intellectual 

obstacle, their behavior was precisely consistent with the physical manipulations of objects 

and formal change. In this respect, their behaviors illustrated that they were searching for the 

right method as a way to solve a problem in relation to an object of thought. Thus, various 

visual representations, and models produced by the students were cognitive artifacts. If the 

original approach to making that artifact is an essential feature of intelligence, then, it can be 

seen that the process of making that artifact works as kind of bridge between intelligence and 

puzzling out an object of thought.  
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 Let me go back to the issue of the spatialization of words. How can the view that we 

see words as if they are objects be proved? 

 Roger N. Shepard and Lynn A. Cooper’s study, Chronometric Studies of the Rotation 

of Mental Image in the book, Mental Images and Their Transformations (1982) shows that 

mental rotation of letters is an analog process. This result is compatible with Vygotsky’s 

notion of thinking in objects and Bergson’s view of the essential features of intelligence. 

Also, this study mediates between Bergson’s philosophical standpoint and the study of 

mental rotation in neuroscience that will be discussed later. 

 First, I’m going to move to a discussion of how the notion of thinking in objects is 

related to language, and in what ways it produces an expansion of thought. The spatialization 

of letters as if they are solid things, and the movement of positions and direction of that 

spatialization involve a certain change in meaning. Shepard and Cooper’s study of Mental 

Images and their Transformations sees perception in the light of actions. The discussions of 

the spatial logic based on spatial movements in the physical world, and of formal 

transformations implied in spatial logic will be addressed. 

 
 
2.3.4. The rotation of mental images and the imagined transformations as 

an analog process 
 

Roger N. Shepard and Lynn A. Cooper’s study of Chronometric Studies of the Rotation of 

Mental Image in the book, Mental Images and Their Transformations (1982) is compatible 

with “the utilitarian character of our mental functions, which are essentially turned towards 

action” that Bergson discussed in his book, Matter and Memory (2007, p. xvii).  

 Let me revisit the essential feature of intelligence by Bergson. “Because the intellect 

has evolved as a means to organize matter through the mediation of technics it has a natural 

tendency to conceive only what is useful to it. An integral part of the formation of such an 

intellect is the tendency to conceive of everything spatially through modes of representation” 

(Pearson, 1999, p. 52).  
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 Shepard and Cooper discuss “representation of spatial transformations in biological 

adaptation” as follows. 

 

The evolution of a mental faculty for the simulation of spatial transformation would 

seem inexplicable if it had no purpose other than an idle, ephemeral, and 

epiphenomenal play of sensory shadows for one’s purely private delectation. In fact, 

however, situations of practical moment or even urgency do arise in which one can 

avoid unnecessary effort, excessive delay, or unacceptable risk by mentally trying out 

a proposed rearrangement—of, for example, heavy furniture, plumbing connections, 

surgical implements, or broken bones—before undertaking the rearrangement in 

physical reality. Notice, here, that in order to serve its purpose, such a preliminary 

mental modeling must preserve the essential structural relations inherent in the 

corresponding external objects. If, in imagining a massive desk moved into a certain 

alcove, we allowed arbitrary topological deformations, our successful completion of 

the mental move would provide no valid indication that the alcove would 

accommodate the desk when it was then moved physically and, hence, rigidly 

(Shepard & Cooper, 1982, pp. 1-2).  

 

According to Shepard and Cooper, “the dependence of imagined spatial transformations on 

internalized structure—preserving constraints of the underlying perceptual apparatus” 

explains the utilitarian character of “a mental faculty for the simulation of spatial 

transformation” in that imagining spatial transformations can affect actions in the external 

world. Thus, “the automaticity and efficiency of the perceptual mechanism underlying our 

ability to imagine spatial transformations,” basically, come from experience in the physical 

world, from outside. 

 Such an argument resembles that of the empiricist philosopher Hume. But, Shepard 

and Cooper’s argument has two fundamental differences from that of Hume. First, the 

structure preserving constraints of the underlying perceptual apparatus has been “internalized 

through biological evolution and so, for each individual, is pre-wired rather than acquired.” 

Second, “this innate portion of each individual’s wisdom about the world—unlike the 
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knowledge about concrete, specific objects and events, which presumably has to be learned 

through individual experience—reflects very abstract and general constraints governing, for 

example, the conservation, projection, and transformation of objects in three-dimensional 

Euclidean space” (Shepard & Cooper, 1982, p. 324). Figure 15 shows ‘Euclidean space.’  

 
 
 

 
 

Figure 15 Euclidean space: every point in three-dimensional Euclidean space is determined 
by three coordinates (http://en.wikipedia.org/wiki/Euclidean_space).  

 
 

 
Thus, since Shepard and Cooper’s study of mental rotation basically starts from an 

observation that the fundamental principle of mental rotation of the mind comes from the 

world outside, therefore, an experimental approach is possible. To summarize Shepard and 

Cooper’s study of Chronometric Studies of the Rotation of Mental Images—rotation of 

letters/numbers, the process of mental rotation or the mentally spatial transformation is an 

analog process. An experimental approach to the study of mental transformations was 

analyzed based on “the quantitative specification of test stimuli and the timing of overt 

responses” (p. 10). The two researchers proved their argument through two experiments. In 

one experiment, visual stimuli were given to the subjects, and in the other experiment, sound 

stimuli were given without visual stimuli, but the two different experiments showed the same 
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result that a mental rotation is an analog process. Shepard and Cooper mention the important 

discovery of their experiments as follows. 

 

...the patterns of latencies of overt responses mediated by such covert mental 

operations bear a remarkably consistent and orderly relation to the complexities and 

extents of the spatial transformations corresponding to those internal operations 

(Shepard & Cooper, 1982, p. 10).  

 

Their experimental process was like this. The stimuli, “all asymmetrical alphanumeric 

characters, specifically the three upper-case letters (R, J, G) and the three arabic numerals (2, 

5, and 7)” were given to the subject. “The subject’s task was simply to discriminate the 

normal versions of the characters (left-hand panels in the Figure 16) from the reflected or 

backward versions of those same characters (right-hand panels) regardless of their 

orientations within the picture plane” (Figure 16 Normal and backward versions of the six 

alphanumeric characters used as test stimuli in Experiment I) (pp. 76-77).  

In this experiment, making subjects “discriminate the normal versions of the 

characters from the reflected or backward versions of those same characters” is important. 

Because, it prevents the subjects “from responding merely on the basis of some simple 

distinctive feature (such as the presence of an enclosed region in the case of the letter “R”), 

and thereby force them to carry out a “mental rotation” in order to compare a tilted character 

with the normal upright representation preserved in long-term memory” (Shepard & Cooper, 

1982, p. 77). According to Shepard and Cooper, “typically subjects report that they do in fact 

imagine a markedly tilted character rotated back into its upright orientation to determine 

whether it is normal or backward, but that this is unnecessary for merely determining its 

identity” (p. 77).  
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Figure 16 Normal and backward versions of the six alphanumeric characters used as test 
stimuli in Experiment I (Shepard & Cooper, 1982, p. 76).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 17 Normal and backward versions of one of the six characters, illustrating the six 
orientations in which it might appear as a test stimulus (Shepard & Cooper, 1982, p. 77).  
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Figure 16 represents “normal and backward versions of the six alphanumeric characters used 

as test stimuli in Experiment I” and Figure 17 shows “normal and backward versions of one 

of the six characters, illustrating the six orientations in which it might appear as a test 

stimulus” (pp. 76-77).  

 Next summarizes the result of the experiment. 

 

Evidently, the internal representation they were manipulating had a definite internal 

structure that was analogous to the structure of the corresponding physical letter and 

that was internally available for further processing—including spatial transformation, 

visual analysis, and verbal report. Moreover, reaction times were consistently longer 

for more extensive transformations (e.g., longer for 180◦ than for 90◦ rotations), 

providing additional support for the notion that the images and operations were of a 

basically spatial character (p. 75).  

 

Why does it take longer for reaction time to 180◦ rotations than that to 90◦ rotations in the 

result?  It is important that subjects’ reaction time to decide whether or not a given letter 

visual form like ‘R’ is matched to the origin is proportional to the amount of depth rotation 

increase. Because, such result, in the fundamental respect, shows a kind of a formula like an 

internal mental process = an external physical process = an analog process = a mental 

rotation = a physical rotation. 

 The reason why reaction time for 180◦ rotations takes longer than that for 90◦ is that 

more intermediate stages of the process were necessary for the larger angle or more extensive 

transformations. In the second experiment where it had “subjects imagine an alphanumeric 

character rotating at a certain (externally paced) rate within a blank circular field,” i.e., 

stimuli were not visual form letters, the result was consistent (p. 102).  

 Shepard and Cooper explain the “one-to-one relation between the internal 

representation and the corresponding external object” as follows. 

 

In order for an internal process to qualify as the kind of analog process that we would 

call a mental rotation, however, intermediate stages of the process must have a one-
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to-one correspondence to intermediate stages of an actual physical rotation of the one 

object into congruence with the other in the external world. Central to the concept of 

an analog process, then, is the idea of the path or trajectory of the process. If the 

internal process is one of rotation, not only should the starting point and end point of 

such a process correspond to the two objects compared, but also any intermediate 

point on this trajectory should correspond to an external object in an intermediate 

orientation—even though such an external object may not be physically present (p. 

101).  

 But what does it mean to say that at a given point in time an internal process has a 

one-to-one correspondence to a particular external object that is not physically 

present?...It means only that there is a one-to-one relation between the internal 

representation and the corresponding external object in the specific sense that the 

subject is especially disposed to respond to that particular object in that particular 

orientation at that particular moment—if it were actually to be presented (pp. 101-

102).  

 To be “turning something over in one’s mind,” then, is to be passing through an 

ordered series of dispositional states. On the basis of introspective evidence and other 

considerations presented earlier, we are inclined to refer to these states as successive 

mental images of a rotating object. Although there are reasons to suppose that there 

may be some degree of abstract “first-order” isomorphism between such an internal 

process and a corresponding external rotation of the imagined object all we require in 

order to speak of “mental rotation” is that the internal process produces the necessary 

series of dispositional states. This may be achieved by means of a second-order 

isomorphism according to which the internal process has an important part in 

common with the internal process that goes on when one is actually perceiving such 

an external rotation (p. 102).  

 ...the subjects required an average of only 500 to 600 msec to perceive the probe, 

to match it against the “mentally rotating” internal representation, and to make a 

correct response. This suggests that the representation was in a form that was 

particularly suitable for comparison with the visual stimulus. Although for several 
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subjects there undoubtedly were kinesthetic concomitants, it is tempting to refer to 

this “rotating” internal representation as a visual image (p. 114).  

 

There is a critical fact that is implied in the explanation above. It is mental habit that regards 

visual letter forms as solid things when rotating visual letter forms in thought. Thus, Shepard 

and Cooper’s study result is consistent with Vygotsky’s notion that we manipulate objects in 

thought and that words may be viewed as objects with the potential for spatial characteristics 

and behavior. Also, the result agrees with Bergson’s explanation of the tendency of 

intelligence that conceives of everything spatially through modes of representation, which is 

implicated in the characteristic of manipulative character of an object. The importance of the 

experiment of Shepard and Cooper lies in understanding of implications for the nature of the 

human mind that a mental rotation is an analog process. First, let me quote from Shepard and 

Cooper. 

 

If rotation is mentally performed in an analogical manner, then the imagining, 

understanding, and planning of many other kinds of operations in the physical world 

may also be accomplished in an analogical manner. Hence, the mere demonstration 

that humans solve some problems by means of a basically analog process has 

important implications for the nature of the human mind. Moreover, the fact that 

internal representations can be operated upon by such analog processes tells us 

something important about the nature of those representations. Clearly, such an 

internal representation cannot adequately be regarded either as an undifferentiated 

neural event (such as the activation of a particular neuron or population of mutually 

interchangeable neurons) at the physiological level, or simply as an unanalyzable 

symbol at the information-processing level. Instead, such a representation must have 

an internal structure that is itself to some extent analogically related to the structure of 

its corresponding external object (pp. 119-120).  

 For, whereas an object possesses virtually unlimited degrees of freedom of shape 

(as well as of texture and coloration), its global movements are restricted to just three 

degrees of freedom of location and three of orientation. Moreover, although the 
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objects relevant to organism at different levels of the evolutionary tree differ widely 

in shape and other properties, their global movements are, and always have been, 

describable in terms of the same six dimensions of position. If the most ubiquitous 

and simply described (that is, low-dimensional) constraints in the world are the  ones 

that have been most deeply internalized during evolutionary history, then the 

representation of spatial transformations may have come to serve as the basis for 

representing the complexities of the intrinsic shapes of objects, rather than the other 

way around (p. 311).  

 

I focus on following matters from the quotation above. When we are solving a problem or 

figuring out something, an underlying mechanism of thought is an analog process. This 

analog process is based on perceptual factors about movement, position, and orientation in 

space, which are internalized over time. An internal representation is not produced by neural 

events, and it cannot be explained at the information-processing level. Rather, an internal 

representation as an analog process has “an internal structure that is itself to some extent 

analogically related to the structure of its corresponding external object.” An internal 

representation of spatial transformation in thought is grounded in the representation of spatial 

transformations in the material world. In other words, it explains the corresponding 

relationship between the perceptual system that is related for existence and mental capacity. 

In consequence, our mental and external space are linked by the mechanism based on bodily 

movements and actions.  

 This explains our mental capacity in relation to a perceptual system based on actions 

in the physical world, and it prevents us from seeing the nature of the human mind as a sort 

of arbitrarily given or as the privileged human mental capacity. Let us listen to Shepard and 

Cooper’s view of thinking and problem solving. 

 

...the constraints that have evolved in the perceptual system as an internal reflection 

of the most pervasive, enduring, and (often) abstract constraints in the external world 

have subsequently become to some extent liberated from the preemptive control of 

sensory input. The wisdom about the world and, particularly, about space and spatial 
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transformations that is embodied in these (abstract) constraints may thus have become 

available for the internal modeling of hypothetical situations, responses to these, and 

probable outcomes. If so, the hypothesized principles of conservation of structure and 

minimization of path would generally serve to ensure two desirable qualities of 

problem solving and thought; respectively, realism and efficiency (Shepard & Cooper, 

1982, pp. 321-322).  

 

To summarize, the internalized mental structures for spatial transformations from outside 

work as abstract principles for the internal modeling of hypothetical situations in problem 

solving. This is a basic concept of embodiment. Shepard and Cooper go further and link their 

discovery to the comprehension of sentences in language. 

 

The conceptual-linguistic system may itself have evolved as an abstract extension of 

the spatial-perceptual system, and may at some deep level reveal the perceptual-

spatial character of its origin. In the words of the linguist Jackendoff, insight into the 

semantics of natural language is to be found “in the study of the innate conceptions of 

the physical world and in the way in which conceptual structures generalize to ever 

wider, more abstract domains.  

 So, some consideration should perhaps be devoted to the psycholinguistic 

ramifications of the notion that the mental construction of connecting paths that we 

have so much emphasized here may play a fundamental role in thinking and 

comprehension, as well as in perception. The linguists Bennett, Gruber, and 

Jackendoff have explicitly suggested that the comprehension of sentences may 

sometimes require the implicit impletion of a mental path (p. 322).  

 Close in spirit to these various linguistic observations are experiments in which 

the comprehension of sentences appears to require an implicit spatial transformation. 

The following example is taken from Black, Turner, and Bower’s study of spatial 

reference points in comprehension. For each of the initial statements labeled A, the 

continuation B1 is given from a spatially consistent point of view and, so, is more 
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easily and accurately comprehended or remembered than the continuation B2, which 

is given from a spatially shifted point of view. 
 

A1. Terry finished working in the yard. 

B1. and went into the house. 

B2. and came into the house. 

 

A2. Fred was just sitting down. 

B1. when his dog brought him his slippers. 

B2. when his dog took him his slippers.  

 

The sentences A1-B1 and A2-B2 are consistent and do not require a spatial 

transformation for comprehension, while the sequences A1-B2 and A2-B1 appear to 

require an additional 180◦ rotation (p. 323).  

 

The discussion shows that we apply “an implicit spatial transformation” for “the 

comprehension of sentences” in language. What we don’t want to miss from the discussion is 

the fact that an implicit spatial transformation can be compared to a spatially shifted point of 

view. Clearly, when such spatial transformations for the comprehension of sentences are 

simulated mentally, it takes time for intermediate stages as an analog process. In other words, 

when we use language, orientation, position, movements and spatial transformations are 

involved together. Thus, when thinking is mediated by language, movements in the physical 

space are mediated as well. Mark Johnson’s image schema theory and spatial logic is linked 

to Shepard and Cooper’s study of mental rotation as an analog process in terms of “an 

abstract extension of the spatial-perceptual system,” which will be discussed later. 

 The matter of actions that are related to orientation and position, is connected with the 

matter of perception. Perception “measures our possible action upon things, and thereby, 

inversely, the possible action of things upon us” (Bergson, 2007, p. 57). The discussion of the 

nervous system is related to bodily movements or bodily actions. Bergson argues that the 

function of the nervous system is to mediate motor activity “between the objects which affect 
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my body and those which I can influence.” Such explanation prevents us from dealing with 

bodily movements as independent of the external world. Moreover, by elucidating bodily 

movements through the function of the nervous system and the process of perception, it, also, 

precludes a speculative discussion. According to Bergson, the process of perception is 

formed by sensory nerves, but it is grounded on “the tendency of the body to movement” as 

follows. 

 

We are too much inclined to make the living body as a world within a world, the 

nervous system as a separate being, of which the function is, first, to elaborate 

perceptions, and then to create movements. The truth is that my nervous system, 

interposed between the objects which affect my body and those which I can influence, 

is a mere conductor, transmitting, sending back, or inhibiting movement. This 

conductor is composed of an enormous number of threads which stretch from the 

periphery to the centre, and from the centre to the periphery. As many threads as pass 

from the periphery to the centre, so many points of space are there able to make an 

appeal to my will and to put, so to speak, an elementary question to my motor 

activity....We may therefore say that while the detail of perception is moulded exactly 

upon that of the nerves termed sensory, perception as a whole has its true and final 

explanation in the tendency of the body to movement (Bergson, 2007, pp. 40-41).  

 

Then, an understanding of the function of the nervous system that mediates motor activity 

will be linked to the discussion of bodily movements for manipulating tools. In other words, 

as in the case of Siftables, if the basic condition for physical interactions with tools is bodily 

movements, in particular, the hands’ manipulative movements, and the nervous system 

mediates movements, then, the discussion of the nervous system can be conceptually located 

between tools and physical movements. Therefore, drawing the discussion of the relation 

between the nervous system and movements into my study seems to be appropriate. 
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2.3.5. Cognitive spatial-motor processes 
 
When we have to make a certain intended movement in space, or when we move after we 

think of a certain intended movement, what is going on in an area of our brain that takes 

charge of such movement? Next, there is an important study that analyzes brain operations 

when cognitive functions and motor processes take place for a visual stimulus. 

 J.T. Lurito, T. Georgakopoulos, and A.P. Georgopoulos’s study of Cognitive Spatial-

Motor Processes 7. The Making of Movements at an Angle from a Stimulus Direction: 

Studies of Motor Cortical Activity at the Single Cell and Population Levels (1991) deals with 

the interrelations between motor cortex, cognitive function, arm movement and movement 

direction. The test result shows that “a neural measure of the directional motor intention, 

namely the neuronal population vector did rotate during performance of the task,” is “a 

spatial measure, isomorphic in direction with direction in the 2-D workspace.” 

 The noteworthy feature of the experiment design for the study is that it does not 

examine brain functions in relation to mere motor functions, but analyzes the change of 

neurons and the neuronal population in time evolution when brain involves cognitive 

functions and produces movements based on that cognitive functions. What matters is that 

cognitive functions are involved. To be specific, two male rhesus monkeys (3.5-5 kg of body 

weight) were used in the experiment. Figure 18 The making of movements at an angle from a 

stimulus direction shows the task of the experiment. The two terms should be understood to 

follow the experiment. One is ‘the reaction time’ (RT), which is “the time from the 

appearance of the target light until the manipulandum exited the inner window.” The other is 

‘the stimulus direction,’ which is “the direction of the vector from the center to the stimulus.”  

 Two rhesus monkeys were trained to move a manipulandum with an arm movement 

at counterclockwise (CCW) from the stimulus direction. That was the reward condition. 

Namely, cognitive functions should be worked for the required directional transformation. 

Thus, in the transformation task, M (movement) = S (a visual stimulus) 

(counterclockwise).  

 In summary, when cognitive functions are mediated to produce motor functions of an 

arm movement at a constant angle of , the neuronal population’s activity in the arm 
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area of the motor cortex (contralateral to the performing arm) was analyzed in terms of the 

time evolution. Since a visual stimulus direction was different for each task, the two rhesus 

monkeys’ thought processes for an intended movement direction before making an arm 

movement should be involved (See the left side of Figure 18).  

 
 
 

 
 

Figure 18 The making of movements at an angle from a stimulus direction  
(Georgopoulos, Kalaska, & Massey, 1981, p. 728).  

 
 

 
Left: diagram of the apparatus. The monkey sits at A in front of the working surface, 

B. On that plane are nine light-emitting diodes (LEDs); one is located at the center 

and eight are arranged in a circle of 8-cm radius around it. The peripheral LEDs were 

used as targets. They are numbered counterclockwise and will be referred to as T-l, T-

2, T-3, etc. The monkey holds the articulated manipulandum at the distal end, C, 

which is free to move in two (X-I) dimensions across the working surface. The 

monkey moves the manipulandum toward the target that appears, so that it is captured 

within the clear plastic circle, D, at the end of the manipulandum.  

 Right: a monkey performing the task (side view) Insert shows two trajectories 

(Apostolos P. Georgopoulos, John F. Kalaska, and Joe T. Massey, 1981, p. 728—
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“Spatial Trajectories and Reaction Times of Aimed Movements: Effects of Practice, 

Uncertainty, and Change in Target Location”).  

 

J.T. Lurito, T. Georgakopoulos, and A.P. Georgopoulos explain their experiment as follows: 

 

The electrical signs of cell activity (N = 394 cells) in the arm area of the motor cortex 

(contralateral to the performing arm) were recorded extracellularly. The neural 

activity was analyzed at the single cell and neuronal population levels, and a 

modeling of the time course of single activity during the transformation task was 

carried out (Lurito, Georgakopoulos, & Georgopoulos, 1991, p. 562).  

 In the present study we attempted to combine motor and cognitive functions by 

training monkeys to perform a task in which they had to generate a movement at a 

constant angle. Thus, the response was an arm movement but the process required to 

define the direction of the movement depended on a transformation of stimulus 

information. The transformation required was always , but varied in the 

spatial location on the 2-D working surface from trial to trial (p. 563).  

 The animals moved in two different directions depending on the brightness of the 

light when it appeared on the circle: when the light was dim, the animals moved the 

manipulandum in the direction of the light (i.e. the stimulus direction) ; when the light 

was bright, they  

direction; in the latter case, the movement direction was dissociated from the stimulus 

direction according to the equation:  (p. 563).  

 This study was an attempt to identify and define the neural correlates of a process 

requiring a visuomotor transformation in the spatial domain. A reference direction on 

a plane was indicated to monkeys by a visual stimulus, relative to the center of the 

plane, and a movement had to be gener  stimulus 

direction. Since the latter varied from trial to trial, the movement direction had to be 

defined freshly in each trial in accord with the transformation required by the task (p. 

576).  
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 ... it is noteworthy that the population vector pointed initially in the stimulus 

direction and then  (p. 578).  

 In this respect, it is noteworthy that the population vector is, in essence, a measure 

that can take continuous values in direction. Although we calculated the population 

vector every 10 ms in this study, its direction is a continuous variable. This has 

implications for theories of cognitive function. There are two major schools of 

thought in this respect: one favors a continuous, analog-type nature of cognitive 

processing, whereas another favors a discrete, digital-type view...The results of the 

present study are important in that a neural measure (i.e. the population vector) that 

was meaningful with respect to a cognitive process is of the analog type and is 

compatible with Shepard’s view of mental rotation as an analog-type process (p. 579).  

 

Lurito, Georgakopoulos, and Georgopoulos’ experiment result that “a neural measure of the 

directional motor intention,” or that the neuronal population vector did rotate in direction 

with direction in the 2-D physical workspace, from the stimulus direction to the intended 

movement direction during the reaction time shows a spatial congruence between the 

neuronal population vector and the physical arm movement direction. This means that there 

are intermediate states of the neuronal population vector that reveal an analog process. Also, 

this is compatible with Shepard and Cooper’s experiment with human subjects in which they 

shows an analog process of mental rotation. 

 
 
2.3.6. The mental and the neural: psychological and neural studies of 

mental rotation 
 
Apostolos P. Georgopoulos and Giuseppe Pellizzer’s study of The Mental and the Neural: 

Psychological and Neural Studies of Mental Rotation and Memory Scanning (1995) in the 

book The Neuropsychology of Mental Imagery provides a detailed analysis of ‘the nature of 

the neural processes underlying mental rotation,’ using Lurito, Georgakopoulos, and 

Georgopoulos’ study of Cognitive Spatial-Motor Processes 7. The Making of Movements at 
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an Angle from a Stimulus Direction: Studies of Motor Cortical Activity at the Single Cell and 

Population Levels (1991).  

 In particular, visualizations of cognitive spatial-motor processes in Georgopoulos and 

Pellizzer’s analysis are neural evidence for Shepard and Cooper’s study of Mental Images 

and their Transformations. In other words, whereas Shepard and Cooper’s study of Mental 

Images and their Transformations shows that mental rotation is an analog, time-consuming 

process based on psychological studies in human subjects, Georgopoulos and Pellizzer’s 

study approaches the discussion of mental rotation with neural data. 

 I pay attention to the spatial tendency represented in the thinking process in those two 

studies, whether it is to rotate a letter of ‘R’ or to move the manipulandum at  from 

the stimulus direction. In my opinion, it is important to understand the special relationship 

between spatiality and behavior, which is mediated by the thinking process, based on neural 

studies. Because, if the thinking process has a characteristic that mediates spatiality, then, it 

is closely related to an issue of what kind of functions tools for thinking should have. 

 First of all, let us see Georgopoulos and Pellizzer’s view of Shepard and Cooper’s 

study of mental rotation and their own following study process. 

 

Shepard and his colleagues pioneered a series of tasks involving mental rotation of 

visual images. Typically, subjects are shown two asymmetric figures and are asked to 

judge whether they are of the same or of mirror image configuration. A salient and 

consistent finding has been that the reaction time (RT) for a correct judgment is a 

linear function of the angular difference between the two figures. This suggests that 

an image of the figure is being mentally rotated to be superimposed on the reference 

figure for the judgment to be made, a suggestion that has been strengthened by 

various manipulations of the task. The results of these manipulations also indicate 

that rotating images are passing through intermediate positions in a continuous 

fashion (‘analog’ type) (Behrmann, Kosslyn & Jeannerod, 1995, p. 198).  

 The linear increase of the RT (reaction time) with angle is compatible with the 

idea that performance in the task may involve a mental rotation of the imagined 

movement vector about its origin (p. 199).  
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 Support for the hypothesis of a mental rotation in our experiments was provided 

by the results of an analysis of the data based on the assumption that the presumed 

process of mental rotation involved, indeed, some kind of motion of an imagined 

movement vector. Assuming this model of internal motion, we analyzed the 

amplitude-accuracy relations using Fitts’ approach to real movements (p. 200).  

 In summary, in accordance with Fitts’ law, we found that the increase in RT 

(reaction time), considered as a mental movement time, was a linear function of task 

difficulty which was calculated from the angle achieved and its variability. This 

indicates that Fitts’ law holds for the hypothesized rotatory motion of the imagined 

movement vector, and that both real and imagined movements are governed by 

similar amplitude-accuracy relations (p. 200).  

 

The research notices an assumption that “the presumed process of mental rotation involved, 

indeed, some kind of motion of an imagined movement vector” from the quote presented 

above. Georgopoulos and Pellizzer show the directional tendency of the neuronal ensemble 

by visualizing neural coding of movement direction in space. 

 
 
2.3.7. Neural coding of movement direction in space 
 
Figure 19 below is “the neural coding of the direction of an actual movement.” Neurons in 

the motor cortex respond to the direction of movement spatially and regularly. In Figure 19 

image, “thin interrupted lines at center” indicates the direction of movement, and discursive 

lines show “the activity of a population of neurons in the motor cortex of monkeys during the 

performance of movements in different directions” (Behrmann, Kosslyn & Jeannerod, 1995, 

p. 202). “Thick interrupted lines in each plot is the direction of the vectorial sum,” which 

shows that “individual cells are broadly tuned to the direction of movement” (p. 202). “Thick 

interrupted lines in each plot” and “the direction of the vectorial sum” are spatially congruent 

for the direction of movement (p. 203). 
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Figure 19 Vector contributions of 241 directionally tuned motor cortical cells are shown for 

each of the eight movement directions tested  
(Behrmann, Kosslyn & Jeannerod, 1995, p. 203). 

 
 

 
“Notice the spatial congruence between the direction of the vectorial sum (thick interrupted 

lines in each plot) and the direction of movement (thin interrupted lines at center)” ( p. 203). 

 
 

2.3.8. The neural and the mental: Mental rotation 
 
In the experiment of Figure 18 The making of movements at an angle from a stimulus 

direction, two monkeys did two kinds of tasks. In the direct task, they generated movement 

for the stimulus directions without having a thinking process, which can be expressed like ‘M 

(movement) = S (a visual stimulus).’ However, in the transformation task, a thinking process 
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W was involved, which can be expressed like ‘M (movement) = S (a visual 

.’ 

 Figure 20 shows the results from a direct movement (left) and rotation movement 

(right). “The dynamic processing of a directional transformation was visualized by the 

neuronal population vector analysis” (p. 206). In Figure 20, “interrupted and continuous lines 

with arrows indicate stimulus (S) and movement (M) direction” (p. 205). A direct movement 

task (left) in Figure 20, the stimulus direction is equal to the movement direction, but in the 

transformation test (right) the stimulus direction is different from the movement direction. 

For an understanding in detail, Georgopoulos and Pellizzers’s notes were added below 

Figure 20.  
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Figure 20 Results from a direct (left) and rotation (right) movement  

(Behrmann, Kosslyn & Jeannerod, 1995, p. 205).  
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(A) Task. Unfilled and filled circles indicate dim and bright light, respectively. 

Interrupted and continuous lines with arrows indicate stimulus (S) and movement (M) 

direction, respectively.  

 (B) Neuronal population vectors were calculated every 10 msec from the onset of 

the stimulus (S) until after the onset of the movement (M). When the population 

vector lengthens, for the direct case (left) it points in the direction of the movement, 

whereas for the rotation case it points initially in the direction of the stimulus and 

then rotates counterclockwise (from 12 to 9 o’clock) to point in the direction of the 

movement.  

 ) Ten successive population vectors from (B) are shown in a spatial plot, 

starting from the first population vector that increased significantly in length. Notice 

the counterclockwise rotation of the population vector (right panel).  

 (D) Scatter plots of the direction of the population vector as a function of time, 

starting from the first population vector that increased significantly in length after 

stimulus onset (S). For the direct case (left panel), the direction of the population 

vector is in the direction of the movement (~180°); for the rotation case (right panel) 

the direction of the population vector rotates counterclockwise from the direction of 

the stimulus (~90°) to the direction of the movement (~180°) (Behrmann, Kosslyn & 

Jeannerod, 1995, p. 205).  

 

The study pays attention to the directional change of “the engagement of cells with 

intermediate preferred directions during the middle of the reaction time” that (B), ( ), and (D) 

display between the stimulus and movement in Figure 20 (Behrmann, Kosslyn & Jeannerod, 

1995, p. 206). Because such directional transformation shows that the direction of the 

population vector rotates from the direction of the stimulus to the direction of the movement 

of the population vector. Thus, Georgopoulos and Pellizzers’s experiments provide neural 

evidence that the nature of a mental rotation is an analog process.  
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2.3.9. Neural bases for visuomotor and visual mental rotations 
 
Apostolos P. Georgopoulos and Giuseppe Pellizzer’s study of The Mental and the Neural: 

Psychological and Neural Studies of Mental Rotation and Memory Scanning compares the 

neural process that underlies memory scanning with that which underlies mental rotation. 

And, their study shows that the mental rotation and memory scanning process are different 

from each other. Figure 21 Schematic diagram was used for that comparison, but an original 

diagram for ‘visuomotor (context-recall) memory scanning task’ was excluded because this 

study does not deal with memory scanning. In Figure 21, a schematic image for ‘visuomotor 

mental rotation task’ shows the experiment design of two monkeys’ arm movement test. A 

schematic image for ‘visual mental rotation task’ ’s 

experiment design in human subjects. 

 There are three facts that Georgopoulos and Pellizzer’s analysis of ‘visuomotor 

mental rotation on monkeys’ clearly shows. First, “as discussed above, information about 

movement direction resides in the combined activity of the neuronal ensemble, and can be 

visualized as the neuronal population vector” (Behrmann, Kosslyn & Jeannerod, 1995, p. 

206). Second, “the studies on visuomotor mental rotation on monkeys reviewed above clearly 

showed that mentally rotating an intended movement direction activates an ensemble of 

neurons in the motor cortex.” Third, “the fact that the motor cortex is involved in such a 

cognitive task is per se remarkable, for the motor cortex is not generally considered to be 

involved in cognitive operations.” 
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Figure 21 Schematic diagram and RT (response time) 
(Behrmann, Kosslyn & Jeannerod, 1995, p. 210).  

 
 
 
Georgopoulos and Pellizzer’s analysis can be thought of in this way. Basically, their 

experiment has the conceptual framework of the discussion of a visual stimulus-mental 

rotation-physical movement with manipulandum. In this framework, each factor is 

interrelated each other, not a separate one. This line of thought reminds me of the discussion 

by Bergson in his book, Matter and Memory as follows.  

 

But is it possible to conceive the nervous system as living apart from the organism 

which nourishes it, from the atmosphere in which the organism breathes, from the 

earth which that atmosphere envelopes, from the sun round which the earth revolves? 

More generally, does not the fiction of an isolated material object imply a kind of 

absurdity, since this object borrows its physical properties from the relations which it 

maintains with all others, and owes each of its determinations, and consequently its 

very existence, to the place which it occupies in the universe as a whole? Let us no 

longer say, then, that our perceptions depend simply upon the molecular movements 

of the cerebral mass. We must say rather that they vary with them, but that these 

movements themselves remain inseparably bound up with the rest of the material 

world (Bergson, 2007, pp. 11-12).  
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Bergson’s discussion above locates the nervous system in the whole material world, not 

regarding the nervous system as independently existing within the body, and functioning 

independent from the material world. In Georgopoulos and Pellizzer’s analysis of visuomotor 

mental rotation of monkeys that “mentally rotating an intended movement direction activates 

an ensemble of neurons in the motor cortex,” mental rotation has an interrelationship with 

visual stimulus and an arm movement. Such interrelationship cannot be thought of as 

separate, totally independent each other. Thus, it seems that the involvement of the motor 

cortex in a cognitive task does not makes sense until the monkey, an arm movement in 

grasping a manipulandum, a visual stimulus, cognitive process of an intended direction, the 

nervous system that enables such arm movement, and the tendency of neurons and neuronal 

population are considered at the same time.  

 I reviewed that “a neural measure of the directional motor intention, namely the 

neuronal population vector did rotate during performance of the task,” which is “a spatial 

measure, isomorphic in direction with direction in the 2-D workspace.” This discussion 

enables me to see spatial movement of the neuronal population and an arm movement to 

move a manipulandum, that is, bodily movement simultaneously. Here, an interesting 

common point is the spatial congruence between the direction of the neural population and 

the direction of an arm movement, or between the direction of the neural population in the 

brain and the direction of physical action. Then, the problem of tool use that mediates 

intention into actions leads to a question of how to use such spatiality physically.  

 Now, let me focus the discussion on the simple tool of a manipulandum. The 

manipulandum used in the experiment reflected two rhesus monkeys’ physical, actual arm 

movement. Such arm movement was dependent upon cognitive process where the directional 

movement of 9  was processed. The manipulandum that enables two monkeys’ 

intention to be actualized and that can be moved to various directions is located between an 

arm movement and cognitive process. The two monkeys’ intentions of spatial movement 

were realized fully by moving a manipulandum. In the analysis of ‘neural bases for 

visuomotor and visual mental rotations,’ the role of the manipulandum functions as being 

moved to the intended movement direction. According to the intended movement direction, 

the direction of the neural population moved to the same direction. This shows that the 
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cognitive process involving intention, tool, and bodily movement goes to the same direction. 

In this discussion, nothing was separated from each other. 

 Namely, if “mentally rotating an intended movement direction activates an ensemble 

of neurons in the motor cortex” and “a neural measure of the directional motor intention, 

namely the neuronal population vector did rotate during performance of the task,” which is 

“a spatial measure, isomorphic in direction with direction in the 2-D workspace,” then, a 

cognitive task is not a disembodied process, separate from the body. Thus, a cognitive 

process is an analog process and a physical and corporeal process as well. 

 Through the logic that a cognitive task requires a physical response, an interesting 

fact is rediscovered. It is the tendency itself to see body and mind as separate, i.e., a wrong 

assumption that a cognitive process takes place irrespective of bodily change. This, also, 

makes me reflect on the condition of tools for thinking process. 

 If the spatial congruence is discovered between the direction of the neural population 

and the direction of an arm movement, it seems that actions or spatial movements themselves 

are closely related to thinking processes. If we see this problem in terms of tools, the problem 

of how tools afford spatial movement becomes a matter of how tools support thinking 

processes. This, also, makes me reflect on the condition of tools for thinking processes. 

 

which is separated from body. Thus, I arrive at the conclusion that in the problem of tool use, 

because a cognitive task is not a disembodied process, which is separate from body, tool 

functions should work as a mediating role between users’ intention and intended results as in 

a form that reflects bodily movement. Then, when we suppose the best tool function, a logic 

that a wrong assumption in relation to tool implies is to exclude bodily movement entirely. 

 We can think about that issue in this way. We manipulate various spatial movements 

in the head. Then, in order for tools to correspond to such mental movement, they should 

behave in a way that supports physical movement. In other words, tools need to produce the 

process itself that concretizes such thinking processes. Moreover, for example, when a 

mental rotation of a certain letter like ‘R’ takes place in the head, it is like an analog process 

in physical space, which means that it has multiple intermediate positions as if the letter 

moves like a real object in 3-D space. Without space, the position of a thing is not possible. 
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Like for the presence of the letter ‘R,’ the ground or space for that letter is necessary, in order 

to imagine the rotation. Thus, if tools are to support thinking processes, what matters is 

‘space.’ 

 Therefore, the condition of tools that respond to cognitive processes is spatiality. 

Namely, tools that have functions by which one can do spatial manipulation and movement 

will correspond to an imagined mental movement, and the relationship between imagination 

and tool can be mutually compatible in the dimension of movement. 

 In the discussion of “neural bases for visuomotor and visual mental rotations,” 

Georgopoulos and Pellizzer emphasize that “mentally rotating an intended movement 

direction activates an ensemble of neurons in the motor cortex” and “the fact that the motor 

cortex is involved in such a cognitive task is per se remarkable, for the motor cortex is not 

generally considered to be involved in cognitive operations” (Behrmann, Kosslyn & 

Jeannerod, 1995, p. 206). If we look at such analysis in the view of Bergson, i.e., if we 

examine ‘visual stimulus (sensory neuron)-mental rotation-activation of an ensemble of 

neurons in the motor cortex-an arm movement’ in the view of interrelationships, not as 

separate, then, what is that which is not dealt with in Georgopoulos and Pellizzer’s discussion? 

 The whole structure of the nervous system seems to be considered together in the 

discussion above. Because, discussing ‘neural bases for visuomotor and visual mental 

rotations’ is about the process of motor neurons’ responding to a visual stimulus outside the 

body, and the distance between mental movement for a visual stimulus and actual movement, 

which cannot be thought as separate. What if we consider such process as an event? To 

advance our discussion, understanding of the nervous system is necessary. 
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2.3.10. The nervous system and cognition: neuronal structure and the 

interneuronal network that generates sensorimotor correlations 
 

In Georgopoulos and Pellizzer’s experiment, during the process where sensory neurons 

respond to a visual stimulus of bright light and an arm moved, “mentally rotating an intended 

movement direction activated an ensemble of neurons in the motor cortex.” This section 

starts with a question about how such a connection is possible. And, there is another thing in 

my mind. The framework of the discussion locates tool, body, external stimulus, and 

intention in a big picture. Let me locate motoneuron and sensory neuron into the whole 

nervous system where they belong to, not seeing them as separate. 

 In biology, the discussion of the neuronal structure that consists of the nervous system 

explains sensorimotor correlations. 

 According to biologist Humberto R. Maturana and Francisco J. Varela in the book, 

The Tree of Knowledge: the Biological Root of Human Understanding (1998), sensorimotor 

coordination is possible because of the neuronal structure which enables the interneuronal 

network that generates sensorimotor correlations. Neurons, basic cells of the nervous system, 

are connected in the synapse. Synapses are “the effective structures that enable the nervous 

system to carry reciprocal influences” between distant cells of the sensory and motor surfaces 

(Maturana & Varela, 1998, p. 157) Figure 22 is a synapse, which shows that “three-

dimensional reconstruction of all the synaptic contacts that the cell body receives from a 

motoneuron of the spinal medulla” (p. 156). Sensory surfaces and motor surfaces are 

“dynamically related, via the intraneuronal network, to constitute the nervous system” (p. 

153).  
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Figure 22 Three-dimensional reconstruction of all the synaptic contacts that the cell body 
receives from a motoneuron of the spinal medulla (Maturana & Varela, 1998, p. 156).  

 
 

 

Maturana and Varela explain that synapses are a special structure of the nervous system, 

which makes distant neurons’ mutual influences possible as follows. 

 

Neurons are “cells that have an axon and a dendrite and that make up the nervous 

system as a network of interacting cells” (p. 258). And, synapse is “the site of close 

contact between two neurons, usually between the axon of a neuron and the dendrites 

or the cell body of another neuron, but also between axon terminals or between 

dendrites” (p. 259).  

 A synapse is a point of close contact between neuron and neuron, or between 

neurons and other cells, as in a neuromuscular synapse. At these points, the 

membranes of both cells are closely attached to each other. Moreover, at these points 

the membranes are specialized and secrete special molecules, namely, 

neurotransmitters. For this reason, a nervous impulse that goes through a neuron and 

arrives at a synaptic ending produces secretion in the neurotransmitter which crosses 

the space between the membranes and triggers an electric exchange in the receiving 

cell. It is only through specializations like these that a localized mutual influence—

and not a diffuse or generalized one, as would occur if interactions were through 
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changes in concentration of some molecules in the bloodstream—is possible between 

neurons, as also between neurons and other cells (p. 156).  

 A synapse is the point where mutual influences are effectively produced between 

a neuron and that with which it makes contact. Synapses, therefore, are the effective 

structures that enable the nervous system to carry reciprocal influences between 

distant cell groups...In short, the neuronal system is embedded in the organism 

through many contacts with varied cellular classes, operating as a network of precise 

neuronal interactions together with the cells of the sensory and motor surfaces (p. 

157).  

 Each variation in the animals’ motor state will become the product of a certain 

pattern of activity in certain groups of neurons connected to the muscles 

(motoneurons). This motor activity, however, generates many changes in the sensory 

cells located in the muscles, in other parts of the body, and on the surface of contact 

with the environment, as also in the motoneurons. This occurs in a process brought 

about by means of changes in the network of interposed neurons, or interneurons, 

which interconnects them. In this way there is a continuous sensorimotor correlation 

determined and mediated by the pattern of activity of this interneuronal network. 

Since there can be a practically unlimited number of possible states within this 

network, the possible behaviors of the organism can also be practically unlimited (p. 

159).  

 This is the key mechanism whereby the nervous system expands the realm of 

interactions of an organism: it couples the sensory and motor surfaces through a 

network of neurons whose pattern can be quite varied. The mechanism is eminently 

simple…In fact, the nervous system of varied species essentially differ only in the 

specific patterns of their interneuronal networks (Figure 23). Thus, in humans, some 

one hundred billion interneurons interconnect some one million motoneurons that 

activate a few thousand muscles, with some ten million sensory cells distributed as 

receptor surfaces throughout the body. Between motor and sensory neurons lies the 

brain, like a gigantic mass of interneurons that interconnects them (at a ratio 

10:100,000:1) in an everchanging dynamics (p. 159).  
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Sensorimotor correlations are possible because sensory neurons that take in external stimuli 

and motoneurons meet at synapse. When “some one hundred billion interneurons 

interconnect some one million motoneurons that activate a few thousand muscles, with some 

ten million sensory cells distributed as receptor surfaces throughout the body,” what do we 

see? Maturana and Varela say that we can see “practically unlimited possible behaviors of 

the organism.” Because “the nervous system expands the realm of interactions of an 

organism” by coupling “the sensory and motor surfaces through a network of neurons.” 

 Then, how does the interneuronal networks look? Figure 23 below shows “neuronal 

varieties or specific patterns of the interneuronal networks.” Neuronal varieties consist of a 

network that mediates a continuous sensorimotor correlation. 

  

 
 

 
Figure 23 Neuronal diversity: (left to right) bipolar cell of the retina, cell body of a 

motoneuron of the spinal medulla, mitral cell of the olfactory bulb, pyramidal cell of the 
cerebral cortex of a mammal (Maturana & Varela, 1998, p. 158).  

 
 

 
According to Maturana and Varela, “the nervous system of varied species essentially differ 

only in the specific patterns of their interneuronal networks.” And, “this basic architecture of 
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the nervous system is universal and valid not only for the hydra, but also for higher 

vertebrates, including human beings. The sole difference lies not in the fundamental 

organization of the network that generates sensorimotor correlations, but in the form in which 

this network is embodied through neurons and connections that vary from one animal species 

to the other” (1998, pp. 157-159).  

 In other words, the organization of the network that consists of sensorimotor 

correlations both in hydra and human beings is fundamentally the same, but the form itself of 

the network is different. Thus, the point at which sensory neurons and motor neurons are 

connected is common to hydra and man, but the form of the path that connects sensory 

neurons and motor neurons is different. 

 Maturana and Varela’s discussion of the nervous system and the interneuronal 

structure is significant to this study because it explains concretely the internal body 

mechanism that enables behaviors or bodily movements in such a particular way, which can 

be observed externally. Whereas Georgopoulos and Pellizzer’s study of The Mental and the 

Neural: Psychological and Neural Studies of Mental Rotation and Memory Scanning deals 

with the process inside an organism in depth or below the dimension of neurons, Maturana 

and Varela’s biological approach is meaningful in that an organism’s behavior and the 

external world can be discussed together through the nervous system. 

 Maturana and Varela showed that the nervous system couples the sensory and motor 

surfaces through a network of neurons by explaining synapse and neuronal varieties or 

specific patterns of the interneuronal networks. If we synthesize those studies, we can see the 

closely related system of a continuous sensorimotor correlation and a cognitive process such 

as mental rotation or spatial transformation in the head. In other words, seeing, moving, and 

thinking becomes interrelated. Thus, bodily action in the physical world works together with 

thinking process in combination, not separately. This enables me to discuss that physical 

manipulation of external objects is connected to thinking processes. 

 As we see in Georgopoulos and Pellizzer’s study, when motoneurons participate in a 

cognitive activity, motoneurons are connected to sensory neurons through the special neural 

structure of synapses in the nervous system, and such a sensorimotor correlational structure 

makes the process that expands the realm of possible behaviors. Discussing the nervous 
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system and cognitive process at the same time concludes that cognitive processes need to be 

understood with “actions.” We see a close connection between a continuous sensorimotor 

correlation and a cognitive process such as mental rotation or spatial transformation in the 

head. 

 In other words, various manipulative actions in relation to the physical interaction 

with tools are enabled by sensorimotor correlations that the neural structure consists of. And, 

such movement links to the mental process. Also, as long as actions are formed by bodily 

structure, the best condition of cognitive process requires a realm in which bodily actions are 

possible. 

 I hypothesize that for cognitive processing, when tools respond to human bodily 

movement well, and when they work as if they are extensions of the body, the best conditions 

of use during the process of writing will be possible. This hypothesis is about the quality of 

the process, not the quality of the paper that results from the process. 

 Based on Figure 24, we can suppose sensorimotor correlations in movement of the 

arm. Maturana and Varela discuss Figure 24 Sensorimotor correlation in movement of the 

arm both from a viewpoint of the nervous system and from a viewpoint of an observer. What 

matters is the fact that physical responses to external stimuli can be discussed concretely by 

an explanation based on the nervous system. Namely, an explanation about physical 

interaction with tools through the nervous system prevents this study’s approach to actions in 

relation to tool use from staying in a speculative area. In other words, discussing tool use and 

human intelligence based on the nervous system is advantageous in that it encourages me to 

see an object and physical interaction in terms of the whole system, not dealing with them as 

if object and physical interaction were separated. 
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Figure 24 Sensorimotor correlation in movement of the arm  
(Maturana & Varela, 1998, p. 161).  

 
 
 
Maturana and Varela explain about Figure 24 Sensorimotor correlation in movement of the 

arm as follows. 

 

(Figure 24 Sensorimotor correlation in movement of the arm) shows a sketch of a 

skin sensory neuron capable of responding (electrically) to an increase of pressure at 

that point. What causes that activity? Well, that neuron connects to the inside of the 

spinal medulla, where it makes contact with many interneurons. Among them, some 

make direct contact with a motoneuron capable, by its activity, of triggering the 

contraction of a muscle. This results in a movement. This movement results in a 

change of sensory activity by decreasing pressure on the sensory neuron; this 
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reestablishes a certain reciprocal relation between the sensory and motor surfaces. 

Described from the outside, what happened is that the hand was withdrawn from a 

painful stimulus. Described from the nervous system, what happened is that a certain 

sensorimotor correlation was maintained within the nervous system through a 

neuronal work (Maturana & Varela, 1998, p. 160).  

 

In Figure 24 above, the movement of the arm, which can be observed externally, is the 

activity of sensorimotor correlations from a viewpoint of the nervous system. This shows that 

a certain sensorimotor correlation of the nervous system is related to an action. 

 Maturana and Varela discuss how the structure of the nervous system is related to the 

expansion of behavior. The nervous system couples the sensory and motor surfaces through a 

network of distant neurons, which expands the realm of possible behaviors because of a 

tremendously versatile and plastic structure. 

 

What the nervous system does is expand the realm of possible behaviors by endowing 

the organism with a tremendously versatile and plastic structure (p. 138)...there is a 

continuous sensorimotor correlation determined and mediated by the pattern of 

activity of this interneuronal network. Since there can be a practically unlimited 

number of possible states within this network, the possible behaviors of the organism 

can also be practically unlimited. This is the key mechanism whereby the nervous 

system expands the realm of interactions of an organism: it couples the sensory and 

motor surfaces through a network of neurons whose pattern can be quite varied (p. 

159).  

 

In summary, the reason why the realm of possible behaviors of an organism can be expanded 

is that because the interneuronal structure enables sensorimotor correlation in movement of 

the body. If such explanation is discussed from a viewpoint of an observer, the fact that the 

link possibility of the sensory and motor surfaces through a network of neurons can be 

unlimited means that the possible realm of bodily movements can be multiple as many as the 

number of that link possibility. If we see the link that sensory surfaces and motor surfaces 
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consist of through a network of neurons in terms of a whole body or organism, the two 

surfaces turn out to be one. 

 
 
2.3.11. The nervous system and action 
 
Now, the discussion that supports empirically the study of , 

Georgopoulos and Pellizzer, and Maturana and Varela centers on the nervous system. For a 

moment, let me question the discussion of the nervous system itself. Fundamentally, how is 

the discussion of the nervous system related to this study? If the discussion of the nervous 

system is excluded from the study, what would we lose? 

 What will happen if “I cut asunder, in thought, all the afferent nerves of the 

cerebrospinal system”? (Bergson, 2007, p. 7). Bergson says that what vanishes is my 

perception when the afferent nerves of the cerebrospinal system is imaginatively cut as 

follows. 

 

I will now, without touching the other images, modify slightly that image which I call 

my body. In this image I cut asunder, in thought, all the afferent nerves of the 

cerebrospinal system. What will happen? A few cuts with the scalpel have severed a 

few bundles of fibers: the rest of the universe, and even the rest of my body, remain 

what they were before. The change effected is therefore insignificant. As a matter of 

fact, my perception has entirely vanished. Let us consider more closely what has just 

occurred. Here are the images which compose the universe in general, then those 

which are near to my body, and finally my body itself. In this last image the habitual 

office of the centripetal nerves is to transmit movements to the brain and to the cord; 

the centrifugal nerves send back this movement to the periphery. Section of the 

centripetal nerves can therefore produce only one intelligible effect: that is, to 

interrupt the periphery by way of the centre, and consequently, to make it impossible 

for my body to extract, from among all the things which surround it, the quantity and 

quality of movement necessary in order to act upon them. Here is something which 

concerns action, and action alone (Bergson, 2007, p. 7).  
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 Yet it is my perception which has vanished. What does this mean, if not that my 

perception displays, in the midst of the image world, as would their outward reflexion 

or shadow, the eventual or possible actions of my body? Now the system of images in 

which the scalpel has effected only an insignificant change is what is generally called 

the material world; and, on the other hand, that which has just vanished is ‘my 

perception’ of matter. Whence, provisionally, these two definitions: I call matter the 

aggregate of images, and perception of matter these same images referred to the 

eventual action of one particular image, my body (p. 8).  

 

What we can learn from Bergson’s imaginative removal of the afferent nerves is the 

mechanism of action and perception, based on the discussion of the nervous system. As 

Bergson suggested, let us cut the afferent nerves in thought in the relationship between 

‘movements of an external object-the centripetal nerves-the brain and the spinal cord-the 

centrifugal nerves-action upon the movements of an external object.’ If movements of an 

external object are not transmitted to the brain and to the cord because the afferent nerves are 

cut asunder, then, what becomes impossible is action. In other words, if the linkage between 

movements of an external object and the afferent nerves of the cerebrospinal system is cut, 

action or reaction becomes impossible. 

 James J. Gibson, in his book, The Ecological Approach to Visual Perception (1979) 

defines perception as follows. 

 

Perceiving is an achievement of the individual, not an appearance in the theater of his 

consciousness. It is a keeping-in-touch with the world, an experiencing of things 

rather than a having of experiences. It involves awareness-of instead of just 

awareness. It may be awareness of something in the environment of something in the 

observer or both at once, but there is no content of awareness independent of that of 

which one is aware. This is close to the act psychology of the nineteenth century 

except that perception is not a mental act. Neither is it a bodily act. Perceiving is a 

psychosomatic act, not of the mind or of the body but of a living observer. The act of 

picking up information, moreover, is a continuous act, an activity that is ceaseless and 
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unbroken. Even the tiny fraction of this energy that affects the receptors in the eyes, 

ears, nose, mouth, and skin to a minimum during sleep but do not stop dead...The 

continuous act of perceiving involves the coperceiving of the self (Gibson, 1979, pp. 

239-240).  

 

In Gibson’s discussion, perceiving is defined as a psychosomatic, continuous act of picking 

up information, based on “a keeping-in-touch with the world,” involving “awareness-of 

instead of just awareness” (Gibson, 1979, pp. 239-240). Let me synthesize the mechanism of 

action and perception on the basis of Gibson’s definition of perception and Bergson’s 

emphasis on the relationship between action and perception. The work of the receptors in the 

eyes, ears, nose, mouth, and skin is made possible by means of the nervous system, and if the 

afferent nerves of the nervous system are interrupted, what disappears is “awareness-of” and 

“a continuous act of picking up information.”  

 Thus, when the body and the material world are considered together, perception, also, 

vanishes when the stimuli and reaction through the nervous system disappear. Also, since 

sensorimotor correlations of the nervous system are grounded on the mechanism of action, 

consequently, considering the relationship between the nervous system, perception and action 

together is appropriate. Thus, when a matter of physical movement is considered, discussing 

the nervous system together is right. 

 
 

 
Action 

Perception: Movements of an external object-the centripetal nerves-the brain and  
                              the spinal cord-the centrifugal nerves-action (reaction)  

 
 

Figure 25 The relationship between the nervous system, perception, and action 
 
 
 

Let me put the study of Maturana and Varela, Georgopoulos and Pellizzer, and Shepard and 
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 Georgopoulos and Pellizzer’s analysis of a transformation task experiment has a 

conceptual framework like visual stimulus-mental movement of counterclockwise ) 

from the stimulus direction to produce motor functions-an arm movement at a constant angle 

of . Two rhesus monkeys’ neuronal population in the arm area of the motor cortex 

(contralateral to the performing arm) was recorded during the reaction time—“the time from 

the appearance of the target light until the manipulandum exited the inner window,” and the 

’s experiment of 

mental rotation of a letter of ‘R’ in human subjects showed that mental rotation is an analog 

process in which a letter of ‘R’ was dealt with as if it is an object. And, there is no object 

without space. ‘The premise of an object is space’ (Lee, 2008). Therefore, those two 

experiments prove that mental process is related to spatiality. However, in the discussion of 

Maturana and Varela, the essential character of the interneuronal structure of the nervous 

system enables sensorimotor correlations, which results in expanding the realm of behavior. 

 

correlations reveals be limited? In using tools, if an objectified thing in front of my eyes can 

be mentally moved with intention, but cannot be moved actually in space, then, mental 

function and physical action cannot be linked together. In other words, in that mental 

functions cannot affect an externally objectified thing, such tools have unpractical functions. 

 Then, when mental rotation as an analog as well as spatial process, and a practically 

unlimited number of possible behaviors of human body grounded on a practically unlimited 

number of possible states by sensorimotor correlations through the interneuronal network are 

considered at the same time, the function of tool in order to satisfy those two conditions 

should physically represent spatial processes themselves for an object of thinking. Therefore, 

the problem area of tool function for thinking processes is centered in spatialization of an 

object, and physical interactions toward that object.  

 Figure 26 describes the relationship of studies between Vygotsky, Pearson, Bergson, 

Shepard- Lurito-Georgakopoulos-Georgopoulos, Georgopoulos-Pellizzer, and 

Maturana-Varela. 
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Figure 26 The relationship of studies between Vygotsky, Pearson, Bergson, Shepard-

Lurito-Georgakopoulos-Georgopoulos, Georgopoulos-Pellizzer, and Maturana-Varela 
 
 
 
2.3.12. The interdependence of hand and brain function 

 
It is the hand in the body that grasps an object, modifies the shape of an object, and uses tools 

frequently. The hand is a place where physical interactions take place most frequently in 

daily life as well. Until now, through the discussion of the nervous system, I looked at the 

change inside the body, which appears in the relationship between action and cognition. In 
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this chapter, I will examine the change caused by the interplay of physical ability, in 

particular, using hands to manipulate things and brain function. 

 Frank R Wilson, in his book, The Hand: How Its Use Shapes the Brain, Language, 

and Human Culture (1998), emphasizes that “the dynamic interactions of hand, bodily 

movement and brain activity are functionally interdependent, whose process relates to the 

unique character of human symbolic thought, language, growth and creativity” (p. 10). The 

use of hands and bodily movement are a personal as well as a daily activity. In Wilson’s 

argument, I can see the implication that growth of intelligence and creativity are closely 

related to daily activities such as using hands. Wilson’s argument can be summarized in a 

nutshell as follows. “The hand is as much at the core of human life as the brain itself…The 

hand is involved in human learning” (p. 277). Thus, the hand use cannot be excluded from 

the intelligent growth and creativity. Then, how is the interdependence of hand and brain 

function possible? 

 
 
2.3.12.1. Two opposable thumbs 
 
Wilson discusses the structural characteristic of hands that enables physical interactions with 

external objects. Wilson argues that because the form of the opposable thumb in the structure 

of the hand, in particular, is adapted for control of external objects, manipulative hand 

movements are possible. He argues that it is not physically possible to manipulate things and 

to operate the three dimensional form of things without two opposable thumbs. 

 

The thumb, like the shoulder, is an astonishing example of versatility realized through 

structure. Its most important movement is well worth looking at…its ability to move 

in opposition (p. 136). The thumb is the only digit in the hand that has this freedom to 

rotate or swivel; it is also unique in that all of its movements can take place 

independently of those of any of the other fingers: as everyone says, the combination 

of strength, independence, and versatility sets it apart. Because of its unique 

capabilities, as we are about to learn, the thumb, if need be, can carry on a solo act 

(Wilson, 1998, pp. 138-139).  
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Wilson provides us with an idea of grasping from Mark Jeannerod’s book, The Cognitive 

Neuroscience of Action (1997) as follows.  

 

Grasping cannot be reduced to its visuomotor aspects. It is the motor counterpart of a 

broader function. During handling and manipulation, for which grasping is a 

precondition, signals for object identification arising from sight and touch are co-

processed. The fingerpads have been considered by some authors (for example, 

Sherrington) as the somatosensory “macula.” Thus, the hand brings objects to be 

manipulated within the central field of vision, so that “the finest movements of the 

fingers must be under simultaneous control from the very centers of the visual and 

tactual maculae” (Wilson, 1998, p. 366).  

 

Without grasping an object, it is not possible to manipulate an object. Without the three-

dimensional empty spaces that hands and fingers make, it is not possible to manipulate an 

object. Let us grasp a cup with the left hand, and take out only a cup without moving the left 

hand. We will see that four fingers are curved and the thumb is posed toward a different 

direction from four fingers. Here, the shape of the empty space that the left hand makes has a 

corresponding relationship with the cup in terms of space. The shape of the empty space 

when the cup is pulled out from the state of grasping a cup by the left hand, and the form of 

the cup consist of a corresponding relationship like a lining of a cloth and a cloth. Revolving 

opposable thumbs silently move to make such forms, and by making such empty forms, the 

usefulness of hands and fingers expands continuously. 

 This hand motor activity, as Maturana and Varela said, opens the possibility that 

“some one million motoneurons that activate a few thousand muscles” and “some ten million 

sensory cells distributed as receptor surfaces throughout the body” can be interconnected by 

some one hundred billion interneurons. “Between motor and sensory neurons lies the brain” 

and “since there can be a practically unlimited number of possible states within this network, 

the possible behaviors of the organism can also be practically unlimited” (Maturana and 

Varela, 1998, p. 159). Sensorimotor correlations are possible because sensory neurons that 

take in external stimuli and motoneurons meet at synapse.  
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 When “some one hundred billion interneurons interconnect some one million 

motoneurons that activate a few thousand muscles, with some ten million sensory cells 

distributed as receptor surfaces throughout the body,” what do we see? Maturana and Varela 

say that we can see “practically unlimited possible behaviors of the organism.” Because “the 

nervous system expands the realm of interactions of an organism” by coupling “the sensory 

and motor surfaces through a network of neurons.” In this respect, Wilson’s discussion of the 

structure of two opposable thumbs and that their function plays a role in using hands is right. 

However, Wilson does not limit the role of hands to the mechanical capacity to manipulate 

object. 

 Now, Wilson discusses the interdependence of hand and brain function as follows. 

 

...the appearance of complex sensori- and perceptual-motor linkages of hand and 

brain, normally associated with task-specific learning, suggesting the interaction of 

both hereditary and experiential factors in skill aptitude and achievement. These 

issues bring into relief a fundamental premise of Darwinian thought, that structure 

and function are interdependent and co-evolutionary. The brain keeps giving the hand 

new things to do and new ways of doing what it already knows how to do. In turn, the 

hand affords the brain new ways of approaching old tasks and the possibility of 

undertaking and mastering new tasks. That means the brain, for its part, can acquire 

new ways of representing and defining the world (Wilson, 1998, pp. 145-146).  

 

In the quote above, Wilson mentions two aspects that produce the close relationship between 

manual play and brain function within the central nervous system. First, it is to produce new 

actions from a viewpoint of the body. Second, it is to imagine a new possible action or to 

generate new ways in the possibility of manipulating such interactions from a viewpoint of 

the mind. But, this “separation of body and mind is not a substantial distinction, but a formal 

distinction.” After all, brain functions intervene in actions and create some difference that 

prevents the body from repeating the same action. However, all this process is possible 

because the function of two opposable thumbs enables one to grasp an object. Grasping is a 

basic premise for such process, which is Wilson’s view. 
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2.3.12.2. The indetermination implied in the structure of the nervous system 
 
The interdependence of hand and brain functions is possible by “complex sensori- and 

perceptual-motor linkages of hand and brain,” as Wilson says (Wilson, 1998, p. 145). 

Bergson pays attention to “action itself, and the indetermination which surrounds it and is 

implied in the structure of the nervous system” that reveals in such complex sensori- and 

perceptual-motor linkages of hand and brain (Bergson, 2007, p. 23).  

 Bergson explains “the indetermination implied in the structure of the nervous system” 

as follows. 

 

Here the office of the brain is sometimes to conduct the movement received to a 

chosen organ of reaction, and sometimes to open to this movement the totality of the 

motor tracks, so that it may manifest there all the potential reactions with which it is 

charged, and may divide and so disperse. In other words, the brain appears to us to be 

an instrument of analysis in regard to the movement received, and an instrument of 

selection in regard to the movement executed. But, in the one case as in the other, its 

office is limited to the transmission and division of movement. And no more in the 

higher centres of the cortex than in the spinal cord do the nervous elements work with 

a view to knowledge: they do but indicate a number of possible actions at once, 

organize one of them (Bergson, 2007, p. 20).  

 That is to say that the nervous system is in no sense an apparatus which may serve 

to fabricate, or even to prepare, representations. Its function is to receive stimulation, 

to provide motor apparatus, and to present the largest possible number of these 

apparatus to a given stimulus. The more it develops, the more numerous and the more 

distant are the points of space which it brings into relation with ever more complex 

motor mechanisms. In this way the scope which it allows to our action enlarges: its 

growing perfection consists in nothing else. But if the nervous system is thus 

constructed, from one end of the animal series to the other, in view of an action which 

is less and less necessary, must we not think that perception, of which the progress is 

regulated by that of the nervous system, is also entirely directed towards action, and 
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not towards pure knowledge? And, if this be so, is not the growing richness of this 

perception likely to symbolize the wider range of indetermination left to the choice of 

the living being in its conduct with regard to things? (pp. 20-21).  

 

Let us think about Wilson’s idea of “the interdependence of hand and brain function” and 

Bergson’s view of “the indetermination implied in the structure of the nervous system” 

together. Then, the increase of “complex sensori- and perceptual-motor linkages of hand and 

brain” is proportional to the increase of “the indetermination implied in the structure of the 

nervous system,” whose process result will lead to the increase of “skill aptitude and 

achievement.” Moreover, this process will provide the brain with the opportunity to analyze 

such motor activities. In this way, the brain functions as an instrument of analysis that 

searches for all the potential reactions for hand manipulative activities. As a result, the actual 

production of ways of doing is executed by manual play. If so, “the interdependence of hand 

and brain function” would manifest itself concretely in physical activities. We can see that 

the brain function, thus, grows with manual interactions with objects in concrete activities. 

 
 
2.3.12.3. A hand-thought-language nexus 
 
Wilson’s discussion of ‘a hand-thought-language nexus’ criticizes the 

language as purely “in-the-brain tasks.” Instead, he locates language in the context of living 

life action of “in-the-body sensorimotor systems for detecting external events and generating 

bodily responses.” Wilson’s view is based on the correlation between language and action. 

 Wilson, in his book, The Hand: How Its Use Shapes the Brain, Language, and 

Human Culture (1998) chapter ten, “The articulate hand,” shows two contrastive phenomena 

in relation to language ability. One is normal children’s remarkable behaviors shown in the 

early stage of language development, that is, “the child’s active movements and sensorimotor 

explorations” (p. 195). The other is a pathological case in relation to language ability 

problem, i.e., “an acquired impairment of motor skill” of aphasic patients (p. 204). A 

common phenomenon in both cases is ‘movement.’ Wilson examines a homologous 

relationship between ‘manipulating objects and manipulating words’ on the basis of the 
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discussion of such movement, which this study concerns. However, the movements that 

Wilson emphasizes are not mere, repeated, simple actions, but “purposeful skilled 

movements” (p. 205).  

 ’s language ability development involves phenomena of ‘the rapid increase 

of the world of objects, and knowledge of the action of objects and distinctive actions which 

can be taken with objects in the hand,’ but aphasic patients show “loss of skilled movement.” 

In the former, the control of self-movement is getting free gradually, but in the latter, 

conscious control of self-movement is not possible. Thus, it is the relationship between self-

control of movement and language ability. The latter, also, indicates that the union between 

cognition and sensorimotor skill is disconnected. 

 First of all, let us look at how the discussion of ‘a hand-thought-language nexus’ is 

dealt with. Wilson separates what hands do from the discussion of “Vygotsky’s observations 

and conclusions concerning the influence of manual play and object manipulation in the early 

acquisition of language and cognitive skills in the child” and clearly shows it (Wilson, 1998, 

p. 197). It is the close relationship between a way to engage objects with the hands and a way 

to deal with language that Wilson emphasizes. 

 

 What is it that transforms the child’s compulsive, chaotic soundmapping of the 

world into the primary tool of her emergent powers of discrimination and intellect? It 

is the progressive commingling of speech with the whole constellation of objects, 

people, and real-life situations encountered in the child’s life. It is the increasing 

influence of the nexus being built among action, thought, and language. For Vygotsky, 

“well-developed thought” arises as the verbal behavior of the child undergoes a long 

metamorphosis during which word that were originally object attributes come 

increasingly to be manipulated and combined, just as real objects are manipulated and 

combined by the child.  

 As Vygotsky interprets this process, when the brain begins to treat words as if 

they were real objects, it forms them into small groups, or clusters (like little piles of 

beads, or toy blocks) (p. 193).  
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 The only additional point I would emphasize concerning this stage when the 

thought-language nexus is building is that something very important is happening in 

the hand itself. At about the age of one year the child’s hands are rapidly becoming 

manipulative with fingers that will soon be able to move independently. The world of 

objects, and knowledge of the action of those objects, will increase rapidly, and 

distinctive actions which can be taken with objects in the hand will also increase. In 

other words, the thought-language nexus is becoming a hand-thought-language nexus. 

The child learns with real objects, by trial and error, to make constructions that are 

inevitably composed as discrete events unified through a sequence of actions. Playing 

with anything to make something is always paralleled in cognition by the creation of 

a story. Front→middle→back; beginning→middle→end; Steven→store→record.  

 The brain is not a passive witness to the expansion of these mechanical and 

sensorimotor explorations and accomplishments. It sweeps the process forward, and 

as it does so it defines its own procedures for regulating the flow of information 

generated by all the interactions of the world on the narrative principle. It even, I 

suspect, creates an internal perceptual biological clock scaled to and calibrated by 

observable changes in the extrapersonal world—which means the brain acquires, and 

tunes itself to, the rhythms that the legs, shoulders, arms, hands, chest, tongue, and 

lips invent in their responses to the world. There is in fact strong neurophysiologic 

evidence that a specific part of the brain’s motor system, the supplementary motor 

area, actually performs this function (pp. 195-196).  

 

In the discussion above, Wilson captures actively moving hands in the very moment of 

physical interactions of the body in the material world. He, also, clearly describes the 

increase of knowledge of an external object in the expanded realm of behavior by using 

hands, concrete activities in the process of tactile and physical interaction—which cannot be 

formed only by vision—and linguistic organization for such activities. 

 What Wilson truly wants to say is that “the hand is involved from the beginning in the 

baby’s construction of visuomotor, kinesthetic, and haptic representations of the world and 

the objects in it. This is a profoundly important role for the hand, whose importance in both 
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cognitive and emotional ontogeny cannot be overstated” (1998, p. 197). Regardless of the 

importance of hand use, “to the cognitive scientist and the neurologist alike, the highly 

trained, creative hand remains almost entirely unseen, and unrepresented in the thinking of 

clinical and theoretical neurology” (p 207). This is the problem that Wilson proposes. 

 In the early stage of language development in normal children, the inseparable 

linkage between bodily movements, experiential expansions, and verbal expression was 

illustrated. In contrast, in the pathological case of linguistic problem, the linkage between 

hand, thought, and language collapses. 

 

This point brings us to the final piece of the complex mosaic that has been emerging 

in this discussion of the relation between the hand, thought, and language. It has long 

been known that aphasic patients frequently have difficulty with certain facial, trunk, 

or limb movements that were fully automatic prior to the occurrence of the neurologic 

event that caused the language loss. Such patients, for example, may have trouble 

buttoning buttons, lighting or blowing out a match, coming their hair, or hopping. The 

name for this disturbance of movement control is apraxia: the word means “loss of 

skilled movement,” and it can accompany an aphasic syndrome or occur 

independently (p. 204).  

 In fact, the formal definition of apraxia has, from the beginning, been rife with 

exclusionary criteria: a disorder of complex higher motor behavior, characterized by 

the inability to perform purposeful skilled movements in the absence of elementary 

motor deficits (weakness, akinesia, abnormal posture or tone), abnormalities of 

sensation, or impaired comprehension or memory.  

 In their recent elaborated definition of apraxia, Geschwind and Damasio added a 

further qualification that is actually quite remarkable: “[The definition] implies that 

the movements are learned. Thus defined, apraxia is a disorder of the high level 

control of the execution of some classes of movement, as requested by an observer in 

the verbal or visual mode. The movements fail to be carried out entirely or are 

performed defectively. In other words, apraxia is not a symptom, a complaint, or a 

neurologic disorder. It is the failure to pass a test, just like failing to pass a driving 
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test. The neurologist’s test, by the way, is not nearly as complicated as a driving test. 

It is a test of your ability to use a comb, a toothbrush, to imitate blowing out a match 

(p. 205).  

 

Thus, distinct behavior of aphasic patients is “the inability to perform purposeful skilled 

movements.” By showing the state of impossibility of willed action, which is caused by 

language loss, Wilson draws a common denominator, movement, from the relationship 

between language use and bodily movement. The quote above shows the coexistence of 

aphasic patients’ impossible state to express his or her own thought verbally with their state 

of impossibility to control purposeful skilled movements. What matters is that it is willed 

action or selected action, not unintentionally repeated action, which is broken in the linkage 

of language-action. 

 Then, this discussion proposes two problems: first, empirical evidence of the 

relationship between language and movement, second, the problem of willed action.  

 First of all, for an understanding of the first problem of the relationship between 

language and movement, Wilson explains two different kinds of aphasia, which is Broca 

aphasia and Wernicke aphasia. 

 

Loss of tissue (a lesion) in Broca’s area produces motor, or nonfluent, aphasia (speech 

and writing are impaired, while comprehension is normal or nearly normal); damage 

in the posteior portion of the superior temporal gyrus (Wernicke’s area) produces 

sensory, or fluent, aphasia (the output of words and writing is normal or nearly 

normal in quantity, but semantic choice if defective and the words or sounds 

produced can be so abnormal that speech becomes gibberish, and there is usually loss 

of language comprehension, or “decoding” ability) (Wilson, 1998, p. 183).  

 

Namely, aphasic patients with loss of tissue in Broca’s area can comprehend, but cannot 

speak grammatically. In contrast, aphasic patients with damage in Wernicke’s area can speak, 

but cannot comprehend. However, Wilson adds, “Just because damage to Broca’s or 

Wernike’s area or to the connections between them will produce an aphasia does not mean 
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that either is what produces language, any more than the fact that a blowout of the left front 

tire will stop your car means that this tire is what makes your car go” (p. 184).  

 Now, I would like to deal with the problem of words expressed, linguistic 

comprehension, and damage in a specific part of brain and action together. How is speech 

and action connected? 

 Distinguishing between motor or nonfluent aphasia and sensory or fluent aphasia 

provides my study with important clues. Because Patricia Greenfield’s experiment of the two 

kinds of aphasic patients empirically proves Wilson’s discussion about the relationship 

between language and action. Also, it enables the discussion of the way of expanding thought 

by mediating written words, which my study concerns, to be viewed from a neurologic point 

of view. 

 
 
2.3.13. Language, Tools and Brain: manipulating objects and manipulating 

words 
 
To begin with, the fundamental point that consists of the discussion of motor or nonfluent 

aphasia and sensory or fluent aphasia needs to be noted. 

 Wilson summarizes Patricia Marks Greenfield’s study, Language, Tools and Brain: 

The Ontogeny and Phylogeny of Hierarchically Organized Sequential Behavior as follows.  

 

Professor Greenfield reviewed her own long experience observing children as they 

work on simple hand-oriented problems-eating (or just playing) with spoons, stacking 

blocks, nesting cups, or copying geometric patterns of sticks. She proposed that the 

human brain organizes and oversees the child’s interaction with objects almost 

exactly the same way it organizes and oversees the production of speech. These two 

specific skills (manipulating objects and manipulating words), and the developmental 

chronology associated with the child’s mastery of those skills, proceed in such 

transparently parallel fashion that the brain must be: (a) applying the same logic or 
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procedural rules to both; and (b) using the same anatomic structures as it does so 

(Wilson, 1998, p. 165).  

  

Wilson focuses on the issue of “manipulating objects and manipulating words” or 

“neurologic mechanisms related to language and object manipulation” from Greenfield’s 

study. 

 An object that Wilson and Greenfield criticize in common, fundamentally, is an old 

view of the mind-body separation. Wilson describes his critique on it saying, “my 

dissatisfaction with the cephalocentric view of intelligence,” and Greenfield criticizes it 

saying, “the child as becoming a big grammar machine.” In other words, Wilson tries to 

expand the narrow definition of the cephalocentric view of intelligence by proving how the 

hand use is related to the growth of intelligence, and Greenfield criticizes a grammar 

centered definition of language for being too narrow. Both Wilson and Greenfield talk about 

a true meaning of ‘development.’ They argue that human body-and-mind does not grow as 

disembodied in the physical world. 

 Since Greenfield’s discussion is critical, a fundamental understanding of her problem 

is necessary. The problem of inquiry of Wilson and Greenfield reveals well in the quote 

below (Table 3). 
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Table 3 The problem of inquiry of Wilson and Greenfield 
 

The 
problem 
of inquiry 
of Wilson 

“Western thought, whose penchant for constructing dichotomies is one of 
its main defining characteristics, has given us a distinction between 
intellect (as a property of mind) and behavior (as bodily execution) We 
may of course describe as “intelligent” an animal whose actions manifest 
certain sensitivity and responsiveness to the nuances of its relationships 
with the components of its environment. But it is quite another thing to 
attribute that quality to the operation of a cognitive device, an 
“intelligence,” which is somehow inside the animal and which, from this 
privileged site, processes the data of perception and pulls the strings of 

whole animal, it is not 
accomplished by a mechanism interior to the animal and for which it 
serves as a vehicle. There is therefore no such thing as an “intelligence” 
apart from the animal itself, and no evolution of intelligence other than 
the evolution of the animals with their own particular powers of 
perception and action.”  
 
Quotation from Tom Ingold, “Tool Use, Sociality and Intelligence,” in K. 
Gibson and T. Ingold, eld., Tools, Language and Cognition in Human 
Evolution (Wilson, 1998, pp. 295-296).  
 

The 
problem 
of inquiry 
of 
Greenfield 

“
development which is in approach grammar is very essential and the 
child is considered sort of like a grammar machine or becoming a big 
grammar machine. When my daughter Lauren started to speak, what 
absolutely hit me was this was not what she was doing nothing like with 
what they were describing and in fact they were describing children 
combining words with words using rules, but what she was doing when 
she first tried to talk was combining words with things with people with 
gesture all sorts of non-verbal elements.” 
Language and Science: Animal Language 01 
(http://www.youtube.com/watch?v=z87URHDir2U&NR=1).  

 
 
 
Greenfield, in her study, Language, Tools and Brain: the Ontogeny and Phylogeny of 

Hierarchically Organized Sequential Behavior (1991), discusses the origin and development 

of hierarchy in language and object combination. Greenfield argues that the relationship 

between “the hierarchical organization of elements in the development of speech” and “the 

capacity to combine objects manually, including tool use” is not an analogy but a homology. 



126 
 
 

 

 

In other words, an action to manipulate objects and the organizing process of language start 

from “a common basis in the brain itself.” The manipulative character in speech and objects 

is the same in principle, and is born out of the same place of the brain physically.  

 According to Greenfield (1991), “in evolutionary theory an analogy is based on a 

structural or functional parallel without any common origins, whereas a homology involves 

not only parallel structure but parallel origins in the phylogenetic history of the species” (p. 

533). The common basis is Broca’s area.  

 As “neural evidence in favor of homology,” Greenfield analyzes Broca’s aphasic’s 

behavior which he or she cannot hierarchically organize objects—who can comprehend, but 

cannot organize speech grammatically. Also, according to Greenfield, “during the first two 

years of human life a common neural substrate (roughly Broca’s area) underlies the 

hierarchical organization of elements in the development of speech as well as the capacity to 

combine objects manually, including tool use.” And, “subsequent cortical differentiation, 

beginning at age two, creates distinct, relatively modularized capacities for linguistic 

grammar and more complex combination of objects” (Greenfield, 1991, p. 531). Greenfield 

points out behaviors of Broca’s aphasic and Wernike’s aphasic as evidence of ‘a homology 

between grammar and object manipulation.’ Next, Greenfield’s experiment in relation to a 

homologous relationship between grammar and object manipulation is presented. 

 
 
2.3.13.1. Agrammatic Broca’s aphasics lack of hierarchical organization in their 

syntactic production and manual object combination 

 
Greenfield’s argument of the same origin of hierarchical organization in manual object 

combination and of hierarchical complexity in grammatical development and further 

differentiation of the two human capacities is based on the discussion of a neural substrate of 

Broca’s area. Broca’s aphasics speak like making “a string of one-word utterances.” Figure 

27 The development of increasing hierarchical complexity in early syntax shows that those 

with Broca’s aphasia cannot organize a single complex unit such as “want more grape juice.” 
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It (Broca’s area) is located in the ventral region of the left frontal lobe of the cerebral 

cortex...Broca’s aphasia is associated with lesions in Broca’s area, often involving 

portions of the adjacent facial motor cortex and prefrontal cortex. A major sub group 

of Broca’s aphasics is unable to produce syntactically organized speech, a major 

component of agrammatism. Agrammatic Broca’s aphasics lack hierarchical 

organization in their syntactic production. Here is an example of agrammatic speech 

from Goodglass and Geschwind:. “And, er Wednesday . . . nine o’clock. And er 

Thursday, ten o’clock . . . doctors. Two doctors. . . and ah. . . teeth. Yeah. . . fine.” 

Structurally, this speech is mainly a string of one-word utterances. There is no 

utterance with a syntactic tree structure even as hierarchically complex as that shown 

in Figure 27 (c) below (Greenfield, 1991, p. 534).  

 
 
 

 
 

Figure 27 The development of increasing hierarchical complexity in early syntax  

(Greenfield, 1991, p. 533). 

 
 

 
“Nodes are not labeled in order to avoid a commitment to a particular theoretical description. 

The important point about (c) (which would not be disputed by any theory) is that more plus 
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grape juice forms a single complex unit, which, in turn, relates to want” (Greenfield, 1991, p. 

533). 

 
 
 

 
 

Figure 28 Hierarchical tree structures used as models in Grossman’s (1980) Study 
 
 
 

The upper tree is symmetrical, whereas the lower tree is asymmetrical 
(Greenfield, 1991, p. 533).  
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Figure 29 Reproduction of symmetric and asymmetric models by Broca’s and fluent aphasics 

(Grossman, 1980) (Greenfield, p. 534).  
  

 
 

Greenfield shows the case of Broca’s aphasia, motor or nonfluent aphasia—whose speech 

cannot be understood by others because his or her speech is not hierarchically organized, but 

he or she can comprehend the other’s speech—that the patient cannot hierarchically organize 

objects as well. Next, Greenfield explains the experiment of Figure 29 Reproduction of 

symmetric and asymmetric models by Broca’s and fluent aphasics (Grossman, 1980) by 

using Figure 28 Hierarchical tree structures used as models in Grossman’s (1980) study. 

The important thing is to see how the original model of symmetrical and asymmetrical 

structure in Figure 28 are differently reproduced by motor or nonfluent, Broca’s aphasic and 

sensory or fluent, Wernike’s aphasic in Figure 29. The difference lies in ‘hierarchically 

organized construction.’ 

 

Grossman predicted that such patients (Broca’s aphasia) would also have trouble in 

constructing nonlinguistic tree structures. He suggested that the parallels between 
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language and hierarchically organized construction activity identified by Greenfield 

and colleagues were not mere analogy, but had a common basis in the brain itself. His 

hypothesis was that Broca’s area functioned as a supramodel hierarchical processor 

organizing grammar and manual object combination. To test this hypothesis, each 

subject in Grossman’s study was given two hierarchically organized tree structures 

(Figure 28 Hierarchical tree structures) to copy using tongue depressors (Greenfield, 

1991, p. 534).  

 

The quote above can be explained in this way. Both the hierarchical organizing process of 

language and the hierarchical construction of objects are physically related to Broca’s area in 

the brain. And, the hierarchical organization of language and action is not an irrespective 

phenomenon, but follows the same order. Thus, aphasics damaged in Broca’s area in the 

brain cannot hierarchically organize either language or objects. 

 

The results supported the hypothesis of a supramodal hierarchical processor. In 

reconstructing the model tree structures from memory (where a mental representation 

would be required), the Broca’s aphasics did not have a general problem in 

construction but a specific deficit in representing the hierarchical organization of the 

models (This deficit did not show up when the model was present.).  

 A construction was counted as replicating the hierarchical structure of the model 

if it “exhibited two or more sub-complexes vertically subordinate to a unifying 

structure” (Grossman 1980, p. 301). Of all the pathological groups, the Broca’s 

aphasics were the most successful (and closest to the normals) in matching the 

number of sticks used in the models. They were the least successful (and farthest 

from the normals), however, in recreating the model’s hierarchical structure under a 

memory condition, where the model was taken away (Greenfield, 1991, p. 534).  

 

Figure 30 the middle represents the reproduction of symmetric and asymmetric models 

by Broca’s aphasics, and the right is reproduced by Wernike’s aphasics. The experiment 

of Figure 29 was advanced based on Figure 28 Hierarchical tree structures, the original 
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model for an experiment. In Figure 30, Figure 28 and Figure 29 can be compared at the 

same time. In Figure 30, the difference between hierarchical tree structures recreated by 

Broca’s aphasics and those by Wernike’s aphasics appears. Figure 30 “shows two 

examples of nonhierarchical constructions created from memory by two Broca’s aphasics, 

as well as the contrasting hierarchically organized constructions produced by fluent or 

Wernicke’s aphasics” (Greenfield, 1991, p. 534).  

 

 
 

 
 
 

Figure 30 Hierarchical tree structures (left) and recreating the model’s hierarchical 
structure by Broca’s aphasics (middle) and Wernike’s aphasics (right) 

 
 
 
In Figure 30, let us compare the original version of the symmetrical model and asymmetrical 

model under the title of “Hierarchical tree structures” (left) with those recreated by Broca’s 

aphasics (middle) and Wernike’s fluent aphasics. Then, in Broca’s aphasic cases, non-fluent 

aphasics, construction is possible, but a problem appears when they represent the hierarchical 

structure involving “two or more sub-complexes vertically subordinate to a unifying structure” 

under a memory condition. In contrast, Wernike’s aphasics, fluent aphasics “used the 
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hierarchical strategy.” Let me revisit the organization of speech of Broca’s aphasics and 

Wernike’s aphasics in Table 4 based on Greenfield’s speech sample. 

 
 
 

Table 4 Broca’s speech sample and Wernike’s speech sample in the Greenfield’s study 
(Greenfield, 1991, p. 534). 

 
Broca’s speech sample: 
 
“And, er Wednesday . . . nine 
o’clock. And er Thursday, ten 
o’clock . . . doctors. Two doctors. . . 
and ah. . . teeth. Yeah. . . fine.” 

Wernike’s speech sample: 
 
“The things I want to say . . . 
ah . . . the way I say things, but I 
understand mostly things, most of 
them and what the things are.” 

 
 
 
Greenfield says that we should pay attention to the following analysis. “The Broca’s aphasics 

were most chain-like in their placement strategy” and “gave the least evidence of having a 

mental representation of the overall hierarchical structure.” Broca’s speech sample in Table 4, 

“the only grammatical relation to be expressed is conjunction (and) 

syntactic chaining. As such, it is an analogue to the chaining strategy used by Broca’s 

aphasics to construct a physical tree structure in Grossman’s experiment” (p. 535). On the 

other hand, Wernike’s speech sample in Table 4, “Fluent aphasics produce speech that is 

semantically empty but has hierarchically organized (if not always correct) syntax” and they 

“also did very well at reproducing the hierarchical structure of the models, although their tree 

structures, like their sentences, were not always correct” (p. 535). This result shows the same 

pattern of action and speech. 

 In summary, Broca’s aphasics—damaged in Broca’s area in the left hemisphere of the 

brain—were able to produce verbal expression and behavioral expression by means of 

conjunction principle. Broca’s aphasic speech sample and their recreated model’s 

hierarchical structure display the conjunction principle. But, Broca’s aphasics show “a 

specific deficit in representing the hierarchical organization in both the grammar of language 

and the combination of objects,” which displays a mental representation for the hierarchical 
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structure. In contrast, Wernike’s aphasics were able to produce the hierarchical structure both 

in speech and recreating the model’s hierarchical structure. However, Wernike’s aphasics’ 

tree structures were not always correct and their sentences were semantically empty. 

 What I pay attention to is Broca’s aphasics’ deficit itself of the hierarchical 

organization in both language and action—aphasics damaged in Broca’s area in the brain, 

which is related to language use capacity. 

 
 
 
 

  
  

Figure 31 Typical construction strategies at different ages 
 
Numerals indicate the serial order in which the pieces were added (Greenfield, 1991, p. 535).  

 
 
 
Greenfield presents another experiment in relation to the hierarchical organization. This is 

“typical construction strategies at different ages.” 

 For a moment, Greenfield’s analysis framework needs to be addressed. Vygotsky 

says, “pathology is the key to understanding development and development is the key to the 

understanding of pathological changes” (Van der Veer & Valsiner, 1994, p. 267). By 

comparing children’s different construction strategies at different ages with aphasics’ 

pathological cases, Greenfield shows the important fact of the change of mental capacity and 

development. Greenfield shows what kinds of change there was in the development process, 

by juxtaposing developmental change in children and aphasic patients’ loss, who has a 
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linguistic problem because of damage in the brain, and lost grammatical structure, the 

hierarchical organization of language. 

 In Figure 31 Typical construction strategies at different ages, numerals of the three 

symmetrical structures constructed by children indicate “the serial order in which the pieces 

were added.” If we follow the numerals and see the three tree structures, “different strategies 

used to construct the symmetrical model” appear. By comparing “the serial order” or “the 

construction process” of six-year-old, seven- and eleven-year-old children, Greenfield 

analyzes a tendency of a mental representation of the tree structure in different ages as 

follows. 

 

(Six-year-old children used) a nonhierarchical, chain-like strategy in which an 

element would be placed adjacent to the one added just before it (see left side of 

Figure 31). Seven- and nine-year-olds followed the hierarchical organization of the 

model in their “surface structure” strategy, proceeding from superordinate (top) to 

subordinate (bottom) Figure 31). Finally, many of the ll-

year-olds used a top-down method in which they just skipped from one branch to 

another in building the structure (right side of of Figure 31). This strategy was 

considered to indicate internalization of the hierarchical organization of the model 

(Greenfield, 1991, p. 535).  

 

In Figure 31 Typical construction strategies at different ages, construction strategies of six-

year-old, seven- and eleven-year-old children change. The marked change from a six-year-

old to a eleven-year-old child is an ability to control the order of construction activity, based 

on the separation between activity and thought. In other words, we can see that eleven-year-

old children can control an order of their own action of which piece they want to use first for 

construction between a mental representation and the serial order which reveals in action. 

Thus, it means that intentional construction in eleven-year-old children is possible.  

 We can see that six-year-old children use “a nonhierarchical, chain-like strategy” for 

construction, without skipping “from one branch to another in building the structure.” 

Eleven-year-old children’s behavior of skipping from one branch to another in building the 
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structure is possible because they have a mental representation for the hierarchical 

organization of the model. And, such behavior means that when the children express a mental 

representation externally, visually, they can decide the order of their own action, which one 

goes first. Namely, the internalization of the hierarchical organization of the model and the 

change of self-control of behavior appear. This aspect is in contrast to Broca’s aphasics’ case 

in which they could not make a hierarchically visual representation by using tongue 

depressors or grammatically correct speech. 

 In summary, comparing Broca’s aphasics’ lack of the capacity to construct a 

hierarchically organized structure in both speech and action with children’s development of 

the internalization of the hierarchical organization of the model shows the constructive 

character implied in language. 

 
 
2.3.14. A purposeful regulating and organizing activity 
 
In Greenfield’s analysis of children’s construction strategies of a tree model where a mental 

representation is externalized in action, a transition of construction strategies from a chain-

like strategy to top-down method involves an ordering action process. 

 In contrast, Wilson mentions that what disappears together with aphasic’s hierarchical 

structure of speech is purposeful regulating and organizing activity. Apraxia is “the 

disturbance of movement control.” Apraxia, also, is defined as “a disorder of complex higher 

motor behavior, characterized by the inability to perform purposeful skilled movements in 

the absence of elementary motor deficits, abnormalities of sensation, or impaired 

comprehension or memory” (Wilson, 1998, p. 205). A purposeful regulating and organizing 

activity means voluntarily selected actions among many possible actions. Also, it is the 

capacity to control the order of actions intentionally. It is not a response to mere external 

stimuli, but has an intention beyond actions themselves. 

 Vygotsky, in his study of Imagination and Creativity of the Adolescent (1994), 

mentions aphasics who cannot organize an activity. Vygotsky says that when the function of 

“inner freedom of thought, action and cognizing” is affected, “imagination and creativity 

disappear” (p. 269). 
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The behavior of the patients we described above strikes one precisely by the inability 

to form any resolutions. It is not surprising then that, as has already been said, this 

phenomenon can be observed most frequently in cases where higher intellectual 

functions, which are the seat of thinking in concepts, have been disrupted. This is 

most clearly seen in cases of aphasia, a disorder which results from disturbed verbal 

activity and thinking in concepts (Van der Veer & Valsiner, 1994, p. 268).  

 In the course of our research we had the opportunity to observe how patients with 

similar conditions are faced with extreme difficulties which, from their point of view, 

are insoluble. As has been pointed out by Head, the same situation arises when an 

aphasic is asked to perform a task which can be started from either end, and he is 

unable to solve the problem because he cannot find a starting point and does not 

know where to begin. This starting point must be chosen at will, and for him this is 

precisely the main source of the difficulty. 

 We think that the examples we have given will suffice to illustrate the 

straightforward idea that imagination and creativity are linked to a free reworking of 

various elements of experience, freely combined, and which, as a precondition, 

without fail, require the level of inner freedom of thought, action and cognizing 

which only he who has mastered thinking in concepts can achieve. So it is not without 

reason that imagination and creativity disappear when this function is affected (p. 

269).  

 

Thus, Vygotsky focuses on “the ability to form any resolution,” which is a premise for the 

function of “inner freedom of thought, action and cognizing.” Aphasics who cannot build any 

form of will cannot produce self-generated movements, thus, the linking of an intention and 

imagining the physical, sensory experience of acting on that intention and the course of 

action in moving from an existing to a preferred state are not possible. In other words, with 

aphasics who lost the order of speech, the order of behavior disappears as well.  

 We can see an important fact from Vygotsky’s observation of linguistically 

pathological cases and the analysis of imagination and creativity, which is that imagination 

and creativity are willed action. Because aphasics’ “inability to form any resolutions” limits 
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“a free reworking of various elements of experience, freely combined,” which is a premise of 

imagination and creativity, and the impossible state to form any resolutions cannot produce 

imagination and creativity (p. 268).  

 However, there is a precondition of such order of behavior. It is the ability to build a 

new relation between “situations in thought and real situations” and “the ability to act 

independently of what they see.” In other words, the ability to think something that does not 

exist in the perceptual field. 

 Vygotsky, in the study of The Role of Play in Development in the book, Mind in 

Society: the Development of Higher Psychological Processes (1978), discusses the 

relationship between the role of play, imagination, abstract thought and tools as follows. 

 

The child sees one thing but acts differently in relation to what he sees. Thus, a 

condition is reached in which the child begins to act independently of what he sees. 

-damaged patients lose the ability to act independently of what they see. 

In considering such patients one can appreciate that the freedom of action and adults 

and more mature children enjoy is not acquired in a flash but has to go through a long 

process of development ( -Steiner, Scribner, & Souberman, 1978, pp. 96-

97).  

 In play thought is separated from objects and action arises from ideas rather than 

from things…Play provides a transitional stage in this direction whenever an object 

(for example, a stick) becomes a pivot for severing the meaning of horse from a real 

horse. The child cannot as yet detach thought from object. The child’s weakness is 

that in order to imagine a horse, he needs to define his action by means of using “the-

horse-in-the-stick” as the pivot. But all the same, the basic structure determining the 

child’s relation to reality is radically changed at this crucial point, because the 

structure of his perceptions changes (pp. 97-98).  

 The creation of an imaginary situation is not a fortuitous fact in a child’s life, but 

is rather the first manifestation of the child’s emancipation from situational 

constraints (p. 99).  
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 How does the child float from one object to another, from one action to another? 

This accomplished by movement in the field of meaning-which subordinates all real 

objects and actions to itself. Behavior is not bound by the immediate perceptual field. 

This movement in the field of meaning dominates in an abstract field (which thus 

makes an appearance in play prior to the appearance of voluntary operation with 

meanings). On the other hand, the method of movement is situational and concrete (It 

is an affective, not a logical change). In other words, the field of meaning appears, but 

action within it occurs just as in reality. Herein lies the main developmental 

contradiction of play (p. 101).  

 From the point of view of development, creating an imaginary situation can be 

regarded as a means of developing abstract thought. The corresponding development 

of rules leads to actions on the basis of which division between work and play 

becomes possible, a division encountered at school age as a fundamental fact (pp. 

103-104).  

 It is the essence of play that a new relation is created between the field of meaning 

and the visual field-that is, between situations in thought and real situations. 

Superficially, play bears little resemblance to the complex, mediated form of thought 

and volition it leads to. Only a profound internal analysis makes it possible to 

determine its course of change and its role in development (p. 104).  

 

In summary, “in play thought is separated from objects and action arises from ideas rather 

than from things.” But, since the child cannot as yet detach thought from object, in order to 

imagine a horse, he needs to define his action by means of using “the-horse-in-the-stick” as 

the pivot, which is concrete action with tools. And, “creating an imaginary situation can be 

regarded as a means of developing abstract thought.“ In this respect, “play bears resemblance 

to the complex, mediated form of thought and volition it leads to” ( -Steiner, 

Scribner, & Souberman, 1978, pp. 96-104).  

 In the previous section, I examined that a mental rotation of the imagined movement 

vector about its origin involves the change of the directional tendency of the neuronal 

ensemble in the brain and it is an analog process in the study of Georgopoulos and Pellizzer. 
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Thus, a mental rotation of the imagined movement vector about its origin was a mental 

activity involving physical change. In the discussion of Vygotsky, a premise for imagination 

is action, which is the basis of elements of experience, will to exercise an inner freedom of 

thought, and separation between “situations in thought and real situations.“ Moreover, 

imagination is formed in the development process, not the capacity which is given from the 

beginning of one’s life.  

 If so, imagination is mental activity involving the will to establish the new relations 

between “situations in thought and real situations.” Thus, imagination is willed mental 

activity, a mental process as well as physical activity. A mental rotation of the imagined 

movement causes the change in the nervous system, and its character follows a spatial 

measure, and its complexity is proportional to the amount of time, which is an analog process. 

 In the play of children, imagination is linked to concretely expressed actions via tools. 

Then, what would be the role of tools for imagination and creativity, not for just play, i.e., for 

a mental process which is to produce something new? Since mental rotation is an analog 

process, which is ruled by spatiality, in order to visually represent such a process in tools, 

securing room for movements for imagination seems to be important. In other words, 

because the utilitarian function that “a mental faculty for the simulation of spatial 

transformation” can affect externally objectified things is linked by action, tools should 

provide functions to make such a state. Therefore, the function of tools lies in the system that 

connects imagination to physical expression in action, manipulates and forms such a process. 

 The visual dimension of speech is written words. In the next section, I consider the 

hierarchical organization of constructive character of language, which was examined in 

Greenfield’s study, I will see in what ways the expansion of thought in writing activity by 

mediating written words, not speech or reading, could be possible in terms of tools. 

 Figure 32 describes the relationship between Vygotsky, Bergson, Matura and Varela, 

Wilson, and Greenfield. 
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Figure 32 The relationship of studies between Vygotsky, Bergson, Matura and Varela, 
Wilson, and Greenfield 

 
 
 
2.3.15. A controversy between Parmenides and Heraclitus: reality 
 
Ilya Prigogine, Nobel Laureate in chemistry noted for his work on dissipative structures, 

complex systems, and irreversibility, in his book, Is Future Given? (2003), mentions a 

famous controversy between Parmenides and Heraclitus as follows. 
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Greeks. I think about the conflict between Parmenides and Heraclitus. Parmenides 

said that everything was there, nothing new can appear, while Heraclitus claimed, as 

everybody knows, that all things are in progress and nothing remains still, that you 

can never step twice in the same river. I have always considered Parmenides 
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paradoxical because his own book was itself something new. To claim that nothing is 

new and write a book that by itself something new is contradictory. Therefore I have 

always considered this as a kind of paradox. For example, if the view of Parmenides 

was true, then essentially our discussion would be an illusion because it would be 

already prescribed since the Big Bang, this is very unlikely (p. 56).  

 Time is our existential dimension. The results described in this paper show that 

the conflict between Parmenides and Heraclitus can be taken out from its 

metaphysical context and formulated in terms of modern theory of dynamical systems 

(p. 20).  

 

The quotation above can be summarized as follows. “Parmenides insisted that there is 

nothing new, that everything was there and will be ever there...On the other hand, Heraclitus 

insisted on change” (Prigogine, 2003, p. 9). Parmenides’ paradox and Heraclitus’ discussion 

of change clash on the question of irreversible time and unexpected outcome, that is, the 

issue of creativity. It was Prigogine’s subject of his study that shed light on such conflict 

between Parmenides and Heraclitus, which was unexpected complexity in nature. From a 

viewpoint of Parmenides, time plays no role in change. Since the beginning and the end are 

the same and they are held, there is no place for a novel idea or creativity. 

 Mark Johnson’s critique on Objectivism’s view of reality and his discussion of 

“embodied imaginative understanding,” in the book, Body in the Mind: the Bodily Basis of 

Meaning, Imagination and Reason (1987), are not quite different from the discussion 

framework between Parmenides and Heraclitus. Because Johnson’s study of “embodied 

imaginative understanding” is about creativity, that is, change. 

 
 
2.3.16. Body in the mind: the bodily basis of meaning, imagination and 

reason 
 
Mark Johnson says, “grasping a meaning is an event of understanding” (1987, p. 175). An 

event of understanding is the expansion of thought. The expansion of thought involves 
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creativity. The explanation that how to arrive at such an event is his subject of an inquiry, 

imagination, in particular, embodied imagination. 

 Parmenides’ paradox lies in reality that excludes any possibility. Keeping that 

Parmenides’ paradox in mind, let us see Johnson’s critique on Objectivism. Johnson conflicts 

with Objectivists in terms of a point of view of reality. Next, Johnson says, “Experience is 

never the same and reality is always growing and expanding.” 

 

Experience is never the same. The part you have got with ‘expanding out’s is life. 

That’s experience. All new experience is always in the context of organisms’ 

purposes and values...What you are talking about expanding experience and keep 

thinking like that is the view of experience that John Dewey has. When we think of 

experience like this, knowledge is defined as “a term of praise that we use for the 

result of process of inquiry that has been more or less successful.“ So what Dewey 

says is that we have got to quit talking about knowledge as what is the thing or body 

of knowledge. Instead, we have to talk about knowing, the activity because all 

activity, it is all agencies. It’s all activity of an agent. And when we say something is 

knowledge, we are saying oh! we have found certain modes of inquiry useful for 

ordering our experience, our on-going experience and we call those once we say that 

we have knowledge so we get the idea here’s how you do so and so. 

 What you have got to see is that “all experience is always on-going in process, 

and there are always miner little bit of creativity of the new. And we select out 

concepts from that experience and put them together in their propositions and say 

that’s knowledge. But that’s a selection for a process and it is all relative to interest 

we have. Here is Dewey’s theory of experience. “We are organisms who have various 

needs and we are interacting with our environment. Now, we don’t think about it 

most of the time. We just go on do we do. You have learned habits. You’ve learned 

habits how to live your life.” Remember, reality is always growing and expanding. 

It’s in process that’s the first thing you said. Everything is in process and so the 

problem is that people think that knowledge is the set of rules. If knowledge is just 
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fixed, then you never have any real creativity. Knowledge works as long as it works 

(personal communication, September 2, 2008).  

 

’ unchanging reality, 

a question that is raised in relation to expanding reality is a matter of creativity and 

knowledge. Johnson, following John Dewey, in the quotation above, says that a way to 

search for knowledge, the process itself is “certain modes of inquiry useful for ordering our 

experience“ rather than there is an absolute knowledge and we try to find it. Thus, he says 

that knowledge can be stable, but it is not fixed. Here, the necessity of the study of creativity 

arises. Johnson explains such creativity by discussing imagination based on bodily 

experience, which will be dealt with later in this chapter. 

 To begin with, let us see Johnson’s critique on Objectivism’s viewpoints. 

 

In its (Objectivism) nonsophisticated manifestation, as a set of shared commonplaces 

in our culture, it takes the following general form: The world consists of objects that 

have properties and stand in various relationships independent of human 

understanding. The world is as it is, no matter what any person happens to believe 

about it, and there is one correct “God’s-Eye-View” about what the world really is 

like. In other words, there is a rational structure to reality, independent of the beliefs 

of any particular people, and correct reason mirrors this rational structure. 

 To describe an objective reality of this sort, we need language that expresses 

concepts that can map onto the objects, properties, and relations in a literal, univocal, 

context-independent fashion. Reasoning to gain knowledge of our world is seen as 

requiring the joining of such concepts into propositions that describe aspects of reality. 

Reason is thus a purely formal capacity to connect up, and to draw inferences from, 

these literal concepts according to rules of logic. Words are arbitrary symbols which, 

though meaningless in themselves, get their meaning by virtue of their capacity to 

correspond directly to things in the world. And rational thought can be viewed as an 

algorithmic manipulation of such symbols. 
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 There is nothing about human beings mentioned anywhere in this account—

neither their capacity to understand nor their imaginative activity nor their nature as 

functioning organism nor anything else about them. Thus, according to recent 

versions of Objectivism, the humanness (the human embodiment) of understanding 

has no significant bearing on the nature of meaning and rationality. The structure of 

rationality is regarded as transcending structure of bodily experience. And meaning is 

regarded as objective, because it consists only in the relation between abstract 

symbols and things (with their properties and relations) in the world. As a 

consequence, the way human beings grasp things as meaningful—the way they 

understand their experience—is held to be incidental to the nature of meaningful 

thought and reason.  

 The body has been ignored by Objectivism because it has been thought to 

introduce subjective elements alleged to be irrelevant to the objective nature of 

meaning. The body has been ignored because reason has been thought to be abstract 

and transcendent, that is, not tied to any of the bodily aspects of human understanding. 

The body has been ignored because it seems to have no role in our reasoning about 

abstract subject matters (Johnson, 1987, p. x-xiv).  

 

To sum up Objectivisist’s viewpoint, a variety of aspects of reality that human beings belong 

to can be represented by algorithmic manipulation of arbitrary symbols of words, a formal 

logic. Reason that grasps such reality, thus, is abstract, disembodied and transcendent, and 

such reality is independent of human understanding of that reality, bodily experience. 

 Objectivisist’s reality can be reduced to “one correct God’s-Eye-View” about what 

the world really is like,“ but Johnson’s and Dewey’s reality is a growing and expanding 

reality where the on-going transformative character of experience takes place. Everything 

changes and reality is not fixed. However, because the Objectivisist’s reality corresponds to 

algorithmic manipulation of arbitrary symbols of words, such reality does not need human 

understanding and involvement in reality. Thus, the Objectivisist’s viewpoint results in the 

mind-body split. 
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2.3.17. The mind-body problem 
 
The mind-body problem is the most important discussion that forms my study. In this study, 

the starting point was the discussion that mind and body work together as “embodied 

mind.“ I think that the mind-body separation problem, fundamentally, is the starting point 

that makes creativity inexplicable. When Johnson’s theory of imagination complements 

Immanuel Kant’s imagination, and Johnson extends the discussion of imagination, what we 

discover is “embodied mind.” In embodied mind, the mind-body separation breaks down. 

And, Johnson’s discussion of creativity is based on the embodied mind. 

 First of all, let us see Kant’s problem, and his starting point. Then, let us see how 

Johnson criticizes Kant’s limitation. Based on this background, I will examine Johnson’s 

discussion of “the expansion of thought.” I think that Kant’s problem still exists in our time 

in a place where the issue of creativity related to the expansion of thought is limited. Now, let 

us invite Kant (1724-1804) to our discussion, and look into how his problem is connected 

with the current—2012—matter of the expansion of thought and creativity. 

 Immanuel Kant (1724-1804) is troubled with the matter of how a science of nature, 

which finds universal laws that are objective, and “objective, public, shared experiences” can 

be explained by each individual’s subjective psychological mind. 

 

 ...all knowledge involves judgments in which mental representations (sense 

percepts, images, or even concepts) are unified and ordered under more general 

representations. For Kant, imagination is the faculty for achieving this synthesis, 

defined as “the act of putting different representations together, and of grasping what 

is manifold in them in one act of knowledge.” To understand imagination is to 

understand the nature of its synthesizing or unifying activity (Johnson, 1987, p. 148).  

 ...he (Kant) argued that no merely empirical principles could account for the 

possibility of objective experience, that is, of our experience of public objects subject 

to universal natural laws. If the order in our representations is the result of subjective 

psychological principles of association, then there could be no guarantee of a shared 

objective world. With only reproductive imagination we might each have our own 
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privately structured realities. Thus, Kant argued that because a science of nature 

which finds universal laws are possible, there must be a synthesizing function of 

imagination that is not merely reproductive (and subjective) but is transcendental and 

productive (p. 150).  

 …if there is only reproductive imagination, that each of us organizes our 

experiences of objects differently. You might associate and unify them in one way, 

and I in another. In such a case, we would each have our own little isolated, 

solipsistic reality. But it is a fact that we do share a common world of physical objects; 

we are not locked up inside our own little isolated, solipsistic reality. But it is a fact 

that we do share a common world of physical objects; we are not locked up inside our 

subjective experiences (p. 150).  

 What Kant is claiming is that it is the unity of our consciousness, to which our 

experience is always subject, that is the ground of objectivity in our experience. We 

can have objective, public, shared experiences because there is an objective structure 

to our consciousness. Kant calls this objective structure a “transcendental” unity of 

consciousness, which constitutes the ultimate conditions for objective experience. It is 

“transcendental” because it is given by the structure of consciousness and is not 

derived from our empirical experience. For our purposes, the important point is that 

Kant describes this ultimate unifying structure of consciousness as an operation of 

imagination, because it is a synthesizing activity that gives the general structure of 

objective experience as such. 

 The section on productive imagination is one of the most difficult and obscure 

passages in all of Kant’s writing...the productive function of imagination is what 

makes it possible for us to experience public objects that we all share in our common 

world. This productive imagination is none other than the unifying structures of our 

consciousness that constitute the ultimate conditions for our being able to experience 

any object whatever. There can be no objective experience that is not subject to these 

structures, which are the categorical patterns imposed by the transcendental structure 

of human consciousness (p. 151).  
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In order to solve the conflict between the subjective mind and objective experience, Kant 

plants an objective, transcendental structure of consciousness in each individual’s mind, and 

he describes the “ultimate unifying structure of consciousness as an operation of imagination” 

(p. 151). Then, where is Kant’s starting point? What does he see, and what does he not see? 

What does Kant explain in the end? 

 “Kant’s starting point is mental representations. In his book, The Critique of Pure 

Reason, there is no theory of body although there is a theory of perception. Kant’s point does 

lie not in the body but in something represented somehow regardless of body operation, 

which is Kant’s point of departure in his discussion” (Lee, 2008). In Johnson’s analysis of 

Kant, what Kant sees is “a synthesizing activity that gives the general structure of objective 

experience” (p. 151). Then, what is the problem? 

 Henri Bergson, in his book, Time and Free Will: an Essay on the Immediate Data of 

Consciousness (2008), summarizes Kant’s limit in this phrase, “a sharp line of separation 

between consciousness and external perception” (p. 222). Let us imagine Kant’s discussion. 

There is a world and a variety of people’s minds exist, and there is a transcendental structure 

in each mind, through which all experience in the world is organized. However, how does 

such experience go into the mind? Because Kant does not see the human body, it seems that 

he cannot explain the relationship between experience and mind. It seems that there is no 

physical place for the mind to stay.  

 Now, let us see Johnson’s critique on imagination in Kant’s writings. 

 

I am not able to find a completely unified theory of imagination in Kant’s writings. 

There seems to be a gap between the creative function, on the one hand, and the 

reproductive, productive, and schematizing functions, on the other. What connects 

them is that they all involve the structured ordering of mental representations into 

meaningful unities within our experience. But the freedom of creative imagination 

(the production of novelty) is not explicable solely in terms of the automatic and 

orderly reproductive and productive functions. Kant does not bridge this gap—it 

seems that it cannot be bridged within his system. He describes the operation of 

creative imagination but does not explain it. 
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 There are two obvious problem areas in Kant’s view. The first is his placement of 

imagination midway between conceptualization and sensation. Somehow imagination 

is supposed to have a foot in both worlds (in the “formal” and the “material”), and yet 

it is not clear how it can have this dual nature. The second problem is closely related 

to the first, because it, too, concerns the gap between the intellectual and the sensuous. 

The problem is how to explain a faculty that sometimes seems controlled by rules, 

while at other times it appears to be free of such constraint. As free and non-rule-

governed, this faculty is regarded by Kant as nonrational, and yet it seems to play a 

role in what is meaningful for us and in how we reason about our world (Johnson, 

1987, p. 166).  

 Both of these problems have the same roots in the structure of Kant’s 

philosophical system. Both problems arise because Kant assumes a certain kind of 

metaphysical split—he sees reality as divided into two radically different and 

irreducible realms. On the one side, there is the physical or material realms governed 

by strict deterministic natural laws. This is the realm of our bodily being, of 

sensations, of emotions, and of physical objects in space. On the other side, there is a 

realm beyond the physical, wherein freedom is possible. This is the realm of 

understanding, reason, and our capacity for spontaneous action (pp. 166-167).  

  

Kant’s discussion of imagination is encapsulated in the four functions: creative, reproductive, 

productive, and schematizing functions. However, the function of “creative imagination“ that 

produces the production of novelty cannot be explained by “the structured ordering of mental 

representations into meaningful unities within our experience.“ In Kant’s philosophical 

system, the transcendental structure of consciousness is assumed. For Kant, “imagination is 

supposed to have a foot in both worlds (in the “formal” and the “material”), and yet it is not 

clear how it can have this dual nature.“ The reason why such imagination cannot be 

explained is because of the metaphysical split between the physical realm and the realm of 

understanding. 

 In other words, the reason why the production of novelty cannot be explicable is 

based on “the metaphysical split between the physical realm and the realm of 
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understanding.“ When Kant confines thinking only to thinking, without body which makes 

thinking such thinking, and when he grants a transcendent nature to that thinking, it seems 

inevitable that he cannot explain creativity. Because he grants a transcendent and 

unapproachable nature forever to consciousness that produces a novel idea. Thus, we 

discover, in Kant’s problem, today’s viewpoint that makes creativity inexplicable, or that 

only special persons possess, or that creativity cannot be learned. This is the reason why the 

matter of the expansion of thought and creativity are not irrelevant to Johnson’s critique of 

Kant. 

 Then, how does Johnson overcome Kant’s weakness? In the quote below, Johnson 

removes Kant’s “alleged gap between understanding, imagination, and sensation,” or “the 

metaphysical split between the physical realm and the realm of understanding.” Instead, 

Johnson locates bodily experience in that vacancy.  

 

Imagination is a pervasive structuring activity by means of which we achieve 

coherent, patterned, unified representations. It is indispensable for our ability to make 

sense of our experience, to find it meaningful. The conclusion ought to be, therefore, 

that imagination is absolutely central to human rationality, that is, to our rational 

capacity to find significant connections, to draw inferences, and to solve problems. 

Kant, of course, pulls back from this conclusion, because it would undermine the 

dichotomies that underlie his system. Thus, the answer to the first problem—how 

imagination can be both formal and material, rational and bodily-is that there is no 

unbridgeable gap between these two realms in the first place. Once we no longer 

demand a disembodied (or nonphysical) rationality, then there is no particular reason 

to exclude embodied imagination from the bounds of reason. This brings us to the 

second problem. How can imagination, which is not algorithmic, be part of rationality, 

which is rule-governed? This is a problem for a Kantian view in which understanding 

and reason are faculties of rules and principles, respectively. This ceases to be a 

problem, however, if we once again deny the assumption of an unbridgeable gulf 

between reason and imagination. If Kant’s account of imagination shows us anything, 

it shows us that imaginative activity is absolutely crucial in determining what we will 



150 
 
 

 

 

regard as meaningful and how we will reason about it. Instead of being nonrational, 

imaginative structure form the body of human rationality (Johnson, pp. 168-169).  

 

When Johnson discusses imagination, he borrowed the “underlying metaphorical systems of 

understanding,” “metaphorical and analogical thought processes as basic to creative 

imaginative activity,” “projective mechanism,” thus, “metaphorical projection” from Kant 

(Johnson, 1987, p. 164). But, the big difference between Kant and Johnson lies in their 

starting point. Kant’s discussion started from representation, but Johnson draws his 

discussion of image schema and their metaphorical extension from bodily experience. 

Johnson’s starting point is not representation, but body, in particular, a moving body. 

 
 
2.3.18. The mind-body problem in Design 
 
Basically, the notion of “embodied mind” is located in the world, and it starts from our daily 

life and common sense. The notion of embodied mind is illuminated in the thought 

framework of the relationship between moving human body and the physical world. Thus, it 

is necessary that the notion of embodied mind is discussed with empirical studies such as 

biology, physiology, neuroscience, linguistics together in a compatible way. Henri Bergson, 

in the book, Time and Free Will: An Essay on the Immediate Data of Consciousness (2008), 

says, “one can go further still and assert that forms applicable to things cannot be entirely our 

own work, that they must result from a compromise between matter and mind, that if we give 

much to matter we probably receive something from it” (p. 223) Keeping Bergson’s remark 

in mind, I will discuss Johnson’s argument. 

 Johnson’s argument, in the book, The Meaning of the Body: Aesthetics of Human 

Understanding (2007), summarizes his standpoint to the mind-body problem, which is “what 

we call “mind” and what we call “body” are not two things, but rather aspects of one organic 

process” (p. 1).  

 What is the reason that the mind-body problem in philosophy needs to be thoroughly 

examined in design, in particular my study—the expansion of thought and a matter of 

embodiment through tool use? 
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 First of all, let us look into Johnson’s critique on the correspondence theory, in his 

book, Philosophy in the Flesh: the Embodied Mind and Its Challenge to Western Thought 

(1999) Johnson criticizes that “the correspondence theory holds that statements are true or 

false objectively, depending on how they map directly onto the world—independent of any 

human understanding of either the statement or the world” (1999, p. 6). What is not assumed 

in the correspondence theory is the fact that all things change. As Dewey and Johnson say, 

stable knowledge is possible in such changing reality. Since reality is in the continuous 

process of change and expands, stable knowledge involves the limit. 

 However, design inquires into problems where the problem cannot be covered and 

solved with preceding stable knowledge. At this time, what is required in the place where one 

looks at the problem from a different point of view is creative cognition. Then, is creative 

cognition a special talent that only few people posses and that has a transcendent feature? 

 I do not think that creative cognition belongs to a small member of people and it is 

transcendent. What the mind-body problem in philosophy that I use aims at is precisely here. 

sensorimotor activities that support bodily, daily experience. Image schema consists of 

recurring, dynamic patterns of sensorimotor activities. Basically, because the human body’s 

sensorimotor activities go with spatial-relations, image schema implies a implicative basic 

logic in such spatial-relations. 

 There are other things besides human beings in the physical world. If we consider the 

mobility of humans and our interactions with other objects, a implicative basic logic of image 

schema can be easily understood. “Part-whole, center-periphery, cycle, and iteration” are 

examples of image schema. And, such spatial relations concepts originate from our daily life. 

What matters is that we expand our thought by metaphorically projecting the instances of 

sensorimotor inference which arises from daily experience to a cognitive domain. In this 

respect, the mind-body problem in philosophy becomes the problem of the expansion of 

thought in design, and it is transformed into a matter of creativity. 

 The quote below is Johnson’s answer when I asked him about the relationship 

between knowledge, experience and imagination. 
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Johnson: Some people ignore the tension, but they let their habits go on, just 

functional. However, intelligent people inquire. Dewey said that inquiry emerges and 

that’s where questions of knowledge and imagination come into play. Inquiry only 

emerges when we have a problem, problematic situation, otherwise we don’t have to 

think. We just do it habitually. The habits we develop are in our neurons and they 

carry us right out. The habit just runs its course until it bumps against something. 

 Then, what you have to think is that thinking is an imaginative process of 

reconfiguring experience. This is important. It is not that there is an experience and 

there is thinking, but the thinking, the imagination is the actual doing, changing, it’s 

the thing. It’s the thinking through for the new possibilities. 

 Inquiry is our mode of reflecting upon and transforming experience. The test of 

inquiry is whether we make experience better and transform it. That’s the creativity. 

That is where imagination is working and when we do it in such a way that it seems 

to be good. Then, we tend to think that we have knowledge. So, knowledge is a term 

of a praise that we give to the result of certain processes of thought. What counts as 

knowledge, therefore, is relative to cultures. So, knowledge is not for all the time, but 

it can be stable. Dewey’s big claim was that “we should never mistake knowledge for 

some eternal absolute truth.” I said, knowledge is a term of praise of valuing of 

certain ways of interacting that is ways of knowing and interacting. Explicit rules are 

just formalizations of patterns that have been found to be useful in engaging the 

world. Remember, reality is always growing and expanding. It’s in process that’s the 

first thing you said. Everything is in process and so the problem is that people think 

that knowledge is the set of rules. If knowledge is just fixed, then you never have any 

real creativity. Knowledge works as long as it works.  

 There is an example that bodies of knowledge turned out to be counter-

productive. Industrial Revolution is very exciting because it provided us and 

generated bodies of knowledge, it gave us ways of doing things that we really 

transform human life the better, and it did. But, we now are seeing the unintended 

consequences of that mode of being. We are polluting our atmosphere, depleting our 
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resources, etc. That is a problem. So, yet, there was knowledge there, but relative to 

certain values that seem to become more important to us now.  

 We have to rethink. We need ability to transform experience that’s what 

imagination is really about. And then, we have to get over the romantic notion that 

imagination is just radical free creation, which I called ‘the miracle theory of 

creativity.’ But the resources for solving problems and being creative have to be there 

when creativity is coming up with utterly new something.  

 I think that all experience involves imagination and some of it is the ability to just 

reproduce patterns, but we also have the ability to adapt them, and transform them. 

That’s the imagination in its creative dimension. 

Joohee: ...because I have been thinking about knowledge as a kind of fixed one. 

Johnson: Right. That’s the way we do. We’ve got to get over that. Knowledge is 

relatively fixed, but given who we are in our purposes and values, performing in this 

way produces certain facts relative to what we value, what is important to use, and 

those values change. Thus, criteria of importance change. There is always stable 

knowledge, but think of what we call knowledge is just the products of successful 

modes of inquiry. You’ve always got to remember that really we need to be 

imaginative because new situations are going to arise, and experiences are not stable. 

You can work on this diagram because you can say this is the stable. Stable is 

different than fixed. Stable doesn’t mean to never change. So you’re still all right on 

the basis of these modes of knowing (personal communication, September 2, 2008).  

 

In summary, imagination is the actual doing and an active form of inquiry that emerges when 

we have a problem, when we are in a problematic situation where reality is always growing 

and expanding, and new situations are going to arise, and experiences are not stable. Thus, 

imagination is the mode of knowing, the ing of the activity. 

 Francisco J. Varela, Evan Thompson, and Eleanor Rosch, in their book, The 

Embodied Mind: Cognitive Science and Human Experience (1993), summarize “the central 

insight of this (Johnson’s work) nonobjectivist orientation” as follows. “Knowledge is the 

result of an ongoing interpretation that emerges from our capacities of understanding. These 
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capacities are rooted in the structures of our biological embodiment but are lived and 

experienced within a domain of consensual action and cultural history. They enable us to 

make sense of our world; or in more phenomenological language, they are the structures by 

which we exist in the manner of having a world” (pp. 149-150).  

 
 
2.3.19. Embodiment 
 
There is the second reason that the mind-body problem in philosophy becomes the problem 

of the expansion of thought in design. Meredith Davis, in the book, Creativity and Design in 

Technology Education (2012a) chapter six What Do We Mean By Creativity, Innovation, and 

Design Thinking says, “it is precisely these alternate translations of thought to physical form 

that characterize design thinking. Modeling and diagramming are simply alternate forms for 

representing and manipulating ideas” (Davis, 2012, chapter six, in production). Putting 

clothes on thought is embodiment, from which that thought advances again, which is a 

distinctive quality of design thinking. When Davis regards visual thinking “as formative 

means of ideation or information manipulation that may be of value at various times 

throughout the problem solving process,” it means that the matter of embodiment is related to 

the growth of thought. 

 In other words, design pursues the growth of thought through embodiment in the 

sense-perceptible elements. Thus, design thinking is an active, constructive, physical action 

where the “making process” gives thought physical reality, or where a physically objectified 

object in a concrete way expects thought involvement. If design deals with an action of 

expression, does only the body do this expressing? Does only the mind do that expressing? 

That is the thing that mind-and-body, embodied mind, does because “what we call mind and 

what we call body are not two things, but rather aspects of one organic process” (Johnson, 

2007, p. 1). If so, the discussion of possible things and limited things by reason of embodied 

mind needs to be dealt with. Only after we see both sides, then, can we say that we discuss 

the issue of embodiment. What is the core of the matter of embodiment in design? Why is 

making activity in design important?  
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 Earlier, the first reason why the mind-body problem in philosophy and its critique 

needs to be thoroughly examined in design suggested that we expand our thought by 

metaphorically projecting the instances of sensorimotor inference which arises from daily 

experience to a cognitive domain. Johnson illustrates what one uses when one gets out of the 

habitual, limited thought framework—a new understanding, with metaphorical extension of 

image schema. At this time, since image schema is bodily based experience or sensorimotor 

activities in the physical space, spatial relations concepts are used as ‘tools’ for embodied 

reasoning. If the mind and body are not two things, but rather aspects of one organic process, 

and if embodied reasoning uses spatial relations based on bodily experience, then, in the time 

of making activity, spatial relations are operative. The activity of making is advantageous to 

using such spatial relations physically and mentally, reconstructing them and pushing them. 

Thus, it is visual practice through which image schema are executed and revealed. If so, an 

exploratory visual performance is a practical action along which one is searching for the way 

toward understanding on the basis of bodily, physical, and daily experience. 

 According to Johnson, it is important to be conscious of the limitation that arises from 

abstract reasoning based on spatial relations concepts or image schema. In his discussion, the 

cognitive reality of image schema and their metaphorical extension was proved in linguistic 

use. In other words, the cognitive reality of image schema and their metaphorical extension 

were proved by investigating how their uses are revealed in language. This was the research 

method for embodied mind. However, when we anchor a certain object of thought firmly to a 

particular image schema’s internal structure so that other possibilities to see that thought 

from different points of view are excluded, then, such an image schema’s internal structure 

operates as constraint or limitation. After all, the expansion of thought is to disentangle a 

thought model and the limitation that is woven, organized around a particular spatial relations 

concepts or image schema. In other words, the expansion of thought is to search for a new 

order. The released place is understanding, having a world, and the dimension we live in. 

When we get a new understanding, we cannot say that we live in the same life.  

 Johnson (1987) says, “this particular formulation of the relevant notion of 

understanding, as a way of “being in” or “having” a world, highlights the dynamic, 

interactive character of understanding. Grasping a meaning is an event of understanding” and 
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“understanding is not only a matter of reflection, using finitary propositions, on some 

preexistent, already determinate experience” (p. 175). Rather, understanding is the way we 

“have a world,” the way we experience our world as a comprehensible reality...our 

understanding is our mode of “being in the world” (p. 102).  

 Johnson illustrates the process of “having a world” with spatial relations concepts or 

image schema based on bodily experience. An embodied activity is a physical union mode 

with the world in which the human body unites with objects, affecting each other, and that 

human body weaves its way through spatial relations. As Johnson says, if we consider “the 

mental in terms of the physical, the mind in terms of bodily experience,” then, conversely we 

may use externally such spatial relations concepts that are implied in our thought as the tool 

for the expansion of thought. In other words, if we know that “the spatial logics of these 

body-based image schemas are among the sources of the forms of logic used in abstract 

reason,” then, we can use them actively (Johnson, 1999, p. 36). Thus, spatial logics can be 

used in understanding or the expansion of thought. Because the spatial logics of these body-

based image schemas originate from the physical world, we can embody the spatial logics. 

The embodiment of the spatial logics becomes a way that we return to things because “forms 

applicable to things cannot be entirely our own work, and they must result from a 

compromise between matter and mind,” as Bergson says. This is the reason why the spatial 

logics can become the ground of the practice of visual and spatial compositions, and of the 

expansion of thought through such practice.   

 When we build the process itself along which we search for the new order of thought, 

using spatial relations, and embody such a process, we take a certain intellectual and physical 

distance from that embodiment; thus we allow ourselves to go into the process of “having a 

world,” and it is precisely in that point that we need a tool. And, that time is a ‘making 

process,’ that is, embodiment. In the making process, while our body does exercise a physical 

action, embodied reasoning is dissolved into such action at the moment of our actual making. 

A thought experiment reveals in actions. At this time, tools become an extended body. We, 

here in embodiment, give back to things “forms applicable to things that result from a 

compromise between matter and mind.” Therefore, this is the reason why the making process 

itself is important. 
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 If the body and the mind are one rather than independent from each other, and if the 

way the body-mind exists is through ‘movement,’ when we are willing to search for the way 

of understanding, we get to see the process of ‘embodiment’ where we enter the movement 

of thought, along the movement of the physical action. In this respect, embodiment is a 

matter of practice and method, but not a terminal. 

 Thus, based on Johnson’s theory of ‘the body in the mind,’ if we think of the 

importance of making, the matter of embodiment, then the point where dynamic, interactive 

character of understanding and kinesthetic image schema intersect can be the time of the 

making activity. The making activity is a manifested embodying behavior of a constructive 

process of thought as well as thought-expansion-revelation. The expansion of thought and the 

change of the visual embodiment of thought can be mediated by tool use. In this way, the 

mind-body problem in philosophy becomes the question of practice in relation to 

embodiment in design, and the question of the expansion of thought. 

 Before I discuss embodied reasoning in detail, for a moment, let me locate Johnson’s 

theory of the mind-body problem in a big picture on which his problem was initially posed. 

“In the Western tradition, this autonomous capacity of reason is regarded as what makes us 

essentially human, distinguishing us from all other animals,” but “there is no such fully 

autonomous faculty of reason separate from and independent of bodily capacities such as 

perception and movement” (Lakoff & Johnson, 1999, p. 17). At this point, Johnson’s point of 

view becomes clear. While Kant had to make a sharp line between perception and conception 

because he did not see the ‘the body,’ Johnson understands the linkage between perception 

and conception because he did see the ‘the body.’ 

 Next, the conception of an embodied person—embodied reason will be examined.  

 
 
2.3.20. Embodied reasoning 
 
George Lakoff and Mark Johnson, in the book, Philosophy in the Flesh: the Embodied Mind 

and Its Challenge to Western Thought (1999), explain “embodied reasoning” as follows. 
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Reason is not disembodied, as the tradition has largely held, but arises from the nature 

of our brains, bodies, and bodily experience. This is not just the innocuous and 

obvious claim that we need a body to reason; rather, it is the striking claim that the 

very structure of reason itself comes from the details of our embodiment. The same 

neural and cognitive mechanisms that allow us to perceive and move around also 

create our conceptual systems and modes of reason. Thus, to understand reason we 

must understand the details of our visual system, our motor system, and the general 

mechanisms of neural binding. In summary, reason is not, in any way, a transcendent 

feature of the universe of disembodied mind. Instead, it is shaped crucially by the 

peculiarities of our human bodies, by the remarkable details of the neural structure of 

our brains, and by the specifics of our everyday functioning in the world... Because 

our conceptual systems grow out of our bodies, meaning is grounded in and through 

our bodies (pp. 4-6).  

 Think of the properties of the human body that contribute to the peculiarities of 

our conceptual system. We have eyes and ears, arms and legs that work in certain 

very definite ways and not in others. We have a visual system, with topographic maps 

and orientation-sensitive cells, that provides structure for our ability to conceptualize 

spatial relations. Our abilities to move in the ways we do and to track the motion of 

other things give motion a major role in our conceptual system (pp. 18-19).  

 What makes concepts concepts is their inferential capacity, their ability to be 

bound together in ways that yield inferences. An embodied concept is a neural 

structure that is actually part of, or makes use of, the sensorimotor system of our 

brains. Much of conceptual inference is, therefore, sensorimotor inference (p. 20).  

 

In short, Lakoff and Johnson argue that “the very structure of reason itself comes from the 

details of our embodiment, by the remarkable details of the neural structure of our brains, and 

by the specifics of our everyday functioning in the world.” And, “much of conceptual 

inference is, therefore, sensorimotor inference.” 

 The argument of Lakoff and Johnson means that the struggle for thinking is 

consistent with the way of actions. Then, what does the way of thinking in which actions are 
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implied reveal? How does “reason use and grow out of such bodily capacities? (Lakoff & 

Johnson, 1999, p. 17).  

 Lakoff and Johnson answer that “our abilities to move in the ways we do and to track 

the motion of other things give motion a major role in our conceptual system” (1999, p. 19). 

They explain concretely how reason uses our bodily capacities by discussing image schema. 

Image schema, as a part of spatial-relations concepts, has an internal structure, whose 

characteristic becomes a built-in spatial logic. Such an image schema has a cognitive reality 

by being used conceptually. The next quote below explains “a container schema” as an 

example of spatial-relations concepts. 

 

Spatial-relations concepts are at the heart of our conceptual system. They are what 

make sense of space for us. They characterize what spatial form is and define spatial 

inference (Lakoff & Johnson, 1999, p. 30).  

 Most spatial relations are complexes made up of elementary spatial relations. 

English into is a composite of the English elementary spatial relations in and to. 

English on in its central sense if a composite of above, in contact with, and supported 

by. Each of these is an elementary spatial relation. Elementary spatial relations have a 

further internal structure consisting of an image schema, a profile, and a trajector-

landmark structure. 

 English in is made up of a container schema (a bounded region in space), a profile 

that highlights the interior of the schema, and a structure that identifies the boundary 

of the interior as the landmark (LM) and the object overlapping with the interior as a 

trajector (TR) In “Sam is in the house,” the house is the landmark (LM) relative to 

which Sam, the trajector (TR), is located. Spatial relations also have built-in spatial 

“logics” by virtue of their image-schematic structures (p. 31).  

 A container schema has the following structure: an inside, a boundary, and an 

outside. This is a gestalt structure, in the sense that the parts make no sense without 

the whole…The structure is topological in the sense that the boundary of a container 

schema. A container schema, like any other schema, is conceptual (p. 32).  
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Next, Lakoff and Johnson explain bodily projections in relation to spatial relations concepts 

as follows. 

 

Bodily projections are especially clear instances of the way our bodies shape 

in front of and in back of. The most 

central senses of these terms have to do with the body. We have inherent fronts and 

backs...We project fronts and backs onto objects...We have faces and move in the 

direction in which we see. Our bodies define a set of fundamental spatial orientations 

that we use not only in orienting ourselves, but in perceiving the relationship of one 

objects to another (Lakoff & Johnson, 1999, p. 34).  

 
 

 

 
 

Figure 33  (Lakoff and Johnson, 1999, p. 32).  
 

 
Figure 33  “illustrates the spatial logic built into the container schema: 

Given two containers, A and B, and an object, X, if A is in B and X is in A, then X is in B” 
(Lakoff & Johnson, 1999, p. 31).  
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The core for understanding of Lakoff and Johnson’s notion of “spatial-relations concepts,” 

“image schema,” and “bodily projections” is the idea that if our biological embodiment is 

different from the way it exists (like two legs and two arms), or if the foundation of our 

biological embodiment becomes different, then, the way of thinking would be different. The 

discussion of the form of cognition by involving the human neural mechanism is based on 

such idea. 

 
 
2.3.21. The embodied nature of spatial-relations concepts 
 
Lakoff and Johnson contrast “the embodied nature of spatial-relations concepts” with “the 

disembodied mind” as follows.  

 

Spatial-relations concepts are embodied in various ways. Bodily projections are 

Mixtec arise from the body, depend on the body, and would not exist if we did not 

have the kinds of bodies we have. The same is true of fundamental force-dynamic 

schemas: pushing, pulling, propelling, supporting, and balance. We comprehend these 

through the use of our body parts and our ability to move them, especially our arms, 

hands, and legs. Other image schemas are also comprehended through the body. Our 

bodies are containers that take in air and nutrients and emit wastes. We constantly 

orient our bodies with respect to containers—rooms, beds, buildings (Lakoff & 

Johnson, 1999, p. 36).  

 As we mentioned above, much of the Western philosophical tradition assumes a 

form of faculty psychology, according to which we have a faculty of reason separate 

reason based on them are assumed to be purely part of the faculty of reason. 

Perception may inform reason, and movement may be a consequence of reason, but in 

there is assumed to be an absolute dichotomy between perception and conception. 

While perception has always been accepted as bodily in nature, just as movement is, 
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conception—the formation and use of concepts—has traditionally been seen as purely 

mental and wholly separate from and independent of our abilities to perceive and 

move (p. 36-37).  

 What is the view that the mind is disembodied? It is the view that the contents of 

mind, the actual concepts, are not crucially shaped or given any significant inferential 

content by the body. It is the view that concepts are formal in nature and arise from 

the mind’s capacity to generate formal structure in such a way as to derive further, 

inferred, formal structures. Advocates of the disembodied mind will, of course, say 

that conceptual structure must have a neural realization in the brain, which just 

happens to reside in a body. But they deny that anything about the body is essential 

for characterizing what concepts are. The claim that the mind is embodied is, 

therefore, far more than the simple-minded claim that the body is needed if we are to 

think. Advocates of the disembodied-mind position agree with that. Our claim is, 

rather, that the very properties of concepts are created as a result of the way the brain 

and body are structured and the way they function in interpersonal relations and in the 

physical world. The embodied-mind hypothesis therefore radically undercuts the 

perception/conception distinction. In an embodied mind, it is conceivable that the 

same neural system engaged in perception (or in bodily movement) plays a central 

role in conception (p. 37).  

 

In the quote above, the sharply opposing idea between Lakoff with Johnson, and the Western 

philosophical tradition occurs in the viewpoint of perception. The former say that “the same 

neural system engaged in perception (or in bodily movement) plays a central role in 

conception,” but the latter says that “no aspect of perception or movement is part of reason.”  

 According to Lakoff and Johnson in the quote above, the Western philosophical 

tradition assumes that perception and conception have fundamentally different ways of 

operation. If different, what was it that led the Western philosophical tradition to such an 

assumption? It seems that the reason why “in the tradition no aspect of perception or 

movement is part of reason” is because they considered perception as a passive process. So, 

perception seems to be assumed as different from conception that seems active and produces 
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a certain ideas. When we humans perceive something external to the body in moving, where 

does perception take place? 

 Humberto R. Maturana and Francisco J. Varela’s explanation of visual perception 

shows two different schools in terms of perception: the representationist and 

nonrepresentaionist viewpoint of perception. Maturana and Varela disagree with 

representationism, rather, they propose an alternative viewpoint of nonrepresentationism. 

 

We commonly think that visual perception is a certain operation on the retinal image, 

whose representation will then be transformed inside the nervous system. This is the 

representationist approach to the phenomenon. This approach to the visual 

phenomenon, however, is dispelled once we realize that for each neuron on the retina 

projected to our visual cortex via the so-called lateral geniculate nucleus (LGN), there 

are hundreds of neurons from other zone of the nervous system, including other 

cortical areas, that project to the LGN. 

 Thus, the LGN is not simply a relay station for retinal projections to the cerebral 

cortex, since many fibers from other parts of the brain converge upon it and influence 

whatever comes out of it toward the visual cortex...one of the structures affecting 

what happens in the LGN in the very same visual cortex to which the cells of the 

LGN project. That is, both structures are interrelated through reciprocal influences, 

and not in a simple sequential way. 

 It is enough to contemplate this structure of the nervous system to be convinced 

that the effect of projecting an image on the retina is not like an incoming telephone 

line. Rather, it is like a voice added to many voices during a hectic family discussion 

(relations of activity among all incoming convergent connections) in which the 

consensus of actions reached will not depend on what any particular member of the 

family says (Maturana & Varela, 1998, pp. 161-163).  

 

Based on the explanation above, it becomes clear that the nervous system is not a passive 

apparatus that takes external images sequentially through perception. The human brain is not 

a representation organ, and it does not operate in a way that re-presents external percepts 



164 
 
 

 

 

internally and sequentially in the nervous system. Rather, perception, our human brain, and 

objects operate together. 

 If I synthesize the discussion of the moving body’s perception of external objects, a 

point of view of knowledge, a critique on an assumption of a pre-given world together, 

Lakoff and Johnson’s view is consistent with the view of nonrepresentationist

viewpoint of representationism shares a certain viewpoint with Objectivism that Lakoff and 

Johnson criticize, in terms of the discussion of a passive understanding and an assumption of 

a pre-given world. With this understanding, let us summarize Lakoff and Johnson’s 

“conception of an embodied reason.” 

 Above all, “embodied reason” is summarized in three important things. First, “our 

conceptual system is grounded in, neurally makes use of, and is crucially shaped by our 

perceptual and motor systems,” which is “embodied concepts.” Second, “major forms of 

rational inference are instances of sensorimotor inference,” which is “embodied reasoning.” 

Third, “because concepts and reason both derive from, and make use of the sensorimotor 

system, the mind is not separate from or independent of the body,” which is “embodied mind” 

(p. 555).  

 Next, “metaphoric reason” is summarized in two important things. First, primary 

metaphor. “Subjective experiences and judgments correlate in our everyday functioning with 

sensorimotor experiences so regularly that they become neurally linked. Primary metaphor is 

the activation of those neural connections, allowing sensorimotor inference to structure the 

conceptualization of subjective experience and judgments” (p. 555). Second, metaphorical 

reasoning. “ onceptual metaphors permit the use of sensorimotor inference for abstract 

conceptualization and reason. This is the mechanism by which abstract reason is embodied” 

(Lakoff & Johnson, 1999, p. 556).  

 Varela says, “tradition is not only a way to see and act, but also a way to 

conceal…All that we have in common as human beings is a biological tradition” (Maturana 

& Varela, 1998, pp. 242). In conclusion, Lakoff and Johnson’s notion of embodied reasoning 

was formed in their criticism of the lack of understanding of human beings’ biological 

tradition in the Western philosophical tradition. The reason why the discussion of “embodied 

reasoning” is important in this study is because the idea that thought progresses based on 
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daily, bodily and, concrete actions is grounded on it. Thus, “embodied reasoning” forms a 

basis by which the discussion of the expansion of thought can be approached in a concrete 

way. 

 
 
2.3.22. Two types of imaginative structure: image schemata and 

metaphorical projections 
 
In this section, I will look into the definition of image schema based on bodily movement and 

see various units in detail. I also see how image schema is used beyond each bodily 

movement.  

 Mark Johnson, in the book, Body in the Mind: The Bodily Basis of Meaning, 

Imagination and Reason (1987) explains the definition of image schemata, metaphor, and 

metaphorical projection from the concrete to the abstract. 

  

An image schemata is a recurring, dynamic pattern of our perceptual interactions and 

motor programs that gives coherence and structure to our experience (p. xiv) And, 

metaphor “is one of the chief cognitive structures by which we are able to have 

coherent, ordered experiences that we can reason about and make sense of. Through 

metaphor, we make use of patterns that obtain in our physical experience to organize 

our more abstract understanding. Understanding via metaphorical projection from the 

concrete to the abstract makes use of physical experience in two ways. First, our 

bodily movements and interactions in various physical domains of experience are 

structured (as we saw with image schemata), and that structure can be projected by 

metaphor onto abstract domains. Second, concrete bodily experience not only 

constraints the “input” to the metaphorical projections but also the nature of the 

projections themselves, that is, the kinds of mappings that can occur across domains 

(pp. xiv-xv).   

 Human bodily movement, manipulation of objects, and perceptual interactions 

involve recurring patterns without which our experience would be chaotic and 
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incomprehensible. I call these patterns “image schemata,” because they function 

primarily as abstract structures of images. They are gestalt structures, consisting of 

parts standing in relations and organized into unified wholes, by means of which our 

experience manifests discernible order. When we seek to comprehend this order and 

to reason about it, such bodily based schemata plays a central role. For although a 

given image schemata may emerge first as a structure of bodily interactions, it can be 

figuratively developed and extended as a structure around which meaning is 

organized at more abstract levels of cognition. This figurative extension and 

elaboration typically takes the form of metaphorical projection from the realm of 

physical bodily interactions onto so-called rational processes, such as reflection and 

the drawing of inferences from premises (pp. xix-xx).  

 The main point is that the internal structure of the image schema exists in a 

continuous, analog fashion within our understanding, which permits it to enter into 

transformations and other cognitive operations (p. 4).  

 

In short, physical domains of experience such as “our bodily movements through space, our 

manipulation of objects, and our perceptual interactions” form a recurring, dynamic pattern, 

which is image schema (Johnson, 1987, p. 29). Image schema does not stay just in physical 

domains, but when we reason, it is metaphorically used in abstract domains. Ulric Neisser 

regards image schema as “not only the plan but also the executor of the plan. It is a pattern of 

action as well as a pattern for action” (Johnson, 1987, p. 21). Neisser’s explanation clearly 

shows the kinesthetic nature of image schema.  

 Then, what kinds of image schemas are there? Johnson’s example is “adatped from a 

small portion of Susan Linder’s study of verb-particle constructions with up and out in 

English” and provides us with examples of image schema as follows (Johnson, 1987, p. 32): 

“container, balance, compulsion, blockage, counterforce, restraint removal, enablement, 

attraction, mass-count, path, link, center-periphery, cycle, near-far, scale, part-whole, 

merging, splitting, full-empty, matching, superimposition, iteration, contact, process, surface, 

object, collection” (p. 126).  
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 Figure 34 center-periphery, Figure 35 Path, Figure 36 Equilibrium, Figure 37 Axis 

balance, Figure 38 Twin-pan balance, Figure 39 Point balance, Figure 40. Out 1, and 

Figure 41 Out 2 are diagrams of image schema. These diagrams below show objectified 

orientation and spatial position. They are like a trace of the change of orientation and 

positions.  

 
 
 

 
 

Figure 34 -periphery (p. 124).           Figure 35 Path (p. 114).  
 
 

 
 

 
 

Figure 36 Equilibrium (p. 87).               Figure 37 Axis balance (p. 86).  
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Figure 38 Twin-pan balance (p. 86).     Figure 39 Point balance (p. 86).  
 

 

 

 
 

Figure 40 Out 1 (p. 32).                    Figure 41 Out 2 (p. 32).  
 
 
 

Johnson shows how image schemas of Figure 40 Out 1 and Figure 41 Out 2 manifest 

themselves in language. For example, linguistic examples for Figure 40 Out 1 are as follows: 

“John went out of the room; Pump out the air; Let out your anger; Pick out the best theory; 

Drown out the music; Harry weasled out of the contract” (Johnson, 1987, p. 32). Also, 

linguistic examples for Figure 41 Out 2 are as follows: “Pour out the beans; Roll out the red 

carpet; Send out the troops; Hand out the information; Write out your ideas” (p. 32).  

 Johnson (1987) talks about the notion of “balance” that people commonly use 

conceptually, for example, Figure 38 Twin-pan balance, “it is crucially important to see that 

balancing is an activity we learn with our bodies and not by grasping a set of rules or 

concepts. First and foremost, balancing is something we do” (p. 74). In short, the balance 

image schema comes from doing. 

 Johnson calls the process that our embodied, physical experience of balancing is 

“transformed, extended, and elaborated into” another domain, and used there “metaphorical 

processes” (1987, p. 45). “The projection of definite, and highly articulated, structure was 
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always from the domain of the physical (as it is preconceptually patterned) onto the social, 

epistemic, and speech-act realms. Such projections of structure from one experiential domain 

to another domain of a different kind are metaphorical processes” (1987, p. 63).  

 
 
2.3.23. Creativity by means of the metaphorical structuring of experience 

and understanding 
 
Understanding is “our mode of being-in-the-world or our way of having-a-world” (Johnson, 

1987, p. 126). However, when a problem or question is not solved by a mode of such 

understanding, when a tension occurs in “our mode of being-in-the-world or our way of 

having-a-world,” and when we have a problem, inquiry emerges. Johnson says, “inquiry is 

our mode of reflecting upon and transforming experience” (personal communication, 

September 2, 2008). However, Johnson emphasizes that what makes “our way of having-a-

world” possible is not pure reason which is independent from our embodied experience, but 

logical inferences on the basis of embodied, concrete experience. 

 Let us recall the previous discussion: “thinking is an imaginative process of 

reconfiguring experience. This is important. It is not that there is an experience and there is 

thinking, but the thinking, the imagination is the actual doing, changing, it’s the thing. It’s the 

thinking through for the new possibilities” (Johnson, 2008). Then, what things are used in a 

mode of activity for the new possibilities? Johnson explains them with “creative function of 

metaphor” as follows. 

 

Metaphorical interpretations of various components of image schemata are structures 

in our understanding and experience of the world and, as such, are not ordinarily part 

of our self-reflective awareness, though they are part of our awareness. They can 

properly be called “structures of understanding” because they are patterns in terms of 

which we “have a world,” which is what is meant by “understanding“ in its broadest 

sense (Johnson, 1987, pp. 82-83).  
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 ...metaphors are sometimes creative in giving rise to structure within our 

experience. That is, they do not merely report preexisting, independent experience; 

rather, they contribute to the process by which our experience and our understanding 

(as our way of “having a world”) are structured in a coherent and meaningful fashion. 

In the case of balance, for example, we saw how certain very abstract concepts, 

events, states, institutions, and principles (such as psychological states, arguments, 

moral rights and mathematical operations) are metaphorically structures as entities or 

physical events. And it is by virtue of this metaphorically imposed structure that we 

can understand and reason about the relevant abstract entities. It is the projection of 

such structure that I am identifying as the “creative” function of metaphor, for it is 

one of the chief ways we generate structure in our experience in a way that we can 

comprehend. The key to seeing how such creativity is possible is the recognition of a 

dimension of metaphorical projection based on image schemata, such as those for 

explored some of the intimately related meanings of “balance,” as a representative 

case of figurative projection connecting various senses of a term. Balancing was seen 

to be an activity, something we do with our bodies that requires an ordering of forces 

and weights relative to some point, axis, or plane (pp. 98-99).  

 Finally, I considered three further patterns of logical inference that can be seen to 

two chapters, the point of this is to provide an alternative to the view that logical 

structure just exists a priori as the universal essence of rationality. Logical inferences, 

I am claiming, are not just inexplicable structures of rationality (of pure reason) On 

the contrary, they can be seen to emerge from our embodied, concrete experience and 

our problem solving in our most mundane affairs. The patterns of our rationality are 

tied, in part, to the preconceptual schemata that give comprehensible order and 

connectedness to our experience (pp. 99-100).  

 

In short, the intentional use of metaphor can produce a creative effect because its use itself 

generates a certain mode of inquiry by creating a comprehensible way to give a novel order 
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into an unsolved problem and an unsettled question. This is metaphorical extensions of image 

schema, which involves creativity. In other words, the importance of the “creative function of 

metaphor” is not that the use of metaphor directly produces a certain creative result, but that 

by using metaphor, we create the way or method itself in order to search for knowledge or 

explore truth in a way that we can comprehend. And, the groundwork of such method is not 

“pure reason” that we cannot comprehend, but “embodied or physical experience.”  

 But, because “metaphorical interpretations of various components of image schemata 

are not ordinarily part of our self-reflective awareness, though they are part of our awareness,” 

what we need to consciously take care of, in search of a new understanding, is the fact itself 

that our thinking uses embodied experience (Johnson, 1987, p. 82). Also, the activities of 

questioning “a recurring, dynamic pattern of sensorimotor activities,” which is working in 

thought, problematizing its use itself, and seeing whether we use repeatedly “recurring 

patterns in our understanding” may be a way to make ready for the expansion of thought (p. 

175). In this respect, “embodied imagination,” which consists of image schemata and their 

abstract extensions by their metaphorical projections, is a process that the way for the 

expansion of thought needs. Embodied imagination is a mode of inquiry for being open to 

other possibilities.  

 
 
2.3.24. Embodied imagination 
 
Let us think of Johnson’s “embodied imagination” and Aristotle’s “imagination” together. 

John Herman Randall explains the “role of imagination for all knowledge as follows.” 

  

For Aristotle there can be no knowledge of the what or the way of things without 

sensing them, without at least having sensed them, without images, phantasmata, 

persisting in the phantasia (imagination): that is, there can be no knowledge without 

sense observation. This phantasia or imagination is a kind of motion generated by 

actual sensing: it is a physical occurrence. And sense images, phantasmata, are 

corporeal, not “mental” (Johnson, 1987, p. 144).  
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For Aristotle, “imagination is a kind of motion generated by actual sensing.” For Johnson, 

imagination is sensorimotor inferences based on human biological embodiment and their 

metaphorical extension. While Aristotle regarded imagination as “a motion generated by 

actual sensing” in imagination, Johnson seems to explain the concreteness of such internal 

motion and the nature of that motion by examining external physical movements. And, 

Johnson describes how the details of physical movements are extended to reasoning. Then, 

we may think like this: the notion of “embodied imagination” explores what we use in search 

of the way for understanding and knowledge; the notion of “embodied imagination” 

addresses the use of necessary tools in the process that we go after a new way. 

 Johnson says, “creativity is possible, in part, because imagination gives us image-

schematic structures and metaphoric and metonymic patterns by which we can extend and 

elaborate those schemata” (1987, p. 169). Since such image schema originates from our 

embodied, physical experience, thus, everydayness opens the possibility of creativity. 

Because everydayness is based on physical movement, creativity may be better possible 

when bodily experience and physical domains can be applied. 

 Thus, the notion of “embodied imagination” emphasizes that it is important to create 

a process that can activate a kind of motion in our thought. And, the principle that we use in 

that process arises from actions in the physical space, and the principle based on such actions 

are used as ‘tools’ for exploration of inquiry. If so, what needs to be activated for the practice 

of “embodied imagination” is physical actions, and the place where embodied imagination 

practice or an exploratory exercise take place is the “making process.” 

 Figure 42 describes the relationship of studies between Bergson, Matura and Varela, 

Johnson, Lakoff and Johnson, and Davis. 
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Figure 42 The relationship of studies between Bergson, Matura and Varela, Johnson, Lakoff 

and Johnson, and Davis 
 
 
 
Chapter 3. Research design and methodology 
 
 
3.1. Cultural-historical activity theory as theoretical perspective 
 

-historical activity theory (activity theory) started with Lev Semyyonovich 

Vygotsky’s research in 1920s and early 1930s in Soviet psychology founded on Marxist-

Lennist philosophy. Vygotsky conducted a variety of studies about tool and symbol in child 

development, imagination and creativity of the adolescent, and thought and language. 

Vygotsky’s study was further developed by Alexei Leontiev (voluntary attention in children) 

and Alexandria Luria (illiterate people’s thought). The wide range of these studies were 

related to their critiques on psychology at the time. They criticized idealist psychologists’ 
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consideration of mental events as “purely spiritual occurring by virtue of their own laws in 

the closed world of the individual human soul” and their “introspection as the one and only 

method of investigation” (Leontiev, 1981, pp. 2-3). They, also, criticized behaviorists’ points 

of view of the stimulus-response principle in human behavior. 

Vygotsky, Leontiev and Luria’s studies of thought and activity, basically, proceeded 

with an understanding of the context where thought belongs. Leontiev wrote in the book, 

Psychology and the language learning process that his study was based on “the socio-

historical nature of consciousness,” “indissoluble bond between the evolution of 

consciousness and that of man’s practical (predominantly productive) social activity,” 

“interconnection of consciousness and practice with language and other social phenomena,” 

‘man’s consciousness reflecting he system of his social relationships to the material world 

and to other people’ (p. 4).  

 Yrjö Engeström elaborated on activity theory by providing a model of the activity 

system in the 1980s, mentioning the three researchers’ study as follows: “their agenda was to 

revolutionize psychology to go beyond behaviorism and sort of biologically inspired 

approaches to bring in culture into the understanding of human functioning. They saw human 

beings as culturally mediated, always embedded in some activity, which has its own tools, its 

own language, its own communities” (Engeström, 2012). The unit of analysis of activity 

theory basically starts from an activity system because it views an activity, the core concept, 

in relation to the dynamic relations with the social system that has a cultural-historical 

background. Then, on what basis did such a strong standpoint that criticized theories of 

human behavior as stimulus-response arise? 

 First, reflection. “Mental phenomena are a subjective reflection of objective reality. 

Mental reflection occurs only at a definite level of biological evolution, and constitutes the 

precondition for further evolutionary development in the animal world. But in animals the 

possibility of mental development is limited by the fact that each individual animal 

establishes direct and non-mediated mutual relationship with the environment and the 

objective world at large” (Leontiev, 1981, p. 5). Animals’ experience without mediated 

activity such as language in the course of the lifespan just belongs to each life. But, human 

consciousness fundamentally is produced from an engagement with the external world, and 
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productive social activity and mediation, and emotions that such processes produce have a 

qualitatively different form from that of animal. Therefore, emotions, reflection, and social 

activity have a form that cannot be fundamentally separated from each other. 

Second, the unity of consciousness and activity. “Not only does 

consciousness…emerge thanks to activity, but consciousness in turn mediates activity and 

controls it” (Leontiev, 1981, p. 6). It opposes -body dualism that an 

in an activity. But, conversely, an activity can be limited by consciousness. Also, it implies 

that consciousness can be changed by an activity. Thus, consciousness and activity are one in 

terms of a relational aspect, and they have a dual structure that is open in terms of change.  

Third, mental activity potential. “An animal is only capable of adapting itself to 

changes in the environment, to variations of irritants; in principle, its mind is reactive. Man’s 

activity, by contrast, is active; he does not submit to his immediate environment, but 

interferes with it and alters it” (p. 6). The problem of an establishment of free will and its 

execution differentiates human activity from animal’s behavior. However, in that the purpose 

of freewill is socially conditioned, the methods to realize the purpose are socially conditioned 

as well. 

Fourth, “a man’s activity is always material and significant. Man does not simply 

‘behave,’ nor does he simply perform abstract deeds: any one of his actions constitutes at the 

same time an interaction with objects outside himself, and it can influence or alter them” (p. 

13). What is important is that in a subject’s interaction with an object, a cognitive activity 

when a subject actively engages with the object is directed towards him or her through an 

activity, not towards the objects. This implies that the way of an active interaction towards 

the object in a concrete activity can change a subject.  

 So far, I examined the fundamental propositions of the concept of activity that 

Leontiev mentioned which was elaborated by main characteristics of cultural-historical 

activity theory. Next, based on Michael ’s study in the book of Cultural Psychology: A 

Once and Future Discipline (1996), David R. Russell and Arturo Yañez’s study of Big 

Picture People Rarely Become Historians: Genre Systems and the Contradictions of General 

Education (Bazerman & Russell, 2003), and Victor Kaptelinin and Bonnie A. Nardi’s study 
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in the book of Acting with Technology: Activity Theory and Interaction Design (2006), I will 

discuss the assumptions of activity theory and main characteristics.  

 

Activity 

• Activity theory assumes that “human behavior is social in origin, and human activity is 

collective” (Bazerman & Russell, 2003, p. 337).  

• Activity theory “grounds analysis in everyday life events, the ways people interact with 

each other using tools over time, historically” (Bazerman & Russell, 2003, p. 338).  

 

Agents 

• Activity theory assumes that “individuals are active agents in their own development but do 

not act in settings entirely of their own choosing” ). Agents learn “in 

environments that involve others, environments of people-with-tools that both afford and 

constrain their actions” (Bazerman & Russell, 2003, p. 338).  

• Society and culture in the agents’ environments work as ‘generative forces involved in the 

very production of the mind’ but agents are “not a carbon copy of culture and society” 

(Kaptelinin & Nardi, 2006, p. 66). Individual agents have different senses of meanings that 

objectively exist in culture and society and that are shared by people that could affect their 

behaviors. Thus, inserting socially existing meanings into agents’ own activity system is not 

fully determined by society and culture. 

 

Mind 

• Activity theory “rejects cause-effect, stimulus-response, explanatory science in favor of a 

science that emphasizes the emergent nature of mind in activity and that acknowledges a 

central role for interpretation in its explanatory framework” ).  

• Activity theory assumes that human mind “grows out of people’s joint activity with shared 

tools. Our minds are in a sense co-constructed and distributed among others. Our thoughts, 

our words, and our deeds are always potentially engaged with the thoughts, words, and deeds 
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of others” (Bazerman & Russell, 2003, pp. 337-338). Also, cultural-historical aspects of 

dealing with objects manifest in the way that people share thoughts, words, and deeds. 

 

In this research, I used the five principles of activity theory.  

 

Principle 1 Object-orientedness  

 

Human activities are directed towards an object. The object of an activity is an expected 

outcome, which provokes the activity and leads it. “Objects of activities are prospective 

outcomes that motivate and direct activities” or they are “objectives that give meaning to 

what people do” (Kaptelinin & Nardi, 2006, p. 66). An object can be a physical thing or an 

ideal object. When an activity is organized towards the object, a concrete activity in order to 

achieve an object may change depending on a change in the relationship between a subject 

and an object. ritical concepts in the activity that are directed towards an object are 

intention and motives. Also, a subject’s relations with concrete methods in order to get an 

object are objective in that they are determined socially, which exhibits different modes of 

operation culturally and historically. 

 

Principle 2 The hierarchical structure of activity  

 

Activity theory divides an activity into three different levels (Figure 43 and Figure 44) 

Operations take place automatically, and actions take place at a conscious level with a 

concrete goal. Activity as the highest level takes place at the level of motives. 
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Figure 43 The hierarchical structure of activity (Kaptelinin & Nardi, 2006, p. 64). 

 
 
 

“Activities are composed of actions, which are, in turn, composed of operations (left). These 

three levels correspond, respectively, to the motive, goals, and conditions, as indicated by 

bidirectional arrows” (Kaptelinin & Nardi, 2006, p. 64).  

 
 

 

 
 

Figure 44 Hierarchical levels of an activity (Nardi, 1996, p. 30).  
 
 
 

In Figure 44 Hierarchical levels of an activity, the hierarchical relations between operations, 

actions, and activities are not fixed, but changeable. “The constituents of activity are not 

fixed but dynamic, and this can change as reality changes” (Kaptelinin & Nardi, 2006, p. 68). 

Individuals may insert a new action into their own activity system depending on their 

voluntary will. Although actions that took place consciously at first, can be operations with 

the passage of time and when they become an embodied practice. If an individual’s actions to 
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achieve a certain goal do not get an appropriate result, he/she may insert new actions into the 

activity system and execute new actions consciously. The hierarchical structure of activity 

shows that actions cannot be reorganized without intention or a conscious mind. Also, in 

Figure 43, we can see that activity and motive are understood as a whole, and cannot be 

separated. 

 

Principle 3 Internalization-Externalization 

 

Internalization transforms external activities into internal activities. Externalization 

transforms internal activities into external activities. When external activities become internal 

activities, and when internal activities become external activities, mutual transformations 

happen. This means that transformations are not a simple insert or shift to a preexisting 

internal or external dimension. Also, transformations imply willful behaviors because simply 

seeing something does not mean meaningfully internal transformation. According to 

Kaptelinin and Nardi (2006), “internalization provides a means for people to consider 

potential interactions with reality through mental simulations or imaginings without 

performing any actual manipulations with real object” (p. 69). Also, “externalization is often 

necessary when an internalized action needs to be repaired or scaled” (p. 69).  

 

Principle 4 Mediation 

 

When a subject uses mediating artifacts purposefully to interact with objects, such behavior 

is tool-mediation. Tools are physical and cognitive actions that subjects interact with objects 

that they want to get in the social context. Tools necessarily imply an accumulation of social 

knowledge, and an understanding of objects that people want. The relationships among of 

subjects, mediational artifact, and object may change, which implies a functional, 

developmental change of mediated activity (Kaptelinin and Nardi, 2006, pp. 70-71). 
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Principle 5 Development 

 

In activity theory, an understanding of individual development also requires us to grasp 

social context, because individual growth comes from ways to interact with social relations. 

Development and change in activity theory includes “historical change, individual 

development, and moment-to-moment change” (Bazerman & Russell, 2003, p. 338). Activity 

theory, also, regards “contradictions as sources of development” (Poggenpohl & Sato, 2009, 

p. 78).  

 

The five principles of activity theory are key concepts that describe the transformation of 

activity and consciousness. Based on the five principles, methodological principles, 

observation and goals of understanding, and the direction of concrete methods were 

developed in order to understand transformation of the writing process. 

 
 
3.2. Conceptual framework 
 
The core idea of this research was that there is spatial, tool mediated activity in writing. I 

used the unit of analysis that cultural-historical activity theory provided, which was the 

functioning activity system of subject, tools, object, motive, rules, community, division of 

labor and outcome. In this research, the subjects were five graduate student writers. The tools 

were what they used during the writing activity. The object was to write a thesis document 

about a research project based on the writers’ own arguments. The rules for writing were 

official, unofficial, and norms. The community consisted of their committee members and a 

primary adviser. The division of labor involved the community’s role during the writing 

process: proposal, the first draft, the second draft, the third draft and the final presentation. 

During the process, the five student writers, adviser, and committee had individual meetings, 

group meetings, and a public presentation. Based on this activity system model (Figure 45), I 

developed conceptual framework (Figure 46).  
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Figure 45 A structure of a human activity system model (EngestrÖm, 2005, p. 61).  
 
 
 

Subjects and their tasks 

 

The subjects in this study are five American graduate students majoring in Graphic Design 

with a K-12 educational background in the U.S (APPENDIX 4: Writers’ educational 

background). Names are pseudonyms. They had an individual desk in the same studio place 

on campus, which was available for 24 hours a day.  

 

Three male students: Dalton, born in 1970, Alex, born in 1979, Tom, born in 1980 

 

 

Their tasks were an independent design research project and a document. As opposed to a 

general thesis, the design research project meant a design proposal involving an argument 

and a subsequent document including researchable questions, literature review, and 

description of a visual project. 

The five design graduate students had four semesters of Master’s degree study between 

2009 Fall and 2011 Spring. I investigated directly and indirectly what their writing tools were 

in the last two semesters of work. In 2010 Fall semester, they developed researchable 
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questions in thesis preparation class and turned in a thesis document proposal. They had three 

drafts for the final thesis document and they made a presentation with their final thesis and a 

design project on May 3 in 2011. As for students’ having three drafts before the final thesis, 

professor Kim— a primary adviser of Monica and —explained to me as follows:  

 

This has been developed over a number of years and is in response to the ineffective 

ways that students were doing it—so, we require three drafts and they are timed so 

that the committee can read them and give comments and then hand them back (My 

interview with professor Kim on March in 2011).  

 

The graduate student writers chose a writing topic on which that they wanted to work. The 

type of writing was exploratory. They were required to show why researchable questions and 

problems that they discovered were relevant in the literature review. Embodying an 

alternative way against the problems was their design project. What mattered was that a 

design research project was not about an object such as a cup design, but a provocative 

discussion of a subject matter at the level of a 

questions and problems at the level of systems required them to develop an ability to locate 

their researchable questions in a context and to design an expanded system. Also, proposing a 

new system that could solve the problems along with researchable questions as an alternative 

was a design research project. 

The design research project was not a matter of proof. But, the logic to support their 

design project and argument should be addressed in writing, which demanded the ability to 

link the literature review to their argument. Thus, the design project was a sort of showing 

‘how’ concretely their argument made sense. Thus, their exploratory process was based on 

critical thinking by which they could change a problematic and concrete situation at the level 

of complexity into their design project and writing. 

In short, analysis of problems, critical viewpoints, and their own logic and new order 

against problematic situations were encouraged. Proposing a new system as a solution to the 

perceived problem and supporting it in writing was their task and different from the 

traditional thesis in other disciplines. 
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Figure 46   

 
 

 
framework was developed by synthesizing multiple theories. Theories included 

EngestrÖm (2005, p. 61), Johnson (1987),  (1996), and Mandler (1984).  
 
 

 
In Figure 46 Conceptual framework, an activity system model and theories were synthesized. 

The conceptual framework of this research responded to multiples theories and concepts 

from the literature review. The core concept of this research and the problem of the 

expansion of thought originated in the fundamental assumption of activity theory, which was 

the unity of activity and consciousness. Also, the principles of mediation of spatial tools for 

expansion of thought were assumed that they have a productive function on the basis of 

regularity. In other words, the principles of mediation were understood to have dual aspects 
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of structure and expansion. A theory of embodied nature of spatial relations concepts and 

conceptual manipulation of spatial image schemas were used for a discussion that spatial 

mediated activity has a functional role under the unity of mind and body. 

In this research, the genre of writing was thesis document writing, and the 

characteristic of the writing process addressed a design project that involved a writer’s 

argument about design principles. Thesis document writing required a construction of an 

argument and logical relations. A logical argument implies an order, reasoned evidence, and 

results attributed to causes. The premise, definition, problem, solution, justification of an 

argument implies an order of structural elements involving logical necessity. The structural 

characteristics of an argument exist regardless of the content variation. Writers should use 

such organizational structures in order to build a logic and conceptual relations. “The 

organizational pattern controls the text’s hierarchy because it defines which information is 

important for the text as a whole. In folktale-like stories, for instance, the content with the 

most textual importance is the content that is most central to the structural elements of setting, 

goal, and so on. In an expository text with a problem-solution pattern at the top level, the 

content with the most textual importance is the content that is most central to the problem 

and the solution” (Spivey, 1990, p. 272). Thus, that writers needed to arrange the content 

under a logical structure and to suggest a design solution based on such structure was a 

condition for the thesis document of writers. It meant that each position in the structural order 

of the text implies a degree of importance. 

Also, spatio-temporal relations based on schema theory that have an efficiency of 

retrieval, recall and comprehension were used as the second principle of mediation of spatial 

tools. I located the research problem in the activity system. The social context of the writers 

was expanded to include the writers’ past because the past experience in writing could affect 

writers’ perceptions of tool affordances. And, the writing process was understood in relation 

to the possibility of their writing being located in other activity systems.  
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3.3. Csikszentmihalyi’s creative model for the writing process 
 

I needed the writing process model to analyze the relationship between process and spatial 

tools and to help me gather in data and observe. At the beginning of the research, the writing 

process was understood within a structure of planning, translating, and reviewing, which was 

originally based on Linda Flower and John R. Hayes’ A Cognitive Process Theory of Writing 

(1981). In Flower & Hayes’ model, planning involves sub categories of generating ideas, 

organizing, and goal setting. Translating means putting ideas into words, and reviewing 

includes evaluating and revising. A structure of planning, translating, and reviewing is a 

commonly used model that writing research uses in the present. 

However, while I was using the model, I had to ask myself, ‘does this data belong to 

planning or translating? Or does it belong to reviewing?’ During the observation, interviews 

and an analysis process, I saw a long period of preparation before writing, writers’ several 

insights involving deep emotions during the process, evaluation of such insights, and hard 

work from the writers’ in process rather than a smooth path of planning, translating and 

reviewing. Also, the growth and expansion of writers’ thought did not consist of within a 

framework of planning, translating and reviewing. I discovered that there were unplanned 

and emergent phenomena in the use of spatial tools such as insight, discovery, imagination, 

chance, finding errors and revising and, establishment of a plan and expansion of thought 

based on insight that cannot be explained by the Flower and Hayes’ model. The knowledge 

of writers’ reading was seen as influencing imagination, and process proceeded through 

embodiment, which did not belong to planning, translating, and reviewing.  

Moreover, evaluation and revision of their thoughts were not deferred defer until the 

last stage of the writing process, but took place consistently throughout the writing process. It 

was necessary to include emergent behaviors such as insight, discovery, chance, imagination 

in the production of thought during the writing process in addition to a successive writing 

process based on planning. Also, I realized the absence of theory in writing research that 

could enable me to think about the relationship between insight and thought relations. It was 

an important discovery and decision during my research.  
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Thus, I decided that I would not use a structure of planning, translating and reviewing 

to describe the writing process. It seemed that in the model of planning, translating, and 

reviewing, time exists in order to execute a plan. In other words, plans seemed to be executed 

passively. But, in my observation, past, present, and future was always coexist on the basis of 

indeterminate areas of ‘potential, possibility and if.’ 

 In order to understand the writing process, ’s creative model 

in the book Creativity: Flow and the Psychology of Discovery and Invention (1996) seemed 

to be appropriate. With the creative model, the analysis and explanation of my observation 

and data seemed to be possible. In the conceptual framework, the creative process was 

inserted into my research process, thus, the conceptual framework was revised. I started 

understanding the writing process as the creative process of preparation, incubation, insight, 

evaluation, and elaboration. 

 
 
3.4. Hypothesis 
 
Writing: Writing is an indirect, mediated activity that allows us to represent thoughts 

visually. Writing summons yesterday to the present. Writing has a function of mediation. 

Moreover, writing activity itself is a willful action through which one creatively selects from 

multifarious, chaotic objects, either in thought or in written units or objects on which we 

focus2.   

 

Critique: In the function of a writing tool, in particular, in computer software, what has not 

been clearly seen is the importance of bodily, spatial experience. This study assumes that 

spatial arrangement in writing is a process of making auxiliary tools for writing that regulates 

thought and behavior. The design of MS Word does not take these concepts into account.  

 

                                                
2 This idea was developed based on Mark B. N. Hansen’s discussion of perception. “The body is itself an image 
among other images—in fact a very special kind of image Bergson calls a “center of indetermination,” which 
acts as a filter creatively selecting facets of images from the universal flux according to its own capacities. The 
body, then, is a source of action on the world of images, subtracting among external influences those that are 
relevant to its own interests. Bergson calls such isolate image components perceptions” (Hansen, 2006, p. xx). 
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Starting point in the study: I address the problem of interaction design and cognitive tools, 

willful delay and control of attention, as distinct from notions of usability. Therefore, the 

starting point in this study of interaction design is the notion of mobility.  

 

Assumption: Spatial arrangement is also the very process through which the auxiliary 

writing tool becomes personally relevant and the means through which thought and behavior 

are regulated according to voluntary attention. The study supposes that spatial image 

schemas can be manipulated conceptually in the activity of writing.  

 

Argument: Spatial arrangement in writing is a manifestation of an embodied mind. This 

argument proposes that the very activity of creating signs, of spatializing words and signs is 

related to bodily movement. And, my bodily movement is directly related to my thought. 

Thus, this study proposes that my bodily movement, the way we think, the use of speech, and 

the process of using a tool can be investigated within the context of writing.  

 When a tool allows or encourages us to visualize thought processes in writing by 

mediating thought transformation and thought expansion, what is working is an embodied 

mind that depends on spatial experience in the material world. This tells us that bodily 

movement in space represents the union of thought and action. In addition, one function of a 

writing tool should be to make other tools, such as text.  

 If a tool for writing does not presume the whole process through which thought in 

writing interacts with objectified words and spatial arrangement, it may necessarily limit the 

expansion of thought. Moreover, if we accept that body and mind work together as 

“embodied mind,” any conflict among thinking, the way we operate a tool, and bodily 

movement corresponding to voluntary attention may cause another limitation in dynamics of 

writing activity.  

 

Hypothesis: When tools respond to human bodily movement well, and when they work as if 

they are extensions of the body, the best conditions of use during the process of writing will 

be possible. This hypothesis is about the quality of the process, not the quality of the paper 

that results from the process. 
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Research goal: the purpose of the research is to understand how the process of writing 

activity with the aid of artificial tool develops. 

 
 
3.5. Research questions 
 
Main question:  

How do tools enable writers to explore multiple, parallel, and divergent ideas through 

physical manipulation during the writing process? 

 

Sub-questions: 

1. What kinds of physical manipulation do writers employ during the writing process? 

2. What are the common qualities of tools that writers use? 

3. Why do writers use specific tools for exploration of multiple, parallel, and  

    divergent ideas and at which stages of writing process? 

4. What are the differences in writers’ perceptions of tool affordances? 

 
 
3.6. Key terms 
 
In this research, I used specific terms for analysis. 

 

Writing: In this study, writing activity is focused on an individual work, not a collective 

work. 

 

Spatial tools: Spatial tools are self-generated tool making process that involves spatial 

relations in order to think about the concepts and extend ideas. Spatial tools are spatial 

activities in which indeterminate properties of writing tool materials enables writers to 

physically manipulate written units or formal spatial relations through an externalizing and 

internalizing process. Spatial tool making process enables writers to regulate thought and 

behavior in writing activities. Spatial activities may involve the typographic manipulation of 

the material qualities of written units.  
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Spatial logic: Spatial image schemas emerge first as a structure of bodily interactions and 

they are extended as a structure around which meaning is organized at more abstract levels of 

cognition. 
 

Physical manipulation 3: This describes the correlation of the body, the gesture and the 

written units that the body manipulates with writing tools. Physical manipulations are 

directly related to conceptual relations under the assumption of the union of thought and 

action. 

 

The qualities of tools: This means the material properties of writing tools. For example, the 

properties of MS Word in the computer and Post-its have materially different qualities, which 

produces physically different manipulative behaviors.  

 

Creative process: The creative process involves five steps. First, during a period of 

preparation, people become “immersed, consciously or not, in a set of problematic issues that 

are interesting and arouse curiosity” ). Second, during a period 

of incubation, “ideas churn around below the threshold of consciousness. It is during this 

time that unusual connections are likely to be made” (p. 79). Ideas simmer below the surface. 

The third component is insight. It is called the aha moment “when the pieces of the puzzle 

fall together. In real life, there may be several insights interspersed with periods of incubation, 

evaluation, and elaboration” (p. 80). It involves ‘a strong feeling of emotional discovery.’ 

The fourth component is evaluation, “when the person must decide whether the insight is 

valuable and worth pursuing. This is often the most emotionally trying part of the process, 

when one feels most uncertain and insecure. This is also when the internalized criteria of the 

domain, and the internalized opinion of the field, usually become prominent. It is the period 

of self-criticism, of soul-searching” (  p. 80). The fifth component is 

elaboration that “takes up the most time and involves the hardest work” (p. 80). The 

                                                
3 The definiton was developed based on Michel Foucault’s discussion of the correlation of the body and the 
gesture in the book, Disicpline and Punish: the Birth of the Prison (Foucault, 1995, pp. 152-153). The two 
codes of BODY-BREAK and BODY-EASY in the coding scheme used this definition. 
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characteristic features of the creative process are “less linear than recursive” (pp. 79-80). 

“The five stages in reality are not exclusive but typically overlap and recur several times 

before the process is completed” (p. 83).  

 

Event schema: It is a generic knowledge structure for a particular event that is concretely 

tied to specific content. 

 

Chunking: It 

enhance recall. 

 

Mental structure: Memory is organized. There are types of mental structures: categorical 

structure, serial structure, matrix structure, schematic structure and story structure. 

Depending on mental structure types, accessing information, recall and ways to process have 

different characteristics. A schematic structure involves spatio-temporal relations of 

information, which has better recall characteristic than a categorical structure and has a 

hierarchical structure including part-whole relations. 

 

A cognitive writing process model: It involves the structure of planning, translating and 

reviewing. Planning involves generating ideas where writers retrieve information from long 

term memory, organizing and goal setting, which is made and revised during the process. 

Translating transforms concepts into physical words. Reviewing depends on evaluating and 

revising.  

 
 
3.7. Selection of research context and writers for the study 
 
The purpose of the research was to explore the relationship between the writing process, the 

use of spatial tools, and expansion of thought. An observation of the developmental changes 

of writers in the natural setting premised as follows: past experiences of writing in the social 

context, the formation of writing tool systems, the writing process in the natural setting, 

writers’ activity system, and the use of spatial tools. In this research, the developmental 
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perspective, the hypothesis of spatial tools was based on activity theory, the notion of 

mediated activity that Vygotsky developed, and embodied philosophy. 

The data in the qualitative research focuses on the event in the natural setting. Also, 

‘theory-driven sampling in qualitative research is one of the key features of qualitative 

sampling’ (Miles & Huberman, 1994, p. 27). The decision of research context was built 

based on the relation between theoretical constructs, research goals, hypothesis, and 

conceptual framework. Thus, it was purposive, not random.  

Martyn Hammersley and Paul Atkinson mentioned four aspects for selection of 

research context in the book Ethnography: Principles in Practice (1995), selection of 

research context: First, the importance of the relationship between the research problem and 

the setting, second, the strategic selection of cases in testing theoretical ideas and theory 

development, third, the role of pragmatic considerations, and fourth, natural setting as the 

object of study.  

This research is about Master’s students’ thesis document writing in Graphic Design 

 as 

research context. There were three concrete reasons for this selection. First, since the purpose 

of the research was to inquire into how tools enable writers to explore multiple, parallel, and 

divergent ideas through physical manipulation during the writing process, the characteristic 

of the writing process needed to be explorative. Second, spatial tools as my hypothetical 

definition needed to be observed. Third, there were pragmatic considerations to investigate 

the activity system and these students provided access to that information. 

The Master’s student thesis was project-based writing rather than a general writing 

that involved a common motive among the students who involved in this study. The thesis 

project was a goal-based writing activity that encouraged students to define the project 

problem by themselves, during which they needed to create their own project goals. Their 

writing reflected the whole process from identifying problem, to analyzing, to finding 

solutions, to criticizing their own project. Thus, analyzing the relationship between the goal 

of the project and the goal of writing, and comparing students’ intentional or unconscious use 

of tools with the quality of writing was possible. Master’s project-based activity involved 

both design and writing. Since the project-based writing inherently implied the inquiry based 
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learning processes, the study of tool use behavior in Master’s thesis writing activities, after 

all, was to ask the relationship between the processes of inquiry, tool use, expansion of 

thought and writing. 

 In addition, in this program, I knew that the writers in this research received 

instruction in spatial tool use such as concept mapping before their thesis semester. That is, 

there was an internalization of spatial tools based on social activity in this program, and I 

expected its externalization from the writers. 

 Lastly, the ‘pragmatic considerations for selecting the research context’ was one of 

the critical issues in this research (Hammersley & Atkinson, 1995). The writers’ activity 

system and the developmental aspects of the writers’ writing process in relation to spatial 

tools needed, in fact, everyday direct observation and an analysis process. This was a 

problem of access and building a trust relation in field relations. An understanding of the 

community, rules, and the context are necessary investigation items in activity theory. Also, 

an understanding of writers’ writing tool systems assumed that I could analyze their private 

notebooks and documents. Therefore, this research context and writers were chosen under 

this background.  

 

Subjects: three male students, Dalton, Alex, Tom and two female students, Monica and 

.  

Tasks: a design research project and a document 

Discipline:  

Thesis document writing semester: 2010 Fall and 2010 Spring 

Official investigation period: between March 2 and May 3 in 2011 

Place: Design studio on campus where the five students have an individual desk and have 

a meeting with a committee member and group discussions. 
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Table 5 Information on writers 
 

Name Birth M/F Writing in 
previous 
professional work   

Writing in everyday 
life 

Dream after 
graduate 

Dalton 1970 Male ● never over 5  
   pages 
● a lot of copy 
   editing  
● daily records of 
  patients need to be 
  as concise as 
  possible 

● email 
● text messages 
 

● teaching as my long 
   term goal for quite 
   a while since   
   undergrad  
 

Alex 1979 Male ● rarely over 5 
   pages 
● 5 request for 
   proposal for 2 yrs 
 

● to do list  
● grocery list  
● infrequent blog 
  entries  
● short random ideas  
● emails 
● chat  

● PhD 

Tom 1980 Male ● often over 5 pages  
● daily writing in a 
   blog  
● request for 
   proposals 

● thesis work writing  
● checklist for daily 
   goals  
● grocery lists  
● Facebook posts  
● 20-30 text    
   messages a day 

● moving back to the 
  west coast and work 
  as a graphic    
  designer, brand 
  manager or art 
  director for a large 
  company 

Monica 1985 Female ● never over 5 
   pages 
 

● thank you notes 
● Facebook 
● email 
● reading with taking 
   notes 

● enjoying design 
   research and 
   wondering what-if 
   in social media 
   because it doesn’t  
   feel like work at all 

 1987 Female ● never over 5  
   pages 
 

● list  
● notes to friends 
● emails  
● structured emails  
   to professors  
● text messages 
● calendar entries 
● note taking 

● second story for 
   more learning 
   experiences 
● chronicle books or 
   studio blue 
● teach 
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Writers for the study 

 

I met the writers on January 25th in 2011 in their studio. I told them the purpose of the 

research and background and gave them a project introduction document. During the week, I 

asked writers if they were willing to participate in my research. The five students told me that 

they would. Subjects were five design graduate students: three male students, Dalton, Alex, 

Tom and two femal . These names are pseudonyms. Other than 

Tom and Alex, writers did not have any experience in writing more than 5-page papers in 

previous professional work. Types of writing in everyday life included email, text messages, 

to do lists, grocery lists, blog entries, random ideas, chat, thesis relating writing, note taking, 

and thankyou notes. In Table 5 Information on writers, the item of Dream after graduate was 

asked in order to understand the role of the thesis document in their transition from graduate 

school to other activity system. Their dream was divided into four types: teaching, PhD, 

designer, and design researcher. 

 
 
3.8. Qualitative research, data collection strategy and methods 
 
The research was developed based on a qualitative research methodology. The reason for the 

decision for a qualitative approach was because the characteristics of qualitative research 

enabled me to investigate research problems and was helpful in specifying data collection 

and analysis, which were based on the five principles of activity theory. The five theoretical 

principles were object-orientedness, the hierarchical structure of activity, internalization-

externalization, mediation, and development. Following theoretical viewpoints, this research 

expanded the unit of analysis into the activity system in order to understand the relationship 

between spatial tools and the writing process, including, writers, writing tool systems, 

collaborative work, implicit and explicit rules, writing outcome, motives, objectives, and the 

quality of the writing outcome.  

The condition for research in order to understand the transformative process of thesis 

document writing from objectives/motives to outcome in the activity system required 

“naturally occurring, ordinary events in natural settings,” which was strengths of qualitative 
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data (Miles & Huberman, 1994, p. 10). The setting itself where spatial tools were used was  

critical data for this research. Also, the use of multiple research methods enabled writers’ 

active involvement in data collection to focus on the growth of thesis document and changes 

in perceptions of tool affordances. Since each writer’s preferred tools, work place, and record 

habits affect data collection, finding the best way to collect data emerged as a critical issue 

during the fieldwork. “Qualitative research is emergent rather than tightly prefigured” 

). Thus, ‘emerging forms on data collection’ was used in a way to 

enhance the quality of data. 

The research question of types of physical manipulation, the common qualities of 

tools that writers use, the use of specific tools for exploration of multiple, parallel, and 

divergent ideas at which stages of writing, the internal relations of each tool in writing tool 

systems, formation of writing tool system, and the change of the writing process had a 

characteristic that cannot be analyzed statistically. But, in the analysis, a quantitative analysis 

of specific tool use played an important role in corroborating the data analysis procedure. To 

be specific, the frequency of making self-generated spatial tools was directly related to the 

change of the writing process.    

The analysis of much data such as what writers made, text, images, writers’ reason 

for a certain behavior needed an in-depth strategy in addition to a systematic data collection. 

The strategy that I used was “generative make tools” based on Pieter Jan Stappers and 

Elizabeth B.-N. Sanders’ study of Generative Tools for Context Mapping: Tuning the Tools 

(Mcdonagh, Hekkert, Erp, & Gyi, 2003). The main idea of generative tools was that 

integrating ‘what people make,’ ‘what people do,’ and ‘what people say’ could be effective 

for having people express their ideas. Generative tools were used as a strategy of member 

checking. To be specific, it was useful to make writers draw a writing tool system map and a 

writing process map (APPENDIX 11, APPENDIX 13, APPENDIX 18, APPENDIX 20, 

APPENDIX 27, APPENDIX 32, APPENDIX 34, APPENDIX 38, and APPENDIX 40). The 

generative tools strategy played an important role in finding important information that could 

not be known by just dialogue and observation. 
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3.9. An additional assumption 
 
In this research, the five principles of activity theory were a critical object of observation. 

Also, based on the principles, ‘formation’ and ‘transition,’ were developed along an official 

schedule. In the beginning, the fieldwork consisted of observation, interviews and an analysis 

of the interviews. The interviews in the very beginning were intended to understand writing 

tool system, tool using habit, and writers’ background (APPENDIX 3 and APPENDIX 5). 

Two undergraduate students majoring in psychology—Marvick Burgos and Diana Marie 

Beck—helped interview transcriptions. The interviews were saved in mp3 and sent to them 

by email. Once transcriptions were made, I read them and used the information for planning 

a fieldwork data collection. From the observation of the fieldwork and interview data, 

interesting phenomena emerged. Not all writers used spatial tools. Based on the fact, I built 

an additional assumption.  

 My hypothesis was that for cognitive processes, when tools respond to human bodily 

movement well, and when they work as if they are extensions of the body, the best conditions 

of use during the process of writing will be possible. This hypothesis is about the quality of 

the process, not the quality of the paper that results from the process. This means a suspected 

correlation between bodily movement, writing tools and cognitive processes, a unity of 

thought and action. Based on this hypothesis, I made an assumption.  

 

If there is less use of spatial tools that imply a relationship among bodily movement, 

writing tools and cognitive processes, and if the characteristics of the difficulty of the 

writing process without spatial tools, and with spatial tools do not show the same 

kinds of difficulty, and it is reflected in writing, then, we will have evidence of the 

functions of spatial tools.   

 

Based on my additional assumption, there was a change in my strategy of data collection and 

analysis. As a result, I built a strategy: collect transitions in the writing process and use them 

in the analysis. The objects of transition were types of difficulties during the writing process. 
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Also, collecting core ideas of the thesis document writing process was initially thought as of 

a device for tracing change and understanding the transitions.  

Another object of transition was motivation for the topic, which was based on 

Leontiev’s theory of intrinsic propulsive force of the cognitive activity of the learners. 

According to Leontiev (1981), “the activity becomes cognitive not only in view of its goal, 

but also on the strength of its motive. The correlation between motive and aim of an action 

alters man’s attitude towards the content of the action, towards the aim, and towards the 

outcome of attaining such an aim-the product of the action” (p. 16). The object of transition, 

which was motivation for the topic, difficulties of thesis document writing process, and core 

ideas, was used in the coding scheme and analyzed later. 

An official schedule involved the proposal, the first draft, the second draft, the third 

draft, and the final thesis document with a public presentation, and this process included both 

a design project and writing. The analysis type of ‘formation’ was about the formation 

process of writing tool system, a consistent record of the process that enabled expansion of 

thought, and formation of necessary regularity or irregularity in the expansion of thought was 

the focus of attention. The analysis of ‘transition’ included reviewing each writing tools, 

writers’ difficulty, change of motives, and emotions. I wanted to understand the analysis of 

‘formation’ by analyzing ‘transition’ series. Each writer’s relation between formation, 

transition and official schedule was analyzed. 

 The reason that the official schedule was an object of analysis was related to writers’ 

perceptions of tool affordances.  

 Formation and transition of the strategy of data collection and analysis was specified 

by four rules. First, a consistent observation record and repetitive questions for transition 

types of data, for example, emotions, new tool using behaviors. Second, writers’ voluntary 

record of the writing process and tool using behavior. Third, building rapport because ‘trust 

produces speed’ which I believed could cause the researcher and writers to collaborate better 

and eventually a robust outcome . Fourth, I used the concept of ‘chronotopic 

approach.’ Paul Prior and Jody Shipka discussed “the dispersed, fluid chains of places, times, 

people, and artifacts that come to be tied together in trajectories of literate action along with 

the ways multiple activity footings are held and managed” in the study of Chronotopic 
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Lamination: Tracing the Contours of Literate Activity (Bazerman & Russell, 2003, p. 180). 

Fieldwork was extended to writer’s preferred work space such as library at school, public 

library, indirect investigation of work space such as home or coffee shop and their preferred 

time to work in addition to the studio. 

 Data collection was categorized into three types: researcher based data collection, 

writers based data collection, and member checking during and after the fieldwork. 

Interviews included closed-ended questions, semi-structured and open-ended interviews, in-

depth interviews, retrospective interview, and impromptu interviews in the setting. I had to 

make decisions on the spot when I was in the classroom because I needed to follow up in an 

interview with students for something they said in the classroom. In my observation, I used a 

fieldwork journal. On the left page, I recorded my plan, and on the right page, I recorded my 

observation. A separate reflective journal enabled me to analyze the fieldwork journal. Date, 

place and time were added to all my records. Daily photos of the studio were taken with 

several angles for individual work space in the studio so that I could document the change 

(APPENDIX 42). 

 For member checking methods, following ‘generative tools,’ I had writers draw 

writing tool system maps on the whiteboard and they told me about what they drew. 

Interviews were partly transcribed during the fieldwork period. Transcripts that were 

made during the fieldwork were used to ask questions and to orient observation points. 

Folders for each writer were color coded so that I could identify each set of data. 

Also, by using Post-its, I analyzed the arrangement of stuff around the desk in the 

studio and the spatial tools. I wanted to understand how the reading materials were classified 

and stored (APPENDIX 12, APPENDIX 19, APPENDIX 26, APPENDIX 33, and 

APPENDIX 39). Emails were used to communicate with writers and ask questions. After the 

final presentation, I had writers draw the writing process map and compared my 

understanding of their writing process with what they drew and their verbal descriptions. 

 onsistent data collection was important. However, it was not possible to gather such 

data without writers’ help. I asked writers to record tool relevant information in a journal 

(APPENDIX 2, APPENDIX 8, APPENDIX 15, APPENDIX 22, and APPENDIX 29). 

However, I received a feedback that writing in a journal interrupted their writing process. I 
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did not anticipate me as a methodological challenge. Also, I received feedback that my 

observation and my presence in the studio was a challenge to the writers; they had to adapt to 

my being in the studio. After I received such feedback, I reflected on my observation 

behavior and focused on collecting data in a way that they were comfortable with. To be 

specific, I made a worksheet where each writer’s tool system was listed so that writers’ could 

just check a mark on the paper with little notes (APPENDIX 7, APPENDIX 9, APPENDIX 

10, APPENDIX 14, APPENDIX 16, APPENDIX 17, APPENDIX 21, APPENDIX 23, 

APPENDIX 24, APPENDIX 28, APPENDIX 30, APPENDIX 31, APPENDIX 35, 

APPENDIX 36, and APPENDIX 37). Also, I sent writers my interview and observation 

schedules by email so that my research process was transparent to them. And, I asked writers 

their preferred data giving method. Writers’ response was positive about my new methods.   

 When a writer did not have a regular recording habit, for example, Dalton, I 

consciously took more time with him to talk and gather data. 

All data collection processes were voluntarily made. For example, self-video was 

taken by writers when I was not in the studio and at night. The use of think-aloud methods 

were planned in order to record how writers used spatial tools by asking them when they felt 

like doing spatial activity. The think-aloud methods were followed with survey questions and 

email or hand writing was used. I expected that writers could use new tools as the writing 

process proceeded. So, I asked them to tell me when they used a new tool. They reported 

about new tool using behavior by email or conversation. 

The research process of understanding five writers’ writing processes included what 

they wanted to say in their paper and the evolving process of the writing. I read writers’ 

proposal, 1st draft, 2nd draft, 3rd draft with committee’s comments, final thesis documents, 

notebooks, Blogs, binders, all digital files for thesis document writing and had an overall 

image of their process.   

 Qualitative research weakness can be summarized into three types: first, “challenge of 

dealing with vast quantities of data,” second, “few guidelines or step-by-step procedures 

established” and third, “the credibility of qualitative data can be seen as suspect with the 

postpositivist paradigm” (Groat & Wang, 2002, p. 199).  
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As a result, consistent data collection methods and subjects’ positive participation in 

my research seemed to critical keys to solve “challenge of dealing with vast quantities of 

data,” “few guidelines or step-by-step procedures established” that was qualitative research 

weakness. However, what enabled me to gather consistent data and subjects’ positive 

participation was deep understanding of writers’ activities in the setting and “flexibility in 

design and procedures allowing adjustments in process,” which was qualitative research 

strength (p. 199). 

 
 
3.10. Data analysis procedures 
 
After the fieldwork, my serious transcription started. I used Gom player that I could replay at 

two second intervals and Microsoft Word. Diana Marie Beck participated in the transcribing 

process. The transcription process was stopped by reflection often times and reflective notes 

were color coded. In Figure 50 Strategy of inquiry, data collection and data analysis, ‘study 

the writing process’ means reading the proposal, first, second, third drafts with committee 

member’s comments, and the final thesis document. Also, I studied the characteristics of 

writers’ strategies by reading notebooks, blogs, and binders. Writers’ documents were 

collected in forms of photos, copies and digital files. While I was studying their process, I 

was able to link daily photos of the studio to their process in my memory-image. 

  ‘Selecting data from multiple data collection’ was made considering conceptual 

framework, hypothesis, and research questions. In order to ‘integrate text data into one place,’ 

I used HyperResearch, a qualitative research software. Text data (for example, worksheet, 

writer’s journal, emails, and interview transcripts) were entered into the software with date, 

capturing writing tools and process in the form of phrases or sentences. ‘ ’ involved 

several steps: identify activity date, order data with date, sequentially order activities within 

one episode, see the pattern, create a coding scheme, check both intra- and intercoder 

reliability of the coding scheme, clarify definitions of codes, get 93% intercoder reliability, 

and apply the coding scheme to the data. With respect to intercoder reliability, I used the 

formula below (Figure 47) (Miles & Huberman, 1994, p. 64).  
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Figure 47 Reliability (Miles & Huberman, 1994, p. 64). 

 
 

 
Diana and Marvick participated in the process as intercoders. The order of date and time of 

data were critical when I was inputting data to the software. 

 
 

 
Table 6 Definition of codes 

 
 Definition 

BODY-EASY 

 

● The easy-best correlation of the body, the gesture and the written 

  units that the body manipulates 

● The easy-best correlation of the body, the gesture and TOOL- 

  SPATIAL processes  

BODY-BREAK ● A breakdown of the correlation of the body, the gesture and the 

  written units that the body manipulates 

● A breakdown of the correlation of the body, the gesture and  

  TOOL-SPATIAL processes 

TOOL-SPATIAL  ● Visible, spatial-visual form of behavior to physically manipulate 

  written units, not just typing  
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Table 6  
 

TOOL-SPATIAL-

TRANS 

 

● Making a series of the body and the product of the visible, spatial- 

  visual form of physical manipulation of written units behavior  

  (TOOL-SPATIAL) in the body’s  

● Making a series of body and TOOL-SPATIAL and OTHER  

  TOOL-SPATIAL in the body’s  

● Transition of the visible, spatial-visual form of physical  

  manipulation of written units to the invisible, conceptual  

  manipulation in imagination 

● Going back and forth between visibly-physically, spatializing  

  written units through bodily movement and invisibly-conceptually,  

  spatializing written units in imagination  

MOT-  Motivation for the topic  

THESIS-DIFF Difficulties of the thesis document writing process 

THESIS-  ore ideas of the thesis document writing process 

MSW-  Functions of Microsoft Word during the writing process 

 
 

 
When the definitions of codes (Table 6) were communicative and the results of the testing 

definitions of codes was 93%, I applied the codes to the data (APPENDIX 43). Lists for each 

code were made. However, there were some difference between what writers said in the 

interviews and what writers did in terms of concepts. For example, even if a writer told me 

that he used concept mapping, if the concept map was not organized into meaningful links, 

then, it could not be regarded as concept mapping. So, all interview records were compared 

to what they made. In other words, interview data needed to be filtered. It was critical to 

analyze the relationship between ‘what writers said,’ ‘what writers made,’ and perceptions of 

tool affordances. By applying code definitions, each writing tool’s functions in the writing 
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tool system were developed. And, lists were classified into concrete skill types, for example, 

diagramming or concept mapping. crete skills (for example, an activity of using note 

cards, making key words and arranging them in order to make an order of a story) were not 

used without tool affordance perception. Thus, lists of TOOL-SPATIAL were classified into 

concrete skills. 

Since each spatial tool (for example, diagramming) had various functions, they were 

categorized according to specific purpose or functions.  

 In Figure 48, ‘Pattern coding’ resulted in five individual writing tool systems based 

on categorizing functions. Since writers had an order of using tools depending on the 

functions of tools, such patterns were mapped with text coding and image data. ‘ ross-

analysis’ was to analyze the characteristics of the five writing tool systems, and compare 

their similarities and differences. For example, writing tools for organization were different 

for each writer. 

‘Evaluation’ was made based on the checklist on the writing task for master’s 

students by two instructors. The checklist included “cover the material required for the thesis, 

construct a compelling argument for the principles driving the studio investigation, build and 

make apparent an organization of content in the paper that is consistent with that argument 

logic, and integrate the narrative about the investigation with an understanding of its 

relevance to a larger problem-connecting to the context beyond the specific project.” 

Evaluation was made on a five point scale, dialogue and summarized evaluation.  

For ‘meta-analysis,’ I synthesized the outcome with spatial tools, the outcome 

without spatial tools, analysis type Y collection, analysis type Z collection and evaluation. 

The analysis type of Y was related to formation such as the characteristic of writing tools 

system including types of physical manipulation and their functions, specific tools for 

exploration of multiple, parallel and divergent ideas, physical manipulation at which stages 

of writing, qualities of tools, and writer’s perceptions of tool affordances. Analysis type Z 

was related to transitions such as the characteristic of the writing process including the 

strategy for structuring an argument, a design project and writing, types of difficulties during 

the writing process, transitions of motives and emotions, and transitions of thesis core ideas. 

‘Findings’ was based on the analysis and synthesis and their repetition. 
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Figure 48 Strategy of inquiry, data collection and data analysis 

 
 
 

Interviews 
Observation 
Fieldwork journal 
Reflective Journal 
Daily photos or studio 
 

Writing tool system map 
Writer folder 
Work space analysis 
Email questions 
Writing process map 
 

Journals 
Worksheet 
Self-video 
Think-aloud with survey 
Voluntary report 
Proposal 
1st, 2nd, 3rd draft 
Final thesis document 
Notebooks 
Blogs 
Binders 
All digital files for thesis 
 

 Researcher 
 

Member checking 
 

Writers 
 

Data 
collection 
 

Strategy 
of inquiry 
 

Official 
schedule 

 

Formation 
 

Cross 
analysis 
 

Categori-
zing 
 

Study the 
writing process 
 

Data 
Analysis 
 

Transcribe 
interviews with 
reflective notes 
 

Selecting data 
from multiple 
data collection 
 

Coding 
 
 

Meta-
analysis 
 

Pattern 
Coding 
 

Integrating text 
data into one 
place 
 

Thesis difficulty 
 

Writing tool system 
 

Proposal 
 

Final 
thesis 
document 
 

1st 2nd 3rd  
draft 
 

Thesis  
core  
ideas 
 Motivation for topic 

 
Transition 
 

Evaluation 
 

Analysis 
type Y  

 

X 

X Y Z 
relation 

 

Analysis 
type z 

 

Findings 
 



205 
 
 

 

 

3.11. Limitations of the research 
 
The five writers showed a wide range of behavioral characteristics from non-mediated 

activity to an active use of spatial strategies. Qualitative research compares multiple case 

studies in order to corroborate the analysis ). Also, “it may be discovered 

that what had been assumed to be a homogeneous category of people must be broken down 

into a number of sub-types with different characteristics and who are likely to be found in 

very different places” (Hammersely & Atkinson, 1995, p. 38). The different characteristics of 

tool using behaviors among the five student writers in the same educational environment 

enabled me to compare distinct tool-mediation activity patterns. Thus, the number of five 

was not a quantitative increase in the same kinds of activity patterns, but instead each writer 

represented a case study. By an analysis of this range, findings were strengthened.  

 In this research, “the researcher is the primary instrument in data collection rather 

than some inanimate mechanism” well, 2003, p. 198). This means that I could not 

invest the exact same amount of time for each writer, because when the five writers were 

working for thesis project at different places, I was able to observe only in one place. Thus, 

when I was collecting data from site to site, journals and worksheets enabled me to capture in 

the writers’ processes. Also, because the five writers did not invest equal time and effort 

equally in writing research, there were differences in the amount of data (APPENDIX 40). In 

addition, writers were limited to American graduate students with who were writing a thesis 

document for the first time. This limitation implies that writers’ past experiences in writing 

and the range of the differences were narrowed as well. 

 
 
3.12. Quality standards: credibility, transferability, dependability and 

confirmability 
 
Egon G. Guba, in the study of Criteria for Assessing the Trustworthiness of Naturalistic 

Inquiries (1981), suggested four major concerns for trustworthiness of the naturalistic inquiry: 

credibility, transferability, dependability, and confirmability. The four concerns mean in 

scientific terms, internal validity, external validity, reliability, and objectivity. lity 
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pursues plausible findings. Transferability pursues plausible findings and context-relevant 

findings. Dependability as a consistency aspect, pursues stable findings.   as 

neutral aspect pursues the concept of data confirmability and investigator-free findings.  

 In an effort for trustworthiness of findings, I used following methods based on Guba’s 

(1981) criteria.  

 First, I used persistent observation, peer debriefing, triangulation, collection of 

referential adequacy materials and member checks. 

 

A. Persistent observation 

In order to ‘identify pervasive qualities, atypical characteristics’ and to understand what is 

characteristic of the five people’s writing activities, I spent sufficient time at the studio (Guba, 

1981, p. 85). Also, I observed and interviewed in each writer’s preferred work place such as 

D. H. Hill Library at school or the  and at their 

preferred work time such as 7 am in the studio or weekend in addition to regular weekday 

observation. For a private place such as home, writers and I used work place photos with 

conversation. Persistent observation was supported by fieldwork journal records, for example, 

observation records, needed questions, plans and analysis. 

 

B. Peer debriefing 

In order to provide myself ‘the opportunity to test my growing insights and to expose my 

searching questions,’ I had a regular as well as irregular meetings with my adviser and my 

dissertation committee (Guba, 1981, p. 85). And, when I used a new method, for example, 

survey questions, I shared my new method and ideas with the committee member. Through 

this process, emerging insights, questions, field relations, and plans were shared with peers 

and I got feedback from the committee, which played an important role in building a concrete 

research process and multiple perspectives. 
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In order to ‘cross-check data and interpretations,’ multiple data sources, different theories, 

different methods were used. For example, survey questions, journals written by writers, 

-examination was 

necessary because sometimes there were differences among what writers said, what writers 

did, and what writers made according to their tool affordances. So, finding consistent factors 

through triangulation was helpful for the critical analysis of data. 

 

 

Multiple referential adequacy materials were collected in the form of photos or print copies 

with date such as writers’ notebooks for thesis document writing, copies of blog, binders, 

thinkaloud transcripts, videos, thesis related documents, photos of studio so that “findings 

and interpretations could later be tested” (Guba, 1981, p. 85). Writers’ personal notebooks 

for thesis document processes began in 2010 summer because they started thinking about 

their topic then. 

 

E. Member checks 

Data and my understanding of the writing process were frequently tested with the fieldwork 

in various forms. By using the concept of ‘generative tools,’ I had the five writers draw their 

writing tool systems map and writing process map. I showed interview transcript to the 

writers and asked questions in person. When necessary, email correspondence was used to 

ask questions during the fieldwork, as well as after the fieldwork. Member checks functioned 

as reorienting data collection, deep understanding of data, predicting behaviors, and for 

scheduling next data collection timing. 

 

Second, I used theoretical/purpose sampling and collected thick descriptive data and 

developed thick description for transferability. 
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A. Theoretical/purpose sampling 

The writers and the context were purposely selected to test a hypothesis of spatializing words 

as writing tools; this research needed writers who practiced with spatial tools. Also, the 

sampling process was “governed by emergent insights about what is important and relevant” 

(Guba, 1981, p. 86). Data collection for both writers’ activities with spatial tools and writers’ 

activities without spatial tools in writing was regarded as important and relevant because it 

would strengthen findings. 

 

elop thick description 

This method aimed at “permitting comparison of this context to other possible contexts” to 

which a transfer of findings might be considered (p. 86). Interviews involved two instructors 

in the graphic design program and one who was responsible for the writing education at the 

University level so that the five writers’ learning contexts were understood. Also, writers’ 

past writing education and experiences were collected in interview form.  

 

Third, I used overlap methods and intercoder reliability, and established an audit trail for 

dependability. 

 

A. Overlap methods 

Multiple methods were used in tandem “in such a way that the weakness of one is 

compensated by the strengths of another” (p. 86). For example, when journals or worksheets 

recorded by writers and interviews were paired, sustained data of writing activities were 

effectively collected; data in the detail of writing behavior pattern or habits and the formation 

of writing tool systems was collected; and two data collection types of formation and 

dynamics were collected by overlapping methods. Similar results were found using multiple 

methods, which seemed to result in strengthened stability. 

 

B. Intercoder reliability 

-coding was involved with two undergraduate students in order to enhance 

“definitional clarity of codes” and to get “a good reliability check” (Miles & Huberman, 
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1994, p. 64). There were two meetings in person. The first was held for instruction for check-

coding and clarify the definitions of codes and the second for definitional clarity of codes and 

coding. Finally, both intra- and intercoder agreement was 93% in the coding, for which 

check-coding process was held by Microsoft Word documents and email correspondence for 

convenience. During check-coding, design jargon was removed and a coding scheme format 

was changed to improve the coding process. 

 

 

I left an audit trail for all documentation process such as fieldwork journal and reflective 

journal, daily photos, interview transcripts so that external auditors could examine the 

process. 

 

Fourth, I used triangulation and practiced reflexivity for confirmability. 

 

A. Triangulation 

Multiple data resources from different methods were used in order to confirm the product.  

 

B. Practicing reflexivity 

I had two kinds of reflective journals: notebooks and a simple writing program in the 

computer. When I reflected on the research process and needed to draw what I think, I used 

my journal notebook. When I wanted to think by writing, I used a simple writing program. 

Typically, journal notes were discussed during peer debriefings.   
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Chapter 4. Findings 
 

 
4.1. Writers’’  contexts in the writing activity 
 
In addition to a direct observation in the studio, understanding of writers’ context was 

approached from two directions. First, I had interviews with the writers about their writing 

education in high school, undergraduate and graduate school before they began the thesis 

document and using interview questions (APPENDIX 3). Second, I had interviews with 

instructors in the community. 

 
 

4.1.1. Writers’ experience in writing education  
 
In this section, I will discuss the characteristic of writing education in high school and at the 

undergraduate and graduate school levels. The writers produced three drafts and the final 

thesis document during the fieldwork. I will provide six points that writers addressed in their 

interviews about writing education backgrounds before they wrote the first draft.  

The interview was based on the theoretical point as follows. According to Luria and 

Leontiev, “cognitive processes are not independent and unchanging abilities or functions of 

human consciousness; they are processes occurring in concrete, practical activity and are 

formed within the limits of this activity” and “it means that a person’s mental processes 

acquire a structure necessarily linked to sociohistorically formed means and modes, which 

are transmitted to him by other people through teamwork and social intercourse” (Nardi, 

1996, p. 33). Interview questions focused on concrete activities as sociohistorically formed 

means and modes and procedures in writing activities in learning environments. Since there 

were seventeen years of difference among the five writers, their answers had about two 

decades of history in the teaching of writing. But, their writing education in high school and 

undergraduate did not show big differences in terms of concrete practice. 

Next is a summary of the writers’ writing education. The main method for organizing 

text was ‘outline and the five paragraph essay involving an introduction, three body 
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paragraphs and a conclusion.’ In an effort for organizing text, writers told me about 

procedures such as “doing multiple drafts of the paper and get feedback to construct the 

paper before the final document”; “theatrical quality to writing” by keeping the audience in 

mind; and “build curiosity” in the beginning of the paper. However, they all addressed ‘little 

or no emphasis on the organization of ideas.’ In my interview question of ‘how the writing 

assignments in English classes and other courses encouraged you to organize ideas,’ Alex 

said, “maybe there was an assumption of some kind that was something the students knew.” 

As for an interview question of ‘a typical sequence of steps related to writing 

assignments or classroom writing activities’ in high school, writers mentioned the issue of 

the topic: they were “usually writing about something we read,” “after a little bit of 

discussion and going back to our sheets and writing about whatever the assigned topic was,” 

“having a freedom to choose whichever topic we wanted,” and “writing on a given topic or 

self-selected topic.” 

Also, based on the response to the question of ‘how the writing assignments 

encouraged you to explore ideas’ in undergraduate writing education, the characteristic of 

writing revealed was: ‘reporting on ideas rather than exploring ideas,’ ‘syntax and grammar 

rather than content,’ ‘reporting with topic variation,’ ‘more about regurgitating what you had 

read or the information that you’d found,’ and ‘not a whole a lot of room for adding your 

own theories or ideas.’ Tom said, “basically [it was] more of the report, I guess, like an 

informative kind of thing. Most of our topics were kind of given to us so everybody was 

writing the same thing in a lot of classes.” On the basis of the writers’ response, the topic was 

usually given rather than a self-selected topic in general

experience,  

 

“We were given a topic and then especially for the longer papers. Very rarely we had 

to decide what we want to write about and usually they (instructors) would give us 

topic and said if you choose this then you need to address these issues. Also, a lot of 

times we were given prompts or objects that we had to meet and a structure that we 

had to follow. So it’s kind of just writing around those things. I was given the most 

like creative freedom when I took a philosophy class with like open ended prompts; 
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we were encouraged to explore ideas the most. If I could write about a topic that I 

could choose what it was or could make it creative in some way but I don’t think that 

was always happened.”  

 

Thus, it showed that the choice of topic was related to the process of ‘exploring ideas.’   

As for the general nature of feedback, writers talked about: ‘usually written feedback 

on form,’ ‘typically feedback coming when the paper was graded,’ ‘an emphasis on technical 

things such as spelling, grammar and citation,’ ‘not always content driven,’ ‘less about the 

content and more about the syntax and sentence structure,’ getting “feedback based on what 

you wrote—not so much about the process but about what was physically on the paper.” 

The differences among the five writers’ writing experiences appeared in the 

frequency of writing, the frequency of getting feedback, and types of comments in feedback, 

such as asking questions or being told what’s working or what’s not working. From my point 

of view, tool-mediation behavior for writing did not exist in the writing education in high 

school and undergraduate studies. 

Activities in the classroom included ‘brainstorming individually and in groups,’ 

‘collaborative work by peer-reading and critique,’ ‘peer-editing involving looking for 

mistakes and making the corrections right there on the paper during the class,’ ‘reading 

things out loud that results in editing because hearing the cadence or rhythm made a 

difference to the process.’ 

 As for my question of ‘a typical sequence of steps you used in writing college papers,’ 

writers mentioned concrete activities such as: ‘making an outline to structure a paper,’ ‘using 

note cards to capture different ideas and break down the piece and then put it all back 

together in MS Word,’ ‘using sticky notes to mark pages,’ ‘highlighting,’ ‘taking notes, and 

taking notes from a notebook onto the computer,’ ‘finding quotes and write and read and 

connecting the different ideas together [in the paper], then having somebody read it and turn 

in the paper,’ and ‘getting feedback from instructors.’ 

 As opposed to writing education in high school and undergraduate, there were new 

methods in writing education in graduate school in terms of concrete skills for the writing 

process and feedback. Interestingly, also, as important research data, there were big 
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differences in writers’ response to the interview question although they received the same 

writing education and shared the same learning environment. Why did they remember 

different things in the same education and gave me contrary answers? Their response to the 

writing education in high school and undergraduate were very similar, but their response to 

writing experiences in graduate school had a wide range of answers. Why? The different 

responses in the beginning of the fieldwork that I discovered lead me narrowing down the 

question and deciding on specific observation points methodologically. The contrary 

response to the concrete skills that I regarded as writing tools or spatial tools, i.e., where the 

difference of response took place, became an observation point. For example, the difference 

between Monica’s response and Dalton’s response was observed from the perspective of 

object-orientedness, tool-mediation, the hierarchical structure of activity, internalization-

externalization, and development, which was my methodological direction. 

 First of all, as for my interview question of ‘instruction in graduate writing education,’ 

writers told me about concrete skills in the writing process, feedback and writing such as: 

‘concept mapping,’ ‘matrices,’ ‘outline,’ ‘peer editing,’ ‘using event schema to structure a 

paper,’ ‘framing the paper with a persona and a scenario,’ ‘written feedback in paragraphs at 

the end of the paper about exactly what I was doing wrong and how to fix it,’ ‘having 

conversations about what was not happening,’ “being given prompts general enough to 

explore your interest,” ‘writing on a class blog and commenting on each others’ blog post,’ 

and ‘formulating your own opinion, your own theory, your own discussion points about 

something.’ However, each writer told me about different concrete skills, and such concrete 

skills in retrospect were related to what they really used, that is, their own activities. 

 Dalton told me about instruction for the thesis document, 

 

“The way that it’s been presented to me is that this month (before oral exam that was 

scheduled in early March) should be concerned with making, then learning through 

making and research through making. So, the making would generate questions then 

you research those questions then you make more so back to this iterative process 

similar to the writing. And then, 80% of the making should be done [before oral exam] 

and then the remainder of the time is the writing time. That’s the structure.” 
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Based on Dalton’s response, the structure of writing did not rely on outline skills, but it was 

made through making activities along with research process. It could be regarded as new 

rules in that writers visualize concretely their own writing structure during the research 

process. 

 As a response to the question of ‘experiences that encourage you to use certain 

approaches to organizing ideas in your writing,’ there were clear differences in their answers. 

Alex mentioned ‘using matrices,’ ‘mapping and diagramming whether it’s all in words or it’s 

images or sketches as well,’ and ‘a heavy push for us to use Post-its and the concept 

mapping.’ Monica mentioned ‘seeing other people and talking to other people about what 

they do before they write,’ and ‘being encouraged by the teachers to concept map ideas.’ 

‘group discussions before the writing to help generate ideas so that you are 

surely understanding the content,’ ‘writing critiques on people’s work,’ ‘outline,’ and 

‘scenario.’ Tom mentioned ‘highlighting’ and ‘using sticky notes.’ Dalton mentioned ‘not 

being given a lot of instruction on organizing ideas,’ and ‘using the whiteboard in the studio 

classroom setting.’ In a contrary response, for example, in Monica and Dalton’s responses, 

big differences in perception emerged as a critical issue. 

 In the beginning of the fieldwork, the ‘very helpful’ methods that writers verbally 

expressed or writers’ specific needs in high school, undergraduate, and graduate school were 

as follows.  

 First, the instructor’s direct criticism in conversation and writing about concrete 

problems and how to fix them. For example, Monica said,  

 

“I don’t feel like I got the direct criticism to help me write until my first year grad. I 

had a wonderful teacher who was very brutal in her commentary; she would just go 

through every little thing and scratch in the comments like ‘what are you thinking’ or 

‘this doesn’t make sense.’ It was the most beautiful thing that ever happened to me 

because that’s how I got it, I understood finally. Professor Lane would write little 

paragraphs at the end of the paper—general content, what’s not working. She was 

really good at about writing exactly what I was doing wrong and how to fix it. I did 

that same thing again wrong she would correct it every time with the same comment 
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so I started seeing the patterns in my writing of what was wrong. She gave 

transparency to that. That was heaven sent it was like finally someone is telling me 

how to do this; I appreciate it because she was very honest. Also, I have 

conversations about what wasn’t happening [with her]. I never had that face to 

face…The comments that she would write for what I was doing wrong became the 

voice in my head when I was rewriting on my own.” 

   

The second useful method for writing was the freedom of selecting the topic. “We would be 

given prompts to write about that were very general which was good because you could use 

writing to explore your interest; you weren’t forced to write about something that you didn’t 

feel comfortable about,” Monica said. 

 The third useful method was peer reading and editing about the same subject because 

it made them learn their colleagues’ different ideas and they could get helpful advice and 

useful spelling errors checks “professor Lane did a lot of peer editing stuff 

which I thought was really helpful because it was nice to see how my peers work like 

approaching the same topic.” 

 The fourth useful method was group discussion, which they said was helpful to 

understand the content. “Sometimes I have trouble in understanding what the reading is about; 

so for me having discussion is important to help clarify and make sure that I’m understanding 

what the text is about,”  

 The fifth useful method was concept mapping. Monica said, “[by concept mapping] I 

began to be good at it, explicitly about what the ideas were that I was thinking about and that 

translates into the actual paper outline. So all of those tools started on becoming a part of my 

habit in grad.” 

 The sixth useful method was communicating with colleagues. Monica said, “there 

was someone who told me that the writing process they made was a parallel to the design 

process because I had this kind of mental model that when I wrote everything had to come up 

perfectly for the first time and that because it wasn’t why I was a horrible writer and some of 

them making kind of the comparison to designing how the first design is nowhere near. Just 
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an iteration towards more refined final so kind of understanding that writing was a process 

and that’s something that how you get through kind of ease my anxiety towards it.” 

In short, the writers’ needs were the instructor’s direct criticism on specific issues in 

detail, general prompts through which writers could select their interesting topic, adopting 

others’ viewpoint, concretizing thoughts and changing them into writing, understanding the 

content, and perceptual changes in the writing process. 

In terms of methodology, my interviews with writers lead me to interview the 

instructors that writers mentioned. I investigated instructors’ perspective about what writers 

mentioned as useful methods. 

 
 
4.1.2. The challenges of teaching writing in graduate school 
 
With an open-ended question of ‘the challenges of teaching writing in graduate school,’ I had 

an interview with professor Kim, one of the faculty in Graphic Design department. In my 

interview, Kim told me about critical issues and her teaching methods experience. The 

critical issues that she addressed included: first, ‘assuming students will continue to do 

research afterwards,’ second, ‘students’ varying abilities in writing,’ third, ‘each student 

presenting a different case, a different problem and what they need.’   

To my interview question of ‘why do you regard writing as critical,’ she told me 

about three things: first, ‘writing as critical for purposes of program review, i.e., 

accreditation,’ second, ‘writing as critical as references for students who come later,’ third, 

‘writing as critical for going through making, evaluation and critical thinking.’ In relation to 

critical thinking, professor Kim said, 

 

“Without the writing, I don’t think they would go through the thinking and evaluation 

and critical thinking part at all in the case of some students, or as well, in the case of 

other students, without requiring the writing. I think the projects are better because 

they’re better thought through and the only evidence we would have of thinking 

through is the writing. I mean, they could be talking to us but, we’d have to do these 

recordings. So the writing requires them to think differently and I think more 
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effectively and more critically about what they’re doing at each stage. I mean they 

know at the beginning that they will have this document. So we say, “at every stage 

of your project, be taking notes, these will become a significant part of your writing 

later.”  So they’re always thinking in these ways as they do their design work.    

 So, to require a literature review means not to just read a stack of books and say, 

“oh yeah that was interesting, I’m sure I’ll use some of that somewhere.” but rather to 

think about what each author has said, relevant to what you’re doing and state that.  

And so you can always trace back where you found help, where you found useful 

ideas so it’s kind of scholarly in that sense of knowing your influences, where ideas—

direct or indirect—have come from. But then to be thinking about, to be making 

much more explicit, all the stages that you go through in your project. I mean this 

kind of reinforces good creative process, good research process, we’re assuming these 

students will continue to do research afterwards. So, we’re teaching them a process, a 

method that they can apply later.” 

 

As for concrete teaching methods, professor Kim mentioned: first, ‘requiring three drafts for 

the committee to read and give comments before the final document,’ second, ‘making sure 

that students have a structure,’ third, ‘correcting spelling and grammar,’ ‘having students 

make much more explicit all the stages for a creative and good research process,’ fourth, 

‘teaching them a process, a method that they can apply later,’ fifth, ‘having students avoid 

designing and writing at the same time.’ Her description was for the overall strategy for 

writing education. 

 I had an interview with professor Lane, one of the faculty in Graphic Design 

department. The critical issues in teaching writing that she addressed included: first, ‘not 

having baseline to express something in writing,’ second, ‘not having the basic writing stuff 

of unpacking an argument,’ third, ‘not knowing how to build an argument.’ As teaching 

methods, she gave me examples of ‘marking up everything, very detail things on everything 

that they handed in’ and ‘having students actually reading their writing in front of people.’ 

Next, professor Lane told me about the challenges of teaching writing in graduate school. 
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Joohee: hat the challenges of teaching writing in graduate school 

are? 

Lane: the challenge is that they just don’t know usually don’t have baseline.  

Joohee: What do you mean by baseline? 

Lane: Baseline, like grammatical stuff, but also when they think about, it’s like 

freeze up when they have to express themselves, express something in writing. So 

some of it is just pointing out that it’s really about identifying details, telling details, 

once they get over that prompt, they do better, not grammatically. In other words, the 

basic writing stuff of unpacking an argument. 

Joohee:  

Lane: If you haven’t written much before, they don’t know how to build an 

argument. They don’t know how to introduce it, how to provide evidence for it, how 

to conclude it.  

Joohee: 

writing? What kind of instruction did you give them? 

Lane: I marked up everything, very detail things, on everything that they handed in, 

which is a lot of work, but it’s the only way you can do it because you need someone 

to read and respond, you need somebody to mark it up, you need somebody to pay 

attention to the details. So they got feedback from professor Walker’s perspective, but 

then, my point of view. I function sort of like an editor, but saying this part makes 

more sense of here or, yeah...they (students) might have those notes because they’re 

all hand-written. I don’t do it on like a PDF. 

 

The interview with professor Kim and professor Lane made me think about the necessity that 

I needed to understand writing education in Graphic Design from the overall school context. 

So, I had an interview with professor Lee, who was responsible for writing and speaking 

program at the University as well as instructor in teaching graduate courses in other 

discipline.  

 The critical issues in relation to the challenges of teaching writing in graduate school 

that Lee addressed included: first, ‘students’ usually do relatively well in typical academic 
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genres such as summary, annotated bibliographies, short research papers, but struggle with 

unfamiliar genres such as dissertation.’ Second, ‘students’ need a help to deal with 

dissertations from their committees.’ Third, there is ‘never funded graduate education on 

writing.’ Fourth, there is ‘a need for or continued support for writing in graduate education 

because students bring many different kinds of experiences to graduate work and some 

people have a hard time writing when they get to their dissertation stage and they have 

difficult times.’ Fifth, there is ‘less support by the faculty to help the students to produce 

writing projects.’ Sixth, there is ‘a need to help graduate faculty to learn how to support 

development of larger and more sophisticated writing projects through advice, response to 

drafts, peer response, peer and groups.’ Seventh, there is ‘faculty’s wrong assumption that 

the graduate students will be competent communicators.’ 

 Professor Lee told me about the challenges of teaching writing in Graduate school as 

follows: 

 

Lee: Ok, let me start with what you mentioned as this sort of writing across the 

curriculum initiative…the idea being you could help faculty in different disciplines to 

learn how to support and evaluate writing…they can use writing in their courses to 

help their students to express their learning, become better communicators. Our 

university has had such a program now for about thirteen or fourteen years; the 

program that I direct the writing and speaking program and it attempts to work with 

faculty across all undergraduate colleges. 

Joohee: Not graduate. 

Lee: No, was ever a mission to work with graduate level education, so we work with 

faculty and we work with departments across all nine colleges to help them to use 

writing, and in our case writing and speaking also, oral communication, more 

effectively instruction. So, that’s the writing and speaking program; it was never, we 

were never funded for graduate education but over the years I’ve heard lots of faculty 

that there’s a need for or continued support writing, in particular, in graduate school, 

that we need to extend it maybe to graduate education because students bring many 
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different kinds of experiences, that in graduate work some people have a hard time 

writing. They get to their dissertation stage and they have difficulty at times.  

 

Joohee: hat the challenges of teaching writing in graduate school 

are? 

Lee: I think there’s an expectation by the faculty that graduate students are going to 

be good writers. They just assume the graduate students will be competent 

communicators and that’s not true. I mean there are graduate students who come in 

needing continued development as writers. So, that’s one thing.  

 There’s an assumption that’s not always true that we can’t just assume that the 

graduate students can all write effectively. And, the reason that’s true also is that 

often graduate students come into these highly specialized domains of research and 

scholarship and they may have some preparation for that because they’ve done some 

of as undergraduate, but it’s really new, it’s a much higher level in many cases than 

working on projects, writing projects and other kinds of things that they may not have 

done before. The genre, the type of writing may be unfamiliar to them and so they 

struggle because they’re not used to the kinds of writing they’re expected to do.  

 I think to some extent there’s even less support by the faculty to help the students 

to produce these projects. I think they just assign them and then collect them. I think 

we need to help graduate faculty to learn how to support development of larger and 

more sophisticated writing projects through advice, response to drafts, peer response, 

peer groups, they get together and respond to each others’ writing. And I think they 

usually pretty good at that by the time they get to graduate school, usually quite 

mature in giving each other good feedback, but these are all strategies that graduate 

faculty need to weave into their instruction and we need to help them to learn how to 

do that.  

 My own experience is that I think students do usually relatively well in typical 

academic genres that they’ve done as undergraduates, like summary, annotated 

bibliographies, short research papers. It’s once they start to do more specialized kinds 

of things that I think that they begin to get challenged. Especially when they get to a 
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dissertation because they never did a dissertation before. And so they find that very 

difficult. It’s usually a large project they have to think about structurally, they have to 

know all their background literature to be able to be well informed about the kinds of 

questions they want to ask, they have to know how to report the stages of their 

research, the methodologies and so on. And, so they may not have much experience 

even reading dissertations, and that’s when they really need a help from their 

committees I think. 

 

In short, the writers’ context was understood based on conversation about their writing 

experiences, instructors’ points of view, and an interview with an instructor and another 

graduate program. Also, writers’ responses to writing education, in particular at the graduate 

level, and the perceptual differences of newly learned tool-mediation behavior, such as 

concept mapping became a critical observation points in the following investigation. From 

the perspective of activity theory, “activity theory does not accept a dualistic conception of 

an isolated, independent mind. The internal side of an activity cannot exist without the 

external one. A person’s internal activity assimilates the experience of humanity in the form 

in which it manifests itself in the corresponding external activity” (Nardi, 1996, p. 33). This 

means that internal activity needs to be discussed with in the context of external activity, and 

a change of one side could lead to other side’s change. If so, the perceptual differences meant 

activity differences, thus, an object of observation was followed by something externalized. 

However, I paid attention to the details because there were perceptual differences or 

differences in understanding about ‘what was said.’ Also, ‘what was said’ was not always 

consistent with ‘what they did.’ ‘What was said’ involved quite breadth in the perceptual 

differences, depending on the deed. This point became clear through the fieldwork. 

 Two semesters were invested in the final thesis document writing involving a design 

project. In 2010, the proposal for the project was required as a deliverable in thesis 

preparation class. In particular, significant reading and small projects to confirm the viability 

of the project ’ records in their notebooks, 

writers used to to in the progress. For example, Monica’s reading 

started from June in 2010  of the same year. It seemed that 
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small projects to confirm the viability of the project direction were not useful to all writers. 

However, I found that Alex and Monica used the small projects effectively for the final 

thesis. I cover this in the respective process of Alex and Monica.  

According to ‘Final project guidelines’ that the writers received, proposals were to 

include 1) ‘problem statement including a researchable question, a definition of limits, 

assumptions,’ i.e., things that you are taking for granted as basic premises of the study, 

theoretical problem,’ 2) ‘review of literature and existing conditions,’ 3) ‘justification, i.e., 

why this project is worth doing,’ 4) ‘methods,’ and 5) ‘bibliography.’ 

The characteristic of the final thesis document was to make argumentation through 

research, a design project and writing in the problem area that writers chose. 

The design project was a suggestion of a hypothetical solution. Thus, the implied 

characteristic of a design project had an argumentation based in reality, knowledge and 

imagination. Reality meant the real context where the problem resides, knowledge meant 

theories based on facts in relation to the problem, and imagination meant abstract reasoning 

based on understanding of the reality and logic of knowledge, and writing was a systematic 

synthesis of all three. In this respect, the exploration of possibilities and imagination in a 

design project that went beyond the problem had to have both actual application points of 

reality and theory in order to complete an argument. 

Based on interview transcripts, the writers were not actively encouraged to write 

about design projects in as undergraduates. And, they had visual backgrounds as design 

majors in undergraduate programs. For example, ‘no writing at all in studio work’ (Alex), 

writing down project descriptions in studio classes (Tom), occasionally writing an art 

statement or a short reflection or something that was never anything formal in art curriculum 

and d

lot of people would see or having a good thesis paper that only my professors would see in 

the final year (Monica). Thus, authoring a design project proposed could be a challenge for 

the writers in addition to the thesis document. 

The writers learned specific methods that could be useful to realize the purpose of the 

writing—from my point of view, they were spatial tools—through homework. Alex showed 

me concept mapping homework. The writers, also, were encouraged to look at Hugh 
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Dubberly’s concept map on his website. Dubberly’s concept was defined as “a picture of our 

understanding of something. It is a diagram illustrating how sets of concepts are related. 

). The purpose of a concept map is to 

represent (on a single visual plane) a person’s mental model of a concept” (Dubberly, 2012). 

Since the spatial tools were cognitive tools, they had to practice on their own in order to 

know the tool affordances. 

 As a result, based on the writers’ notebooks and binders in 2010 and 2011, and 

interview transcripts, the writer who knew how to use the tools, for example, Alex was able 

to use them when needed. In other words, he inserted a new method into his activity system, 

and practiced it. However, for the writers who did not carefully practice spatial tools before 

the final thesis semester, since they did not know the functions of spatial tools, such tools 

were not found in their activity system when they actually needed them. Also, even though 

writers used spatial tools, using the visible conceptual relations for writing was another issue. 

The five writers’ writing tool systems produced very distinctive differences in their writing 

processes. 

 
 
4.2. Five types of writing tool systems  
 
Why did I investigate writers’ writing tool systems? This research analyzed the writing 

process from the tool mediation perspective. Vygotsky’s three questions made me think of 

increasing thought objects and instrumental relation to such objects: the relation between 

‘S1a + S1b + S1c + S1d + S1e…’ and ‘S2a + S2b + S2c + S2d + S2e…’ 

 

How does one remember stimulus S1 with the aid of stimulus S2 (where S1 is the 

object and S2 is the instrument)?  

How is attention directed to S1 with the aid of S2?  

How is a word associated with S1 retrieved via S2 and so on?  

( -Steiner, Scribner, & Souberman, 1978). 
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Each S1 could exist as an independent value as a thought object, but in the thesis document, 

it necessarily had to have a relational dimension so that logical coherence could be built in 

terms of the overall hierarchy. Also, since the expansion of relations meant the formation 

process of thought, the characteristic of the expansion of thought became the characteristic of 

the process of formation of thought. In addition, if we think S2 as an instrumental function, 

each function has an independent dimension, but the relational system of functions are 

important. Because if writing tools aim at thought, then, the systematic relation of tools will 

go with the system of thought expansion. In this respect, the writing tool system was 

analyzed.    

I will look into each distinctive writing tool system, and then, provide an analysis of 

the five tool system. The five writers worked in the same studio for two years, and received 

the same instruction, but surprisingly, they had totally different perceptions of tool 

affordances. The characteristics of the writing tool systems showed the differences. Alex 

formed a spatial, hierarchical and visual-written parallel writing tool system. Monica formed 

a spatial, interwoven and visual-written parallel writing tool system.  not fully 

voluntarily spatial and mainly written writing tool system. Tom formed an initial outline 

writing tool system. Dalton formed an unorganized and non-mediated writing tool system. 

The five writers constructed writing tool systems individually during the writing 

process with very distinctive characteristics, and showed different perceptions of tool 

affordances, in particular, spatial tools, and the behavior of use. Each writer’s different 

writing tool system reflected the notion of writing and intention, the relationship between 

motives and tools, perception of tools, the characteristics of the indeterminate nature of 

writing tools, and spatial activities as a way of thinking. 

The distinctive differences during the writing process were revealed in six areas. First, 

topics were all different. Second, the writer’s attitude to problems and concrete methods and 

procedures were different, which was a problem of how deep they understood the topic in the 

context. Third, I observed significant differences in the changes of motives. Fourth, writers’ 

perceptions of tool affordances were different, which consistently affected their research 

process. Fifth, the characteristics of the writing tool system were different, and functions of 

writing tools were different even if they used the same tool. Sixth, the types of writer 
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difficulty were different qualitatively and quantitatively, which was very related to the 

functions of tools. 

All the writing tools that the writers used were recorded and observed. The writers’ 

writing tool systems were classified into the list of all tools, specific functions, and the order 

of functions. Then, they were categorized into eleven purposes for the research. The eleven 

areas were reading, research process for exploration, understanding, connecting, analyzing, 

synthesizing, hierarchizing/structuring, remembering/retrieving, a design project, 

communicating, integrating reading, and transforming a design project into writing. But, not 

all writers used spatial tools in the eleven areas with the same functions. 

Next, I will examine the role of physical manipulation by looking at writing tool 

systems and functions during the writing process. In particular, topic, an approach to 

problems, the changes in motives, the characteristics of the writing tool system and functions 

of tools, types of difficulty, and the evaluation of the final thesis document in order. The 

characteristic of the writing process is worth comparing with what writers made, which were 

spatial tools. Also, each writer’s writing tool system will be presented and specific skills and 

main functions that operated in the writing system will be provided.  

A concrete image of each writer’s activities will be presented in eleven areas if 

necessary. I inserted interview transcripts and my description when necessary. What I would 

like to emphasize is that the purpose of all the image examples were to process content, not 

to present content. Alex said, “by mapping and diagramming, I understand ideas that I never 

really thought that I would understand.” Monica said, “I made a concept map when I was not 

sure if I had it completely figured out yet.” When writers truly asked what they intended to 

make in a design project, writers’ body started to move. Monica said, “I map out all the 

research for informing why I am making decisions for the system.” 

The presenting images were made through the thinking process of the writers, and 

each image should be understood in relation to research process. Also, a link of each image 

needs to be understood as the expansion of tool system as well as thought expansion. 
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4.2.1. A spatial, hierarchical visual-written parallel writing tool system 
 
The characteristic of Alex’s writing tool system was spatial, hierarchical visual-written 

parallel. 

First, Alex’s problem statement was “in what ways can the design of an interactive 

media experience utilize adaptive feedback to facilitate nonmedication treatments for young 

adult ADHD patients?” The topic involved the change of titles several times throughout the 

writing activities, but the main ideas were consistent. Here is examples of the change of the 

titles: “Designing for the ADHD brain,” “a system for facilitating alternative treatments 

to/with prescription days, specifically ADHD,” and “adaptive design: training the ADHD 

brain.” Alex described his topic as “understanding what it means to train particular brain with 

ADHD and what is ADHD and how graphic design can help it.” 

Second, Alex’s concrete method for addressing the problem included Twitter through 

mobile device, observation, advice from committee, interviews with experts in ADHD, self-

reflection in addition to reading. In relation to Twitter, Alex said, “it’s not always great 

information, but every once in a while it’s information that opens me up to something else or 

introduces me to a researcher or something that I haven’t covered or haven’t seen or it backs 

up something I’ve already found. So, it acts as a kind of a real time source.” As for self-

reflection, because he has ADHD and his research was about ADHD, he said, “it’s hard to 

not self-reflect or self-monitor and I’m trying to keep that actually as limited as possible in 

terms of the content of the work, but I can’t help but do it.” Alex had interviews with experts 

in the field of ADHD, a c

, through which he narrowed down problem areas. Through the interviews, he 

“gained a better understanding of technology’s role in their daily workload and treatment 

regimes” and “technology’s, the coach’s, and the patient’s roles, highlighting problems and 

strategies along the way.”  

Understanding of research problems in the real context, for Alex, functioned as 

critical judgmental elements for constructing the design system that he wanted to build. This 

interview process was uploaded in a blog and open to the committee, getting feedback from 

them was possible any time. 



227 
 
 

 

 

What I think was important was that specific information from a real context, 

reflection on the information and the research process were linked. In other words, 

exploration and the writing process proceeded based on understanding the current situation 

where the design system that the writer wanted to make could be possibly located. 

Also, in design class in the third semester, ‘his project in studying the human body 

system interacting with a Microsoft Surface™ helped Alex understand the concept of 

adaptivity, “the idea that the system and the user coexist.” Also, the design research enabled 

Alex to direct his thesis project to “the entry point into an investigation of complex systems 

theory,” which gave his design project a theoretical basis. Thus, Alex’s thesis project seemed 

to grow during the exploration of the concept of adaptivity in the previous class. 

Tom, and Dalton’s thesis documents, they did not mention design research in the third 

semester, and their notebook did not show the example that they regarded learning process 

through making as critical. 

Third, Alex had a change of motives as follows: ‘having emotional difficulty in topic 

area,’ ‘curiosity developed in problematic issues for more than ten years,’ ‘being able to 

locate specific problems in topic area,’ ‘purposeful selection of the topic based on personal 

experience and felt problem,’ ‘asking what if questions about possible solutions,’ ‘having 

little wonders when learning and connecting ideas,’ ‘applying topic knowledge to myself and 

see if it works,’ ‘overcoming thesis difficulty through passion,’ ‘really love this stuff,’ and 

‘want to talk about the topic in an interdisciplinary circle.’ Practically, since he applied for 

PhD program, he may need to show the qualification through his thesis document. But, what 

mattered was that he had emotional conflict, curiosity, questions at the beginning of the 

research. And such emotions transformed into passion, thus, the degree of motivation 

increased.  

Fourth, as a characteristic of Alex’s writing tool system, all of his spatial tools were 

made voluntarily. In the use of tools, he had behavioral patterns. After he had detailed ideas 

first, then he mapped or diagramed to synthesize. Diagrams in the notebook went to the 

whiteboard to be even larger and quicker and diagrams on the whiteboard ended up back in 

InDesign® or a matrix or more formal map. He used a color to code a hierarchy in terms of 

the core ideas of the whole thesis. Since it was his habit to hierarchize information, he 
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retrieved hierarchical information. The hierarchical chunking of information was observed 

only in Alex, such behavior was consistent throughout writing activities. 

Alex’s writing tool system was a visual-written parallel system. Visual elements such 

as a model always got verbal articulation of its functions, verbal descriptions of what he 

made. In his thesis binder and notebooks, the characteristic of behavior around 

externalization involved ‘sketch the context and think about possibilities and write the 

possibilities,’ ‘developing questions,’ ‘concretize ideas by making questions, which open up 

next activities.’ Once the ideas were written, then, links and reflection, possibility and 

direction were pursued.  

Usually, Alex sketched first (externalize) then, thought and wrote about unclear 

issues by asking “how” or “why” types of self-questions. He wrote ‘how types of self-

questions’ next to a diagram in parallel, make lists and add questions of ‘why type self-

questions’ such as “why ready to act?” He also, sketched first then located unresolved 

problems with a question mark like (?) or different colors, for example, “define (?).” Thus, he 

processed by concretizing an object of exploration.  

Also, some sketches that were used in the communication with his adviser were 

attached to his notebook. This meant that Alex’s thesis project used an additional mediated 

means in addition to language.  

The types of language around embodiment of the thought that were used in reflection 

dealt with the characteristics of an object, and questioned, for example, “what is impulsivity.” 

Specific characteristics of the question object were reflected. In the use of written language, 

the process of objectification-internalization-thinking-layering-thinking that enabled thought 

movement to be possible was proceeded through formal relations. 

The characteristic of language that Alex’s spatial activities such as sketches or 

diagrams involved imagination, “what” if self-questions, plans, intentions, unsolved 

problems, questions, errors, revision, specific points to explore, categorization of the twelve 

specific points to explore into five categories, and possibilities. For example, around spatial 

externalization, Alex wrote “if it is possible, then,” “this is an opportunity for the system to 

adapt,” “how could…?,” “to be generated after evaluation,” “what if this had to be read every 

time you enter the system?,” “could be,” “what if,” “if it is possible to consider the 
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tool….then,” “next step,” “this type of interaction among the clusters leads me to wonder 

about…..,” “what is the nature of this class of info?” ’s notebook 

which did not include maps or diagrams, “why” types of questions and how type of questions 

were not found. And, marks or traces to push her own questions were not observed in her 

notebook. Such different behaviors were critical because their research purpose was 

‘exploration,’ not a summary of already existing knowledge.  

Also, spatial relations were used in embodiment. The areas of Alex’s thought were 

expanded in a way to structure possible ideas and their relations through spatial relations or 

to reestablish such structure. Abstract relationships were projected as spatial relations in 

forms. This process was imagination because the thought object was an object that needed to 

be pursued as possibilities, not already existing ideas. Knowledge was used in imagination 

where future possibilities were being made in the present. This concrete activity was what 

Alex was doing as exploration. Visual sketches became verbally articulated and visual and 

verbal elements worked together. The process of possibility, imagination, errors, revision, 

language, knowledge, physical manipulation, and thought functioned on the basis of 

spatiality. This process could be explained by internalization, imagination and externalization, 

but could not be explained by Hayes and Flower’s planning, translating and reviewing.  

Fifth, the types of difficulty that Alex had were as follows: a) ‘hard not to gather 

information continuously.’ This was related to the use of media such as Twitter, b) ‘control 

complex analog and digital tools with evolving ideas.’ In order to solve this problem, he used 

a blog, c) ‘communicate with leaping behavior,’ d) ‘make connections quickly in the 

computer,’ a problem that was solved by moving to an analog process and using sixteen 

pages of a document. Lastly, the hardest thing was ‘all on my shoulders to do what needs to 

be done.’ 

Sixth, in an evaluation based on the checklist of the writing task for master’s students 

in design, Alex received all five points in the evaluative scale. As for ‘cover the material 

required for the thesis,’ he received a comment of “serious lit review.” As for ‘construct a 

compelling argument for the principles driving the studio investigation,’ he received “all 

parts flow well.” Other types of evaluation included ‘build and make apparent an 

organization of content in the paper that is consistent with that argument logic,’ ‘integrate the 
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narrative about the investigation with an understanding of its relevance to a larger problem—

connecting to the context beyond the specific project’ and ‘find an appropriate writing style 

for the audience and subject matter and being consistent in its application.’ 

In Alex’ writing tool system, it is noteworthy that he ‘created the areas of further 

inquiry’ through diagramming mapping and he was aware of hierarchy. The characteristic of 

consistent and hierarchical observation of information from the top to the bottom was that 

such forms were related to memory. As more information was organized, it was spatialized. 

However, the reason that spatializing process was transferred from hands to the computer 

was that there was software that provided spatial affordances and in which he was skilled. 

Spatialization of the object of the analyses in the computer was only possible with certain 

technology such as Adobe InDesign® or Illustrator®. InDesign® and Illustrator® as graphic 

software programs enable spatial arrangement activities to be possible. 

Figure 49 shows Alex’s writing tool system. Alex’s writing tool system has a pattern 

and the characteristics of moving from reading to writing were the parallel characteristic of 

the research process. 
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Figure 49 A spatial, hierarchical and visual-written parallel writing tool system 
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Table 7 shows Alex’s specific skills in spatial activity and their functions 
 
 
 

Table 7 Alex’s specific skills in spatial activity and their functions 
 

Specific skills  
in spatial  
activity 

Descriptions of functions 

Matrices ● Find interesting spaces that may not have connections  

Outline ● Build an outline and keep building the outline 

Narrative 
concept map 

● Break things down and produce all the details  

● Make a connection between three theories; see and make connections 

  with larger bodies of knowledge  

● Help communication problem from leaping 

● Think about and compare ideas in terms of the larger ideas and details 

● Think on top of it  

● See the whole non-linear and visual picture of research as the meta big 

  picture quickly in one space 

● nce of how stories 

  should be told; distinguish the user path in the system as far as it will  

  be connected to my writing    

●  

●  to earlier diagrams    

● Access the information without loss 

Model ● Move forward with research questions  

● Project the research question to the system model 

●  

Sketch ● Analyze the subject matter in the context 
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Table 7 tinued 
 

Map and 

diagram 

● Understand ideas that I never really thought that I would understand 

● Build out a diagram to understand the theory A 

● Dissect my thesis    

● Make connections among the sub-questions 

● Solidify connections already made    

● Discover new connections 

● Let things go and I can fill it back up again 

● Synthesize multiple theories and subject matter at a stage whereof 

  aggregated enough stuff to expand 

● Take my subject matter plugging in the diagram for the theory A 

● Use the diagram of theory A with the new language of theory B 

● Explore multiple, parallel, and divergent ideas 

●  

● Build the system in my thesis  

● Map out all the research for informing why I make decisions for the 

  system 

● Access information without loss    

● Get ideas across 

 ● Build a hierarchy in terms of the core ideas of the whole thesis  

List ● From vocally articulating the connections among reading materials 

  to making a list: how does it relate to this?  

●  

Post-it®  

 

● Layer Post-its to annotate on top of an idea  

● Layer Post-its to capture moments in the text as I’m reading  

● Remember and retrieve really important in the book 
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Alex’s specific skills in spatial activity and their functions were categorized into eleven 

categories. Thinking through embodiment appeared in eleven areas throughout writing 

activities. The results in the eleven areas will be discussed in chapter 4.6. We will look at 

each writer’s spatial activities first, then, complete an understanding of the five writers. 

 
 
4.2.1.1. Reading 
 
As for reading, physical manipulation enabled Alex to ‘annotate ideas,’ ‘capture moments in 

the text,’ ‘capture ephemeral ideas and access it later,’ and ‘make lists.’  

Alex’s proposal for the thesis document included the problem statement, sub-

questions, justification, definitions, assumptions, limitations, and bibliography. His literature 

review was hierarchically organized into spatial arrangements of written units in Figure 50. 

 
 
 

 
 

Figure 50 Reading, hierarchizing and structuring the content by mapping  
(working diagram by Alex) 

 
 
 
Joohee: Could you tell me how do you use this map for your thesis? 

Alex: Sure, this was presenting the main idea that people with ADHD have a complex 

disorder impairing their brain’s management system. So that’s the kind of the 

statement that I am going to defend by presenting the rest of this content. So by doing 
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that, I allow myself to put all the stuff that I’ve been researching in one space. I get to 

list out who the people are, what ADHD is, how it’s a complex disorder, and what the 

brain’s management system is. And then through this information I can make 

connections and I can get deeper and deeper and deeper. So, it starts by just talking 

about people, maybe treated by, you know, these experts. These experts utilize these 

methods, these methods have certain ones. It goes: they utilize psychosocial, which 

utilize these types of strategies or these methods.   

 
 
 

 
 

Figure 51 Using the narrative concept map for thesis (working diagram by Alex) 
 

 
 
Alex: So, one I’m focusing on is psychosocial (Figure 51), particularly, cognitive 

remediation or rehabilitation and then those are the strategies that may be used. And 

then they cycle back to handling problems with time management, procrastination, 

and so on. So, it’s about making these connections among these four big buckets 

(Figure 52). 
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Figure 52 A visual hierarchy, metaview of the system and user path  
(working diagram by Alex) 

 
 

 
Alex: When I present this on screen, I use one color to move people through it, right. 

So, it’ll all be black and white but then when I want to talk about people and I want to 

talk about my past, I introduce a color to do that. So it’s a really simple way to use 

color, there’s nothing special about anything in that way, but it works for me.  

Joohee: Is there a special reason that you used these letters that are typed in white 

and these are grey? 

Alex: Mmhmm, Supporting ideas, so main ideas, or more things that have more 

importance are higher in the visual hierarchy. So, main ideas and then maybe, second 

and then, third, and then these connectors are fourth. So that’s kind of what’s 

happening.  

Joohee: So there is a visual hierarchy in terms of importance? 

Alex: Absolutely. And these are in sentence case…these are in all caps (image 

below), and then these are in lower case. So there, I’m distinguishing things that way 

as well, so through case. 
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Joohee: Could you tell me how you use this big concept map in terms of your whole 

project, thesis?  

Alex: Yea, this allowed me to be kind of big picture, metaview of the system that 

exists and then allowed me to find or present the smaller path that my particular 

visualizations and studies and such will move through. So, for example, identify the 

six or seven types of experts. But I’m only moving through the one, the coach. And 

then it allows me to follow their path through. 

 
 
 

 
 

Figure 53 Connecting the narrative concept map to writing (working diagram by Alex) 
 
 
 
Joohee: So, this concept mapping is related to your writing process and distinguishes 

from user path? 

Alex: Mmhmm. It definitely distinguishes the user path, as far as it will be connected 

to my writing but I haven’t really got there yet. I’m willing to bet that if I read some 

of the stuff on my blog the other things that are just kind of existing in my computer 

that it’ll all will come together and then will all be connected. But at this point, I 

haven’t explicitly connected them. It actually connects more to earlier diagrams. I 

think spatially… so, for instance, this section right here exists in its own diagram 

elsewhere, but I had to create that diagram in order to understand its relationship to 

the bigger picture.  
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Joohee: So, in addition to this concept map, you have additional, small and detailed 

ways of showing ideas that are like concept mapping? 

Alex: Yea, this is kind of the meta-big picture and then I have others that I can show. 

So, let’s see. So, this one.  

  
 

 

 
 

Figure 54 Expanding thought by mapping (working diagram by Alex) 
 
 
 
Alex: Actually right now it (map in the computer of Figure 54) doesn’t exist in this 

(big concept map or right image of Figure 54) space...it kind of does but it doesn’t 

explicitly. This one (map in the computer of Figure 54) is the precursor to this space 

(big concept map or right image of Figure 54). So, the brain’s management system 

and, specifically, the executive functions (right image of Figure 54) and which comes 

from understanding Thomas Brown’s model (map in the computer of Figure 54) 

which he talks about the impaired executive functions, which are these six here (right 

image of Figure 54). And then me, pushing on that farther to understand the stimuli 

and then results or responses that impair these. So, this is top or bottom up kind of 

movement (Figure 55).   
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Figure 55 Expanding maps for expanding needs (working diagram by Alex) 
 
 
 
Alex: So that, all that information, I had to do this (map in the computer of Figure 55) 

and move through this (big concept map in Figure 55) and create this (map in the 

computer of Figure 55) in order to do this (big concept map in Figure 55). And 

maybe that’s backward for some people but that’s just kind of the way I work. 

 

In short, Alex’s big concept map and small diagrams and mapping are a linked tool system, 

and they were made voluntarily because of his expanding needs in processing information 

and making connections. Also, Alex linked what he made, i.e. spatial tools, to writing 

explicitly. 

 

Joohee: Then, why do you express many ideas in spatial terms? 

Alex: Why do I? It just makes sense for me. I don’t know, I don’t think it’s for 

everybody to do that umm…but for me it works. I think there’s definitely value in 

spatial kinds of representation but I don’t know necessarily why I do it. It works for 

me.  

Joohee: It works for you. 

Alex: Yea. I mean, one of the things that it does do for me is if someone had to write 

this out in prose and in Pages, you can’t access it. You’d have to read through it to 

access it. I could talk for hours about this diagram, right? So, in that way it seems 

richer. Umm, like this could be a paper and it would probably be a rather long paper, 
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but I could do it like this and it’s all there. And it moves in a logical way, right? 

Because I’ve built it in kind of this concept mapping way where I’m connecting 

things…it’s accessible. 
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Figure 56 Making a subject matter map in the beginning (working diagram by Alex) 
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The spatialization of written units (Figure 56) shows the overall context of ADHD patients, 

which was Alex’s subject area. This concept map included all the theories, models, 

relationships among concepts, and the patient’s context that he read and gathered. This 

concept map shows the overall structure and details of his problem area in a single view. His 

problem area moved from his head to an observation area out of his body. In this space, there 

is all the information that he gathered. Let me look at the function of this concept map. 

 This concept map starts with one proposition that consists of four general concepts: 

PEOPLE with ADHD have a COMPLEX DISORDER impairing their BRAIN’s 

MANAGEMENT SYSTEM. The verbs and lines link the nouns and make propositions. If 

we follow the line, we find more specific stories. For example, PEOPLE “may be treated by 

a” Counselor/Coach who may “utilize” Psychosocial Methods such as cognitive 

remediation/rehabilitation “use” these strategies such as visualization, keeping the goal in 

mind, know your steps, and chunking. The important nouns get a visual emphasis, whose 

visual effect spatialized written units get locations such as front or back that are close to the 

body or far to the body. 

 I remove the paper from the concept map in imagination. Only the structure of the 

written units that he studied spread in my living room. When his thought needed to expand, 

he visited this space whenever he wanted to, as opposed to the irreversible time of linear 

writing/notes. I started to see the whole story of the context of ADHD patient and details of 

the context in three-dimensional form, based on the spatialized written units.  

 The concepts that belonged to the sub-categories of PEOPLE, ADHD, COMPLEX 

DISORDER, and BRAIN MANAGEMENT SYSTEM were horizontally and vertically 

organized by linking propositional statements within a hierarchical relationship. For example, 

COMPLEX DISORDER of the Multifaceted function ATTENTION or the focusing and 

shifting focus which plays a critical role in what we Perceive, Remember, Think, Feel, Do 

“which are controlled by the” Executive Functions of BRAINS’ MANAGEMENT SYSTEM. 

All concepts got conceptually relational spatial locations in the system of the concepts. For 

example, Attention Deficit Hyperactive Disorder may Have a poor sense of time “caused by” 

Time mismanagement “resulting in” always being late, accomplishing little, seeming 

undependable. 
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 In this system map, the content of Russell Ramsay’s Cognitive Remediation or 

Thomas Brown’s Brain Management System that Alex studied was included and linked. This 

concept map was used for his proposal presentation. Alex was interested in 

Neurotransmitters such as Dopamine, but he decided not to invest his time in this are after 

meeting with his adviser. The green line represents a user path that he will explore, where his 

upcoming design system will operate. This concept map was a summary of his readings and 

hierarchically organized concepts.  

 The benefit from the principle of the mediation from the spatialization of information 

in the concept map is comprehension, retention, ready recall, and better complete recall. Jean 

Matter Mandler’s study of Stories, Scripts, and Scenes: Aspects of Schema Theory (1984) 

explains the characteristic of schematic structure. Event schema and scene schemas consist of 

a schematic structure. An event schema of a certain situation is necessarily temporal. The 

general classes of events can have specific events as sub-categories when the relationship 

between the general event and specific events are a part-whole relationship. For example, the 

flow of the events in a restaurant schema such as going to a restaurant, ordering a menu, 

having a food and paying for the order that we generally expect to have in a restaurant is 

temporal and general. When we spatially arrange the written units serially or horizontally that 

represent the sequence of the general events in a restaurant, we can easily understand the 

temporal relations. However, a specific event such as an ordering situation may change 

depending on individual cases. If you are a regular customer, you do not need to see the 

menu. Since the action of not seeing the menu belongs to the general category of ordering, it 

is located usually in a subordinate position to the ordering category. Thus, in an event 

schema, the relationship between general classes is temporal and horizontal; the relationship 

between general classes and specific items are vertical and hierarchical and temporal, and the 

temporal connection gets a strong relationship. 

 Scene schemas are spatial layouts. For example, kitchen schema is a spatial schema 

of the whole relationship between a kitchen table, chairs and a gas stove. Scene schemas 

enable us to more complete recall than an event schema. We can recall the spatial 

arrangement of our kitchen in a whole or in part. It is easy to recall more complete scene 

schema than temporal consequences of events. Since we remember the spatial layout with the 
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relationships embedded in the scene, the characteristic of the recall has the multiplicity, the 

complexity, and the locations of the relationship between the objects. 

 How can we know that A caused B in the causal relations in an event schema? Does it 

come from a sort of pure logic? The answer is no. “Patterns of body-based inference are the 

source of abstract inference patterns characterizing how we reason using such-event structure 

concepts” (Johnson, 1999, p. 171). When we reason, we use our physical and spatial 

experience. Our physical experience that my body moved this way and that movement went 

to this direction, and such movement wanted A, and that movement resulted in B actually 

produce an event structure, which is necessarily temporal and causal. Also, such an 

understanding of an event structure creates a schema of expectation when we listen to others’ 

experience or a story. When we listen to another’s experience, there is a common 

denominator of sets of expectation of the way that an event progresses. The visible and 

spatial mechanism of the concept map prompts us to make a reasonable, causal and active 

connection between ideas and concepts along with our purpose, interest, and viewpoint. 

 When we organize the concepts that individually exist in temporal and causal 

relations and build the multiple relationships hierarchically and horizontally in a single view, 

it could be a way to crystallize knowledge or long-term memory externally for such 

information and their relationships.  

 Alex saw the subject matter map as an event schema of writing in that the spatial 

arrangements in the subject matter map aid in its use in writing. He said, “I connect ideas 

through spatial arrangement and it will be connected to my writing. It can be a long paper 

and it is richer enough to talk for hours.” In this respect, the subject matter map was a 

narrative structure of writing. The spatially arranged key words in the subject matter map 

appeared in his final thesis document in order. Thus, his use of the subject matter map as an 

event schema was intentional from the beginning. 

 Long-term memory for topic knowledge is the first gate that a novice writer needs to 

get through for critical thinking and conceptual manipulation. Also, the fundamental reason 

that the rule of spatial-temporal schematic organization, memory and visual syntax are linked 

together lies in the very artificiality of writing. And, the rule that intertwines the memory 

system with writing visually is technology of writing.  
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 The counter concept of the functions of schematically organized visual syntax of the 

multiple relations of a variety of concepts will be a discussion of the way that verbal syntax 

was used in a society without text. “Mnemonic needs determine even syntax” (Ong, 1982, p. 

34). 

 

Sustained thought in an oral culture is tied to communication…In a primary oral 

culture, to solve effectively the problem of retaining and retrieving carefully 

articulated thought, you have to do your thinking in mnemonic patterns, shaped for 

ready oral recurrence. Your thought must come into being in heavily rhythmic, 

balanced patterns, in repetitions or antitheses, in alliterations and assonances, in 

epithetic and other formulary expressions, in standard thematic settings (the assembly, 

the meal, the duel, the hero’s helper,’ and so on), in proverbs which are constantly 

heard by everyone so that they come to mind readily and which themselves are 

patterned for retention and ready recall, or in other mnemonic form. Serious thought is 

intertwined with memory systems. Mnemonic needs determine even syntax…In an 

oral culture, to think through something in nonformulaic, non-patterned, non-

mnemonic terms, even if it were possible, would be a waste of time, for such thought, 

once worked through, could never be recovered with any effectiveness, as it could be 

with the aid of writing. It would not be abiding knowledge but simply a passing 

thought, however complex (Ong, 1982, pp. 34-36).  

 

In short, in an oral culture, the mnemonic needs required verbal syntax to be encoded in the 

form of a pattern or a rhythm so that words could be effectively retrieved and used and for 

sustained thought. Then, what does writing need? The abstract relationships in writing exist 

at the intersection between the axis of the part and of the whole and writing requires writers 

to build a correlation between concepts and ideas. If so, it is economical in terms of time to 

start building an abstract relationship from the reading or early during the writing process in 

a patterned way that supports ready recall and complete recall. A schematic structure for our 

temporal, causal and spatial relations may be better for recall. This comes from our physical 

experience and may be used to build conceptual relations purposefully, this enhancing our 
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working memory. In particular, it activates a visuospatial sketchpad when creating “a mental 

visualization of the form of the paper, organizing the arrangement of ideas and supporting 

details in the paper” (Vanderberg & Swanson, 2007, p. 722). That is a visible mechanism of 

the concept map.  

 When we build spatio-temporal relations between concepts, writing can be 

constructive and everyday consistent effort in reading can be inserted to the practical action. 

The constructive process is mediated by physical manipulation of written units, not in the 

head. Since a way to act on the multiplicity and the complexity of the conceptual relations in 

the concept map comes from spatio-temporal experience, which may involve formal relations, 

it worked for Alex.  

 In principle, the concept map, which is organized by an embodied mind and an 

unconscious level of spatio-temporal schematic organization, is cognitively economical. The 

concept map seemed to be a way to change the accumulation of information and knowledge 

into a useful form, which is guided by universal spatio-temporal relations and thus, can be 

shared with others effectively because spatio-temporal experience is universal.  

 Since the visible mechanism of the concept map can be understood by people 

regardless of cultures and languages and all the detailed information can be seen in a single 

view, it is efficient in terms of time. Also, it can be shared easily regardless of place through 

the Internet when the meeting in person is the most expensive way.  

 Many conceptual relations that impressed Alex during the reading process became 

something that he could see with his eyes. The text that previously existed in individually 

different places had a specific location in the visible problem area. Thus, organizing much 

information into a single view enabled him to secure the economy of the material, 

collaboration and time.  

 
 
4.2.1.2. Research process for exploration 
 
As for a research process for exploration, physical manipulation enabled Alex to ‘find 

interesting connections,’ ‘analyze my thesis,’ ‘quickly see spatial meta picture of research,’ 

‘project the research question to the system model,’ ‘explore multiple, parallel, and divergent 

ideas,’ ‘systematically connect to other spatial tools,’ ‘expand thought by uniting spatial 
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tools,’ ‘create new idea and the areas of further inquiry,’ ‘create the areas of further inquiry 

by operating visual-verbal parallel system,’ ‘move forward research by visual-verbal parallel 

system,’ ‘get to have a concrete next step based on spatial activity,’ ‘plan,’ and ‘build an 

outline.’ 

 
 
 

 
 

Figure 57 Embodying an object for exploration in the context (working diagram by Alex) 
 

 
 
Alex: What is the value of adaptive feedback that supports the user generating 

patterns of behavior? (Text in black on the top)  
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This is an opportunity for the system to adapt. By identifying specific inputs the 

system can produce highly specific feedback in the forms of motivation, query, 

incentive, etc (Text in orange at the bottom). 

 

Alex: The orange text in the image above represents the critical area of my research 

in design. This is where an exploration of the nature of adaptive feedback happens. 

An adaptive system assimilates through user interaction—the higher the frequency of 

use (experience), the smarter the system. To move forward, a critical audit of 

conventions in current adaptive interactive systems is necessary. What are the 

affordances of time, continuums, location, aesthetics, language, sound, spatiality, 

scale, weight, and gesture in current interactive adaptive systems? What is the 

purpose of incorporating specific affordances? Which affordances are dominant? 

Why? Where do these systems live? How are they accessed? To what frequency? 
 
Alex is describing the complexities that need attentional control for ADHD patients. Seven 

questions were produced with this sketch. What matters is that he concretized the direction 

and the purpose of the study by creating questions through the sketch. This process in which 

the problem area is acted upon spatially and produces the questions through the sketch is not 

a planned situation. This behavior has an emergent character; making and reflecting on what 

he made are working as a generative force to move forward the purpose of the investigation.

 Text in orange at the bottom reads “This is an opportunity for the system to adapt. By 

identifying specific inputs the system can produce highly specific feedback in the forms of 

motivation, query, incentive, etc.” Alex concretizes the context by sketches and imagines 

possibilities of the design system in the context, without losing the context. 

In the sketch above, “complexities” with a link to “This variable needs to be 

considered more thoroughly” next to the blue line move in a different way compared to the 

text to the right in the notebook. Alex talked about the use of the grid in the notebook, “I use 

a grid to structure diagrams,” “move two ways based on the grid to bring things together” 

and “move two ways on the page when I rotated the page this still works.” Alex’s notebook 

is not working just horizontally. It is natural for Alex to have a spatial approach to the 
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analysis for the research, but is it possible for this kind of spatial behavior in the writing 

program? 

 Another noticeable point is the text in orange in the sketch above: "This input can be 

reflected on later to enrich it for use of developing customized interventions."  Now as a way 

to move forward the purpose of the investigation process, Alex embodies spatially the 

possibly problematic context where the system that he will make could work and concretizes 

the characteristics of the system and places his own questions to answer side by side.  

 
 

 
 

Figure 58 Externalizing and manipulating the abstract relationship based on spatiality 
(working diagram by Alex) 

 

 
 

The creation of the model was important in this project. Also, this was a behavior that the 

other four people did not show. Alex addressed the communication breakdown in the current 

ADHD patient system. After he gathered enough information about the problem area to move 
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forward, he made this model as a starting point for problem-solving at the level of the system. 

The reason why I regarded this model as important was because it established a direction and 

the relationship between the big concepts of awareness, maintenance, training and evaluation 

that make up the whole system. Also, the four individual concepts themselves had abstract 

concepts and relationships that implied more meanings. It was a compressed abstract 

structural model. A theory of awareness was implied in the concept of “awareness.” And, the 

two notions of awareness and training were shifted by the evaluation of the expert based on 

the patient’s behavior over time. Thus, this model already functioned as a critique on the 

current ADHD patient system and proposed collaborative work between doctors and patients. 

The system consisted of A: awareness, T: training, M: maintaining, and E: evaluation. The 

way that doctors and patients interact with each other has been established by the four levels 

of the system. 

 At the bottom, a sketch of the system map or the cyclical process inherent in coaching 

shows a big picture that the system builds a patient database, makes the patient reflect on his 

behavior through visualization, evaluates and constructs behavior strategies and changes the 

patient’s problematic behavior, such as time mismanagement. The simplified and spatialized 

model represents the system that Alex was planning to make and the research questions were 

juxtaposed within the system strategically. 

 In other words, this compressed system sketch includes what he wants to work on, 

what he needs to answer and write, the critique of the current patient system, the overall 

picture of the system that he will make, and research questions. Also, with this sketch, Alex 

reflected on what he made, simple explanations and questions, and a plan. The big plan that 

he wanted to construct was externalized, thus, his plan became something visible so that he 

could manipulate, modify and discuss it with others. But, in that what he’s going to make is 

the thought itself, not the drawing, this embodiment can be a prompt for the expansion of 

thought. Note that the spatial image schemas that represent the abstract relationship between 

Evaluation, Awareness, and Training under the Maintenance were produced after he 

internalized all the readings. It seems that it is a compressed focus where critical thinking, 

planning, research questions and research directions coexist. The abstract representation that 



 
 

 

 

251 

Maintenance at the bottom supports Awareness and Training and the cycle schema is 

something that we learn from our spatial behavior. 

 I regard the fact that his thought process for his research plan has been elevated 

toward a more abstract level after the reading materials were internalized as critical. Also, I 

regard the externalization of abstract relationships based on spatiality and the reflection on 

the externalized image by himself with this sketch as critical, because it is not a formal 

exercise without understanding of sub-categories and some details of information. The 

adaptive feedback system that he wants to build is a coaching system in character, and the 

eventual purpose is a behavioral change by self-coaching. Nancy Ratey’s notions of coaching, 

self-coaching as structure, partnership, and process are compressed within this model. Also, 

the cyclical process inherent in coaching was designed in the direction that little 

communication with a doctor can be solved, which was his felt problem, at the level of the 

system. 

 It is important that the theories and their abstract relationships have been manipulated 

not in the long sentences but as spatialization of written units and structural relationships of 

the image schemas. The multiplicity and complexity of the relations of the concept have been 

prepared, reflected on and layered in a simple form. 
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Figure 59 An active engagement with the subject matter by physically interacting with content on the whiteboard  
(working diagram by Alex) 
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Alex: The whole thing relates to the main question, to the larger idea. When I get into 

the sub-questions, it’s more in the small studies that I’ve been doing. So, it’s more of 

the wire frames which isn’t evident here, this is more of the meta-view. And then this 

is another whiteboard, that’s the one at home. So, that’s me dissecting my thesis 

statement…so then “in what ways can the design of an interactive media experience 

facilitate adaptive or utilize adaptive feedback to facilitate non-medication treatments 

for young adult ADHD patients?” and then connecting, making connections among 

the sub-questions and then kind of creating the buckets, or the areas of further 

inquiry. 

 
In my interview with Alex, he described, “making connections among the sub-questions and 

then creating the areas of further inquiry.” His physical activity on the whiteboard played a 

role in directing his exploration. The circle form to the right integrates the basic concepts of 

awareness, training, maintenance, and evaluation with research questions. 

 Only Alex among the five people had a big whiteboard at home where his whole 

body of work could allow him to interact physically with content. I think that having a 

whiteboard is significant. The characteristic of the thesis project is explorative and the 

activity on the whiteboard helps the spatial organization of ideas, which embodies the back 

and forth abstract thought. Not having such a tool means that an active engagement with the 

subject is not possible. Dalton did not have a desk at home, but a small table. Monica had a 

disposable board on the wall, but it was small. Claire had a desk at home and Tom worked on 

the kitchen table. 
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Figure 60 Growing thought through embodiment of a relational structure, iteration, 
incubation, evaluation and manipulation (working diagram by Alex) 

 
 
 

Note the change between ‘Relationship model and System map sketch’ (image on the top in 

Figure 60) and ‘System model sketch in his notebook’ (image on the bottom in Figure 60). 
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Around the central pivot of evaluation, the simple model of A/M E T/M had been specified. 

Much information in the previous big concept map had been inserted to the iterations. It is 

not possible to show the integration of multiple theories and planning of the system with long 

sentences in a single view. What matters is that Alex made a physical model first at the level 

of the system and had a relational structure; and then incubated, evaluated and manipulated 

hypothetical situations through forms and text. 
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Figure 61 Visualizing conceptual relations in formal relations and generating questions (working diagram by Alex)
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There were iterations of ‘system model sketch.’ Formal relations and written units were 

spatialized with questions and relations. After visualizing conceptual relations, then, 

visualized object was linked to next activities. 

 
 
 

 
 

Figure 62 Externalizing ideas and reflecting on them: System model sketch on the 
whiteboard (working diagram by Alex) 

 
 

 

Joohee: Do you think that when you’re working on many ideas at the same time on 

the whiteboard is useful to you?  

Alex: Yeah, absolutely. 

Joohee: Absolutely? 

Alex: Yeah, it makes things real so I don’t have to hold them in my head at that 

moment so that I can think about, I can reflect on, otherwise I’m reflecting on a 

thought, reflecting on a thought I just get, I don’t get anywhere by doing that. 
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Because the whiteboard, it’s not about interacting with this device (computer), which 

is already complex, it’s about freeing myself for my complex space and putting it in a 

really simple space where my mind is free to wander. 

 

 

When an object is externalized, the object undergoes an existential transformation that can be 

manipulative. Since it was externalized and there was a bodily movement to externalize that 

object and since the hand grasped a marker and moved, internalization was possible. 

 The System model sketch in Alex’s notebook was re-worked on the whiteboard. The 

notable change is that Alex is working on few key words in his system model sketch. I 

imagine that the theories and concepts that lead him to build the system were internalized and 

the concept map and diagrams were functioning in a stable way in his mind. 

 The place where reflection, analysis, synthesis, exploration, discovery, freeing oneself, 

creation of further inquiry, and creating new ideas that Alex mentioned was possible when 

his body was able to move freely in relation to writing tools. And what I discover around the 

writing tools is the indeterminacy of forms that can generously include the complexity and 

the multiplicity because the form itself is empty.  
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Figure 63 Representing and manipulating ideas: from ‘system model’ to ‘an adaptive system model’ (working diagram by Alex) 
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The system model was almost complete. The literature review and readings were naturally 

used during the making process and inserted into the very making activity. The rest was some 

detailing of the system and writing. 
 

 
 

 
 

Figure 64 Visualizing use path with a persona and scenario: user path of Drake 
(working diagram by Alex) 

 

 
 

Drake was a fictional user who uses the adaptive feedback system in Alex’s imagination. In 

this user path, Alex was using a persona and scenario, imagining his persona was using the 

adaptive feedback system. 
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Figure 65 Layering, emphasizing, and reflecting ideas (work by Alex) 
 
 
 
The Post-it® layers were used for conceptual user path. Alex’s spatializing behavior always 

started in an analog form first, then moved to the computer. With the Post-it® notes, the 

information was layered, emphasized, and reflected. 

 

 
4.2.1.3. Understanding 
 
As for understanding, physical manipulation enabled Alex to ‘really understand the content, 

ideas and theories.’ Diagramming was essential for him to understand a new theory. 
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Figure 66 Image schemas in a diagram to understand a theory (working diagram by Alex) 
 
 
 
The diagram was a way to understand the Complex Adaptive systems; it represents his larger 

ideas and their abstract relationships. The larger ideas included emergence, three necessary 

rules for individual agents within a complex system such as separation, alignment, and 

cohesion. The formal relations that were used to represent his understanding of the theory 

embody image schemas based on spatial activities. The visualized cycle schema with the text 

of feedback, agents’ link schema, regularities’ up schema were used to represent his 

understanding of the abstract relationships in the Complex Adaptive systems. A lot of 

information was packed into several forms as well as the text and the forms consist of the 

relational structure. The compressed abstract structure through formal relations got an 

explanation in text to the left. 
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4.2.1.4. Connecting 
 
As for connecting, physical manipulation enabled Alex to ‘make connections,’ ‘transform 

vocally articulating connections into a list,’ ‘make connections among lists’ and ‘discover 

new connections.’ 

 
 
 

 
 

Figure 67 Making connections between key words of two theories  
(working diagram by Alex) 

 
 

 
4.2.1.5. Analyzing 
 
As for analyzing, physical manipulation enabled Alex to ‘produce all the details,’ ‘analyze 

the content,’ ‘analyze the subject matter without losing the context’ and ‘categorize the 

information.’ 
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Figure 68 Analyzing and categorizing concepts of theories (working diagram by Alex) 
 
 
 

In this notebook, spatial arrangement goes two ways, horizontal and vertical. At the bottom, 

there is text in blue that relates to problem areas, which was on the left on the initial large 

concept map. At the top, there are key words of ADHD patient’s executive functions. If I 

turn the notebook to the right, the spatial arrangement reflects the same arrangement of the 
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subject matter map. Alex proceeded the writing process keeping the spatial arrangement of 

written units all the way through the process. 

 
 

 

 
 

Figure 69 Arranging a general category and a sub-category in a hierarchy  
(working diagram by Alex)   

 
 
 
The ADHD’s impaired executive functions have different stimuli and response relationships 

of activation, focus, effort, emotion, memory, and action compared to people without ADHD. 

This was not defined in the initial large subject matter map, was restudied and arranged in a 

hierarchy. Each category was arranged in a general category and a sub-category in a single 

view. The two green lines that penetrate into the six text boxes represent response and stimuli, 

and there is a list of ADHD patients’ behavior such as chronic difficulty regulating emotional 

experience and expression, excessive distractibility, passive reading between the two lines. 
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Those are ADHD patients’ behavior and Alex wants to change the rules for such behavior 

through the adaptive system. 

 
 
4.2.1.6. Synthesizing 
 
As for synthesizing, physical manipulation enabled Alex to ‘synthesize different theories,’ 

‘synthesize two theories by spatial tools’ and ‘synthesize multiple theories and subject matter 

in a logical hierarchy.’ 

 
 
 

 
 
Figure 70 Understanding ideas, manipulating ideas, and changing the model by diagramming 

(working diagram by Alex) 
 

 
 
Alex: I build out (diagrams) to understand that theory to see simply what that theory 

is, and then, what I ended up doing with all these maps is taking my subject matter 

plugging in it because as I learn about it, then I’ve started to see connections…but at 

first I didn’t know what it was. But, I knew if I had this model, then, I eventually I 
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would. And by the end I did, by the end, it wasn’t a map about complex theory, it was 

a map of ADHD and executive function’s behaving as agent within a complex system. 

So, it became more, right? So, I use them initially to understand ideas and then 

manipulate them, and that changed the models, but I use the models with the new 

language. So, the terminology again from one space, I applied to the other, and it 

says something different.  

 
The physical behavior that concretized and manipulated a theory was understood and used by 

Monica as well. Dalton, Tom and Claire did not show such behaviors. Alex and Monica got a 

good evaluation on the final thesis document compared to the three. 

Alex and Monica showed the behaviors of understanding of content, using key words, 

and using spatial and formal relations when thinking about the abstract connections among 

key words, embodiment during immersion in the work, iterations, the analysis of the problem 

critically, an exploration as a way to solve the true problem and formal relations through the 

writing process. 
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Figure 71 Image schemas in synthesizing two theories, evaluation, and reflection process 
(working diagram by Alex) 

 
 
 
The union of two theories, evaluation, and reflection were processed by physically using the 

circle and lines as well as text about rules, coaching, CAS, ADHD, and users. The link 

schema in the image above next to the text agents represents the interdependent characteristic 

of the six agents. As a result, Alex concluded that an adaptive training/coaching system could 

help ADHD patients’ problematic rules by motivating the patient, by making them reflect on 

their current behaviors. 

 
 
4.2.1.7. Hierarchizing and structuring 
 
As for hierarchizing and structuring, physical manipulation enabled Alex to ‘hierarchize 

information,’ ‘hierarchize categories,’ ‘build a visual hierarchy,’ ‘color code to hierarchize 
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ideas,’ ‘think on top of it,’ ‘select from a categorized information,’ ‘compare ideas on 

multiple levels,’ and ‘discover the hierarchy of the information.’  

 
 

 

 
 

Figure 72 Hierarchizing information with a color code: the first step in the notebook 
(working diagram by Alex)
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Figure 73 Hierarchizing information with a color code: the second step on the whiteboard (working diagram by Alex) 
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The color code was used to represent four different depths of information. From the bottom, 

black, green, blue and red. Alex’s way of dealing with information was through three-

dimensional depth. 
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Figure 74 Hierarchizing information with a color code: the final step in the computer (working diagram by Alex) 
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The computer was a final step: Alex digitized the information after building a hierarchy of 

information on the whiteboard. Usually, notebook, then whiteboard and then computer was 

Alex’s order in dealing with information. 
 
 
4.2.1.8. Remembering and retrieving 
 
As for remembering and retrieving, through physical manipulation Alex was able to 

‘externalize and think anew,’ ‘reflect on many ideas,’ ‘remember and retrieve information,’ 

‘access information without loss,’ and ‘retrieve spatialized information.’ 

 
 
 

 
 

Figure 75 Concept map in front of me as a preliminary structure in my mind  
(working diagram by Alex) 

 
 
 
Alex: I think it’s more just to kind of keep it in front of me. So when I sit down I see 

that so I constantly am reminded of what I’m doing, like what I’m up to, you know? 

This is the space that I need to live in with my research. So, it constantly reminds me 
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that I’m focusing on people, ADHD, this idea that it’s a complex disorder, and the 

management system. So, those are like kind of big categories for me to always 

umm…otherwise, I mean, I’ll go off on the chemicals, right? 

 

After the oral exam, I found an interesting change in Alex’s desk in the studio. There was the 

subject matter concept map on the wall that was made on December 5, 2010. But in fact the 

text was illegible because it was too small to read. The behavior that externalized concepts in 

spatial form and as a reminder of constructs happened only with Alex. The concept map that 

he made was internalized and growing in his mind, “literally concept maps in my mind as a 

preliminary structure and then getting bigger in my mind during writing because I’m adding 

pieces to it.” The spatialization of written units during the initial phase of the writing process 

affected his process consistently, producing the transformation between externalization and 

internalization.  

 

 
4.2.1.9. Design project 
 
As for the design project, physical manipulation enabled Alex to ‘map out all the research for 

informing why I make decisions for the system,’ ‘objectify a design project,’ ‘understand the 

system,’ ‘build the system in my thesis,’ ‘make iterations on ideas,’ ‘visualize some of the 

moments in the system,’ ‘identify the user path by color,’ and ‘integrate the user path of a 

design project into a logical order of research and writing.
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Figure 76 Refining ideas through an iterative process (working diagram by Alex) 
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Key words in the subject matter map were used as a theoretical basis for the design system 

(Figure 76). Based on knowledge, making something new that could solve previous 

problems was a design project. In Figure 76, what is not explicit is a creative imagination 

because a creative combination was not possible without imagination. And, embodiment of 

imagination was realized through physical manipulation and writing tools with indeterminate 

characteristics. The embodiment process went through an iterative process, from model, 

sketch on the whiteboard, and an image on the computer. During the process, key ideas 

consisted of a small title of the paper, thus, knowledge, spatial arrangements, writing, and 

imagination were linked in mediated activity. 

 
 



 
 

 

 

277 

 

 
Figure 77 Embodying a conceptual user path in detail (working diagram by Alex) 



 
 

 

 

278 

Thoughts expanded and got specified through spatial arrangements of written words. 

Imagination for the system, user path scenario, system operations and all the processes 

moved forward through externalization of the ideas (Figure 76, Figure 77, Figure 78, and 

Figure 79). Also, externalized written words were further categorized and linked and layered 

by color codes. 
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Figure 78 Moving forward through externalization of the complexity of ideas: system 
knowledge (working diagram by Alex) 
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Figure 79 Understanding of the system by specifying the relationship of ideas: System knowledge (working diagram by Alex) 
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Figure 80 Systemic expanding ideas through embodiment (design work by Alex) 
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This is an expert domain in which a patient’s behavior can be observed in Alex’s system. The 

key word of ‘impulsivity’ in the subject matter map now is located in a specific position in 

the proposed adaptive system. Thus, reading, a design project and writing have an integrative 

characteristic in the project.  

 
 
4.2.1.10. Communicating 
 
As for communication, physical manipulation enabled Alex to ‘help the communication 

problem,’ ‘get my ideas across,’ and ‘present the main idea.’ 

I asked Alex if a spatial mapping activity was related to his ADHD symptoms. He 

said, “it absolutely does because I think the way the ADHD brain style works is that it will 

jump from here to there. But when it happens in a conversation, that leap doesn’t make any 

sense but if you’re able to do it in this space (concept maps) then you can actually see maybe 

what’s between the two moments. So one of the things that I had problems with when I 

started this program that professor Walker quickly pointed out and, I decided too that it was 

worth working on is that when I communicated ideas or when I presented new during 

critiques, I would have this idea (concept maps) and then I would move from this idea, to that 

idea way over there.” Thus, the need for Alex’s concept mapping was directly related to 

repetitive every day problems. Also, this shows the importance of communication in research 

process. Alex’s all spatial tools were shared with the community, which enabled the 

collaborative’ work to be activated.  

 
 
4.2.1.11. Integrating reading, a design project into writing 
 
Alex’s topic knowledge was structured initially through spatial arrangement. And, the project 

grew consistently by combining spatial tools’ relations. Figure 81, Figure 82, Figure 83 and 

Figure 84 show the consistently expanding ideas by Alex’s spatial activities to understand, 

think, reflect, and imagine.  

 

 
 



 
 

 

 

283 

 
Figure 81 Spatialization of written units as self-generating tools to understand, think, reflect and imagine 1 (working diagram by Alex) 
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Figure 82 Spatialization of written units as self-generating tools to understand, think, reflect and imagine 2 (working diagram by Alex) 
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Figure 83 Spatialization of written units as self-generating tools to understand, think, reflect and imagine 3 (working diagram by Alex) 
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Figure 84 Spatialization of written units as self-generating tools to understand, think, reflect and imagine 4 (working diagram by Alex) 
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I gave a number and letter to Alex’s several spatial tools (Figure 85) in order to show how 

spatial tools were combined and related to each other (Figure 86). By making and relating 

spatial tools or the embodiment of conceptual relations externally, the project was getting 

bigger without losing the details. Key words in the subject matter map during the preparation 

period of the writing process consisted of the table of contents in specific order. In Figure 86 

Systematic Expansion of spatial tools, dotted lines represent the relationship between spatial 

tools and such relations shows that the transformation from understanding the topic 

knowledge to a design project as well as writing the final thesis document was expanding 

systematically. 
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Figure 85 Expansion of thought based on the systematic relationship of spatial tools: an 
individual dimension (analysis by Joohee) 
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Figure 86 Systematic Expansion of spatial tools (analysis by Joohee)  
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4.2.2. A spatial, interwoven, visual-written parallel writing tool system 
 
 
The characteristics of Monica’s writing tool system were spatial, interwoven, visual-written 

parallel. 

First, Monica wanted to “explore how the design of a social networking site 

(Facebook) could motivate participants to think about information they output before it 

became public: therefore mitigating risks of safety, privacy and image.” And, as her topic, 

Monica asked in her thesis document “how could a cognitive artifact for reflective cognition 

be integrated into the profile management process of 18-24-year-old participants of social 

networking sites.” Monica problematized the use of language in Facebook in that “all of their 

old interactions are being prolonged online, contributing to the susceptibility of the future-

self, and can be particularly problematic when transitioning into the workplace.” 

Second, Monica’s concrete procedure for the problem included the use of news in 

relation to her topic, observation of her friends’ problematic use of language in Facebook, 

reflection on her personal experience on online space, a quick research for the topic, looking 

at the context with her topic knowledge in addition to reading.  

Third, Monica had a change in motives such as ‘getting lost in so interesting book,’ 

‘getting frustrated with the problematic fact,’ ‘wanted to be proud of thesis document,’ 

‘being inspired by finding problematic issues,’ ‘finding an interesting problem that would be 

different by changing the design having insights when news was going crazy about all of the 

cyber bulling, privacy, safety issues in personal network like Facebook and when I looked at 

my friends’ online behavior, saying you’re crazy why would you put this out here,’ ‘doing 

my research before thesis prep,’ ‘personal experience in topic area of online communication 

since when I was a kid,’ ‘doing a quick research for online safety and finding problematic 

solutions,’ ‘using friends as informing my personas,’ ‘deciding whether the insight is 

valuable,’ ‘personal interest in social spaces,’ ‘finding the areas of investigation that weren’t 

investigated,’ ‘asking questions about problematic issues—why is it happening in Second 

Life—people were having psychological,’ ‘wanted to find that niche that I could push 

boundaries and be curious about,’ ‘be curious about possibilities in problematic issues,’ 

‘started to question ‘could it be better,’ ‘using thesis-prep to get the advice to get specific 
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about where this is happening among who,’ ‘working really hard,’ ‘being really proud of it,’ 

‘being interested in whether or not design could help there, as an entry point,’ ‘applying the 

internalized opinion of the field to problematic phenomena,’ ‘seeing possibilities in 

problematic issues,’ and ‘seeing phenomena critically and asking why.’ 

Fourth, as a characteristic of Monica’s writing tool system, her all writing tools were 

made voluntarily. In the use of writing tools, she had a behavioral pattern. Monica recorded 

the books, conversations, thoughts and visual sketching in her notebook. She had a tendency 

to “keep everything from looking the same” because she was aware of “how I structure my 

information is how I remember and where to find it.” Also, she had her own blog for thesis 

documentation to ‘summarize bigger ideas when she thought something was important and 

interesting enough to make a record of.’ She was able to see ‘the order that she actually did 

things’ and used her blog as a resource to ‘re-familiarize herself when writing.’ She said, it 

was “easier to search through than really dense notebook, and to show her committee her 

progress. Monica read a lot on her Kindle®. When I asked why she used Kindle®, she told 

me that “reading articles at the computer for a long time hurt my light sensitive eyes and I 

wanted to make it easier, no hard contrast on my eyes” and “whenever I could read, I would” 

with portable Kindle. “With library books, I can’t take notes inside of it; it is harder to mark 

because I have to write in my moleskine (notebook) which is disconnected from text.” And, I 

“buy the e-book, not published articles in print, which is cheaper.”   

Monica’s writing tool system was spatial, interwoven, visual-written parallel process. 

Spatial activities were her way of thinking, but compared to Alex, Monica’s thought 

expansion was less hierarchical than Alex’s process. Monica showed a tendency to structure 

conceptual relations through spatial relations. Also, spatializing written units involved 

question, plan, intention, explanation, unsolved problem with a question mark, showing her 

thinking process. For example, “how do I design (interactive level) clarity?” “I need to 

develop my goals in line with a system based on motivation theory,” “what does this 

cognitive artifact do that the participant is aware of & not aware of?” and so on.  

Fifth, Monica’s difficulty types were as follows: a) time pressure for good paper, 

saying, “not having the time to execute it with the precision I want to and not enough time to 

do as good as I wanted to do it,” and “anxiety and the desire like knowing that I don’t 
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function at the last minute” b) synthesize all of the project into an academic high level paper. 

Monica said, “The most difficult part, I had never done a paper like this academic level, and 

not knowing what the standard was really, and how to meet that, and conflict between 

synthesizing all into an academic high level paper without even knowing what it was really 

and how to meet and desire to make the paper awesome.” In relation to the synthesizing 

problem, she told me the difficulty of structuring the thesis.  

 

“I had problems structuring the thesis. It seemed like I had it all lined out but there 

were some nuances there that didn’t make sense. I didn’t know how big this paper 

really is but I felt like I could handle it as an outline at that point, and a lot of false 

starts to write something, not knowing where it’s going. I felt bottled up because I 

had so much I wanted to say but I didn’t know how to say it. I felt confused I don’t 

know how to do it and feel overwhelmed to bring in all this text from papers I’ve 

already written that I can pull from. I feel like I’m lost, not in control and nothing’s 

helping me. I felt stuck and it was hard to think about what all the information was 

and think about how it’s ordered and connected. I felt like I didn’t know when to talk 

about it or how to organize that and it was overwhelming to get in the Microsoft 

Word document and all these bullet points and I didn’t know how to make those 

come together.” 

 

Monica experienced structuring the thesis problem but she eventually wove all her ideas and 

concepts together through spatial activity and summaries in her blog and right before she 

started writing the first draft.  

Then, how was Monica able to construct a compelling argument with her difficulty of 

synthesizing and structuring the thesis? In the thinkaloud analysis, I found that she had a 

clear problem statement, core ideas, strategies for solving problems, and she was using 

relevant knowledge without looking at the textbook. Most of all, her motivation was strong 

enough to get through the difficulty and there was an explicit effort. 

Another of Monica’s difficulties was to figure out the conceptual relations among 

various resources, which was solved by making concept maps. Her problem with 
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communicating complex conceptual relations with people and feeling pressure to remember 

things, also were solved by using concept maps. The effort to find a solution when they had 

writing problems was characteristic of Monica and Alex.  

Sixth, Monica received five points on the five point scale of evaluation based on the 

checklist on the writing task for master’s students in Design. An evaluator added a comment 

in the section of ‘construct a compelling argument for the principles driving the studio 

investigation’ like “good flow.” In the section of ‘find an appropriate writing style for the 

audience and subject matter and being consistent in its application,’ she got a comment of 

“natural tone with academic details.” 

As a characteristic of Monica’s writing tools system, her thoughts based on reading 

were stored in a notebook, Kindle®, blog, and concept maps. Individual notes in the 

notebook were integrated on the whiteboard, with the result refined in InDesign®. Thus, 

Monica had a pattern for the writing process. In Figure 87, Monica’s writing tool system, 

‘Friend’ was her choice to solve the problem of structuring a thesis, which led her to writing. 

Figure 87 shows Monica’s writing tool system. 
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Figure 87 A spatial, interwoven and visual-written parallel writing tool system  
(analysis by Joohee)  
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Table 8 shows Monica’s specific skills in spatial activity and their functions. 
 

 

 
Table 8 Monica’s specific skills in spatial activity and their functions 

 
Specific skills 
in spatial 
activity 

Descriptions of functions 

Matrices ● Structure researchable points 

Outline ● Organize the outline with the hierarchy of sub topics underneath of the 

  big idea 

● Make an outline to see the ideas and their order 

Sketch ● Sketch new ideas 

Concept map ● Get familiar with the ideas    

● Visualize what the paragraph is saying 

● Make concept maps when I was not sure if I had it completely figured  

  out yet 

● Add to the concept map when organizing I see opportunities to add  

  more 

● Use system map to pick user path for next visual studies 

● System map reorients me with what part of the system I am designing 

● Seek an advice on concept map poster and reference it while discussing 

  ideas 

● Use concept map to explain my system in the presentation 

● Make progress with visual studies    

● Communicate with my committee 

● Show concept maps and see it I’m on track with my thesis 

● Put the theory from Norman and this from Boyd and look at how those 

  inform each other and what I’m doing with that 

● Map out what studies are and understand the system I was designing 
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Table 8 Continued 
 

Concept map    ● Be used to fuel my research    
● Map to rethink what I was doing 

● Map out all the research that inform the system I want to make 

● Map out exactly what kind of system I’m talking about  

● Show the system that I’m designing    

● Pull all the information together 

● Understand the structure what’s informing my visual studies 

● Have the extension of my memory to remember what my ideas was and 

  how these things connected    

● Map in the notebook to make it clearer connections 

● Get out of the abstract and try to concrete what it really means when 

  these ideas come together 

● Use the concept map when having a pressure to not forget these things 

● Cleansing, felt like a pressure to remember it at all 

● Try to figure out what a concept, reinforcement means for the system 

● Think about how my system is taking the participant through each step 

  in ADKAR model of change 

● Color code for quotes or possible entry points    

● Structure information 

Visual 
language 

● Put a light bulb icon to quickly point out something 

● Put a little bit of structure into how things look by using colors 

● Color code to make it stand out so it doesn’t blend into everything 

List ● List out to create the argument 

Post-it®  

 

● Use Post-it® notes to quote 

● Use Post-it® notes on the wall when having no control of the order or  

  relationship and refresh me with the content to be able to write better  

  more well 
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4.2.2.1. Reading 
 
As for reading, physical manipulation enabled Monica to ‘highlight to select the relevant 

text,’ ‘use Post-it® notes to quote,’ and ‘structure information.’ Also, Monica made a 

bibliography map (Figure 88). 
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Figure 88 Making a bibliography map (working diagram by Monica)  
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4.2.2.2. Research process for exploration 
 
As for research process for exploration, physical manipulation enabled Monica to  

‘structure researchable points,’ ‘structure researchable questions,’ ‘make an outline to see the 

ideas and their order,’ ‘organize the outline with the hierarchy of sub topics underneath of,’ 

‘evaluate the process,’ ‘explore multiple, parallel and divergent ideas before writing,’ ‘use 

spatial tools to expand thought,’ ‘make progress with visual studies,’ and ‘fuel, organize, and 

understand the research.’ 
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Figure 89 Using a matrix to structure researchable points (working diagram by Monica) 
 
 
 

Monica’s matrix of researchable points became simpler in forms compared to Figure 89. 

‘Inquiry, sub-question, and affordance’ in Figure 90 was dealt with together by making the 

matrix. Bulb icons at the bottom in Figure 90 were used to differentiate her core ideas from 

simple note taking. 
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Figure 90 Reflecting on research process and using bulb icons to differentiate new ideas 
(working diagram by Monica) 

 
 
 
4.2.2.3. Understanding 
 
As for understanding, physical manipulation enabled Monica to ‘get familiar with the ideas,’ 

‘visualize what the paragraphs is saying,’ ‘really to understand the concept in terms of my 

system,’ ‘make concept maps when I was not sure if I had it completely figured out yet,’ 

‘understand the structure what’s informing my visual studies,’ and ‘understand how 

everything would come together.’ 

 
Joohee: Could you tell me what did you use to explore multiple, parallel, and 

divergent ideas? 

Monica: The whiteboard I think. 
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Joohee: I saw that in your blog, right? 

Monica: Right. If I had kind of something that I need to figure out, and I really 

needed to kind of work it out, what it meant like what it meant, when I was trying to 

really to understand the properties of network publics, what that really meant in 

regards to Facebook (www.facebook.com), I would go to the whiteboard, I just pull it 

over to my desk and just start writing things, what I know, look for patterns, make 

connections, just kind of get it out there in a physical space because I have to see it. I 

have to physically move it on the white board, I have to physically make that line, I 

have to physically make the note in order to really process and move forward and 

grow with it. If I stay abstract, I get frustrated; I don’t really feel like I’m really 

moving forward. So, the whiteboard was good.  
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Figure 91 Understanding how everything would come together  
(working diagram by Monica) 
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Joohee: Then, is there’s a specific reason why you used the white board for your 

exploration for multiple, parallel and divergent ideas, and what which stages of the 

writing? 

Monica: It was before writing, before visual studies, it was just at the time when I 

was understanding the research, understanding what I had and what I needed, where 

the gaps were. And then the whiteboard was good because I could pull it over to my 

desk, I could keep my music in because I could stay seated in my chair. And, then, if 

what I was exploring on the whiteboard I was referencing on the computer, I could 

just turn around, look at the computer, write, and turn around, so I had kind of this 

where everything was in near me. And it afforded different colors to categorize things 

different ways, I wouldn’t know why I was using different colors, I would just know I 

was on a different train of thought, so I would want to make that distinction with the 

green now instead of blue, for instance. And, and then it was a really mutable space I 

erase things, I took pictures with my cell phone, if that’s the pictures in my blog are 

from my cell phone, just taking pictures and then uploading it or so it was really good 

for erasing and color coding.  

 
 

4.2.2.4. Connecting 
 
As for connecting, physical manipulation enabled Monica to ‘make connections.’ 
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Figure 92 Connecting ideas in the notebook (working diagram by Monica) 
 
 
 
In Figure 92, Monica linked the ideas in relation to ‘extrovert.’ The notion of ‘extrovert’ 

could be connected to the concept of “extreme user” that she used in the third semester. The 

concept of extreme user was further developed based on her observation of her friends’ 

online behavior, and reflection toward a concrete project. In other words, Monica’s thesis 

project was developed based on previous learning by the making process, observation, 

knowledge. Topic knowledge moved forward towards embodiment in the place where her 

observation in the context and her viewpoint were combined.   
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4.2.2.5. Analyzing 
 
As for analyzing, physical manipulation enabled Monica to ‘list out, to create the argument’ 

and ‘elaborate and add my thoughts.’ 

 
 
4.2.2.6. Synthesizing 
 
As for synthesizing, physical manipulation enabled Monica to ‘synthesize different ideas, 

theories and my ideas.’ 
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Figure 93 Mapping to synthesize ideas (working diagram by Monica) 
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Joohee: Could you tell me how you were able to weave different ideas in an order? 

Monica: well, this (a concept map above) helped a lot honestly because I had these 

different articles, and these different ideas, and then with the pink lines and text, I’m 

kind of like concept mapping like what that’s kind of bringing into the table, social 

worlds, motivation, qualifying the activities, and then the outlining. 

 

Joohee: I see. Could you tell me why you used, why you made a concept map? 

Monica: Sure, this was when I had gotten to a point where I was, I would read about 

one thing, and then it would kind of lead me questioning another thing. So, I would 

find something to read about that, and it would lead me wondering about something 

else, so I would find something to read about that, or I would go to professor Kim and 

talk about this research that I found, and she would ask me about certain things that I 

should look into, and I’m like ‘Oh, okay.’ So, I had gotten to a point where I had done 

a lot of reading and from a lot of different entry points into this (Monica is pointing 

entry points on the map by her forefinger) into this problem. And, in my head I knew 

how everything was coming together, but I had a difficult time talking to people about 

it and I wasn’t sure if I had it completely figured it out yet, so this was a moment for 

me to take all of that research and figure out how it connects, how it’s informing this 

design. So it was kind of a cleansing process to go through my moleskine (notebook) 

and find these milestones of things that informed me, and how does that connect to 

the personas, how does that connect to how their activities are qualified or how I see 

this artifact working out and so. 

 

Joohee: What do you mean by cleansing? 

Monica: Cleansing, yeah, it was cleansing because I have been reading all these 

things, I have the notes in my moleskine, but I felt like a pressure to remember it at 

all. I like had a pressure to not forget these things. So when I finally did this activity it 

was on the whiteboard before it (the concept map) was here, I felt like it was safe now 

because it was like I remembered you, you’re part of this and so I could like go of it 

in my brain because I had a cognitive artifact, the extension of my memory to 
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remember how these things connected. So I could I open up my brain again and not 

feel pressure to hold on to it, so it was almost like I cleaned my brain out, haha. And, 

put it on paper.  

 

In Figure 93, Monica’s concept map to synthesize ideas, multiple theories were 

connected. Monica externalized the connection visually, and used the externalized map of 

her ideas in the communication. However, in this spatialization of written units, the 

positions of key words and connecting relations did not have an explicit hierarchical 

structure. 

 
 
4.2.2.7. Hierarchizing and structuring 
 
As for the hierarchizing and structuring, physical manipulation enabled Monica to ‘attempt to 

build conceptual relationships,’ and ‘color code to differentiate ideas.’ 

After Monica made a concept map, she attempted to make an outline to structure 

conceptual relations for writing. But, she said, once she wove ideas and making a structure 

was not easy. 
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Figure 94 Writing down keywords and concepts that I wanted to discuss (work by Monica) 
 
 
 

Monica: I started my thesis paper with an outline that mirrored my process, but I 

didn’t anticipate how uninformed this approach was. For instance, when I introduced 

my sub questions was I supposed to discuss how they embodied the properties of 

networked publics, or save that for later? Feeling stilted by this lack of clarity, I 

decided that my outline needed to be re-approached.  

 My problem isn’t that I don’t understand my thesis topic enough to write about it, 

because I do. Instead, I have too many ideas in my head that won’t come out in a 

logical order. Frustrated, I went to the computer lab and pulled scrap paper from the 

trash to slice down. Afterwards, headed to a beautiful sunny spot on a swinging bench 

to purge. Unconcerned with where it would show up in the paper, I just wrote down 

keywords and concepts that I wanted to discuss (Figure 94).  

 
 



 
 

 

 

311 

 
 
Figure 95 Transferring the ideas from scraps of paper Post-it® on the wall in my apartment 

(work by Monica) 
 
 
 
Monica: I would skip around the whole project remembering bits and pieces that 

were pertinent to my outcome. When I tried to organize these scraps of paper later, I 

found it difficult and overwhelming to maneuver, so I opted for Post-it notes—which I 

usually avoid because it seems so wasteful. I started transferring the ideas from 

scraps of paper to post-its on the wall in my apartment (Figure 95). 
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Figure 96 Attempting to build hierarchical conceptual relations in the middle of  
the writing process (work by Monica) 

 
 
 

Monica: This was very difficult because I had to make decisions about hierarchy that 

weren’t clear to me yet (Monica’s blog) (Figure 96). 
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4.2.2.8. Remembering and retrieving 
 
As for remembering and retrieving, physical manipulation by Post-it® arrangements on the 

wall enabled Monica to ‘refresh her with the content,’ and ‘remember her ideas, concepts and 

their connections.’ She ‘used signs for a quick retrieval and structure.’ 

 
 
 

 
 

Figure 97 Using a bulb icon for a quick retrieval (working diagram by Monica) 
 
 
 

Monica used a sign of light bulb for fast retrieval. With the passage of the time, more light 

bulbs appeared. The questions next to light bulb lead to her next activities or plans. For 

example, “how could that be customized?!” worked as her plan as well as her unsolved 

problem. 
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4.2.2.9. Design project 
 
As for a design project, physical manipulation enabled Monica to ‘integrate a design project 

into concepts, theories and research,’ ‘map out all the research for informing why I am 

making decisions for the system,’ ‘map out what studies are and understand the system I was 

designing,’ ‘map out the design system,’ and ‘system map reorients me with what part of the 

system I am designing.’ 
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Figure 98 Weaving theories and ideas in a system map (working diagram by Monica) 
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Figure 98 Monica’s system map shows theories and her ideas. In Figure 98, spatialized key 

words came from the literature review. The spatialized small words represent ‘research for 

informing why she was making decisions for the system.’ 

 
 
4.2.2.10. Communicating 
 
As for communication, physical manipulation enabled Monica to ‘use concept map when 

having a difficult time talking to people about conceptual relations,’ ‘seek an advice on 

concept map poster and reference it while discussing ideas,’ and ‘communicate with the 

committee and colleague.’ 

 
 
4.2.2.11. Integrating reading, a design project into writing 
 
As for integrating reading and a design project into writing, physical manipulation enabled 

Monica to ‘inform her writing.’ Spatial arrangement informed her writing.  

 
 
 
4.2.3. A not fully voluntarily spatial, mainly written writing tool system 
 
Claire’s writing tool system’s characteristics were not fully voluntarily, spatial, and mainly 

written. There were few spatial activities to help her understand the content or to structure 

conceptual relations through spatial relations. Also, making the concept map that Claire used 

in the thesis document was suggested by professor Walker.  

First, in relation to the topic, Claire wanted to explore “how might wonder and 

resonance facilitate visitor interaction and create reflection with and exhibition.” In the 

analysis of core ideas, her key word of ‘wonder’ appeared in the thinkaloud and it was in 

writing at the end of the writing process.  

Second, Claire’s concrete procedures for solving the problem were museum visits, 

and observations with records, in addition to reading. 

Third, Claire had a change of motives such as ‘the option oriented learning as my 

original motivation,’ ‘option oriented learning as having fun while learning,’ ‘wanted to 
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create meaningful learning experiences,’ ‘getting key words of wonder and resonance after 

locating the original motivation in the museum,’ ‘having personal difficulty in learning,’ ‘not 

so much about the museum as about the idea of using design to help people learn while 

having fun and not in a formal school environment,’ and ‘personal interest for the topic for a 

long time.’ However, what I observed was the absence of curiosity or questioning of her key 

idea of ‘wonder.’ 
 Fourth, as a characteristic of Claire’s writing tool system, not all spatial tools were 

made voluntarily. Also, she was not confident in her tool use. For example, “I don’t think 

that I’m very good at it (concept mapping) honestly.” Claire’s writing tool system did not 

show a pattern that evidenced evolving ideas. And, her notebook did have little dates while 

Alex and Monica had dates, subjects, people as titles. It might be a small thing, but this 

seemed to be a reason for saying she was ‘not very good at remembering my process.’ 
Fifth, Claire’s difficulty types included: a) ‘not very good at remembering my 

process.’ There was an effort to solve this problem by making matrix as a summary and to 

paraphrase, b) ‘having trouble to pull scattered ideas together,’ c) ‘struggling with a design 

project conceptually,’ d) ‘having trouble to finish a design project,’ d) ‘integrating a design 

project into writing,’ e) ‘structuring the thesis,’ f) ‘getting really distracted when writing,’ g) 

‘not very critical of my own work,’ h) ‘my process and organization get really terrible when I 

get stressed or busy,’ i) ‘feeling anxious to have too much to work with,’ and  j) ‘scrolling up 

an down to find my place in the computer.’ For this issue, Claire attached a table of the 

contents to her monitor. 

Sixth, Claire received four points on the five point scale in evaluation in the section of 

‘cover the material required for the thesis,’ four points in the section of ‘construct a 

compelling argument for the principles driving the studio investigation,’ three points in the 

section of ‘build and make apparent an organization of content in the paper that is consistent 

with that argument logic’ with a comment of “works but not really clear.” She received four 

points in the section of ‘integrate the narrative about the investigation with an understanding 

of its relevance to a larger problem—connecting to the context beyond the specific project’ 

and five points in the ‘find an appropriate writing style for the audience and subject matter 

and being consistent in its application.’ 
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The characteristics of Claire’s writing tool system were active use of a notebook and 

“11 by 17” paper. There were many lists, but few formal relations. Spatial arrangement 

behavior changed from involuntary to voluntary. Figure 99 shows Claire’s writing tool 

system. 

 
 
 

 
Figure 99 A not fully voluntarily spatial and mainly written writing tool system  

(analysis by Joohee) 
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  for citation 
 

▪ Connect ideas 
▪ Pull multiple, parallel, 
  and divergent ideas 
▪ Visualize ideas 
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▪ Discover how all the 
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  work 
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  to say 
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Post-it®  
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▪ Sketch out ideas 
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Table 9 shows Claire’s specific skills in spatial activity and their functions. 
 
 

 
Table 9 Claire’s specific skills in spatial activity and their functions 

 
Specific skills 
in spatial 
activity 

Descriptions of functions 

Matrices ● Pull the idea from the book during reading    

● Individualize information 

● Help me connect points 

● Organize information to quickly understand the information 

● Categorize and analyze and find relationships between a large amount 

  of something; the content analysis 

Outline ● Write outline and what I needed to write about 

● Keep add things to the outline 

● Sequential outline to visualize the flow of the presentation while  

  referring to the concept map 

Sketch ● Sketch out ideas 

Concept map ● Pull multiple, parallel, and divergent ideas together 

● Connect larger ideas of research    

● Generate ideas and relationships  

● Discover how all the pieces relate back to each other 

● Put hierarchy to this information of what’s important and not  

  important for my project 

● Make a diagram to structure the presentation 

● Visualize the ideas    

● Explore ideas 

● Iterate concept maps; make more legible, clear and easier to 

 understand and connect the ideas 
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Table 9 Continued 
 

Concept map ● Use concept map to connect the goal to the overarching themes of the  

  drug store and connect the toys to the rest 

● A simplified version of everything that I wanted to say; show me the 

  entire picture of the thing that I was working on 

● Use the map to make an outline for the presentation 

● Use mappings for oral exam    

● Go over my concept map with adviser 

● Connect ideas and figure out how I was going to talk about my work 

Visual 
language 

● Match the colors of the outline to the concept map while making an  

  outline for presentation 

● Locate the main points for presentation 

List ● Generate the ideas of lists of things that pertained to my thesis from  

  observations 

● Use table of contents help me with the organization of the paper while  

  writing 

 
Post-it®  
 

● Post-it® notes for quick reminders of what the information is and where 

   it is 

● Tag with a Post-it® tag or highlighter for more thought when revising 

● Refer to Post-it® notes on the desktop for structure and organization of  

  my paper 

 
 

 

Claire’s spatial activities were observed in nine areas.  
 
 
4.2.3.1. Reading 
 
As for reading, physical manipulation enabled Claire to ‘select information,’ ‘highlight to 

select the relevant text,’ and ‘capture moment in the text by paraphrasing.’ 
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Figure 100 Layering thought by attaching Post-it® notes (work by Claire) 
 
 
 
Claire: When I’m reading, if there’s something important, or if there’s something I 

think that’s important, I’ll write and note on a Post-it® note, like paraphrasing what 

that idea is and then write the page number and put the Post-it® in the book near 

where the idea is so that like if I go back a long time after I wrote the note, and I want 

to get more information and I know exactly where to look for it, but then also the 

Post-it® notes like just serve as quick reminders of what the information is.  

 
 
4.2.3.2. Research process for exploration 
 
As for a research process for exploration, physical manipulation enabled Claire to  

‘outline what I need to write,’ ‘show her the entire picture,’ ‘structure the presentation,’ 

‘visualize ideas,’ ‘sketch out ideas,’ ‘have a written goal in front of me,’ ‘objectify the 

process,’ ‘color code to focus on main points,’ (selection) ‘iterate concept maps,’ ‘refer to 

concept map to make an outline for the presentation,’ and ‘explore ideas.’ 
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Figure 101 Making a concept map voluntarily (working diagram by Claire) 
 
 
 
Figure 101 shows Claire’s concept mapping in her notebook, which was made voluntarily. 

Key words were linked by lines. 
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Figure 102 Making a concept map by professor Walker’s suggestion  
(working diagram by Claire) 

 
 
 

By professor Walker’s suggestion, Claire started to spatialize what she knew on the 

whiteboard (Figure 102). Then, analog work was transferred to the computer and was revised 

(Figure 103). 
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Figure 103 Transferring a concept map from the whiteboard into to the computer  
(working diagram by Claire) 

 
 
 
Claire is digitalizing the concept in the computer (Figure 103).
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Figure 104 The final concept map (working diagram by Claire) 
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Figure 104 was Claire’s final concept map. In this concept map, the topic key words of 

‘wonder’ and ‘resonance’ were not used, which seemed to be related to her perceptions of 

tool affordances. 

Claire did not like to use the whiteboard in the studio. In the studio, there were wall 

whiteboard and a portable whiteboard. She gave me two reasons: first, she was not 

comfortable with externalizing something in public, and second, analog whiteboard work 

needed to be transformed and she had to do additional work. 

 

 
 

 
 

Figure 105 Reflecting and linking ideas on the concept map (working diagram by Claire) 
 
 
 
Once a concept map was made, then, it enabled Claire to reflect on and to link ideas, to 

produce goals for next step.  
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4.2.3.3. Understanding 
 
As for understanding, physical manipulation enabled Claire to ‘organize information to 

understand the information.’ 

 
 

 

 
 

Figure 106 Using a matrix to understand the content (working diagram by Claire) 
 

 

 
Claire used matrices to ‘pull the idea from the book during reading,’ ‘help me connect points,’ 

‘organize information to quickly understand the information’ and ‘individualize information’ 

and ‘categorize and analyze and find relationships between a large amount of something.’  

 
 



 
 

 

 

328 

4.2.3.4. Connecting 
 
As for connecting, physical manipulation enabled Claire to ‘generate ideas,’ ‘generate 

relationships,’ ‘make connections,’ and ‘discover connections.’ 

 
 
 

 
 

Figure 107 Generating ideas and connecting ideas (work by Claire) 
 
 
 
Claire’s typical note taking consisted of lists as in Figure 107. Lists were made and linked 

but they were not structured spatially. 

 
 
4.2.3.5. Analyzing 
 
As for analyzing, physical manipulation enabled Claire to ‘analyze the artifacts.’ 
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Figure 108 Content analysis (working diagram by Claire) 
 

 

 
During the analysis, Claire used a matrix form of the content analysis (Figure 108). 
 
 
4.2.3.6. Hierarchizing and structuring 
 
As for hierarchizing and structuring, physical manipulation by concept mapping enabled 

Claire to ‘help her understand the hierarchy,’ and ‘help her put hierarchy to this information.’ 

She ‘referred to Post-it® notes on the desktop for the structure and organization of my paper.’ 

In Figure 109, Post-it® notes on the desktop for structure and organization were used 

to support her thesis structure at the end of the semester. 
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Figure 109 Putting Post-it® notes on the desktop for structure and organization  
(work by Claire) 

 
 
 
4.2.3.7. Remembering and retrieving 
 
As for remembering and retrieving, physical manipulation enabled Claire to ‘retrieve 

information’ and ‘use Post-it® notes for citation.’ 

 
 
 

 
 

Figure 110 Retrieving Post-it® notes on the book (work by Claire)
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4.2.3.8. Communicating 
 
As for communication, juxtaposing written units enabled Claire to ‘communicate with the 

committee.’ 

 
 
 

 
 

Figure 111 Communicating with the commitee (working diagram by Claire) 
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Claire: I have concept maps in here that I’ve presented for my oral exam…so this is 

like one concept map but I need to go through and create more hierarchy and…I 

don’t know it’s pretty bad right now but so this one is connecting museum visitors at 

the North Carolina Museum of History are invited to interact with the 1920’s drug 

store exhibition. So that would be connecting the three big ideas from my thesis, the 

museum visitors with interaction and then this exhibition. And then ideas from the 

1920’s drug stores. So, I guess this is connecting those ideas and then, so basically 

it’s connecting museum visitors with the 1920’s drug store through the affordances of 

technology. 

 

Figure 111 was used for oral exam. 

 
 
4.2.4. An initial outline writing tool system 
 
The characteristic of Tom’s writing tool system was an initial outline.  

First, Tom’s topic was about children’s learning activities in the natural setting of a 

park. Tom explored “how can a series of educational exhibits located in a public park setting 

encourage 6th grade students to make value judgments about the impact of materials on the 

future state of the environment?” He described his topic as “learning the same things in 

nature and creating an outdoor classroom is one of the main concepts” and “the idea of 

getting children excited about nature and getting them outside and teaching them about 

conservation and how to make better choices in relation to the environment.” 

Second, Tom’s concrete approach to problems was to visit the park and conduct 

interviews with environmental educational staff in the park. But for his subject, children, 

Tom got information about subjects through resources in the library indirectly. 

Third, Tom had a change in motives such as ‘personal interest for the topic,’ 

‘motivation for the topic came from reading books,’ ‘purposeful selection of topic in order to 

keep me motivated to writing,’ ‘felt being easier to write about because I was excited about 

the topic,’ ‘like the topic,’ and ‘really like the topic of outdoor activities.’  
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Fourth, as the characteristic of Tom’s writing tool system, his spatial tools at the 

beginning were made voluntarily. 
 

“That was kind of early I guess a diagram that I did, when I started thinking about the 

material study, and I was really interested in kind of what happens, looking at things 

like that happen immediately versus things that happen over like a longer period of 

time. So, the different materials, you know, this is the kind of timeline I guess, just 

demonstrate how long the materials take to go away, and then, I kind of tried to use 

the same timeline for the other two studies, and kind of pinpointing there like what 

things happen right away versus what things happen kind of over longer period of 

time.” 

 
However, a tendency to make spatial tools and to use them was not consistently observed. 

Tom put spatial tools on the wall, and such tools were used as a basis when writing.  

Fifth, Tom’s difficulty types included a) ‘time pressure,’ b) ‘getting easily distracted 

when writing and thinking,’ c) ‘keeping my ideas organized,’ d) ‘not getting into the essence 

of visual studies in relation to core ideas,’ e) ‘conceptualize writing as far as visual studies 

without finishing them,’ f) ‘having unsatisfactory paper in the middle of the process,’ g) ‘not 

have a conclusion yet,’ h) ‘a need to make connection to the core of thesis,’ and i) ‘hurt my 

eyes.’ Among this list, what I paid attention to is ‘not getting into the essence of visual 

studies in relation to core ideas.’ In Tom’s thinkaloud, he said, “I’m not really getting into 

the essence of what each exhibit’s gonna be about, how it relates back to my core ideas” and 

“I’m not really tying it back to the core of my thesis, I really need to make that connection 

stronger cause right now I think I just did a basic overview.”  

Sixth, Tom received four points in evaluation in the section of ‘cover the material 

required for the thesis,’ four points in the section of ‘construct a compelling argument for the 

principles driving the studio investigation with a comment of “interspersed at the beginning; 

not much flow; structure shows more,” and five points in the section of ‘build and make 

apparent an organization of content in the paper that is consistent with that argument logic,’ 

five points in the section of ‘integrate the narrative about the investigation with an 
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understanding of its relevance to a larger problem—connecting to the context beyond the 

specific project,’ and five points in the section of ‘find an appropriate writing style for the 

audience and subject matter and being consistent in its application.’ 

The characteristics of Tom’s writing tool system were to use 3 by 5 note cards and to 

order the main ideas, and an active use of Post-it® notes to retrieve information. The user 

path map on the wall was the basis for his writing. Concept mapping was used for the design 

project, and the final thesis document was written based on the initial user path map. Post-

it®  notes were used as tracking system for collected information. Tom said, “I marked in the 

book for remembering and gathering all of my ideas.”  

 Figure 112 shows Tom’s writing tool system. 
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Figure 112 An initial outline writing tool system (analysis by Joohee) 
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Table 10 shows Tom’s specific skills in spatial activity and their functions 
 
 

 
Table 10 Tom’s specific skills in spatial activity and their functions 

 
Specific skills 
in spatial 
activity 

Descriptions of functions 

Matrices ● Material timeline (degradation of physical/trash materials) to see the 

  pattern or relationship between certain materials 

Post-it® ● When reading if there’s something important, write note on a Post-it® 

  like paraphrasing and page number in the book near where the idea is 

● Create a list of the main ideas or author on a Post-it® as an easy way 

  to find it 

● Use Post-it® notes for citation 

● Key terms on Post-it® to figure out the sequence 

● Use Post-it® notes and note cards to organize ideas 

Visual 
language 

● Color code to organize three ideas, but I got lost in the process 

Note card ● Write out the main idea on 3 by 5 note card to organize 

● Get the order that I want to say everything in 

● Write the ideas on note cards out and change the order for exploring 

  ideas because that way nothing’s permanent and I can move things 

  around that idea 

Outline ● Develop an outline first  

● Build up that (outline) as I go through the process and gather more 

  information when writing 

● Structure the paper during the first stage of the writing 

● Think about the sequence and the order on how I want to share those 

  things 
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Table 10 Continued 
 

List ● List as an earlier draft of the user path map 

● List the big idea and main points that I wanted students to get out of 

  each exhibition 

● Message delivery and the language that I wanted to use;  

● List the main points as my first step and as I did more research and  

  started thinking about my ideas it was easier to transition into user 

  path 

User path 
map 

● A kind of rough draft version of the paper 

● Break down the sections helps me keep it organized so that way I’m 

  talking about the same thing 

● Show the sequence or the experience of the user 

● User path as the basis and add to it when writing 

Sketch ● Sketch plans 

● Sketches for a web component for my thesis to think about cause and 

  effect relationships and different balance 

Concept map ● For the visual studies to record what I’m thinking about, not for 

  writing 

● Help me to have something to look at whether it be just a word or a  

  box and then I can start to add different ideas and thought about it 

● Map out my visual study 

 

 

 

Tom’s spatial activities were observed in reading, research process for exploration, analyzing, 

hierarchizing and structuring, remembering and retrieving, design project and integrating 

reading and a design project into writing.  
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4.2.4.1. Reading 
 
As for reading, physical manipulation enabled Tom to ‘highlight when reading my articles,’ 

‘mark interesting quotes for later use,’ ‘put Post-it® notes with main ideas or author to 

retrieve information,’ ‘put Post-it® notes to remind an important thing,’ ‘mark in the book 

for remembering,’ ‘mark in the book for gathering all of my ideas,’ ‘layer a paraphrase in the 

book,’ and ‘use Post-it® notes for citation.’ 

 
 

 

 
 

Figure 113 Making Post-it® notes in the book (work by Tom) 
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Figure 114 Relying on Post-it® notes to retrieve information (work by Tom) 
 

 
 

4.2.4.2. Research process for exploration 
 
As for the research process for exploration, physical manipulation enabled Tom to ‘sketch 

plans,’ ‘new areas open up,’ ‘give him different insight,’ ‘change my idea a little bit,’ 

‘explore ideas by changing the order,’ and ‘have something to look at, then add thoughts.’ 

 
 
4.2.4.3. Analyzing 
 
As for analyzing, physical manipulation enabled Tom to ‘analyze the pattern,’ and ‘have 

enough information then start breaking in the part.’ 

 
 
4.2.4.4. Hierarchizing and structuring 
 
As for hierarchizing and structuring, physical manipulation enabled Tom to ‘write key terms, 

definitions, terms or sentences on Post-it® to figure out the sequence,’ ‘build the order of 

ideas,’ ‘highlight to set up the priorities for the really important items,’ ‘organize main ideas,’ 

‘structure the paper and the main points,’ ‘color code to organize three ideas temporarily,’ 
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‘organize the sequence of the story and the order before writing,’ ‘have a list as an earlier 

draft of the user path map,’ ‘list the main points of research,’ ‘list the big idea of a user path 

of a design project,’ ‘have a list including message delivery and the language that he wanted 

to use,’ ‘have a kind of rough draft version of the paper,’ ‘user path as the basis and add to it 

when writing,’ ‘iterate the user path maps,’ and ‘show the sequence or the experience of the 

user.’ 
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Figure 115 Making a material timeline, an initial outline, and user path and putting them  
on the wall (working diagram by Tom) 
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Tom: It’s kind of showing the sequence, it’s kind of like the experience of the user, the 

park visitor has when they kind of go through the exhibitions. So it’s just kind of 

outlining my specific touch points of that experience. And, then kind of underneath 

each one, it’s kind of describing like what’s happening and what the user is doing, 

and I think that helped with the writing process because I kind of already had like 

basic kind of outlines of everything that was gonna happen, and then when I look into 

my paper from this part, I was able to kind of this is the basis and I kind of add to it, 

as I wrote the paper. So I think that’s kind of how it relates, and here these are 

basically, this is kind of in the sense, just a kind of rough draft version of what that 

was.  

 

Figure 115 shows Tom’s material timeline, an initial outline, and user path on the wall. Tom 

used the user path map at the bottom for writing. 

 
 
4.2.4.5. Remembering and retrieving 
 
As for remembering and retrieving, physical manipulation enabled Tom to ‘mark down the 

page number to retrieve information,’ ‘retrieve information easily on the wall,’ and ‘color 

code to retrieve information’ (Figure 116), and ‘record what he was thinking about so he 

doesn’t forget it.’ 
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Figure 116 Color coding to differentiate three main ideas (work by Tom) 
 

 
 

 
 
Figure 117 Highlighting to set up the priorities for the really important items (work by Tom) 
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4.2.4.6. Design project 
 
As for a design project, physical manipulation enabled Tom to make ‘sketches for a web 

component for a design project,’ ‘map out his visual study,’ and ‘record his ideas for a design 

project.’ 

 
 
 

 
 

Figure 118 Making sketches for a web component for a design project  
(working diagram by Tom) 

 
 
 
4.2.4.7. Integrating reading, a design project into writing 
 
As for integrating reading and a design project into writing, physical manipulation provide 

Tom with a jump off point for thinking and writing. 
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Figure 119 Tom’s desk in the studio 
 
 
 
Tom: If I forgot something then I can easily look at the material study, the original 

user path, the second user path and park map on the wall and deal with things more 

quickly. 

 
 

4.2.5. An unorganized and non-mediated writing tool system  
 
The characteristics of Dalton’s writing tool system were unorganized and non-mediated. 

First, Dalton’s topic changed between the proposal and the first draft. Dalton 

described his topic, “the idea that I’m proposing is that there’s additional information added 

by some sort of context to the regular message and messages get sent and then there’s 

visualization that talks about this added context.” Dalton wanted to add contextual 
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information such as noise level to text messages and convey missing aspects of context. But, 

he was not concerned with users’ additional activity, learning curve, or active design 

intervention. Dalton said, “I don’t want them to take actions; I want to keep it in operational 

level.” But, his design was subjective, which required users’ active interpretation. That was 

contradictory to his initial intention. In his thinkaloud, he said, “I need a justification for why 

this is extra helpful, a device that knows you better but if I could do it in that moment I could 

do it later” and “the only justification is that it facilitates conversation and adds an area of 

information and then once that’s added and tagged that world’s a better place and that’s why.”  

Second, Dalton’s concrete procedure to approach to problems was through reading 

materials. 

Third, Dalton had a change of motives such as: ‘personal experience of missing 

context,’ ‘having conflict in topic area,’ ‘any new qualities of the context can be helpful,’ 

‘motivation for the topic came from reading books,’ ‘not interested in text messaging 

(research object) per say,’ ‘design project was not directly related to writing,’ and ‘losing 

interest in my design project.’ It is noteworthy that he lost interest during the process, and he 

said his design project was not related to writing, saying that “I don’t know that what I made 

is not directly related to my writing because I think I became less interested in what I made 

looked like.” 

Fourth, Dalton’s writing tool system (for example, notebook and binder) did not have 

dates and were unorganized. In front of the need to structure the paper, his behavior of 

‘cutting and pasting the paper’ showed that he did not have a perception of tool affordances 

or mediated activity. Dalton said, “I was having trouble managing my digital files so I 

printed them out and cut them apart and taped them back together. I needed my printer, 

scissors, and tape, as well as a flat surface…I was able to make connections that I could not 

on the computer. I came up with categories/chapters/sections for my writing and was able to 

place individual paragraphs into those designations.” However, this activity was not about 

organizing but a simple arrangement. 

Fifth, there was no activity that could be regarded as mediated activity in Dalton’s 

writing tool system. And during the process without spatial activity, his difficulty types were 

a) ‘feeling behind with switching chairs (he change the composition of his graduate 
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committee) and research questions and not really concerned with writing,’ b) ‘research 

through making does not happen for me,’ c) ‘do not know what structural components make 

up a thesis.’ Dalton said, “advisor is structure,” d) ‘getting frustrated with where the 

synthesis was going,’ e) ‘not getting great back and forth with the feedback.’ For Dalton, 

communication was the most difficult part, f) ‘getting contradictory feedback to my ideas 

from my adviser,’ g) ‘I don’t know the content.’ In relation to topic familiarity investigation, 

he said, “I’m fairly familiar,” but in the thinkaloud, he often times said, “I don’t know.” h) 

‘having trouble organizing the writing,’ and i) ‘not having any articulated expectation about 

the final product.’ 

Sixth, Dalton received three points in the section of ‘cover the material required for 

the thesis,’ three points in the section of ‘construct a compelling argument for the principles 

driving the studio investigation,’ three points in the section of ‘build and make apparent an 

organization of content in the paper that is consistent with that argument logic,’ three points 

in the section of ‘integrate the narrative about the investigation with an understanding of its 

relevance to a larger problem—connecting to the context beyond the specific project’ with a 

comment of “lots of studies; what do they add up to?” and three points in the section of ‘find 

an appropriate writing style for the audience and subject matter and being consistent in its 

application.’ 

The characteristics of Dalton’s tool system were unorganized and relying on Post-it® 

notes. But, evolving ideas through spatial activities between Post-it® notes and writing were 

not observed. Figure 120 shows Dalton’s writing tool system. 
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Figure 120 An unorganized and non-mediated writing tool system (analysis by Joohee) 
 
 
 
Table 11 shows Dalton’s specific skills during the writing process 
 
 
 

Table 11 Dalton’s behavior during the writing process 
 

Dalton’s 
behavior during 
the writing 
process 

Descriptions of functions 

Post-it®   ● Post-it® notes inside the copy are things that I’m going to take from the 

  article and use later 

● Post-it® are ideas that I want to keep in my head while reading 

● Attach Post-it® notes to the print article as holding area to deal with 

  something later in time 

● Take the Post-it® notes out of the book and know where it is if I need 

  to come back  

● Put the more important Post-it® notes on a surface  

● Use the surface to attach Post-it® notes because it’s accessible  

● Put Post-it® notes on the wall as a constant reminder  

● Put Post-it® notes on the screen 

 
 

Inside the 
book  

 

Paper cut  
and 

 

Inside the 
article 

 Whiteboard  

Reading 
 

Post-it®  

Notebook 

A constant reminder 
on the surface 

 

In the yellow folder  
to keep information 

 

Writin
g 
 

▪ Write page 
  number, title 
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Table 11 Continued 
 

Post-it®  
 

● Keep the Post-it® notes in the yellow folder to remember 

● Use Post-it® notes to quote 

● Put a to-do-list on the Post-it® on the desk 

 
 

 

4.2.5.1. Reading 
 

Dalton relied on his natural memory in order to recall and understand what he read, rather 

than on mediated activities. The Post-it® notes mainly consisted of page numbers and key 

words from reading materials. The Post-it® notes were attached to the desk and print articles. 

The key words on the Post-it® did not reflect a visual-spatial hierarchy or relationships by 

links or formal relations in an organized way.  

 
 
 

 
 

Figure 121 Using Post-it® notes in reading (work by Dalton) 
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Dalton had three notebooks during the writing process. The three notebooks did not have 

specific dates and it was hard to read his notes from my point of view. He did not always 

bring his three notebooks with him whereas Monica had all her old and current notebooks in 

her bag. Also, Dalton received a faculty comment, “transition, transition, transition,” in his 

document. A certain rigorous conceptual structure to support his argument did not form. And, 

in his final presentation, one member of the audience told him that she did not understand 

what he presented. 

 
 

 

 
 

Figure 122 Having unorganized ideas (work by Dalton) 
 
 
 
The relations of written units that Dalton selected from readings were not expanded in an 

organized form. In my observation of Dalton’s writing process, outcomes of an activity (for 

example, whiteboard work) were not reused in the next activates or in the writing.  

 Key words that he used were selected from articles and written down on the Post-it® 

notes. The selected words were relocated from the writer’s body, book, article, on the desk or 

in folders, but abstract relations of meanings were not externalized, and proceeded only in his 
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head. As a result, unorganized conceptual relations affect the disconnected design project 

which was supposed to apply organized knowledge. This means that the formation of 

conceptual relations in his head was not productive enough to move forward to a design 

project.  
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4.2.5.2. Connecting 
 
 

 

 
 

Figure 123 Having unorganized conceptual relations (work by Dalton) 
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4.2.5.3. Remembering and retrieving 
 
 

 

 
 

Figure 124 Keeping Post-it® notes in the yellow folder to remember (work by Dalton) 
 
 

 

 
 

Figure 125 Putting important Post-it® notes on a surface (work by Dalton) 
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4.2.5.4. Hierarchizing and structuring 
 
 

 

 
 

Figure 126 Cutting and pasting the paper to structure writing (work by Dalton) 
 
 
  
4.3. The notion of writing and intention in writing activities 
 
First, the notion of writing and intention produced distinctive qualitative differences during 

the writing process. Based on the interview transcripts about the writing process, transition of 

writers’ difficulty, and characteristics and functions of writing tool systems, only Alex had an 

organized representation of the content of the story from the very beginning of the writing 

process. Alex’s literature review was organized in a form of concept map, which had, in 

particular, a hierarchical structure. He saw the map as an event schema, and spatial 

arrangements of the constituents in the subject matter map aided in its use in the writing 

process and in writing. Alex’s concept had thesis statement, relevant theories, definitions of 

terms, connections of ideas based on spatial arrangements. Most of all, Alex had a clear 

perception of spatial tools. He said, “it could be a long paper.” Such intentional behavior 

about what Alex was going to build was not observed in Monica, Claire, Tom and Dalton. 

Also, the four writers expressed the difficulty of structuring a thesis document during the 
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writing process. Table 12 shows that only Alex who had an intention with spatial tools did 

not have a difficulty of structuring a thesis document. 

 
 

 
Table 12 The notion of writing and intention and their consequence 

 
 Alex Monica Claire Tom Dalton 
Mapping the content spatially and 

hierarchically with intention for 

writing 

O X X X X 

Experiencing a difficulty of 

structuring a thesis document 

during the writing process 

X O O O O 

 
 
 
Thus, a conscious effort and intention towards how and what writers were going to construct 

in writing were observed as factors that affected the writing process. 

 Also, the comparison of Alex’s mapping behavior with Monica’s mapping behavior is 

notable. While Alex constructed concept maps hierarchically and extended the relations of 

key words in the concept map to structural relations in writing intentionally, Monica used 

concept maps in order to weave conceptual relations without extending spatial arrangements 

of written words in the concept map into the writing structure. As a result, when Monica 

attempted to structure the thesis document for the first draft after she wove ideas by concept 

mapping without considering hierarchical structures, she had a difficult time. In order to 

solve and to structure the thesis, Monica spent six hours in spatializing Post-it® notes with 

many key words on the wall and tried to structure conceptual relations. But, she said, it 

refreshed her memory rather than built a writing structure. Monica said, “what helped me 

structure it in the end was my friend telling me you say what you’re looking for, how you 

looked for it, and what you found. And that finally just made me sense.” 
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In short, the big difference between two good writers’ behavior was to have 

intentionally hierarchically organized information in relation to constructing an argument 

from scratch. Alex consciously intentionally constructed hierarchical information with his 

writing structure in his mind from the beginning. But, Monica because of her conceptually 

woven hierarchy had to build a structural arrangement in the middle of the writing process. 

 
 

 

 
 

Figure 127 The relationship between knowledge, spatial arrangements, writing,  
motivation, and a creative imagination (analysis by Joohee) 

 
 
 

Figure 127 The relationship between knowledge, spatial arrangements, writing, motivation, 

and a creative imagination was the result of Alex’s spatial behavior. It functioned in a 

transitional role to writing. Spatial arrangements of conceptual relations in a concept map 

were printed out and put on the wall to direct Alex’s attention to the topic. Such spatial 

arrangements consistently affected the writing process. For example, Alex said, he “literally 

concept maps in my mind as a preliminary structure and then get bigger in my mind during 

writing because I’m adding pieces to it.” In the later stages of thinkaloud, Alex looked at 

spatial arrangements and diagrams that he built at the beginning six times. Knowledge 

arranged spatially was used as a basis of abstract reasoning in a creative imagination. Thus, 

Motivation 

A creative imagination 

attention 

Spatial  
arrangements       structure 

Knowledge  Writing 
   intention 

expansion 
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spatial arrangements and a creative imagination produced expansion. Contrary to this process, 

Monica’s relations between spatial arrangements and writing focused on ‘process’ and 

‘understanding’ rather than the intention to elaborate.  

However, at the end, both Alex and Monica received a good grade on the evaluation. 

Alex saw mapping as an event schema in writing and organized content based on the thesis 

statement within a hierarchy. Monica wove ideas but her notion of structure was not 

intentional from the beginning. How could we interpret this result? 

The reason why Monica completed a coherent thesis document seemed to be related 

to her motivation, observation of the problem in the context, critical thinking against the 

problem, concrete procedure to research problem, and use of relevant knowledge. In 

particular, Monica used the concept of extreme users in order to approach her problem, 

which she learned in the third semester in studio project. Her approach to the project was 

consistent with the content of her notebook. For example, Monica imagined extreme users’ 

behavior in her proposing of a design system. Also, Monica’s two notebooks and blog 

reflected the process of her research. The two notebooks had records, revisions, reflections, 

and plans in written sentences. This showed a sincere process. 

 Thus, a notable result based on the comparison of Alex and Monica’s writing process 

is the initial intention for writing in spatial activities. Also, even if there is spatial activity, 

information needs hierarchical observation in relation to a logical order of an argument in 

writing, that is, in relation to how to tell a story. The structure that writers are going to build 

needs to be considered in the affordances for spatial arrangement. This issue was evident in 

writers’ perceptions of tool affordances as well. 

 
 

4.4. The relationship between motives, spatial arrangements as writing 

tools, and perceptions of tool affordances  

 
There was a distinctive difference in the relationship among motivation, spatial arrangements 

as writing tools and perceptions of tool affordances. Based on an analysis of transitions of 

motives, the characteristics and functions of writing tool system, interview transcripts about 
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perceptions of tool affordances, the stronger motivation is, the more spatial activities were. 

And, when writer’s motivation was stronger, there was a tendency to have better perceptions 

of tool affordances. In Table 13 Transition of writers’ motives during the writing process, 

Alex and Monica’s motives included passion, curiosity, and questioning, but Claire, Tom and 

Dalton did not mention such motives in the several interviews. 

 The relationship among motives, spatial arrangements as writing tools, and 

perceptions of tool affordances was observed in six aspects: the intensity of motives, 

acquisition of a new tool-mediation, practice and a cognitive effort, a tendency to limit 

spatial activity or embodiment such as concept mapping to design activity, perceptions of 

tool affordances in proportion to practice, i.e., changing perceptions of tool affordances with 

practice, and developmental aspect. 

 
 

 

Table 13 Transition of writers’ motives during the writing process 
 

 Alex Monica Claire Tom Dalton 
 
Transi-
tion of 
motives 

 
● emotional 
difficulty  
 

● curiosity in 
problematic 
issues  
 

● specific 
problems in 
topic area 
 
● purposeful 
selection of the 
topic based on 
personal 
experience  
 
● what if 
questions  

 
 

● personal 
experience in 
topic area  
 

● getting lost in 
so interesting 
book 
 
● inspired by 
finding 
problematic 
issues 

 
● getting 
frustrated with 
the problematic 
fact 

 
● seeing 
phenomena 
critically  

● having 
personal 
difficulty in 
learning 
 

● personal 
interest for the 
topic for a long 
time 
 
● option 
oriented 
learning as my 
original 
motivation 

 
● wanted to 
create 
meaningful 
learning 
experiences 
 

● personal 
interest for the 
topic 
 

● really like the 
topic of outdoor 
activities 
 
● motivation 
for the topic 
came from 
reading books 

 
● purposeful 
selection of 
topic in order to 
keep me 
motivated to 
writing 

 
 

● personal 
experience of 
missing context 
 

● having 
conflict in topic 
area 
 

●  motivation 
for the topic 
came from 
reading books 

 
● any new 
qualities of the 
context can be 
helpful 
 
 



 
 

 

 

359 

Table 13 Continued 
 

Transi-
tion of 
motives 

● wonders 
when learning 
and connecting 
ideas 
 
● applying 
topic 
knowledge to 
myself and see 
if it works 
 
● overcoming 
thesis difficulty 
through passion 
 
● really love 
this stuff 
 
● want to talk 
in an inter-
disciplinary 
circle 
 

● questions 
about 
problematic 
issues  
 
● being curious 
about 
possibilities in 
problematic 
issues 
 
● question 
‘could it be 
better’ 
 
● having 
insights from 
news and 
observation of 
friends 
behavior  
 
● wanted to 
push 
boundaries  
 
● deciding 
whether the 
insight is 
valuable 
 
● research 
before thesis 
preparation 
class 

 
● using friends 
as personas 
 
● value of 
writing 

● getting key 
words of 
wonder and 
resonance after 
locating the 
original 
motivation in 
the museum  
 
● not so much 
about the 
museum as 
about the idea 
of using design 
to help people 
learn  
 
 

● felt being 
easier to write 
about because I 
was excited 
about the topic 
 
 

● not interested 
in text 
messaging 
(research 
object) per say 
 
● design project 
was not directly 
related to 
writing 
 
● losing interest 
in my design 
project 
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Alex and Monica, who had stronger motives compared to other three students, showed more 

spatial activities in terms of types and frequency. Acquisition of a new tool-mediation 

produced five different responses to the same concept mapping tool mediation behavior. In 

my interview with writers about their experience in writing education, writers mentioned that 

they learned specific skills that could be applied to writing activity in 2010 spring. But, there 

was a distinctive difference in terms of the individual acquisition and insertion of a new tool-

mediation behavior such as mapping or diagramming into their activity system. Practice and 

a cognitive effort to fully internalize a newly learned tool-mediation behavior produced 

writers’ perceptions of tool affordances. Also, Claire, Tom, Dalton had a tendency to limit 

concept mapping or embodiment activity within design activity. In other words, tool-

mediation behavior such as concept mapping, diagramming and mapping were not linked to 

writing activities of the three writers. However, for Claire, I observed perceptual change in 

her sense of tool affordances. Therefore, the perceptions of tool affordances showed a 

developmental aspect that changed with activities.  

 The types and use of spatial activities were related to the first research question. 

 
 

Sub-question 1. What kinds of physical manipulation do writers employ during the 

writing process? 

 
Writers used thirteen kinds of physical manipulation skills: using Post-it®, note card, color 

code, and making lists, matrix, outline, user path map, sign, wove concept maps, narrative 

concept maps, models, sketches, and diagrams. When I look at types of physical 

manipulation skills from the level of creativity and motivations based on Elizabeth B. –N. 

Sanders’ study of Scaffolds for Building Everyday Creativity, physical manipulation skills 

were categorized into doing, adapting, making and creating. 

 First, in the Table 14 The four levels of everyday creativity follow a developmental 

path the motivation behind doing is to “accomplish something through productive activity” 

(Frascara, 2006, p. 71). Second, the motivation behind adapting is to “make something one’s 

own by changing it in some way” and to “adapt a product so that it better fits their functional 

needs” (p. 71). Third, the motivation behind making is to “use one’s hands and mind to make 
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or build something that did not exist before” and usually involving “some kind of guidance 

involved, e.g., a pattern” (p. 71). Fourth, the motivation behind creating is to “express oneself 

or to innovate truly creative efforts are fueled by passion and guided by a high level of 

experience” and “creating differs from making in that creating relies on the use of raw 

materials and the absence of a predetermined pattern” (p. 72). What we need to pay attention 

is that developmental path changes along the intensity of motivations. 

 
 
 

Table 14 The four levels of everyday creativity follow a developmental path  
(Frascara, 2006, p. 71). 

 
Level of creativity Motivations Requirements 
Doing To get something done/ to be productive Minimal interest                                                                                                                 

Minimal domain knowledge 
Adapting To make something on my own       Some interest                                                                                                               

Some domain expertise 
Making   To make something with my own hands     Genuine interest                                                                                                                 

Domain experience 
Creating To express my creativity                                       Passion  

Domain expertise 
 
 
 
From the perspective of the level of creativity, types of physical manipulation skills such as 

sign, woven concept map, narrative concept map, model, sketch and diagram have the 

characteristic to “use of raw materials and the absence of a predetermined pattern.” Thus, 

these skills belong to creating. In Table 14, while motivated Alex and motivated Monica used 

physical manipulation skills that belong to creating, less motivated Dalton did not show 

creating behavior. 

Alex showed motives of ‘curiosity, question, passion,’ and Dalton showed motives of 

‘can be helpful’ and ‘losing interest.’ Since in Dalton’s use of Post-it® functions, there was 

no special method that he developed, it was regarded as a simple productive activity or doing. 

Thus, the physical manipulation that the writers used was qualitatively different, and the 

relationship between physical manipulation and motivation was clear. 
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Each physical manipulation skill could be categorized into sub types depending on 

initiative. For example, Claire did not make her concept map voluntarily but professor 

Walker encouraged her to make it. Thus, the characteristic of Claire’s concept map was 

different from Alex’s voluntary concept map. Although Claire made a woven concept map, 

she was not able to think about the spatial arrangements of concept maps as writing structure 

on her own. Their behaviors showed differences in the perception of tool affordances. Thus, 

this analysis showed the relationship among motives, the use of tools, and perceptions of tool 

affordances. 

In Table 15, a woven concept map means linked ideas without the intention of a 

hierarchical structure and a writing structure. A narrative concept map has hierarchical 

structure and the order of a story. Only Alex used a narrative concept mapping. User path 

map means user experience or possible activities in the proposed design system in the design 

project. 
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Table 15 Types of physical manipulation skills and specific functions 
 

Types of physical 
manipulation skills 
/ specific functions	  

Alex	   Monica	   Claire	   Tom	   Dalton	  

Post-it® O 3 O 4 O 4	   O 5 O 1 
Note card X 0 X 0 X 0	   O 3 X 0 
Color code O 1 O 2 O 2	   O 1 

*** 
X 0 

List O 3 O 1 O 2	   O 2 X 0 
Matrix O 1 O 1 O 5	   O 1 X 0 
Outline O 3 O 2 O 4	   O 4 X 0 
User path map  O 1 O 1 X 1 O 4 X 0 
Sign O 1 O 1 X 0	   X 1 X 0 
Woven 
concept map 

O  
 
 
19 
* 

O 16 O 
** 

14	   O	   3 X	   0 

Narrative 
concept map 
(hierarchy) 

O X 0 X 0	   X 0 X 0 

Model O 4 X 0 X 0	   X 0 X 0 
Sketch O 5 O 1 O 1	   O 2 X 0 
Diagram O 28 O 1 X 0	   X 0 X 0 
Number 12 69 10 30 7 33 9 26 1 1 
In total 81 40 40 35 2 

 
* Alex’s maps were woven and hierarchical at the same time. 
** Claire’s woven concept map was not made fully voluntarily. 
*** Tom’s color code organized three ideas but he got lost in the process. 

 
 

 
In Table 15 Types of physical manipulation skills and specific functions, O means the use of 

physical manipulation skills and X means no use of physical manipulation skills. The number 

in a matrix shows specific functions for each skill that each writer used. Alex’s physical 

manipulation skills and specific functions showed more specific functions compared to the 
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other four writers. The concrete number of specific functions means the writer’s perceptions 

of tool affordances. 

In short, when writers have stronger motives, they had a tendency to use raw material 

and create something new rather than simple doing and adapting. Interviews with Alex, 

Monica, Claire, Tom, and Dalton showed big differences in their perceptions of tool 

affordances. And, perceptions of tool affordances were related to research sub-questions 4. 

 
Sub-question 4. What are the differences in writers’ perceptions of tool affordances? 

 

First, Alex’s perception of tool affordances was revealed in his use a mapping and 

diagramming over the textual analysis. Alex said,  

 

Alex: I think professor Walker has a really good explanation when she talks about 

strength of a mapping and diagramming over the textual analysis. Textual analysis, 

you have to read from the beginning then, it’s linear. And a non-linear, visual map or 

diagram allows you to see the whole picture quickly, and also make the connections. 

The one thing that may never happen though is you might not ever get the whole, all 

the details, the way textual analysis will present them. 

 

Only Alex mentioned the comparison of textual analysis with visual analysis. Also, in 

response to the interview question of ‘why did you adopt using mapping?’ he said,   

 

Alex: It wasn’t purposeful, or it wasn’t intentional. Honestly, the first time we did 

when professor Walker introduced us the concept mapping, I had a hard time with it. 

I didn’t know what the heck was going on, but I ended up doing… So I think the way 

I worked through it, and I spent time with it, I picked stuff….I think I really picked up 

last semester, Fall 2010 during the thesis work because I couldn’t get through things, 

so I turned to mapping then, and then I just burned through things. 
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Second, an excerpt of Monica’s interview showed that spatial activity was a way to think 

for her. “Getting out of the abstract and trying to get concrete about what it really means 

when these ideas come together” implies that there is a circularity between seeing, 

externalizing and thinking.  

 

Monica: When I say visual studies I just mean what I’m designing. I had my problem 

statement and a design that is getting at that problem statement…I’m doing these 

studies visually (spatial activity or making), I’m getting out of the abstract and I’m 

trying to get concrete about what it really means when these ideas come together.”  

 

Third, Claire’s perceptions of tool affordances showed changes during the writing process. In 

an excerpt below, Claire said that since she learned to concept map in design class, she 

thought of it as design tool and did not link such a tool to writing. Also, she said that such 

perceptions of tool affordances changed since her participation in this writing research. 

 

Claire: I think that it needs to be clarified I think that when you say writing, I think 

your definition of writing is different from my definition of writing and so, for 

instance. 

Joohee: That’s a good point. 

Claire: For instance, I think that, when I talk about writing, I really only consider like 

sitting down at the computer and using Word document is my writing. I don’t really 

consider like concept maps, I consider concept maps and stuff like that to be more 

design related than writing, or design tools rather than writing tools. And I think that 

that’s just because I don’t consider myself a writer, I consider myself a designer. 

Professor Walker taught me concept mapping and it was in a design course, so, like I 

consider wire framing to be a design tool, but I also consider concept mapping to be a 

design tool or design process, does that make sense?  

Joohee: Yes. That’s a very important point I think because I included all the 

processes into the writing. 
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Claire: Right. I know that, I know like since starting this with you I knew that you do 

like consider these are, look at these as writing, but I guess before you, I would’ve 

never consider those writing tools. 

 

The interview below shows that Claire did not think of the concept map for writing 

organization although she made it. 

 

Joohee: (looking at Claire’s drawing in my fieldwork journal) There’s a theory 

section, research museum section, application section. So at some point, because in 

order to write and complete the second draft, I think you’re thinking these are three 

sections on which you need to work. 

Claire: Yeah, I don’t, yeah. No, I don’t know that my writing is gonna be organized 

into these three categories, but that’s actually not a bad idea. 

Joohee: because you told me that you have three... 

Claire: Yeah, that’s just how I did a concept map, I guess I didn’t really think about 

doing that for my writing. Yeah, I mean my writing is all about this (concept map), 

it’s just not organized into these three sections. 

 

Claire’s perceptions of tool affordances started to change along with her voluntary behavior. 

 

Claire: My goal was to continue writing my draft. I got stuck because I needed to 

figure out how to fit the toy interaction to the overarching themes of the drug store. 

So I used Post-it® notes and wrote down the goal of all three interactions in a 

separate Post-it® so I could move them around and the goal was clear.  

I used my concept map to connect the goal to the overarching themes of the drug 

store. I then wrote on my concept map (in pencil so I could erase) and connected the 

toys to the rest. The outcome of this was my discovery of how all the pieces related 

back to each other. I used my draft to highlight the goals of the interactions so they 

were clearly visible (Claire’s diary for writing research).  
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In the excerpt above, Claire said, “my discovery of how all the pieces related back to each 

other” in the concept map. In the beginning, she passively made a concept map and linked 

the ideas when professor Walker suggested her to make a concept map. But, she started to 

talk about the ‘discovery of connection’ when the map was a self-generated activity, which 

was a change. Claire’s case showed a developmental path in the making process. 

For Tom, using a concept map was not perceived as a writing tool. He said, “I have never 

really try using concept maps for the writing as much. I mean I could have, I don’t know if 

there’s like an exact reason, and I just didn’t.”  

 

Joohee: Did you use a concept map for thesis project? 

Tom: I did some concept mapping more towards the visual studies, but not 

necessarily for the writing portion. 

Joohee: Could you tell me why you used the concept map for that activity? 

Tom: Just to make it, maybe to give it like more bit of structure and just kind of that 

kind of flesh out that idea and kind of see if there is, because I had an idea maybe 

here on the concept map, I’m just thinking this area, but as I did concept map, there’s 

always other areas kind of opened up and that might kind of maybe give me some like 

different insight or made me change my idea a little bit. 

Joohee: But, you’re telling me that you didn’t use concept mapping process for the 

writing part of your thesis, why you didn’t? 

Tom: I don’t know, I guess, previously usually concept maps for the more visual 

studies that sort of things, I have never really try using concept maps for the writing 

as much. I mean I could have, I don’t know if there’s like an exact reason, I just 

didn’t.  

 

Alex and Monica, who had motives of curiosity, questions, and passion, used spatial 

activities because they needed them. For example, in order to understand complex conceptual 

relations, spatial activities were involved. However, for Claire and Tom, spatial activities 

were perceived as design activities, and used in a design project. This showed that the same 

method could be used and limited depending on different perceptions. Such perceptual 
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difference and limitation produced qualitatively different types of difficulty, and outcome. 

Thus, the five writers’ process showed developmental differences acquiring a new method, 

practicing it, inserting it into the activity system, and using to achieve a certain purpose.   

 Dalton’s perceptions of tool affordances were significantly different from the other 

four writers. Dalton did not show a cognitive effort to structure the thesis, or mapping to link 

theories. For Dalton, concept mapping belonged to “designerly activity” and he did not use it 

in writing. His interview shows his perceptions of tool affordances. 

 

Dalton: Concept maps which is bigger ideas in a more linear way. I did not use 

concept maps for exploration in the initial stages of writing. Concept mapping seems 

like a designerly activity that would relate to designing; I wasn’t associating it with 

writing, you know, I segregated the two activities...it didn’t occur to me to use that 

tool, the concept mapping as a writing tool. 

 

It seemed that he did not have an understanding of mediated activity. When he confronted the 

need to structure the thesis, his behavior was cutting and pasting written paragraphs printed 

on paper. Dalton said,  

 

Dalton: I have no other kinds of way to structure of the content other than cutting and 

      pasting.  

 

Therefore, the five writers’ differences in perceptions of tool affordances showed 

developmental aspects as well as differences in activities. In short, there were distinctive 

differences in the relationship among motives, spatial activities as writing tools, and 

perceptions of tool affordances. Based on changes in motives, the characteristics and 

functions of writing tool system, interviews about perceptions of tool affordances, writers 

with strong motives showed more spatial activities and they knew better about the tool 

affordances. Alex’s concept map was reflected the order of writing, and extended ideas. Thus, 

in Alex’s hierarchical structure of an activity, his conscious goal for each activity separated 

‘what he is going to make’ from ‘what he made,’ and the need for the link between them was 
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assumed. Monica used concept mapping in order to process the content, but she did not 

assume writing structure in the very spatialization of written units. For Claire, although she 

made a concept map, she could not link it to writing at some point during the writing process. 

For Claire, Tom and Dalton, concept maps were perceived not as writing tools but design 

activity. However, Claire’s perceptions of tool affordances started to change with the passage 

of time.    

 
 
4.5. Needs for spatial activity involving physical manipulation throughout 

writing activities 
 
Sub-question 3 asked about the specific functions of physical manipulation. 

 

Sub-question 3. Why do writers use specific tools for exploration of multiple, parallel, 

and divergent ideas and at which stages of writing? 

 

Physical manipulation was required to the thinking processes of the writers. Physical 

manipulation was observed, in particular, in the beginning of the writing. Embodiment or 

physical manipulation was observed in eleven types of purposes during the thesis project. 

Spatial activity based on physical manipulation was applied reading, explorative research 

process, understanding, connecting, analyzing, synthesizing, hierarchizing and structuring, 

remembering and retrieving, a design project, communicating, and integrating reading and 

the design project into writing. 
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Table 16 Needs for spatial activity throughout writing activities 
 

Needs for spatial activity  Alex Monica Claire Tom Dalton 
Read Yes Yes Yes Yes N/A 
Explorative research process Yes Yes Yes Yes N/A 
Understand Yes Yes Yes N/A N/A 
Connect Yes Yes Yes N/A N/A 
Analyze Yes Yes Yes Yes N/A 
Synthesize Yes Yes N/A N/A N/A 
Hierarchize/ Structure Yes Yes  Yes Yes N/A 
Remember/ Retrieve Yes Yes  Yes Yes N/A 
Design project Yes Yes N/A Yes N/A 
Communicate  Yes Yes Yes N/A N/A 
Integrate reading, a design 
project into writing 

Yes Yes N/A Yes N/A 

In total 11 11 8 7 0  
 
 
 
In Table 16, I articulated the need for spatial activity when writers recognized the notion of 

mediation. For Alex and Monica, spatial activity involved in all eleven processes. 

However, the functions of spatial activity were qualitatively different. Each writer 

satisfied his/her needs through different physical manipulation and each writer showed a 

significant difference in the use of the tools. For example, Alex’s spatial activity was 

conscious of hierarchical chunking of information and shifting attention to higher and lower 

levels of organization from the very beginning of the writing process, but Monica’s approach 

was color coding. Thus, I paid attention to specific functions in detail in addition to the fact 

that ‘a writer used a function’ during the analysis process. 

In Figure 128 Spatial activities during the writing process, Alex’s spatial activities 

took place continuously. Monica, Claire, and Tom moved forward using fewer spatial 

activities. Dalton was not inserted into Figure 128 because he did not show any spatial 

activity. 
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Figure 128 Spatial activities during the writing process (analysis by Joohee) 
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4.6. The relationship between transitions of difficulty and spatial activity  
 
Difficulty, a type of emotion, was notable in the absence of concrete effort behavior, that is, 

tool using behavior. During the fieldwork, since writers’ spatial activities showed qualitative 

and quantitative differences, I made another assumption in relation to spatial tool. 

 

If there is less use of spatial tools that imply a relationship among bodily movement, 

writing tools and cognitive processes, and if the characteristics of the difficulty of the 

writing process without spatial tools, and with spatial tools do not show the same 

kinds of difficulty, and it is reflected in writing, then, we will have evidence of the 

functions of spatial tools.  

 

If the definition of spatial tools is appropriate, I assumed that writers’ difficulty would be 

related to the functions of spatial tools. Table 17 The relationship between transitions of 

difficulty and spatial activity was made based on consistent interviews about transitions of 

difficulty. As a result, when there was physical manipulation, there was little difficulty. 

However, if there was physical manipulation as well as difficulty, there seemed to be a 

difference in terms of specific tool using behavior.  

For example, Monica’s difficulty of ‘structuring the thesis’ in the area of ‘hierarchize 

and structure’ was related to her activity of ‘color coding to differentiate ideas’ on the 

whiteboard without being conscious of a practical hierarchy that she might use later.  

For another example, Claire’s difficulty in the area of ‘connect,’ ‘hierarchize and 

structure’ was relate to ‘having trouble to pull scattered ideas together’ and ‘structuring the 

thesis,’ and relevant efforts was ‘make connections on the concept map.’ But, her concept 

map was not made voluntarily at first, and her perception of using the concept map in the 

writing structure appeared later during the writing process.  

Thus, if there was physical manipulation as well as difficulty, then, it seemed to 

reflect on tool behavior. For Dalton, spatial activity involving the notion of mediation did not 

happen, and he expressed eight kinds of difficulty in eleven areas. Thus, the relationship 

between transitions of difficulty and spatial activity showed the role of physical manipulation 
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and need for concrete activities. The growth of thought, therefore, seemed to change through 

the use of tool mediation. 

 
 
 

Table 17 The relationship between transitions of difficulty and spatial activity 
 

Needs for 
spatial 
activity and 
transitions of 
difficulty  

Alex Monica Claire Tom Dalton 

Work time  
a week 

91 75 70 65 52 

Read Yes Yes Yes Yes N/A 
Explora-
tive 
research 
process 

Yes 
● All on my 
shoulders to 
do what needs 
to be done 

Yes Yes 
● Not very 
critical of my 
own work 
● My process 
and 
organization 
get really 
terrible when 
I get stressed 
or busy 
● Feeling 
anxious to 
have too 
much to work 
with 

Yes 
● Getting 
easily 
distracted 
when writing 
and thinking 
● Having 
unsatisfactory 
paper in the 
middle 

N/A 
● Feeling 
behind with 
switching 
chairs and 
research 
questions and 
not really 
concerned 
with writing 
● Research 
through 
making does 
not happen 
for me 

Unders-
tand 

Yes Yes Yes N/A N/A 
● I don’t know 

Connect Yes Yes Yes 
● Having 
trouble to pull 
scattered 
ideas 
together’ 

N/A 
● A need to 
make 
connection to 
the core of 
thesis 

N/A 
● Having 
trouble 
organizing the 
writing 

Analyze Yes Yes Yes Yes N/A 
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Table 17 Continued 
 

Synthesize Yes Yes 
● Synthesiz-
ing all of the 
project into an 
academic high 
level paper 

N/A 
 

N/A 
● Keeping my 
ideas 
organized  

N/A 
● Getting 
frustrated 
with where 
the synthesis 
was going 

Hierarchize 
/ Structure 

Yes Yes  
● Structur-ing 
the thesis 

Yes 
● Structuring 
the thesis 

Yes N/A 
● Not 
knowing 
structural 
components 
of a thesis 

Remember/ 
retrieve 

Yes Yes  
● Feeling a 
pressure to 
remember or 
to not forget 
these things 
(solved) 

Yes 
● Not very 
good at 
remembering 
my process 

Yes N/A 

Design 
project 

Yes Yes N/A 
● Struggling 
with a design 
project 
conceptually 
● Having 
trouble to 
finish a 
design project 

Yes 
● Not getting 
into the 
essence of 
visual studies 
in relation to 
core ideas 

N/A 
● Not having 
any 
articulated 
expectation 
about the final 
product 

Communi-
cate  

Yes 
● Communi-
cating with 
leaping 
behavior 
(solved) 

Yes 
● Communi-
cating 
complex 
conceptual 
relations with 
people 
(solved) 

Yes N/A N/A 
● Not getting 
great back and 
forth with the 
feedback 

Integrate 
reading, a 
design 
project into 
writing 

Yes Yes N/A 
● Structuring 
the thesis 
integrating a 
design project 
into writing 

Yes 
● 
Conceptualiz-
ing writing as 
far as visual 
studies 
without 
finishing them 

N/A 
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Table 17 Continued 
 

Needs for 
spatial 
activity 

11 11 10 7 0  

Transitions 
of difficulty 
in relation to 
eleven 
categories of 
the writing 
process 

2 4 9 6 8 

 
 

 
Writers’ instrumental behavior needed physical objects. Writers moved forward by 

physically manipulating Post-it®, note cards, color coding, and making lists, matrices, 

outlines, user path maps, signs, woven concept maps, narrative concept maps, models, 

sketches, and  diagrams. Such skills enabled writers to layer thought, change the order of 

ideas, connect ideas, create spatial relations in terms of conceptual relations, and manipulate 

formal relations. And, writing tools that enabled such physical manipulation had common 

qualities in their relation to bodily movement. 

 
 
4.7. The indetermination implied in the qualities of tools 
 
I provided a hypothesis of as tools for cognitive processes, when tools respond to human 

bodily movement well, and when they work as if they are extensions of the body, the best 

conditions of use during the process of writing will be possible. This hypothesis is about the 

quality of the process, not the quality of the paper that results from the process. This section 

is the result of the hypothesis and research sub-question 2. 
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Sub-question 2. What are the common qualities of tools that writers use? 

 

The common qualities of tools that writers used had indeterminate qualities. Based on 

unorganized nature, writers controlled evolving ideas and their thoughts grew. Since 

indeterminate physical tools were easily combined with bodily movement, writing tools that 

had indeterminate qualities enabled writers to expand the possibility of sensorimotor 

activities and physical expression. In the visible spatial activity involving indeterminate 

qualities of tools, seeing, moving and thinking were one. 

The tools that writers used for spatial activity were whiteboards, paper, notebooks, 

note cards, and Post-it®. The physical qualities of the tools were simple, quick, easy, 

physical, natural, comfortable, free, and movable. On the basis of such unorganized qualities 

and their correlation to the body (the gestures and written units that the body manipulates) 

writers were able to erase quickly, write quickly, use the whole body, use hands to interact 

with other materials, feel natural in talking and comfortable to hold, to look at once, to sketch 

ideas, to make connections and to change the order of elements.  

Such unorganized and indeterminate qualities of tools allowed for writers’ physical 

manipulation by which writers made their own tools to understand, connect, analyze, 

synthesize, hierarchize, structure, remember, retrieve, communicate, integrate reading, a 

design project into writing, and for a design project. 

In spatial activities involving seeing, thinking, and making, such tools responded to 

writers’ bodily and hand movement well. Thus, the hypothesis was proved. Thinking 

processes based on physical manipulation needed raw material to express and manipulate and 

concretize objects into forms.  

 Table 18 Common qualities of tools that writers use for spatial activity types of tools, 

qualities of tools, bodily movement and needs for unorganized qualities of tools. Writers 

mentioned the need for unorganized qualities of tools. 
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Table 18 Common qualities of tools that writers use for spatial activity 
 

Tools  Qualities Bodily 
movement 

Needs for unorganized qualities of tools 

White 

board 

 

 

 

Simple Just a 

marker and 

my thought 

● be alone and think 

● less involved: referencing the computer as needed 

● fewer things involved and simpler and quicker 

● less inhibitory 

● a really simple space where my mind is free to  

  wander 

● be quiet as important as the extended moments 

● be quiet demonstrating refinement 

● not about the interact with already complex device 

  and not about write prose 

Quick Erase 

quickly 

● ideas can be erased 

● nothing needs to be perfect or permanent  

● nothing needs to be perfect or permanent so I can 

  move over text  

● ephemeral or temporary quality of the whiteboard 

  of erase and start over 

Write 

quickly  

 

● the speed is what really keeps me using it 

● move quickly without hesitation 

● change ideas and things quickly 

● loose and write quickly 

● go through ideas quicker with the whiteboard 

● make quick connections 

● materiality being so quick that ideas happen in an 

  instant and go away in an instant 
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Table 18 Continued 
 

White 

board 

Larger & 

quicker 

Use the 

whole body  

 

● use the whole body to create in larger and quicker 

  space 

● a big sweeping motions  

● want the bigger surface 

● get scale easily and make things big 

● make the larger connections and usually ending up 

  in notebook 

● stand and go from one side to the other 

● allow me to move like I can walk around and be on 

  my feet 

● leave the small notebook or 8 by 11 paper and get 

  into larger and quicker space  

● detail ended up 

Easy Use my 

hands to 

interact 

with other 

materials  

 

● use my hands in different ways to access memory 

  and interact with other materials  

● use four colored markers to demarcate levels of  

  thought from black to green to blue to red and 

  eraser and my notebook and a laptop 

● portable whiteboard to pull over to my desk to 

  work 

● easy to connect things 

● easy to visualize things and draw the maps 

Physical Very hands 

on in this 

physical 

space 

● more physical than a notebook 

● easier 

● satisfying tactile nature 
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Table 18 Continued 
 

White 

board 

Physical Very hands 

on in this 

physical 

space 

● need to be alone and think in that larger physical  

  space  

● more physical quality or experience helps me think 

Natural Feel natural 

to think 

aloud 

● feel comfortable 

● feel more natural to think aloud than on the 

  computer 

Blank 

sheet 

of 

paper  

(11 by 

17 inch 

or 8 by 

11 

inch) 

Quick Jot down 

quickly 

 

● faster to write it out 

● make quick connections 

● quickly make connections, shift paragraphs and 

  locate duplicated areas 

● jot small bits of information down really quickly 

  and not having to hold it 

Comfort-

able 

Comfort-

able to hold 

and look at 

once 

● look here and have fingers here and look here and  

  know something 

● move the pieces around which made so much 

  easier to see those connections much quicker 

Free Sketch 

ideas 

● a lot looser structure 

● have more room and freedom of space when   

  generating ideas and sketching 

● sketch ideas with colored pens and sharpies 

Note-

book 

Quick Write fast ● write words and draw lines and use colored pens  

  really quickly  

● make a quick connections  

● write something down really fast  
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Table 18 Continued 
 

Note-
book 

Natural Use hands ● more natural process rather than on the computer 

● more comfortable when using by hand  

● convenient to have my notes right in front of me 

  and write down notes 

Free 
 

Make 

connections 

● gives me freedom to sketch 

● not be constrained 

● make connections of ideas 

● make different colors to connect them differently 

● explore	  

Post-

it®  

 

Easy  Easy to 

access 

● easy to see 

● enjoy having things close to me so they are easy to 	  

  access	  

● easier because if something doesn’t fit then instead	  

  of having to pick everything else up and I just go	  

  and that’s kind of the waiting zone (Post-it® on the	  

  wall) where it goes when I’m not quite sure what to	  

  do with it yet	  

Movable Move ● move easily with in my sketchbook and they are  

  small 

● rearrange all the Post-it® 

● write the ideas on Post-it® out and change the 	  

  order for exploring ideas because that way 	  

  nothing’s permanent and I can move things around	  

  that idea	  

 

 
 
 



 
 

 

 

381 

Table 18 Continued 
 

Note 

card 

Movable Change the 

order 

● move and shuffle around key definitions, terms,  

  and concepts on a note card on the kitchen table  

● write the ideas on note cards out and change the  

  order for exploring ideas because that way  

  nothing’s permanent and I can move things around  

  that idea  

● not permanent 

 

 

 

As counterevidence, a breakdown in the relationship among the body, gesture and the written 

units that the body manipulates in the computer inhibit spatial activity for exploration, 

showed ‘constrained bodily movement,’ and ‘inappropriate perfection’ and ‘unnecessary 

options’ (Table 19). 

 
 
 

Table 19 A breakdown of the correlation of the body, the gesture and the written units  
that the body manipulates in the computer 

 
Qualities A breakdown of the correlation of the body, the gesture and the 

written units that the body manipulates in the computer 

Constrained 

bodily 

movement 

 

● computer as no a good tool to think freely 

● too much to do to make a quick connection, not moving as quickly   

● get constrained by lack of freedom  

● can only do up and down or have to be from here through the pages to 

  here and get stuck   

● not natural to think aloud on the computer 
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Table 19 Continued 
 

Inappropriate 

perfection 

 

● every line has to connect to a perfect point on a grid  

● treat the computer with preciousness  

● when using InDesign or something on the computer that it has to be  

  like designed; you have to set up all your margins and think about the  

  hierarchy  

Unnecessary 

options 

 

● get caught up details like that don’t matter 

● distracted by too many unnecessary options in InDesign such as  

  changing the font 

● get concentrated with the type face or how the appearance of a layout  

  or where things are. 

 
 

 
Insight, discover, create, imagine, change, and process 
 
From the union of indeterminate qualities of tools and bodily movement, writers experienced 

‘insight, discover, create, imagine, change, and process’ that was not planned but that arose 

from sensorimotor activities. First, with regard to ‘insight,’ writers shared their experiences 

of ‘giving me different insight’ and ‘as I did a concept map, areas opened up’ for me. Second, 

with regard to ‘discover,’ writers reported that they ‘discover how all the pieces relate back 

to each other,’ ‘discover new connections’ and ‘discover the hierarchy of the information 

needed to be connected.’ Third, with regard to ‘create,’ a writer told me that he was able to 

‘create new ideas’ and ‘create the areas of further inquiry.’ Fourth, with regard to ‘imagine,’ 

a writer experienced that she was ‘able to imagine what I’m going to talk about it at each 

point.’ Fifth, with regard to ‘change,’ a writer told me that spatial activity ‘made me change 

my idea a little bit’ and ‘help me to have something to look at whether it is just a word or a 

box and then I can start to add different ideas and thought about it.’ Lastly, with regard to 

‘process,’ writers reported that they ‘get to have a concrete next step.’ 

 



 
 

 

 

383 

Chapter 5. Conclusion and discussion 
 
 
5.1. Summary of research and findings 
 
In this research, I argued embodiment in writing, in particular, the spatialization of written 

units through tools, produces an expansion of thought. The starting point of the research was 

my critical viewpoint regarding the absence of spatial activity in the typewriting model and 

linear writing of Microsoft Word. The shortfall basically resides in the disregard for the unity 

of thought and action. Thus, this research is critical of dualism that tends to see the body and 

the mind as separate. Also, in this study, I assume that bodily movement is closely related to 

thought.  

In this research, spatial arrangement is a self-generated tool making process that 

regulates thought and behavior. The concept of a spatial arrangement activity is located in the 

belief in ‘mind and body as aspects of one organic process.’ The basic line of embodied mind 

is that our thought operation is based on our spatial experience in the material world. 

In writing research, the relationship between bodily movement and the expansion of 

thought has not been studied because there was little discussion of the mediating role of 

spatial tools. Recognizing the absence of spatial affordances in Microsoft Word I decided to 

observe self-generated tools and their use by writers to see how thought and action were 

combined in the writing process.  

Current writing research has not focused on concrete activities aimed at the spatial 

arrangement or physical manipulation of words. 

However, physical manipulation of written units necessarily needs tools and in order 

for a bodily, manipulative activity to link to expression, the qualities of tools should be 

indeterminate. An unorganized mediated nature of the tool and a functional indeterminacy of 

tools were the conditions for the expansion of thought. 

In my study, writers formed different writing tool systems with different 

characteristic tool functions during the writing process. Writers showed the differences in 

their perceptions of tool affordances and use of spatial tools. Each writer’s writing tool 

system reflected the differences in their notions of writing and intention, motives and tools, 
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perceptions of tool affordances, and spatial activities as thinking. But, the need for the 

indeterminate qualities of tools was common to all writers. 

Formal relations, text, and spatial activities expanded as motivation advanced in hope 

and uncertainty during the writing process. Writers objectified and physically manipulated 

thought. They needed such embodiment during the writing process for eleven specific 

purposes: to read, understand, connect, analyze, synthesize, hierarchize/structure, 

remember/retrieve, communicate, design project, explorative process, and integrate reading, 

a design project into writing. There was material basis for writers’ thought growth. 

Writers concretized their thought by using raw materials such as whiteboards, blank 

sheets of paper, notebooks, Post-it®, and note cards. The material qualities of writing tools 

were movable, physical, easy, simple, quick, large, natural, comfortable, and free. Such 

qualities enabled writers’ bodily movement, in particular, and made physical manipulation 

easy. The indeterminate qualities of tools enabled the correlation of the body, gesture and 

written units in expanding the possibilities of manipulative behavior. Since with the 

indeterminate writing tools writers were able to manipulate, change formal relations, and 

spatial positions even if their thought changed or their thought was not perfect, they were 

able to express the change of thought. Seeing, thinking, and bodily movement were one when 

an unorganized tool functioned as extensions of the body. What writers did not want when 

they were thinking was ‘constrained bodily movement,’ ‘perfection’ and ‘unnecessary 

options.’ What this result showed was the importance of bodily movement in concept 

manipulation. 

Writers used concrete physical skills and externalized their thought and moved 

forward with such a process. There were eleven physical manipulation skills, but not all 

writers used such physical manipulation and encouraged their thought to grow. 

There were distinctive differences in the writing process among the writers: topic, 

concrete methods to research problem, transition of motives, perceptions of tool affordances, 

the characteristic of writing tool systems and tool functions, and types of difficulty 

throughout writing activities. 

Except a writer who had an organized representation of the content of the story and 

intention for writing structure achieved through a spatial arrangement activity, writers 
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experienced the problem of structuring a thesis document. A noteworthy phenomenon was 

one writer’s behavior who embodied thought and moved forward with a spatial activity and 

eventually wrote a good paper, but she had a problem of structuring a thesis document. The 

writer did not link spatial activity (i.e., a self-generated externalizing thought behavior) to her 

intention for the overall structure for writing. For the writer who was conscious of the 

relationship between spatial tool functions and writing from the beginning, the expansion of 

thought was consistent without difficulty. 

But, the writer did not know how to make self-generated tools from the beginning. 

There was an instruction in new tool-mediation behavior. Thus, the spatial activity was a 

learned behavior. To be specific, the learned behavior was concept mapping with a narrative 

structure, thinking through mapping and diagramming. It meant mediated activity that 

expanded thought by objectifying it.  

I observed five differences in the relationships among motivation, spatial 

arrangements as writing tools and perception of tool affordances: intensity of motives, a new 

tool-mediation acquisition, practice and cognitive effort, and a tendency to limit embodiment 

behavior such as concept mapping to only within design discipline, changing perceptions of 

tool affordances in proportion to practice, and developmental path. With stronger motives, 

writers tended to create something new with raw material rather than simple doing and 

adapting. Also, physical manipulation was observed mainly in the beginning of the writing 

process, in particular, when the writer needed to understand the content, connect ideas and 

theories, analyze, and synthesize. When writers’ thought was dynamically moving forward, 

writers’ bodily movement to help their thought emerged with motives and without 

meaningful bodily movement, perceptions of tool affordances did not form. 

As a result, comparing the types of difficulty qualitatively and quantitatively of 

writers who actively engaged with the content through physical manipulation and writers’ 

difficulty who tried to move forward without externalizing thought, the functions of spatial 

tools were clear. Also, writers’ spatializing ideas consistently affected the writing process. 

For example, a writer who synthesized the content and moved forward by embodying ideas 

in concrete forms was able to expand ideas based on what he made. But, the writer who did 

not go through with embodying ideas experienced an unclear connection between survey 
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questions, the design project and writing. When I analyzed writers’ documentation, the most 

distinctive characteristic was a willful action that selects, differentiates, and organizes the 

text according to their needs and interests. The other distinctive character was raising self-

questions consistently about the topic and making effort to answer those questions through 

embodied activity. 

For two writers, such a process was significantly different from the others. The two 

student writers’ process was to explore a concrete problem based on personal interest in topic, 

critical viewpoints, and the design project. The outcome of the exploration was something 

that could exist as possibility or that could be built in reality in the future. Thus, the real 

problem in their writing process was not just about planning, translating, and reviewing, but 

about creative imagination.  

 
 

5.2. The value of creativity as a needed assumption, imagination as a 

needed thinking practice, embodiment with spatial tools as needed skills 

for imagination, and the value of exploration as needed research in writing 
 

When I thought about bodily movement as not separated from thought, looked at writers’ 

spatial activities from the viewpoint of tool-mediation, and analyzed writers’ concrete writing 

tool systems, what emerged were concrete activities that linked to all research processes. 

Writers did not proceed without reading, towards understanding, and without understanding, 

synthesizing was impossible. Without synthesizing, critical viewpoints did not seem to 

emerge, without critical thinking, a proposed solution to the problem in imagination seemed 

vague. Perhaps concrete activities seem to be small because everybody reads and talks about 

something. But, writers’ concrete approaches to certain theories were different. And, the 

outcome that the difference of a concrete approach produced was not small. 

There were activities of only writing page numbers and key words on Post-it notes; of 

putting notes in a matrix; of writing down an important part of readings to visualize the 

content; and of diagramming. When an idea resonated, there was layering thought on the text. 

There was an activity of talking to oneself, writing down ideas and reflecting on what they 
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wrote. And, above all, there was an observation of reality. External bodily activities 

manipulated formal and spatial arrangements of written units, and reflections by objectifying 

thought were formed to meet various needs throughout the research process.  

For example, writers said, “I have to physically make the note in order to really 

process and move forward and grow with it,” “I felt like it was safe now because it was like I 

remembered you, you’re part of this and so I could let go of it in my brain,” “I had to see it 

and play around with it in order to understand it,” “I need to record when reading materials,” 

“if I stay abstract I get frustrated and I don’t really feel I’m really moving forward,” “there 

are times when I feel like I gotta map something out big,” “I map out when I feel like I lost 

control and I was not understanding,” “I map out when I was understanding the research, 

what I had, and what I needed and where the gaps were,” and so on. Writers’ spatial activities 

as tool-mediation were observed in reading, understanding, connecting, analyzing, 

synthesizing, hierarchizing/structuring, remembering/retrieving, design project, explorative 

research process and integrating reading, a design project into writing. 

Thus, what embodying ideas voluntarily, visually in spatial activities produced was a 

process in which writers solve the current problem in some retrievable form and move 

forward to the next activity. The transitional device encouraged writers to pursue their 

growth in an attitude of hope and uncertainty. Also, writers encountered unplanned gains 

such as insight, discover, create, imagine, change and process with spatial tools. And, such 

experiences led to the next activities. Thus, the fact that spatial activities were helpful in 

eleven purposes is important but it is also critical that spatial activities are related to each 

other and thought expanded with concrete activities. 

Further, in spatial diagramming activities, analyzing and synthesizing were not 

independent from each other. Also, what writers used in order to communicate their synthesis 

in the community and with the committee members was that diagram. And, spatial activities 

provoked more feedback and critiques. 

Finally, I have something to emphasize. What writers pursued during the writing 

process was not a summary presentation of knowledge. The object of their exploration was to 

use knowledge to master the topic and to make concrete suggestions for a preferred situation. 

Thus, what was resulted was a creative imagination based on knowledge. It was an 
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exploration of possibility because it was not clear in the present; an indeterminate form of 

thought as ‘if, revision, possibility, error, mistake’ were necessary qualities. When writers 

objectified thought, the spatial activities of mediated objectification were reality, knowledge, 

and imagination. That was the real function of mediated activity. 

Through physical manipulation of diagrams, spatializing words, manipulating formal 

relations, writers discerned what was possible and what was not possible, synthesized, 

imagined, selected, prioritized, communicated, evaluated, felt insight, and refined a process. 

Writing was not confined to planning, translating, and reviewing. I think when we write only 

within a framework of planning, translating, reviewing and when we limit writers’ creative 

strategy only to outlines, we underestimate the value of creativity. If we want to use writing 

fully as a mediating tool, we need to think about concrete methods that link real life issues, 

writers’ viewpoints, knowledge, collaborative work and imagination. For writers, the spatial 

arrangement and formal relations of an embodied mind manifest provide writers with 

practical functions that sentence based writing cannot. Also, what the process of embodiment 

enabled was a concrete imagination for a possible future. Writing was process. What I 

discovered through this research was creativity needs to be an assumption in writing 

activities, imagination needs practice, embodiment is a necessary skill for imagination, and 

research in writing needs to assess the value of exploration. 
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APPENDIX 1: Institution Review Board approval 
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APPENDIX 2: The use of the notebook 
 
Date:                    Place: 
 

On the left page of the notebook 

 Place Date Time People People’s role in the 
activity 

example List a place or 
different locations 
where you are 
working on your 
thesis project. 

Record a 
day of the 
week, 
month, the 
date, and 
year. 

Record the time 
when you start a 
particular activity in 
the place. Write 
the time when you 
finish the work. 

List names of 
other people you 
interact with 
during the 
activity in the 
place. 

Describe the people’s 
contribution of your activity in 
a short sentence. 

A room in my 
home or studio or 
Starbucks, etc. 

Friday, Feb 
11, 2011 

12:00 ~ 2:42 pm Names of your 
friends, family, 
partner, adviser, 
etc. 

My partner read my paper 
and gave me some ideas 
about the content, in 
particular, my audience point 
of view. 

On the right page of the notebook 

Tools or 
materials or 
objects or 
artifacts in 
use 

Function of 
tools or 
materials or 
objects or 
artifacts 

Physical 
quality of 
tools or 
materials 
or objects 
or artifacts 

Goals of your 
actions with tools in 
use 

Emotion 
 

Outcome 

Describe all 
tools or 
materials or 
objects or 
artifacts in use 
that are involved 
during the 
activity in the 
place. 

Describe why you 
use that tools or 
materials or object 
or artifacts. 

Describe the 
qualities of 
tools or 
objects or 
artifacts. 

Describe what you 
wanted to do with the 
use of the tools or 
objects or artifacts. 

Describe what 
your feelings 
were during the 
activity. 

Please 
describe the 
outcome of 
this activity. 
As an 
outcome of 
this activity, I 
got V. 

Pencil, different 
colors of Post-its 
and the wall in 
my living room. 

I wrote some ideas 
that I need to think 
about on Post-its. I 
physically move 
the Post-its on the 
wall, grouping the 
ideas written on 
the Post-its. 

Since Post-its 
is sticky, it is 
easy to move 
them around 
on the wall. I 
needed space 
to be able to 
put everything 
out, but hang 
it up. 

I’ve done some 
relationships of 
walkable city study, so 
I’ve already figured 
some of these out for 
each one of these. So 
I’ve a lot going on, and I 
need to see it all like 
wind up on the wall. 

I like to see 
everything as 
I’m working on 
it. 

This activity 
resulted in my 
summary of 
an article in 
PDF and it 
was saved as 
MS Word 
document in 
the computer. 

 
* Please write “Place, Date, Time, People, People’s role in the activity” on the left page of the book. Write “Tools or materials or 
objects or artifacts in use, Function of tools or materials or objects or artifacts, Physical quality of tools or materials or objects or 
artifacts, Goals of your actions with tools in use, Emotion and Outcome” on the right page of the notebook. The page layout or 
how you use two page space of the notebook in terms of layout depends on you. Your description of “Place, Date, Time, 
People, People’s role in the activity, Tools or materials or objects or artifacts in use, Function of tools or materials or objects or 
artifacts, Physical quality of tools or materials or objects or artifacts, Goals of your actions with tools in use, Emotion and 
Outcome” would be helpful to understand your writing processes. 
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APPENDIX 3: Interview questions: writers’ educational background, goals, social 
interaction                                                                                                        

 
Date:                    Place: 
 
 
Interview Introduction 
 
Thank you for taking your time to share your experience with me. I need to mention that I am recording this interview so that I 
can return to it to type up notes. I would like to start this interview with a questionnaire. Could you answer the questions in the 
questionnaire first, please? 
 
 
Please answer the questions. 
 
Sex:     female     male                                                                                                   
  
Year of birth:     ___  / ___  / ___    (month/date/year) 
  
Place of residence: (                                     ) in North Carolina in the United States 
  
How long does it take time to commute from your home to Design Studio 110 from door to door? 
 
(          ) minutes by car or (          ) minutes by walk or (          ) minutes by bus 
  
How long have you lived there?     (          ) months 
 
Describe the place where you work when you’re working your thesis at home.  
 
Estimate the amount of time you work at home (          ) hours 
 
Estimate the amount of time you work at school (          ) hours 
 
 
Please fill out the blank of the table. 
 

K12 School Where did you go to school K-12?  
Please specify if it was a private or public or special school. 
 
Year, School name, specifics of school. 
(example: 1995~1998, Cary High school, private school) 
 

College / University Year, name and major 

Occupation Role 
 
 

Graduate School Year, major and research interest area 
 
 

Thesis Thesis topic 
 
 
 

Your plan after you 
graduate this program. 

Concrete plan or dream or firm or goals or motivation 
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Past experience 

1. Did your previous schooling require you to write? 
2. How often did you generate documents of some length? (over 5 pages) 
 
                     often                      occasionally                      rarely                      never 
 

Occupation: Professional work 

3. Could you tell me about your occupation before you entered this graduate program? 
 
4. Could you tell me what your role was in that occupation? 
 
5. Could you tell me about the most important experience that affected your decision to pursue graduate studies? 
 

Writing in previous professional work 

6. Did your previous professional work require you to write? 
 
7. How often did you generate documents of some length? (over 5 pages) 
 
                     often                      occasionally                      rarely                      never 
 

Writing in everyday life 

8. Describe situations that you write in everyday life. (e.g., writing a list for grocery shopping) 
  

 
 
Date:                    Place: 
 
Interview questions 
 

Past High school Writing education 

1. If you remember, did your High school writing classes teach a particular method for organizing text? 
    (It’s OK, if you don’t remember.) 
 
2. Describe how the writing assignments in High school encouraged you to explore ideas during the writing process. 
 
3. Describe a typical sequence of steps related to writing assignments or classroom writing activities in High school. 
 

College / University Undergraduate level Writing education 

4. Describe your instruction in writing at the undergraduate level. 
 
5. Describe how the writing assignments in English classes and other courses in College encouraged you to organize  
    ideas during the writing process. (If these are irrelevant questions or if they don’t relate to your own experience,  
    then, that’s  ok.) 
 
6. Describe how the writing assignments in College encouraged you to explore ideas during the writing process. 
 
7. Describe a typical sequence of steps you used in writing College papers as an undergraduate. 
 
8. Describe the general nature of feedback to your writing from College teachers and peers. 

Graduate School 
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9. Describe what kind of instruction in writing you received in Graduate School. 
 
10. Describe experiences that encourage you to use certain approaches to organizing ideas in your writing. 
 
11. Give me some examples of classroom experiences in Graduate school that contribute to your writing. 
 
12. How confident are you about your writing process? 

Motivation for thesis topic 

13. What is your thesis topic? 
 
14. What are your goals for the documentation of the thesis project/writing? 

Present: Topic knowledge  

15. When did your thesis interest emerge? 
 
16. When did you start reading on the thesis topic? 
 
17. Do you think that you are familiar enough with your topic to write about it? Why or why not? 
 
18. On a scale of 1-100 with 1 being totally unfamiliar and 100 being as familiar as an expert, rate your familiarity with   
      your thesis topic area. And state why you have assigned this number. 
 
19. How did you inform yourself about the topic? 
 
20. Describe your contribution because of your thesis to the relevant field that you think you can achieve. 

Present: Genre knowledge 

21. Have you written a scholarly paper of this length/depth before? 
 
22. How many theses have you read and seen presented? 
 
23. Have you looked at other theses or scholarly papers? 
 
24. What structural components make up a thesis? 
 
25. Draw an outline of a generic thesis and then your own to represent how you conceptualize thesis structure. 
 
26. What steps did you take to familiarize yourself with your thesis topic? 
 
27. When preparing to write, how do you prepare your writing space? 
 
28. How do you mentally prepare yourself for writing? 
 
29. While writing describe your environment. 
 
30. What do you think about while you are writing--either the thesis topic or other information? 
 

 
Date:                    Place: 
 

Please list the names of your committee members and people who are involved indirectly or directly in your thesis project.  

 
 

How do you communicate with your committee members and people who are involved indirectly or directly in your thesis 
project? In other words, what do you use in order to contact the people, for example, email or mobile phone or blog or in-
person meeting or messenger, etc.?  
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Please make a simple diagram that describes your communication methods for interacting with your committee members 
and the people who are involved in your thesis. 

 
 

Could you tell my why your decision for communication methods were made? 

 
 

 
Thank you very much for your time and sharing your experience with me. I would be happy to show you the results from this 
interview this month. May I follow up later if I need to clarify something you said? Thank you again. 

 
 

 
APPENDIX 4: Writers’ educational background 

 
Dalton - community college, then a four-year program, then graduate school, all in graphic 
design 
Alex - undergraduate school, one year of graduate school in fine arts 
Tom - BFA program in graphic design, no professional practice experience 
Monica - BFA program in graphic design, some professional practice experience 
Claire - BA program in graphic design, no professional practice experience 
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APPENDIX 5: A list of tools during the writing process                                                                                                                  
 

Date:                    Place: 
 
Please fill out the blank of the table by making a list of something that you use for each activity. 
 

In the stages of writing I usually use ‘‘xxx.’ 
Please underline the words, if “x” 
are made for yourself.  
Please make a circle, if you 
learned how to use “xx” from 
others. 

I’m going 
to make 
‘y’ 
soon. 

Gathering information 
When I gather various resources from media or any kind of route 

  

Reading 
When I’m reading materials and  
when I need to record what I read 

  

Pulling stuff together 
When I need to pull stuff together at the same time 

  

Planning  
I form an internal and 
abstract 
representation of my 
thesis. 

Generating ideas 
When I retrieve information and generate 
ideas 

  

Organizing  
When I identify categories, search for 
subordinate ideas, order text, identify first or 
last topics, important ideas, and 
presentation patterns and When I plan for 
reach the audience 

  

Goal 
setting 
 
 

Process goals 
When I make a to do list for 
today or week or month. 

  

Content goals 
When I specify all things I want 
to say or to do to an audience, 
e.g. “I want to open with a 
statement about political views.” 

Exploring ideas 
When I need to deal with multiple, parallel, and divergent ideas 

  

Translating 
When I put ideas into the physical words 

  

Reviewing 
I choose to read what I 
have written either as 
a springboard to 
further translating or 
with an eye to 
evaluate/revising the 
text. 

Evaluating 
When I read what I wrote in order to 
evaluate my paper. Or, I use xxx (people, 
tools or anything) to get my paper 
evaluated. 

  

Revising 
When I need to rewrite my paper 

Monitoring 
When I move from one process to the next 

  

Do you have your own special process?  
Then, please write down here. 
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APPENDIX 6: Thinkaloud protocol and a survey for the thinkaloud with video recording 
 

 
Thinkaloud protocol 
 
In this task, we are interested in what you think about when you work on your thesis. In order to do this I am going to ask you to 
Think Aloud as you work on your writing. What I mean by Think Aloud is that I want you to tell yourself everything you are 
thinking from the time I say “Let’s start” until I say “we are done for this task.” I would like you to talk aloud constantly from the 
time you start working on your thesis. I am going to record your behavior in video and voice recorder for 45 minutes. I do not 
want you to try to plan out what you say or try to explain to me what you’re saying. It is important that you keep talking. If you 
are silent for any long period time I will ask you to talk. Could you wear this mic first, please? Thank you. 

 
 

Date:                    Place: 
 

My writing activity took place in (x). 
 
Please identify the place and give me your reason to choose that place in sentences, not phrases. 
For example, I chose a living room in my house because I have more wall space than the studio. 
 

While I was working on my thesis for fifty minutes, I used tool x, y, z, etc. 
 
Please identify all materials that were involved in your writing activity for fifty minutes and give them a number.  
For example, I used  
1. MS Word in the desktop computer  2. an article in PDF file in the computer 
3. Post-its 4. a red marker. 
 
If you like, you can draw the tools arrangement in the desk or place. 

Please describe functions, affordances and qualities of tool x, y, z in sentences, not phrases. 
 
Tool affordances example: Sticky Post-its are movable and I can change their configuration easily. 
 
1. I used MS Word for grammar check. 
2. I read an article in PDF file in the computer because it is easy to copy the text in PDF file than text in books. 
3. I used Post-its for a reminder of keywords, and attached them to the desktop monitor. 
4. I used a red marker to write on Post-its because to me a color red means “Don’t forget.” 
 

I spent 50 minutes in order to do x. 
 
Please specify your objective or specific goals or purposes in sentences, not phrases, during the 50 minutes writing 
activity. 
 

When I was doing x, I felt... 
 
Please describe your emotion while you were doing x activity for 50 minutes in sentences, not phrases. 
 

As an outcome of the 45 minutes activity, I got V. 
 
Please describe the outcome of your x activity for 50 minutes in sentences, not phrases. 
For example, this activity resulted in my summary of an article in PDF and it was saved as MS Word document in the 
computer. 
 

 
Thank you. 
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APPENDIX 7: Alex’s writing tool system 
 

In the stages of writing  Alex 

Gathering information: When I gather various resources 
from media or any kind of route 

 Books, PDF articles (from Lib website), Twitter     to 
internet, Advice from committee, observation, 
interviews, self-reflection 
 

Reading: When I’m reading materials and when I need to 
record what I read 

 Computer-Evernote, textedit, Pages, Notebook / 
sketchbook, mobile-notes, Post-its, pencil to underline, 
Highlighter, blank sheet of 8.5 x 11, Sharpies, colored 
pens 
 

Pulling stuff together: When I need to pull stuff together at 
the same time 

 Pages, Evernote, Notebook/sketchbook, concept 
mapping/diagramming, blank sheet of 8.5 x 11, 
whiteboard, colored pens, sharpies 

Planning: I form 
an internal and 
abstract 
representation of 
my thesis. 

Generating ideas: When I retrieve 
information and generate ideas 

 Evernote, general search feature on Mac, Mendeley, 
whiteboard, blog, mapping/diagramming, 
notebook/sketchbook, stichies/post-its 
 

Organizing: When I identify 
categories, search for subordinate 
ideas, order text, identify first or last 
topics, important ideas, and 
presentation patterns and When I plan 
for reach the audience 
 

 Mapping/diagramming, list, whiteboard, InDesign, 
matrices, blank sheet of 8.5x11, colored pens, Post-its, 
colors… 

Goal 
setting 

Process goals: When I 
make a to do list for today or 
week or month. 

 Notebook/ sketchbook (small + regular sizes), lists, 
Post-its, calendar tasks, mobile "notes" 

Content goals: When I 
specify all things I want to 
say or to do to an audience, 
e.g. “I want to open with a 
statement about political 
views.” 
 

 outlines of larger, presentation, etc…, talk out loud, 
practice presenting, peer evaluation, small discussions 
w/ one or two people 

Exploring ideas: When I need to deal with multiple, 
parallel, and divergent ideas 

 concept maps, lists, diagrams, Post-its, matrices, blank 
sheet of 8.5x11 (sketching), whiteboard 

Translating: When I put ideas into the physical words  Pages, InDesign, blank sheet of 8.5x11, TextEdit, 
colored pens, sharpies, Evernote 

Reviewing: I 
choose to read 
what I have 
written either as 
a springboard to 
further translating 
or with an eye to 
evaluate/revising 
the text. 

Evaluating: When I read what I wrote 
in order to evaluate my paper Or, I use 
xxx (people, tools or anything) to get 
my paper evaluated. 

 Pages (spelling + grammar check), take breaks + re-
read at later date, committee, fiancé, read aloud, peer 
review 

Revising: When I need to rewrite my 
paper 

 Evernote ↔ Pages, InDesign 

Monitoring: When I move from one process to the next   

Do you have your own special process? Then, please write 
down here. 
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APPENDIX 8: Alex’s diary for writing research 
 

 
 

 
APPENDIX 9: Alex’s worksheet to record writing tools 

 
Alex used these tools today. activity 1, Date activity 2 activity 3 

Place       
Goal       

Outcome       
Books       
PDF articles (from Lib website)       
Twitter feeds to internet       
Advice from committee       
Observation       
Interviews       
Self-reflection       
Computer-Evernote       
Textedit       
Pages       
Notebook       
Mobile-notes       
Post-its       
Pencil to underline       
Highlighter       
Blank sheet of 8.5 x 11       
Sharpies       
Colored pens       
Concept mapping/diagramming       
Whiteboard       
General search feature on Mac       
Mendeley       
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Blog       
List       
InDesign       
Matrices       
Notebook/ sketchbook (small size)       
Calendar tasks       
Outlines of larger paper       
Presentation       
Talk out loud       
Practice presenting       
Peer evaluation       
Small discussions w/ one or two people       
Blank sheet of 8.5x11 (sketching)       
Pages (spelling + grammar check)       
Take breaks + re-read at later date       
Committee       
Fiance       
Read aloud       
Peer review       
MS Word       
Thesis binder       
Illustrator       
Other tools       

 
 

APPENDIX 10: Alex’s worksheet example 
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APPENDIX 11: Alex’s writing tool system map 
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APPENDIX 12: Alex’s work space 
 

 
 
 

 

APPENDIX 13: Alex’s writing process map 
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APPENDIX 14: Monica's writing tool system 
 

In the stages of writing  Monica 

Gathering information: When I gather various resources 
from media or any kind of route 

 I use Evernote software and InDesign to map how the 
info. Relates. Also, my moleskine to keep important 
records. 
 

Reading: When I’m reading materials and when I need to 
record what I read 

 If it is digital I read on my Kindle and make notes & 
annotations with its features. I use my computer to 
speak to me (audio read) if I am tired. 
 

Pulling stuff together: When I need to pull stuff together at 
the same time 

 I roughly map in my sketchbook or on a whiteboard. I 
refine these in InDesign. 

Planning: I form 
an internal and 
abstract 
representation of 
my thesis. 

Generating ideas: When I retrieve 
information and generate ideas 

 I sketch in my moleskine with a light bulb symbol 
anytime I have a new idea. 

Organizing: When I identify categories, 
search for subordinate ideas, order 
text, identify first or last topics, 
important ideas, and presentation 
patterns and When I plan for reach the 
audience 

 I can read through my notes in my kindle & moleskine. I 
then categorize & transfer to dry erase board/moleskine 
& make explicit connections. 

Goal 
setting 

Process goals: When I 
make a to do list for today or 
week or month. 

 I reference my Google calendar & then make the list in 
my moleskine or computer. Usually no hierarchy. 

Content goals: When I 
specify all things I want to 
say or to do to an audience, 
e.g. “I want to open with a 
statement about political 
views.” 

 I will practice verbally or record & play back to refine 
presentation skills. I will make a note in my moleskine 
that I usually don’t reference again the act of making 
the note is enough. 

Exploring ideas: When I need to deal with multiple, 
parallel, and divergent ideas 

 Make an outline to see the ideas & their order 

Translating: When I put ideas into the physical words  I usually follow the outline & begin writing. I reference 
notes to refamiliarize myself w/ the topics. 

Reviewing: I 
choose to read 
what I have 
written either as 
a springboard to 
further translating 
or with an eye to 
evaluate/revising 
the text. 

Evaluating: When I read what I wrote 
in order to evaluate my paper Or, I use 
xxx (people, tools or anything) to get 
my paper evaluated. 

 I use speech in Mac to review my writing. I will also ask 
people who are not familiar w/ design to read for 
grammar. I will use type choices & color to bring my 
attention. to areas that need to change - & make notes 
in italics. 

Revising: When I need to rewrite my 
paper 

 I go through the paper & fix the areas marked for 
change in the writing program. 

Monitoring: When I move from one process to the next   

Do you have your own special process? Then, please write 
down here. 
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APPENDIX 15: Monica’s diary for writing research 
 

 
 

 

 
APPENDIX 16: Monica's worksheet to record writing tools 

 
 

Monica used these tools today. activity 1, Date activity 2 activity 3 

Place       

Goal       
Outcome       

I use tablet with the pen.       
Evernote software to map how the information 
relates.  

      

InDesign to map how the information relates.        
My moleskine to keep important records.       
If it is digital I read on my Kindle and make notes & 
annotations with its features.  

      

My computer to speak to me (audio read) if I am 
tired. 

      

I roughly map in my sketchbook.        
I refine map in my sketchbook in InDesign.       
I roughly map on a whiteboard.       
I refine map on the whiteboard in InDesign.       
I sketch in my moleskine with a light bulb symbol 
anytime I have a new idea. 

      

I can read through my notes in my kindle.        
I can read through my notes in my kindle & 
moleskine.  
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I then categorize & transfer to dry erase board & 
make explicit connections. 

      

I then categorize & transfer to moleskine & make 
explicit connections. 

      

I reference my Google calendar & then make the list 
in my computer. Usually no hierarchy. 

      

I will practice verbally or record & play back to refine 
presentation skills. 

      

I make a note in my moleskine that I usually don’t 
reference again the act of making the note is enough. 

      

Make an outline to see the ideas & their order.       
I follow the outline & begin writing.        
I reference notes to refamiliarize myself w/ the topics.       
I use speech in Mac to review my writing.        
I will also ask people who are not familiar w/ design 
to read for grammar.  

      

I will use type choices & color to bring my attention. 
to areas that need to change & make notes in italics. 

      

I go through the paper & fix the areas marked for 
change in the writing program. 

      

Post-its on the wall       

Small discussions w/ one or two people       
MS Word       
Illustrator       
Other tools       

 
 

APPENDIX 17: Monica’s worksheet example 
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APPENDIX 18: Monica’s writing tool system map 
 

 
 
 

 
APPENDIX 19: Monica’s work space 
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APPENDIX 20: Monica’s writing process map 
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APPENDIX 21: Claire's writing tool system 
 

In the stages of writing  Claire 

Gathering information: When I gather various resources 
from media or any kind of route 

 I use the Internet to locate information (books, articles, 
etc) in the studio while listening to music. (Google, 
NCSU Library) 

Reading: When I’m reading materials and when I need to 
record what I read 

 I use Post-it notes and write on them, then put them in 
the book/article next to the info. It is easy to go back 
and refer to notes. 

Pulling stuff together: When I need to pull stuff together at 
the same time 

 I will make a concept map to connect the ideas. 

Planning: I form 
an internal and 
abstract 
representation of 
my thesis. 

Generating ideas: When I retrieve 
information and generate ideas 

 Concept maps, generate lists draw pictures. I start with 
doing a general Google search and then follow the 
path. 

Organizing: When I identify categories, 
search for subordinate ideas, order 
text, identify first or last topics, 
important ideas, and presentation 
patterns and When I plan for reach the 
audience 

 I start by doing a general Google search. Then search 
the sub-topic with he larger ideas. I will then try to find 
books from NCSU Library. 

Goal 
setting 

Process goals: When I 
make a to do list for today or 
week or month. 

 I list what my goal is for the end of week first, then work 
backwards, assigning myself individual tasks for each 
day. 

Content goals: When I 
specify all things I want to 
say or to do to an audience, 
e.g. “I want to open with a 
statement about political 
views.” 

 I will make an outline or state good and work around the 
specific good. 

Exploring ideas: When I need to deal with multiple, 
parallel, and divergent ideas 

 I make a concept map to connect the ideas. 

Translating: When I put ideas into the physical words  I just write them sometimes I start with paper, other 
times I start on the computer. 

Reviewing: I 
choose to read 
what I have 
written either as 
a springboard to 
further translating 
or with an eye to 
evaluate/revising 
the text. 

Evaluating: When I read what I wrote 
in order to evaluate my paper Or, I use 
xxx (people, tools or anything) to get 
my paper evaluated. 

 I will read out loud very slowly. I also have other people 
proof-read for me. 

Revising: When I need to rewrite my 
paper 

 I start with my original paper and re-structure from 
there. 

Monitoring: When I move from one process to the next  I do not have a transition or process for this. I just move 
on. 

Do you have your own special process? Then, please write 
down here. 

 I like to take breaks while working step away from the 
computer. 
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APPENDIX 22: Claire’s diary for writing research 
 

 
 
 

 

APPENDIX 23: Claire's worksheet to record writing tools 
 

Claire used these tools today. activity 1, Date activity 2 activity 3 

Place   
 
 

    

Goal 
 
 
 

      

Outcome   
 
 
 

    

I use the Internet to locate information (books, articles, 
etc) in the studio while listening to music.  

      

Google       
NCSU Library       
I use Post-it notes and write on them.       

I then put them (Post-it notes) in the book/article next 
to the info.  It is easy to go back and refer to notes. 

      

I make a concept map to connect the ideas.       
Generate lists       
Draw pictures       
I start with doing a general Google search and then 
follow the path. 
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I start by doing a general Google search. Then search 
the sub-topic with he larger ideas. I will then try to find 
books from NCSU Library. 

      

I list what my goal is for the end of week first, then 
work backwards, assigning myself individual tasks for 
each day. 

      

I make an outline or state good and work around the 
specific good. 

      

I make a concept map to connect the ideas.       
I just write them (ideas) sometimes I start with paper.       
I just write them (ideas) sometimes I start on the 
computer. 

      

I will read out loud very slowly.       
I also have other people proof-read for me.       
I start with my original paper and re-structure from 
there. 

      

I like to take breaks while working step away from the 
computer. 

      

Whiteboard       
Notebook       
Small discussions w/ one or two people       
MS Word       
Thesis binder       
InDesign       
Illustrator       
Old thesis project       
Other tools 
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APPENDIX 24: Claire’s worksheet example 
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APPENDIX 25: Claire’s new version of worksheet example 
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APPENDIX 26: Claire’s work space 
 

 
 
 

APPENDIX 27: Claire’s writing process map 
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APPENDIX 28: Tom's writing tool system 
 

In the stages of writing  Tom 

Gathering information: When I gather various resources 
from media or any kind of route 

 Books, magazines and articles from library, Online 
resources, websites, web softwares, Adviser’s 
suggestions for books or other information 

Reading: When I’m reading materials and when I need to 
record what I read 

 I use Post-it notes or note cards to mark important 
information. I use Evernote or bookmarks to record 
specific website or information. 

Pulling stuff together: When I need to pull stuff together at 
the same time 

 Print out copies of articles I am reading. Organize 
information into piles. Create a list of information topics. 
 

Planning: I form 
an internal and 
abstract 
representation of 
my thesis. 

Generating ideas: When I retrieve 
information and generate ideas 

 "Free write" in word. Copy/paste info into word. White 
board. Sketching on a blank sheet or paper. 

Organizing: When I identify categories, 
search for subordinate ideas, order 
text, identify first or last topics, 
important ideas, and presentation 
patterns and When I plan for reach the 
audience 

 Write the big ideas on note cards or Post-its. Draft an 
outline of my main points. Physically organize piles of 
articles. 

Goal 
setting 

Process goals: When I 
make a to do list for today or 
week or month. 

 Use I-CAL to record important due dates. Make a daily 
list of what needs to be accomplished. 

Content goals: When I 
specify all things I want to 
say or to do to an audience, 
e.g. “I want to open with a 
statement about political 
views.” 

 Note cards, Post-its, Highlighter. Mouse for computer. 
Text Edit, Pages, MS Word 

Exploring ideas: When I need to deal with multiple, 
parallel, and divergent ideas 

 Not cards or Post-its 

Translating: When I put ideas into the physical words  Pen or pencil to paper, Sometimes directly to typing on 
a keyboard 

Reviewing: I 
choose to read 
what I have 
written either as 
a springboard to 
further translating 
or with an eye to 
evaluate/revising 
the text. 

Evaluating: When I read what I wrote 
in order to evaluate my paper Or, I use 
xxx (people, tools or anything) to get 
my paper evaluated. 

 Self read the content, Have someone else read what I 
wrote 

Revising: When I need to rewrite my 
paper 

 Highlighter, pen, MS Word for spelling, grammar, 
punctuation 

Monitoring: When I move from one process to the next  Pen to cross items off my list 

Do you have your own special process? Then, please write 
down here. 

 I tend to free write in the beginning of writing process, 
To get many ideas out onto paper. 
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APPENDIX 29: Tom’s diary for writing research 
 

 
 
 

APPENDIX 30: Tom's worksheet to record writing tools 
 

Tom used these tools today. activity 1, Date activity 2 activity 3 

Place       
Goal       
Outcome 
 

      

Books       
Magazines from library       
Articles from library       
Online resources       
Websites       
Web softwares       
Adviser’s suggestions for books or other information       

I use Post-it notes to mark important information.       
I use note cards to mark important information.        

I use Evernote to record specific website or information.       
I use bookmarks to record specific website or information.       

Print out copies of articles I am reading.        

Organize information into piles.        
Create a list of information topics.       
"Free write" in word.         
Copy/paste info into word.       
White board.        
Sketching on a blank sheet or paper.       

Write the big ideas on note cards.        
Write the big ideas on Post-its.        
Draft an outline of my main points.        
Physically organize piles of articles.       
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Use I-CAL to record important due dates.        

Make a daily list of what needs to be accomplished.       

Note cards       
Post-its       
Highlighter       
Mouse for computer       
Text Edit       
Pages       
MS Word       
Pen or pencil to paper,        
Sometimes directly to typing on a keyboard       

Self read the content       
Have someone else read what I wrote       

Highlighter       
MS Word for spelling, grammar, punctuation       
Pen to cross items off my list       
I tend to free write in the beginning of writing process to get 
many ideas out onto paper. 

      

Small discussions w/ one or two people       

MS Word       
InDesign       
Illustrator       
Other tools: Add new tools that you used. 
 
 

      

 
 

APPENDIX 31: Tom’s worksheet example 
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APPENDIX 32: Tom’s writing tool system map 
 

 
 
 

APPENDIX 33: Tom’s work space 
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APPENDIX 34: Tom’s writing process map 
 

 
 

 
APPENDIX 35: Dalton's writing tool system 

 
In the stages of writing  Dalton 

Gathering information: When I gather various resources 
from media or any kind of route 

 Computer, Internet, Advice from others, books 
(Bibliographies) 

Reading: When I’m reading materials and when I need to 
record what I read 

 Reading books: Post-it notes, notebook, scanner-phone, 
pen, marker. Reading on computer: Post-it notes, 
notebook, printer, pen, marker. 

Pulling stuff together: When I need to pull stuff together 
at the same time 

 computer, internet, notebook 

Planning: I form 
an internal and 
abstract 
representation of 
my thesis. 

Generating ideas: When I retrieve 
information and generate ideas 

 while board, notebook, brainstorming with others 

Organizing: When I identify 
categories, search for subordinate 
ideas, order text, identify first or last 
topics, important ideas, and 
presentation patterns and When I plan 
for reach the audience 

 white board, notebooks, computer, software: InDesign, 
Illustrator 

Goal 
setting 

Process goals: When I 
make a to do list for today 
or week or month. 

 To do list for today: scrap paper. To do list for longer: 
notebook or software/Google 

Content goals: When I 
specify all things I want to 
say or to do to an audience, 
e.g. “I want to open with a 
statement about political 
views.” 

 Concept map, white board, Post-it notes, outline/written 

Exploring ideas: When I need to deal with multiple, 
parallel, and divergent ideas 

 Software: InDesign, illustrator, pages: cut/paste, white 
board, walking/quiet time, and try to explain ideas to 
other people. 

Translating: When I put ideas into the physical words  Software: pages, notebook, pen, pencil, white board 
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Reviewing: I 
choose to read 
what I have 
written either as 
a springboard to 
further translating 
or with an eye to 
evaluate/revising 
the text. 

Evaluating: When I read what I wrote 
in order to evaluate my paper Or, I use 
xxx (people, tools or anything) to get 
my paper evaluated. 

 Read passages aloud, input from other people, 
computer, internet 

Revising: When I need to rewrite my 
paper 

 Software: cut/paste, notebook, pencil, pen, Post-it 

Monitoring: When I move from one process to the next  input from other people, talk to people not involved 
directly, notebook, lists 

Do you have your own special process? Then, please write 
down here. 

  

 
 

APPENDIX 36: Dalton's worksheet to record writing tools 
 

Dalton used these tools today. activity 1, Date activity 2 activity 3 

Place       

Goal       

Outcome       

Computer       
Internet       
Advice from others       
Books (Bibliographies)       
Notebook       
Scanner       
Cellular phone       
Pen       
Marker       
Reading on computer       
Post-it notes       
Printer       
Whiteboard       
Brainstorming with others       
InDesign       
Illustrator       
To do list for today: scrap paper       

To do list for longer: notebook        
To do list for longer: software/Google       
Concept map        
Outline/written       
Pages: cut/paste       
Walking/quiet time       
Try to explain ideas to other people.       
Pencil       
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Read passages aloud       
input from other people,        
Talk to people not involved directly       
Lists       
MS Word       
Thesis binder       
Music (earphone)       
Other tools       

 
 

APPENDIX 37: Dalton’s worksheet example 
 

 
 
 

 
 
 
 
 
 
 
 

 
 

 



 
 

 

 

426 

APPENDIX 38: Dalton’s writing tool system map 
 

 
 
 

 
 
 
 
 
 
 



 
 

 

 

427 

APPENDIX 39: Dalton’s work space 
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APPENDIX 40: Dalton’s writing process map 
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APPENDIX 41: Writers’ participation in the research 
 

Data collection 
methods 

Alex Monica Claire Tom Dalton 

Interview 8 7 8 7 9 
Thinkaloud 3 1 5 * 

thinkaloud 
was useful 
for Claire 
to focus on 
the work 

1 4 

Survey after thinkaloud 2 1 6 
(recorded 
in the diary 
and 
fieldwork 
journal) 

1 3 

Check on the writing 
tool system 

1 1 1 1 1 

Writers’ 
Journal for writing 
research 

2 24 8 
 

4 0 

Worksheet based on 
each writers’ writing 
tool system (including 
new tools) 

17 8 14 
** making 
her own 
form (11) 

9 6 

Visit home 0 1 1 0 0 
Email report about new 
tools or the writing 
process 

0 0 2 0 1 

Report about new tools 
or the writing process 
in person 

0 1 1 0 0 

Observation in meeting 
for the thesis project 

0 3 3 3 3 

Informal group talk 1 1 1 1 1 
Video 19 6 23 12 6 
In total 53 54 73 39 34 
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APPENDIX 42: Daily photos of writers’ work space in the studio 
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APPENDIX 43: Definitions of codes 
 
Codes Definitions 

 
BODY-
BREAK 
 
 
 
 
 
 
 
 
 
 
BODY-EASY 
 
 
 
 
 
 
 
 

 
A breakdown of the correlation of the body, the gesture and the written units that the 
body manipulates 
 
A breakdown of the correlation of the body, the gesture and TOOL-SPATIAL 
processes 
 
● a breakdown of the correlation of the body, the gesture and the object that the body manipulates 
● a breakdown of the overall position of the body, gesture, and the object that the body manipulates  
● a  breakdown of the correlation of the parts of the body that manipulates the object (right hand,    
   left hand, different fingers of the hand or two eyes), the gesture and the parts of the object that is  
   manipulated (example: erasing words, adding words, or making physical lines) 
● inefficient ways of doing between the overall position of the body, hand-bodily gesture, moving the 
   parts of the body, and relocating the body to manipulate the object 
● inefficient ways of hand-bodily, physical interaction with the object that the body manipulates  
 
The easy-best correlation of the body, the gesture and the written units that the body 
manipulates 
 
The easy-best correlation of the body, the gesture and TOOL-SPATIAL processes 
 
● the easy-best correlation between the correlation of the body, the gesture and the object that the 
   body manipulates  
● the easy-best correlation between a gesture and the overall position of the body, the object that  
   the body manipulates  
● an easy way of doing between the parts of the body that manipulates the object (right hand, left  
   hand, different fingers of the hand or two eyes), the gesture and the parts of the object that is  
   manipulated (looking at words, erasing words, adding words, making lines) 
● efficient ways of doing between the position of the body, hand-bodily gesture, moving the parts of  
   the body, and relocating the body to manipulate the object 
● easy, speedy hand-bodily, physical interaction with the object that the body manipulates    
   (example: written units, sketches, diagrams and TOOL-SPATIAL) 

 
TOOL-
SPATIAL 
 
 
 
 
 
 
 
 
 
 

 
Visible, spatial-visual form of behavior to physically manipulate written units, not 
just typing 
 
● making spatial annotations or structure notes 
● visualizing the content or information 
● making visual signs   ● making diagrams   ● making concept maps 
   * a concept map: a web of linked terms showing both overall structure and details in a single view.  
   In concept maps, verbs connect nouns to form propositions. 
● sketches   ● lists  ● matrices   ● maps   ● outlines 
● making connections among written units 
● making a spatial and visual hierarchy of information 
● pulling information together    ● exploring multiple, parallel and divergent ideas  
● using spatial-formal relations: circle, link, proximity, center-periphery, scale, up-down, in-out,  
   divergent lines, etc. 
● being in direct contact with TOOL-SPATIAL 
● functions of TOOL-SPATIAL    ● reasons to use TOOL-SPATIAL  
 

 
TOOL-
SPATIAL-
TRANS 

 
Making a series of the body and the product of the visible, spatial-visual form of 
physical manipulation of written units behavior (TOOL-SPATIAL) in the body’’s 
working PLACE 
 
● using the product of the visible, spatial-visual form of physical manipulation of written units  
   (TOOL-SPATIAL) to remember something 
● using the product of the visible, spatial-visual form of physical manipulation of written units  
   (TOOL-SPATIAL) in the PLACE without direct external manipulation 
● using the product of the visible, spatial-visual form of physical manipulation of written units    
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   (TOOL-SPATIAL) to remind oneself of something 
● example: putting a concept map on the wall in the working place and use it as a reminder 
 
Making a series of body and the visible TOOL-SPATIAL and the OTHER TOOL-
SPATIAL in the body’s working PLACE 
 
● using several TOOL-SPATIALs at the same time and relating each other  
● example: doing mapping on the whiteboard and a diagram in the notebook at the same time,  
   referring to each other 
 
Transition of the visible, spatial-visual form of physical manipulation processes of 
written units to the invisible, conceptual manipulation processes in imagination 
 
● using the previously visible, spatial-visual form of physical manipulation of written units processes  
   conceptually in the head, for example, adding information to diagrams in imagination or searching  
   for a possible link between two ideas in imagination 
 
Going back and forth between the visibly physical processes of spatializing written 
units through bodily movement and the invisibly, conceptually, spatializing written 
units in imagination  
 
● visibly-physically spatializing written units through hand-bodily movement or spatializing written 
   units in imagination and then exercising the two processes alternatively 
 

 
MOT-TOPIC 
 

 
Motivation for the topic  
 
● a starting point for the thesis document 
● formation of motivation or interest for the topic over time 
● emotional expressions in relation to the topic 
● indirect or direct personal experience/story in relation to the topic 
● examples: "was interested in," "passion," "motivated," "like," want," etc. 
 

 
THESIS-DIFF 
 
 

 
Difficulties of the thesis document writing process  
 
● description of difficulties in relation to the thesis document writing process 
● examples: "feel stuck," "really difficult," "had a hard time," etc. 
 

 
THESIS-
CORE 
 
 
 

 
Core ideas of the thesis document writing process 
 
● key words, phrases or sentences of the topic 
● articulation or description of the core ideas  
● subject matter   ● examples: "my study is about," etc. 

 
MSW-
FUNCTION 
 
 

 
Functions of Microsoft Word during the writing process 
 
● the reason to use of Microsoft Word 
● mainly used functions in Microsoft Word 
● examples: typing, copying and pasting, editing, grammar and spell check, etc. 
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APPENDIX 44: Codes and coding 
 

 
 
 

APPENDIX 45: An analysis of writing tool systems 
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