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Abstract 

Contemporary textile researchers, designers, and partitioners have been exploring the possibilities of 
smart textiles and expanding the technological and design feasibility boundary.  The development of 
textile design discipline has been described as evolving from passive materials into active tools which 

connect individuals with each others and also wider systems.  The new generation of textiles is enriching 
our lives and experiences in ground breaking ways  (Quinn, 2013).  Since textile innovations play an 
important contributing role in social and cultural communication and interaction between human beings, 
this study attempted to enhance the intangible values of textiles by intersecting the interactive properties 

of contemporary textiles with theories of human perception by adopting environmental sensitivities in 
form of communicative textile crafts.   

The research lies on the hybrid ground of the interaction design and textile design, which possesses 
fundamentally different design natures and concerns.  With the existential phenomenological ground, this 
research adopted a constructivist foundation to conceptualise interactivity as a holistic concept in textile 
design.  In order to to achieve the objectives delimited, the research combined artistic design creativity, 

ideologies of interactivity, theories of human perception, and flexible textile handicraft to design and 
develop value added contemporary textile creations. 

Situated as one of the early researches in environmental sensitive interactive textile design, the research 
intended to contribute to the newly formed hybrid design discipline by filling the current research gaps 
and suggesting new design considerations.  Aiming to explore and realise the possibility and boundary of 
interactive textile design with adoption of environmental sensitivity, this research study was designed as a 

practice-based constructive study, which the design practice is the core focus for new knowledge 
constructing.  New knowledge, cognition, and philosophy on the subject matter were generated from and 
presented by both the practices and the practice outcomes. 

The study constructed a generalised theoretical framework and design process model for interactive 
textile design with reference to the theories of interactivity, philosophies of human perception and design 

conceptualisation built by former scholars.  A collection of six interactive textile prototypes were 
produced, with detailed design documentaries, according to the design model constructed and 
propositions of initiative critical design approach, to demonstrate the knowledge generated from this 
study. 

Through a series of successive design practices, contributions were made theoretically and practically to 
assist the development of the newly emerged hydric design discipline.  Accentuated with the question and 

discussion arousing propositions of critical design practice, this research is expected to serve as a 
platform unfolding discourses and debates on both theoretical and practical concerns, and further 
contributes to the overall development of textile design discipline. 
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Chapter  1: Introduction 

1.1 Background of Research 
Psychologists stated that one cannot not communicate (Watzlawick, Bavelas, & Jackson, 1967).  It is a 
general nature that human being naturally desire for communication and interaction, no matter the level of 

it, with external entities.  Different methods and channels have been developed throughout history, from 
verbal conversation to written literature; from oil painting to digital graphic; from tribal drumbeat to 
orchestra performance.  Diverse levels of communication and interaction involving sensory stimulation, 
emotion expression, message exchanging, human perception, meaning negotiation, etc, have been and 

will continuously be explored.  It is evolving, not only in the existing measures and patterns, but also to 
new possible means of them, including interactive textile design.  

1.1.1 Rise of Interactive Design 
Interactivity is a concept developed along with the media technology.  Thanks to the rapid information 
technology development and digital revolution, the possibility of injecting the idea of interactivity into 
design increase in a significant way.  It is an observable social phenomenon that interactivity has been 

gaining an unprecedented important role in design industry since late-twentieth-century.  Designers have 
been putting different attempts on enriching and enhancing human-artefact interaction, resulting the 
continuous evolution of design function and process.  Antonelli (2011) described the design practice 

development and evolution as a transfer from the function focusing to that of the meaning.  Interactivity 
between human through human-artefact interaction becomes a core element and concern in design 
processes.  Communication, message transferring, and meaning negotiating between the designer, 
designed, user and used are the key areas to investigate for nowadays designs.  Antonelli (2011) further 

cited the axioms of communication suggested by Watzlawick, Bavelas & Jackson (1967) to infer the 
emergence of new branches of design practice which focus on the exchange of content and affect between 
user and design product.  Furthermore, behaviours of the designed artefact and the experience that human 

will have with them are suggested as key focuses in the future communicative and interactive designs.  
Architectural, interior, product, graphic, multimedia designs are evolving to the interactive era, there is no 
exception for fashion and textiles design.   

1.1.2 Needs of Interactive Textiles 
Throughout the human history, textiles have been evolving in multidimensional manner stressing different 
functions, for instances, heat insulation, physical protection, spacial decoration, identity representation, 

etc.  Numerous attempts have been made to further explore more advanced functionalities of the soft 
surfaces in order to enhance human living quality.  Complying to human natural desire of expressing and 
communicating their emotions and thoughts, equipping textiles with advanced ability to serve as an 

expressive, communicative, and interactive interface is one of the new key functionalities to be 
investigated.   

In fact, it is not a brand new function for textiles to perform expressive and communicative purposes.  

Fabric surfaces were made to communicate (Quinn, 2010).  The capacity of textiles to transfer 
information and thoughts has been explored throughout human history.  From ancient hand woven pieces 
to modern digital jacquard fabrics, textiles have been designed and created to carry messages and 

meanings.  Cultivated and nurtured by different cultures and nationalities, message and meaning carrying 
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textiles featuring specific surface patterns, motifs, tokens, and textures have been developed with a 

variety of textile craftsmanships, for instances, the k’o-ssu ornaments of the royal court attire of the 
accent China and the embroidered decoration on ethnic minorities textile pieces.  Through the complex 
human perception process, ideas, concepts, and hence humanity values are transmitted through textiles.  
What the innovative dimension for expressive and communicative textiles to evolve in this interactive 

design era is to explore the dynamic message carrying capability of textiles to enlarge the realm, deepen 
the level, and diversify the dimension of human perception on textile pieces.  Quinn (2013) shares a 
similar perspective.  He described that new generation textiles are evolving from passive materials into 

active tools which connect individuals with each others and also wider systems.  The new generation of 
textiles is enriching our lives and experiences in ground breaking ways. 

Under the trend of interactive design blooming, in addition to balancing design function and aesthetics, 

textile designers are encouraged to input interactive properties into both the design process and the 
output.  Such design approach would enrich the experience of all involving parties, and hence their living 
qualities, throughout the whole design path. 

1.2 Problem Statement 

Several pioneering experts have provided a number of visionary assemblies of contemporary fashion and 
textile designs (Ferrara & Bengisu, 2014; Kettley, 2016; Pailes-Friedman, 2016; Quinn, 2010, 2012 & 
2013).  It is perceptible from the assemblies that, being investigated proactively, interactive fashion and 

textile design is one of the prominent hybrid disciplines.  However, the development of this newfangled 
subcategory is notably technology-driven and tilting.  Advancement and investigation on other significant 
design attributes and possibilities are left elementary. 

New generation textile researchers, designers, and partitioners have been exploring the possibilities of 
smart textiles and expanding the technological feasibility boundary.  The projects are usually developed 
by collaborating with experts in other fields including computer engineers, multimedia designers, 

physicists, chemists, biologists, etc.  There has been an increase in creation of diverse interactive textile 
designs, including soft circuit equipped textiles, wearable electronics, environmentally sensitive textiles, 
etc.  The majority portion of the realised projects focus on the micro-electronic technology innovations 
and intelligent computerised systems to develop the interactive dimensions.   

One may challenge if the reaction of the work is performed by the electronic mechanism or the textile 
piece itself.  With the assistance of evolving micro-electronic and conductive textile technology, 

electronic appliances are indeed being merged into the textile piece in a more integrative manner 
comparing to the early innovations.  However the interactive property performing entity of some realised 
applications remain, to a certain extent, questionable.  Instead of addressing the textiles as the core 
interactive interface, many interactions were realised by constructing advanced interactive electronic 

attachments.  The interactive behaviour significantly relies on the external outboard system with textiles 
functioning only as part of the contributing segments or merely mantling presentments.   

On the other hand, there are some projects introduced responsive properties to textile substrata and 
successfully created interactive designs without assistance of external appliance.   Applying responsive 
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smart material on textile substrate is one of the key measures.  For examples, Woven Light series by 

Kathy Schicker, Constellation Wallpaper by Aurélie Mossé, Swamp Stools by Erin Hayne and Nuno 
Goncalves, and Motion Response Sportswear by Kerri Wallace (Quinn, 2013).  By injecting smart 
material into textile materials, the substrate itself is capable to detect and respond to external stimulus and 
affords to perform the interactive behaviour.  Most of the realised projects from this approach cultivate 

only on a single reactive property.  The investigation on multi-reactive substratum and the corresponding 
design application has not been significantly conducted. 

Secondly, for most of the preceding interactive textile projects, the textile pieces are able to perform 
advanced and intelligent reactions according to human activities and create sophisticated responses, 
however, the investigations on the existential perception and message exchanging remain preliminary and 
rudimentary.  A number of investigations provide visually exciting surfaces upon stimuli, however, the 

glorious surfaces do not carry any intentionally injected connotation and meaning.  The interactive chain 
generally stops on the sensory perception level.  In spite of the emotional activities triggered by the textile 
pieces, very limited connotative interpretations are generated.  The designs might be valuable and 

contributive technologically, yet the communicative and sociocultural values are comparatively low.   

Furthermore, for some of the early creations, the level of interactivity is primitive.  The perceivable 
reactions, though brilliant and stimulating, are preset with a fixed simplex result, the user and audience 

therefore process very limited control and autonomous capability throughout the interaction.  Since the 
reaction possibility afforded is materially defaulted, the human-artefact interactive behaviour generally 
stops at the sensory and merely semantic level (Sohn, 2011).  The engagement between the designer, the 

designed and the user is therefore primary and at a certain level alienated.  As a result, the expressional 
and communicative values, often derived through bidirectional human-artefact interaction and the 
corresponding communication context (Kiousis, 2002) of the current interactive fashion and textile 
designs are comparatively low.   

While contemporary electronic textiles are blooming massively, traditional textile crafts which often excel 
in performing expressive and communicative purposes are, however, very much neglected.  Apart from 

the promising digitised technologies, some time-honoured craftsmanship, for instances Shibori, K’o-ssu, 
Ikat, tapestry weaving, and hand embroidery, are also capable to create highly sophisticated and artistic 
visual tableau for attire and textile design purpose.  Some of the unique effects, distinctive textures and 
adventuristic results are unachievable by the high-tech machinery based technologies.  The advantages of 

the traditional techniques, for instances high level of flexibility and uniqueness, should not be overlooked.  
However, no significant exploration has been done to integrate the ideology of interactivity with these 
traditional craftsmanship of skilfulness.  Intersecting interactive properties with the notions of traditional 

communicative textile crafts may imbue interactive textiles with enriched sociocultural values and bring a 
new communication dimension to the traditional textile craftsmanship as well.  It further sustains the 
traditional textile crafting disciplines by enhancing their innovatory and functional values.   

Since textile innovations play an important contributing role in social and cultural communication and 
interaction between human beings, this practice-based research study attempted to enhance the intangible 
values of textiles by intersecting the interactive properties of contemporary textiles with theories of 

human perception by adopting environmental sensitivities in form of communicative textile crafts.  The 
study constructs a generalised theoretical process model for interactive textile design with reference to the 
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theories of interactivity, philosophies of human perception and design conceptualisation built by former 

scholars.  A collection of interactive textile prototypes were produced, with detailed design 
documentaries, according to the design model constructed to demonstrate the knowledge generated from 
this study. 

1.3 Research Question and Project Objectives 

Base on the research niches unfolded, this constructive design research aims to combine artistic design 
creativity, ideologies of interactivity, theories of human perception, and flexible textile handicraft to 
design and develop value added contemporary textile creations.  The creations are able to sense and 
respond to the ever-changing ambient environment and interaction with human, and function as an 

interactive platform facilitating bidirectional connotation interpretation and meaning generation.  The 
specific research question and associated objectives of the study are as follows: 

- How to create interpretive interactive textiles with adoption of environmental sensitivity and 
traditional textile craftsmanship? 

- To investigate the current approaches and ideologies of interactive textiles related designs practiced 

by forerunning researchers, designers, and practitioners; 

- To build a theoretical framework for designing environmental sensitive interactive textiles; 

- To develop an environmental sensitive interactive textile design process model which aids to 
enhance the level of interactivity afforded by the textiles creation;  

- To diversify the consideration perspectives in understanding interactive textile design problems, 
ideas, and boundaries; 

- To apply environmental sensitive materials, including thermo-, photo- and hydro-sensitive, in 
developing environmental sensitive interactive textiles; 

- To integrate environmental sensitivity with traditional textile handicrafts; 

- To create interpretative environmental sensitive interactive textiles with high level of user 
autonomy; 

- To create and analyse research prototypes illustrating the design possibilities and considerations. 

- To consolidate the findings and knowledge generated from the design processes, design creations, 

and analyses, and further discuss the future role of textile design in human-artefact and human-
human interaction. 

The research questions and objectives then inform the research philosophical and theoretical perspectives, 
which provide methodological orientation to the research structure and the corresponding methods. 
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1.4 Definition of Subject 

The research looks into the creation of interactive textiles with adoption of environmental sensitivity.  
Major attempts are put on the synthesising of current situation, related knowledge, and theories, 
constructing environmental sensitive interactive textile theoretical framework and design process model, 
developing diverse environmental sensitive interactive textile design.  The general definitions of the core 

subjects and concepts for this research are as follow: 

- Interactive Textiles Design: A discipline of textile design which the textile piece is able to perform 

interactive behaviour. 

- Environmental Sensitivity: The responsive property of a certain smart material which is able to be 
triggered by ambient stimulus, both natural and artificial. 

- Environmental Sensitive Interactive Textile (ESIT): Responsive textile creation which is able to be 
triggered by ambient stimulus, both natural and artificial, and performs perceivable interactive 

behaviour. 

- Environmental Sensitive Interactive Textile Design Framework (ESIT Design Framework): A 
theoretical framework which aids in designing environmental sensitive interactive textiles.  

- Environmental Sensitive Interactive Textile Design Process Model (ESIT Design Process Model): A 
theoretical design process model which aids in creative thinking development of interactive textiles 

with adoption of environmental sensitivity.  

1.5 Research Methodology 
Informed by the research aim and objectives, this research was philosophically grounded with existential 
phenomenological perspectives.  Constructivism was employed as the research epistemology.  

Methodologically, this research project is a practice-based qualitative research, which the design practices 
were the core foci for the new knowledge constructing.  Innovative contribution of the research on 
cognition and theory of the subject matter were generated from and presented by both the practice 
processes and the practice outcomes. 

In accordance to the nature of the research subject matter, this practice-based study was conducted in 
interpretative approaches, where researcher serves as the key interpreter.  The research is composed of 

four major stages namely, research foundation building, design process model construction, actual design 
practice, and implication consolidation.  The first two stages aim to jointly construct a solid philosophical 
and theoretical ground for the actual design practices, which are the core body of this research, to 
proceed.  The design practices and implication consolidation stage served as the key axes for cognition 

construction.   

Each stage was subdivided into phases.  Within each research stage, an assembly of multiple research 

methods was applied according to stage objectives to generate complementary in-depth exploration and 
understanding in the research question.  The research methods employed were assembled into two 
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research approaches located across the research stages namely initiatory study, and critical design 

practice.  The initiatory study aims to prepare the research to depart.  Research methods adopted for 
initiatory study include theoretical literature review, practical literature review, and preliminary 
prototyping.  Secondly, the critical design practice aims to investigate and construct new knowledge.  
Research methods employed include literature review, imagery research and sorting, semiotic analysis, 

sketchbook development, designer journal record, imagery recording, research prototyping, tripartite 
framework analysis, human-artefact engagement analysis, and thematic coding. 

1.6 Project Significances 
New knowledge and methodological advancement on the subject matter were generated through the 

research practices and presented jointly by the practice process and outcomes.  By achieving the research 
objectives, this study provided the following significances:  

- Enriching and enlarging the realm of textile design in terms of category and human-textile relationship. 

The investigation explores the boundaries of different dimensions of textile design, and intersects the 
findings to develop in the new discipline in contemporary textile design namely environmental 

sensitive interactive textiles design.  The study highlights and expands the role of textiles as a meaning 
carrying entity and an initiative interactive medium in human interaction, which reinforced the 
functionality of textile by imbuing high level of human-artefact interactivity and communicative 

features to existing textile utilities.  

In consideration of the fact that most of the studies put emphasis on the technical improvement of 
electronic textiles, and not a majority number of researches put focus on the relationship between 

designer, textiles, user, and the continuous changing environment.  The study filled the research gap 
identified from the review of current interactive textile development, and serves as a contribution to 
interactive textile disciplinary development with the intervention of environmental factors.    

- Reinforcing the interactive ability and involvement level of textile substrate in an interactive textile 
design. 

As mentioned previously, electronic devices and mechanisms are usually adopted in current interactive 
textile design projects.  However, the degree of involvement and interactive level of the textile itself is 
actually insignificant.  In fact, for some realised investigations, it is the textiles unrelated device 

interacting and responding to the environment and user.  The textile substrate remains passive 
throughout the interaction.  In this project, the interactive properties were injected into the textile 
materials instead of an outboard mechanism.  External devices would act as a supporting role only 
when necessary.  The interactive ability and involvement level of the textile substrate itself were 

therefore enhanced. 

- Serving as a contribution to interactive textile development associating with advanced reactive 

behaviour, and as a reference study for other interactive textile design projects. 
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The design practices successively explored the application complexity of environmental sensitivity 

from single reactive, to dual and triple reactive level.  By cross matching and coordinating different 
environmentally sensitive features on a single output, the obtained textiles were able to perform a 
complex visual transformation.  Such advancement leads to an enhanced level of design possibility.  
Researchers, designers, and practitioners working in the interactive textile design related fields can 

reference to the exploratory attempt of the research and further develop sophisticated design with 
multiple reactive behaviours. 
  

Moreover, since some of the stimulating factors, such as temperature can be achieved artificially with 
other textile technologies, the textiles practice developed in this study could be merged into other 
interactive fashion and textile design approaches.  For instance, combining conductive yarn with multi-
colour-changing thermochromic yarn by spinning or braiding, the colour changing property of the 

textiles or garment can be controlled in an engineered manner with support of computerised circuit.  
The investigation in this study could provide useful implications for later projects.  

- Advancing the methodology of interactive textile design with new design directions and considerations 
in both the breadth and depth. 

Theoretically, the study constructed an environmental sensitive interactive textile design framework 

and design process model for interactive textile design discipline with reference to the theories of 
interactivity and the other design disciplines.  The framework and model developed structurally 
delimited the locality and level of interactivity of interactive textile design.  The theoretical 

development possesses a directional capacity to assist and inspire other design practices.  Researchers, 
designers, and practitioners working in the interactive textile design related fields can reference or be 
inspired by the framework and design process model. 

- Enriching the role of interactive textile creations in human perception and creative activities with 
accentuated existential perspective. 

The design practices adopted the propositions of critical design practice exploring the possibility of 
textile design in achieving para-functionality, post-optimal design, and aesthetics of use.  The textile 
creation realised unfolded an existential and interpretative dimension of interactive textile design 
discipline in formulating interpretive human-artefact engagement, poetic inter-subjectivity and 

purposeful ambiguity.   

In addition to the sensory and semantic perception demonstrated by other pioneering interactive textile 

design projects, the creations of this research further initiate and direct the audience to contemplate an 
advanced level of meaning signification.  Furthermore, by offering the audience an enactive co-author 
role in the design completion process, a closer designer-textile-audience interrelationship is built 
through idea exchanging. 

- Enhancing the value of existing textile craftsmanship in the context of contemporary textile design. 

The practices enhanced textile craftsmanship by intersecting conventional techniques with 
environmental sensitive properties.  The existing techniques were updated with new perspectives.  The 
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handicraft textiles formed achieve more than one visual appearance on a single surface under different 

situations.  With the same mechanical operation, a conventional textile technique is able create an 
output with more connotations and values.  Imbuing interactive properties into traditional textiles 
brings a new communication dimension to the craftsmanship and further sustains the techniques by 
enhancing their functional and sociocultural values. 

Secondly, the project merged several conventional textile techniques into new crafting techniques.  
After studying the techniques and concepts of conventional textile forming technologies, feasibility of 

intersecting the techniques together was explored.  For example, by combining weft knitting with 
weaving process, and crocheting with weaving, new textile formation techniques namely, knitted-weft-
weaving and crocheted-weft-weaving respective, were developed to update and enlarge the boundary 
and possibility of textile crafting, and hence the value of it. 

1.7 Structure of Thesis 
This thesis consists of eight chapters, the organisation is as follow: 

In Chapter 1, the background of this research is introduced, followed by research niches discovered.  The 

problem statement is then depicted, followed by the formulated research question and the corresponding 
research objectives.  Subject matters of the study are defined.  Then the structure of research is introduced 
alongside a brief methodology description.  Significances of the research are listed with reference to the 

objectives attained.  The chapter ends with the introduction of thesis organisation.  

In Chapter 2, an extensive theoretical literature review is presented.  The focus of the theoretical review 
was put on the existing conceptualisations and theorisations of interactivity, followed by a study in design 

process models.  The two scopes of review constructed the research philosophical and theoretical stance. 

Chapter 3 presents an in-depth practical literature review on the technological properties of interactive 

smart materials, and interactive textile design projects conducted by other researchers and designers.  
Design development potentials and research niches are illustrated in respective to the scope of reviews. 

Chapter 4 discusses the research methodology adopted for this research.  The research structure is 

depicted in detail, followed by discussions on research approaches, methods and corresponding 
justifications. 

In Chapter 5, the step by step construction of the theoretical environmental sensitive interactive textile 
design framework and the further derived design process model are presented.  Theoretical justifications 
are discussed in detail to support the credibility of the framework and model developed.  The details of 
the design process model are then explained thoroughly.  

Chapter 6 presents the parallel experimental development threads unfolded.  Results on the investigation 
of compatible reactive medium, development of interactive yarns and substrata, and exploration of 

applicable textile craftsmanship are systematically presented in summary charts.  The procedural 
development of the newly invented textile crafting techniques are also presented.  
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Chapter 7 is the key chapter of the thesis.  It presents in detail the development of the realised design 
practices.  The design inspirations, narrations, processes, and final creations are presented and described 
extensively with supporting graphics and charts.  Secondly, the prototype analyses conducted with a 
systematic analysis tool are presented in organised charts.  Then the design practice analyses conducted 

with thematic coding on primary data gathered from design documentations are presented in both separate 
and cross-practice tables.  Lastly, a refined environmental sensitive interactive textile design process 
model is presented. 

Chapter 8 consolidates the key findings of the research.  Limitations of this research are illustrated.  
Recommendations on design possibility and methodology of future research are proposed at the end.   
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Chapter  2: Theoretical Literature Review 

2.1 Introduction 
Building a solid knowledge foundation is crucial for a research to get started, especially cross-discipline 
study.  Understanding the concept of interactivity and related ideologies, both universal and specific, is 

essential.  In this stage, a comprehensive literature review was conducted to gather and assemble the 
readily built knowledge of the subject matters.  Study foci were put on both the theoretical and practical 
dimensions.  In this chapter, literatures of the concepts, theoretical models and related philosophies of 
interactivity from books, journals, and online resources were studied.  After the in-depth review on the 

literatures, a theoretical perspective and position of the research were drawn to provide direction for the 
later stages of the study with credibility.  

In the information technology blooming era, interactivity is mostly discussed in the field of computer 
science and digital technology, such as computer interface design and system engineering, concerning 
human-computer interaction. Discussions of interactivity in other design fields, for instances, industrial 
product design, architecture and environment design, fashion and textile design, are often led by the 

interference and application of computer technology.  However, philosophically, the thought of 
interactivity is a general concept which is applicable to different phenomena, unrestricted solely to the 
interactive technologies but also the interactive manner, perception, and philosophical thinking. 

Since Rafaeli (1988) proposed his definition of interactivity, there have been discussions and debates on 
the conceptualisation of interactivity among scholars, mostly communication and new media experts.  
However, after years of discussion, there is still no theory can stand alone capable to fully cover and 

function to explain how interactivity actually works in social phenomena, and simultaneously able to 
define concrete parameters to measure and compare the level of interactivity between different media.  As 
several scholars (Bucy, 2004; Kiousis, 2002; Sohn, 2011; Sundar, 2004) pointed out that interactivity is a 

widely investigated and classified but under-theorised concept.  The existing theories proposed are more 
hypothetical and directional than actually applicable models with sufficient empirical validation.  
Nevertheless, the conceptualisations provide a platform to for the theoretical study to depart.  In this 

section, the preceding perspectives and frameworks proposed by the forerunning interactivity theorists 
were analysed.   

Secondly, with reference to the nature of the human perception and socio-cultural value oriented textile 

design research, several related theories and philosophies, such as phenomenology, existentialism, 
modern hermeneutics, and signification system of semiotics, were also studied to provide conceptual 
supports to the understanding of the subject matter.   

Given that most of the preceding notions on the subject are not textile related, some of the propositions 
are not directly applicable to this study.  Therefore adaptive adjustments were made in order to position a 
balanced stance for the research.  Finally, a conclusion on the philosophical and hence theoretical stance 

was drawn to serve as a credible solid ground for the methodology formulation. 
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2.2 Interactivity Conceptualisations  

There have been discussions since the pioneers such as, Bretz (1983) and Rafaeli (1988), advocated their 
views on interactivity.  Researchers and scholars have been investigating into different classes, aspects 
and natures of interactivity.  However, several scholars (Bucy, 2004; Sohn, 2011; Stromer-Galley, 2004; 
Sundar, 2004) pointed out that there had been an emergence of obfuscation between social and human-

artefact interactivity as well as the locus of the concept.  It is agreed and understood among the scholars 
that the natures of proposed conceptualisations are intrinsically and paradigmatically different.  The 
consideration perspectives, measuring parameters, and implementing phrases in the design process are 

thus logically different.  Mixing the different types of interactivity as an identical type or continuum will 
lead to a misconception on the consideration and measurement of the interactivity of a certain situation. 

The scholars (Bucy, 2004; Kiousis, 2002; Stromer-Galley, 2004; Sohn, 2011; Sundar, 2004) have pointed 

out that the discussions on interactivity have been developed in a significantly inconsistent manner.  
Different theorists talked past each other and positioned interactivity as attributes of different aspects.  
Lacking in a universal and commonly agreed definition and typology, phenomena with distinct natures 

were termed and analysed under the board concept of interactivity.  As a result, a confusing predicament 
emerged under the massive discussions.  Most of the discussions were done within the media and 
information technology circle.  Very limited assertions and theories are found from other design 
disciplines.  Despite the direct credibility and applicability of the literatures to the realm of textile design, 

it is still essential to assemble the ideologies from the sphere of the media and information technology in 
order to generate the primary knowledge foundation.  Building a more applicable model for the realm of 
interactive textile design on the readily developed foundation by adaption is logically credible.     

Kiousis (2002) pointed out that any literature review of interactivity is cumbersome since the concept has 
been defined, both implicitly and explicitly, in many different perspectives by professionals.  Any 
selective review is therefore by no means exhaustive.  In this section, several conceptualisations have 

been selected for discussion aiming to show the major influential notions.  The conceptualisations 
discussed provide perspectives with significant diversification from theorists throughout the concept 
development.  The selected set of readings is believed to be sufficiently contributive to the cognitive 

foundation building for this research.   

Reviewing the conceptualisations of interactivity and the interpretations from other design specialisms are 
one of the main scopes of study in this research.  After reviewing the general concepts of interactivity and 

the related theories, a more specific review were undertaken in the next chapter in order to pinpoint and 
identify the particular conceptions of interactivity in the field of textiles design.   

2.2.1 Rafaeli’s Interactivity as Communication Attribute 
Rafaeli (1988) was one of the earliest conceptualisations of interactivity.  He suggested that interactivity 
is quintessentially a communication concept.  Regarding interactivity as a variable characteristic of 
communication setting, he classified communication into three levels as two way communication, 

reactive communication, and interactive communication.  Figure 2.1 indicates the classification in form of 
three sequential diagrams showing different levels of interactivity depending on the levels of 
responsiveness and message relevance within the communication series.  
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 Figure 2.1 Rafaeli’s Different Levels of Interactivity 

Rafaeli (1988) stated that interactivity is an expression of the extent that any third (or later) transmission 
(or message) in a given series of communication exchanges is related to the previous exchanges which 

refers to even earlier transmissions at a certain degree. 

The model is summarised as following:  

- Two Way Communication - Not interactive, the messages are created independently by the  
participants of the communication.  

- Reactive Communication - Reactive, the messages are created based on the previous message.   

- Interactive Communication - Fully interactive, the messages are created based on the series of  
previous messages related.  

In other words, from Rafaeli’s initial perspective, interactivity is known as a communication concept 
which the messages carried by any interacting measures are composed by joint influence of the previous 

messages in the communication process.  This formulation echoes the suggestion of Bretz (1983) that a 
complete level of interactivity requires at lest three message transactions where the interaction parties 
who started the chain have the chance to follow up both the initial and responding messages.  This notion 
is supported by a similar suggestion given by Williams et al. (1988).  The team regard interactivity as the 

extent to which participants possess the control over in a communication process, and are able to 
exchange roles as message sender and receiver in the mutual discourse. 
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With reference to the concept development and deeper investigation, Rafaeli (1997) refined this 

proposition jointly with Sudweeks as a process-related construct about communication.  The notion is 
loosen for greater generalisation ability.  Interactivity is refined as the degree to which messages relate to 
each other in a message exchanging sequence, with emphasis put on the extent to which later messages 
recount the relatedness of previous messages.  In other words, the possibility of the third-order 

dependency among participants is the key determining factor of the interactivity.   

2.2.2 Bucy’s Curvilinear Model of Interactivity 

Bucy (2004) pointed out that after decades of study, the preceding discussions and analyses still failed to 
identify what interactivity actually is and what it does.  As per his review, there are several self-defeating 
propensities and an incorrect assumption in the former researches.  A deficiency of insufficient insight on 
considering interactive process as consequential for members of the corresponding social system is 

therefore resulted.   

The first defeating propensities Bucy suggested is that the researches were conducted with an obsession 

with categorising technologies, forms and positions of interactivity.  Massive efforts of investigation were 
put on discussing the classification of interactivity, which only possesses primary contribution in 
constructing a theory.  Bucy argued that further building a theoretical framework is more insightful than 
plaguing the overly discussed classification.   

Definition rediscovering within the readily known scope is another self-defeating tendency among the 
researches.  As per his observation, new terminologies and notions were introduced merely to rediscover 

the phenomenon or classification system constructed previously.  Also, researchers were reformulating 
the definition of the concept repeatedly without sufficient empirical testing to support the newly 
suggested notion.  The concept has been studied in a looping cycle which is in fact insignificantly 
contributive.  

Thirdly, interactivity has been discussed with a preposed two-way communication conception since 
Rafaeli (1988) composed the two-party sequential communication model.  It is an observable 

phenomenon that interactive features are very often injected to media which are able to perform a mass 
and societal level of communication.  However, as Bucy pointed out that the preceding studies focus on 
the micro level of the concept concerning individual two-way interaction, leaving the macro level of 
communication rarely analysed.  The conceptualisation of interactivity is therefore socially deficit.   

In addition to the three self-defeating tendencies, Bucy also pointed out an erroneous assumption laid in 
the previous interactivity studies.  It is the widely accepted prejudgement that two-way communication is 

generally associated with positive results and considered as uniformly desirable.  However, the outcome 
of an interactive process is constructed by diverse aspects, for instances, medium’s technological nature, 
perception tendency of the interacting parties, user ability to interact with the medium, etc, which are 
highly contingent and positive outcomes are therefore not guaranteed.  Bucy (2004) stated that although 

there are several recent studies starting to discover the undesirable outcomes and limitations of interactive 
processes, not many of them put investigation attempt on specifying the important delimiting contingent 
conditions.  
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In response to the stunted development of the concept and its deficiency on conceptualising socially 

relevant phenomenon, Bucy proposed a curvilinear model of interactivity on both individual and societal 
level to investigate the concept from a cross-level and multivalent phenomenological perspective.  Instead 
of providing another competing definition of interactivity to the repeatedly defined concept, he delimited 
his notion by adapting and summarising the previously developed conceptualisations (Bucy, 1995; Heeter, 

2000; Kiousis, 2002; Lee, 2000; McMillan, 2002; McMillan & Hwang, 2002; Norman, 1999; Van Dijk, 
2000; Sundar, 2004).   

!  
Figure 2.2 Bucy’s Curvilinear Model of Interactivity in Society  

Supported by the comprehensive analyses, Bucy listed four formulated propositions for his curvilinear 
model of interactivity (Figure 2.2): 

- Interactivity is best (though not exclusively) understood as a perceptual variable that involves 

communication mediated by technology. 

- Interactivity is desirable up to a point and then has negative consequences. 

- Interactivity effects may occur at an individual as well as social level of analysis. 

- Interactivity effects at the individual level may influence outcomes at the social level. 

With reference to the findings of related studies (Conklin, 1987; Thuring et al., 1995; Sundar, 2000; 
Burgoon et al., 2002) on the effects of different degrees of interactivity and communication modes on 

mediated interaction, Bucy’s model highlights the adverse effects on user’s emotional and cognitive 
dimension when the interactivity intensity exceeds a moderate level.  Bucy presents the findings in form 
of a parabolic curve concerning intensity level and corresponding consequences of interactivity.  Coherent 
to the prejudgement widely accepted by previous studies, before reaching the optimal intensity, offering 

interactive features generally provides positive effects to the user.  After the moderate intensity is reached, 
a mired situation of emotional frustration and cognitive confusion caused by offering excessive 
interactive features will be resulted.  This phenomenon has been discovered as a common pattern in 

researches and termed as interactivity paradox. 
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The model also emphases the linking between personal and social level of interactivity.  Bucy made a 
strong stand point that there must be meaningful social and psychological relevance for interactivity to 
succeed as a concept.  Agreed with Newhagen (2004), Bucy stated that a complete account of interactivity 
have to begin with the recognition that interactivity is a phenomenon possible to occur at multiple levels.  

The predictable effects and thus the outcomes of interactive processes may have common impact patterns 
across different user groups.  Therefore, a similar parabolic pattern of interactivity in societal level is 
predicted with reference of that of individual. 

After identifying the defeating tendencies and incorrect prejudgement, Bucy figured out the concept’s 
deficiency in societal level analysis.  By primarily locating interactivity in user experience with 
technology and regarding it as a perceptual variable that resides within individuals, the researcher 

delimited the concepts with several definitional agreements with other scholars.  Bucy then proceeded the 
theory constructing process by inductive manner attaining general conclusions with specific result 
analysis.  Outlining the consequential possibility of interactivity at a mass level, the curvilinear model of 

interactivity was proposed.  It is expected that the concept will achieve a broader meaning after the macro 
level of analysis verifying the phenomenon in the reality.   

2.2.3 Sundar’s Interactivity as Technology Attribute  

As a media effects researcher, Sundar (2004) put his focus on how to measure and compare the level of 
interactivity of media at an objective possibility maximising manner.  To Sundar, it is more puzzling than 
clear to situate the concept in the user instead of the medium because the subject of evaluation will shift 

to perceived interactivity instead interactivity of the medium itself.  Since perceived interactivity is 
measured with reference to the user’s experience of the interaction, the evaluation will be highly 
dependent on the user’s individual subjective variables, such as skill, understanding ability, perception 
tendency, etc.  The concept will fall into the trap of tautology, therefore no objective and concrete 

measurement and comparison is logically possible.  The researcher concluded that perceived interactivity 
is not qualified to be the major independent variable of interest.  Instead, it should be regarded as a 
manipulation-check item, a control variable or a dependent measure.    

Sundar provided another theorising possibility by locating interactivity as an attribute of the technology 
instead of the user nor the communication process.  The notion of this perspective is to isolate 
interactivity from the subjectivity of the user’s perceptions in order to achieve the claimed technically 

meaningful and objective measurement, comparison, and evaluation.  Base on the definite notion of 
interactivity as technology attribute and specified scope of context as web-based mass communication, 
Sundar suggested three theoretical formulations investigating the behavioural, attitudinal, and cognitive 

effects of technological interactivity.   

Concerning interactivity effects on behaviour, Sundar defined interactivity in terms of the presence of 
specific ontological characteristics in the interface.  How users interact with the interface is an effects 

question.  In response to Bucy’s (2004) assertion of significance of user experience, Sundar argued that 
experiential aspect of interactivity is not its definition component, but its effect, specifically on user’s 
behaviour.  Interaction, which could be determined in terms of nature and volume, is considered as a 

behavioural consequence of the interface’s interactivity.  The interface’s interactivity level should be 
theorised to involve the technological variables related to interactivity, which in Norman’s (1999) term, 
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the affordances of the medium.  Illustrated with examples of the internet, Sundar listed some affordances 

such as speed, navigability, information accessibility and multiplicity of the website as the major 
independent variables of interest in regard to the measurement its level of interactivity. 

The second theoretical formulation of Sundar’s assertion is the interactivity effects on attitudes.  It is 

suggested that interactivity could be theorised with readily available social psychology formulations.  
With reference to Sundar et al. (2003) earlier discussion concerning interactivity in dual-process 
persuasion models, such as website pop-up advertisements, the researcher theorised interactivity as 

impacting attitudes by enhancing user involvement with information delivered.  Understanding user’s 
attitudes on the medium are contingent in nature, it is highlighted that the degree of the interfaces 
following the culturally accepted norms of interaction and the corresponding value given by the culture 
on the interface’s offerings are highly influential.  

Interactivity effects on cognition is the third formulation.  Sundar stated that it is important to resolve the 
concerns of automatic and controlled information processing of interactivity in theoretical consideration.  

He argued that user’s responses to interactivity are strategic and purposive.  The information transmitted 
through interactive manner is suggested to be processed consciously (Sundar & Constantin, 2004).  With 
reference to Nilsson’s (2000) cognitive psychological view, Sundar suggested that greater interactivity 
will generally lead to increased learning by involving more interactions.  However, Sundar agrees with 

Bucy (2004) that offering excessive interactions and navigations may result in cognitive overload.  
Therefore, theoretical specification on balancing the trade-offs are worthy to investigate.  

It is claimed that Sundar’s approach is able to identify the moderator variables and provide navigation in 
specifying interaction hypotheses between interactivity and other variables.  By considering interactivity 
as a technology attribute and theorising its effects on behaviours, attitudes and cognition, Sundar believes 
the model could generate rich details and measures on the psychological and social values of interactivity. 

2.2.4 Stromer-Galley’s Interactivity-as-Product and Interactivity-as-Process 
Because the term interactivity has been used in a board sense covering distinct phenomena with different 

natures, the discussions on the concept were developed with obscureness.  The cause of such problematic 
situation is that the theorists’ attempts of investigation were intrinsically located in their own expertise.  
Communication scholar Stromer-Galley (2004) pointed out that while some researchers were studying the 
theoretical effects of interactivity from interpersonal and social interaction perspectives, others concerned 

the operational measurement of it and constructed interactivity as a medium characteristics.  In response 
to the confusing situation of inconsistent interactivity conceptualisations, Stromer-Galley attempted to 
provide a dichotomous clarification dissecting the concept into two competing notions.  The scholar 

observed that the term interactivity has been used to refer to two distinct phenomena, interactivity 
between human and that of between human and computer networks.  She agreed that interactivity is 
reasonable and credible to be thought as both the communication characteristic and medium attribute.  
However, the scholar agreed with Lee (2000) that the two notions should not be discussed in a conflating 

manner, otherwise, a failure to a proper measure on the interactivity of the situation will result from the 
misleading confusion.  According to her typology, the study of human-human interactivity could be 
regarded as interactivity-as-process while that of human-artefact interactivity is considered as 

interactivity-as-product.   
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The core focus of the study in interactivity-as-process is suggested to be put on human interaction.  

Listing out a bundle of potential investigation dimensions, Stromer-Galley advised that observed 
interaction, subjective experience, and effects of the interaction could be the measurement foci in 
studying the level of interactivity in this notion.  Self-expression, degree of responsiveness, coherence of 
discussion, effects on relationship of the interacting parties, attitudes and opinion change led by the 

interaction are also possible evaluation aspects.  Measurement of interactivity-as-product can be put on 
the range of user’s interactive experiences and potential effects on user that the medium affords.  With 
reference to Sundar’s (2000) study, Stromer-Galley listed some examples of these technical aspects of 

interactivity including the speed of task completion, the influence of interactive features on perceptions 
and experience, the effects of the medium on user’s cognitive processing and information acquisition.  By 
clarifying the two distinct natures of interactivity of process and product, Stromer-Galley believes that 
researchers would be able to see the relationship between the two subjects.  As per her suggestion, it is 

possible for the medium’s technical interactivity to affect the outcome variables and the result of the 
human interaction, and therefore, the level of the interactivity of the process.   

As the concept develops, researchers are suggested to be cognisant that interactivity is a term referring to 
two distinct phenomena.  In order to produce a valid and reliable research, the scholar emphases that 
theorising about individual and social effects have to take the fundamental distinctions of the two types of 
interaction into account.  

2.2.5 Kiousis’s Concept Explication of Interactivity 
Kiousis (2002) observed that although many scholars have applied the concept of interactivity in 

analyses, however the definitions, both theoretical and operational, are incoherent and dispersed.  Sharing 
the common recognition of theoretical confusion with other scholars (Heeter, 1989; McMillan, 2000; 
Steuer, 1992), Kiousis engendered an explication of interactivity in detail on both theoretical and 
operational levels in order to consolidate consensus among different propositions.   

With reference to the concept explication framework proposed by Chaffee (1991), Kiousis analysed the 
preceding conceptualisation with brevity.  In accordance to the interdisciplinary nature of interactivity, he 

briefly classified the intellectual perspective of the concept as communication and non-communication 
perspectives.  On the other hand, the object-emphasised dimension is divided as technology, 
communication setting, and perceiver.  As per his observation, collectively most of the proposed 
frameworks locate on at least one of the object domains.  After comprehensively investigated into the 

preceding notions from all the perspectives on the three domains, a list of definitions conceptualised with 
various elements and meanings incorporating interactivity was summarised.  Kiousis provided six general 
consensus.  Firstly a two-way or multidirectional communication should primarily exist, usually in a 

mediated form.  Secondly, among participants, the roles of message sender and receiver should be 
interchangeable, which leads to the possible emergence of third-order dependency among participants.  
Next, communicators are not only limited to human beings, but also non-human entity (medium), as long 
as the entities can perform both the roles of message sender and receiver.  Moreover, individuals should 

possess a certain level of ability to manipulate the content, form and pace of the mediated environment.  
Lastly, user should be able to perceive differences in levels of interactive experiences.  

Since interactivity is a concept possessing a high level of complexity and diversification, although some 
common grounds are drawn, there are still plenty of scattered conceptions to be assimilated.  In order to 
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construct a more cohesive theoretical framework for explication purpose, Kiousis further generalised the 

conditions into three basic rules for interactivity observation as below.  Kiousis argued that once these 
three conditions are attained, the communication could be considered as interactive. 

- There must be at least two participants (human or non-human) for interactive communication to 

transpire. 

- Some technology allowing for mediated information exchanges between users through a channel 

must be present. 

- The possibility for users to modify the mediated environment must exist. 

Following the convergent conceptualisation logic flow, Kiousis constructed a hybrid definition 
encompassing the essential components of interactivity derived from the three conditions.  Figure 2.3 
shows the formulation which defines interactivity as a multiple rooted concept.  The conceptualisation is 

constructed by three essential dimensions, namely structure of technology, communication context, and 
user perception.  It is emphasised that the concept requires a holistic awareness on all three aspects.  The 
components should be tied together into an inclusive definition instead of being discussed in scattered 
manner.  Each of the dimension is suggested to be considered as equally important. 

!  
Figure 2.3 Kiousis’s Conceptualisation of Interactivity 

Kiousis (2002) provided a detailed definition of his conceptualisation as: 

Interactivity can be defined as the degree to which a communication technology can create a 
mediated environment in which participants can communicate (one-to-one, one-to-many, and 

many-to-many), both synchronously and asynchronously, and participate in reciprocal message 
exchanges (third-order dependency).  With regard to human users, it additionally refers to their 
ability to perceive the experience as a simulation of interpersonal communication and increase 
their awareness of telepresence. 

It is claimed that the model could be expanded into an operationalisation framework by supplying specific 
operational procedures to each of the essential components.  Illustrated with a simplistic example of a 

computer communication system software, Kiousis believes the operationalisation model is able to assist 
the ascertaining of the total degree of interactivity.  Since the operational measures need to be discernible 
enough for pragmatic measurement and simultaneously able to incorporate the actual concept that the 
researcher intended to quantify, Kiousis suggested multiple indicators are needed to strengthen the 

reliability.  Figure 2.4 shows Kiousis’s hypothetical operationalisation of interactivity. 
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!  
Figure 2.4 Kiousis’s Operationalisation of Interactivity 

Considering the technological interactiveness, the scholar claimed that the criterion should be based on 
the objective properties of the medium, instead of the subjective user perception.  Parameters are to be set 

according to the affordances of the medium.  The higher level on the measures indicates the higher level 
of technological interactivity.  The second set of operational measures is located on the environment in 
which the interactive communication occurs.  There are two possible measures suggested including the 
emergence of third-order dependency and that of social presence.  Subjective judgement of the researcher 

is suggested to be sufficient to assess the level of relevance between messages.  As for the social 
presence, measuring the percentage of messages in which the subjects explicitly refer to themselves.  The 
scholar does not deny that such operationalisation lacks validity, yet it is believed to be reliable and 

capable to represents a demonstration of communicating social presence.  Lastly, the third set of measures 
concerns the level of perceived interactivity.  In regard to the dominating significance of user’s 
subjectivity, questionnaires are suggested to be the interactiveness detecting methodology.  By 
quantifying the qualitative variables into a set of composite scales, a perceived interactivity score could 

be created.  A higher total score signifies a higher level of perceived interactivity.  After gathering the data 
from all three domains, Kiousis suggested that the researchers could either combine the quantified scores 
statistically to an overall interactivity score or simply assess the medium with the individual score 

according to the research interest.   

Comparing to the previous models, it is claimed that this conceptualisation is expansive and allows 
analyses across media and individuals.  Furthermore, the model is believed to be able to facilitate the 

researchers in analysing both specific and consolidated levels of interactivity with adaptation to their 
research inquiries.  

2.2.6 Sohn’s Sensory, Semantic and Behavioural Dimensions of Interactivity 
Sohn (2011) advised that the studies in interactivity are mostly specified within media contexts which is 
in fact limiting the generalisation ability of the concept.  He suggested that there is a need for interactivity 
to be generalised and expanded to cover the realm of communication experience beyond the specific 

media contexts.  In order to construct a more generalised theoretical framework, similar to Kiousis’s 
(2002) approach, Sohn conducted a convergent study based on the previous researches.  After analysing 
the preceding conceptualisations of interactivity, Sohn summarised the current research approaches into 

three assumptions.  They are interactivity is a medium characteristic, interactivity is in the eyes of the 
beholder, and interactivity is a process.  The essentialness and deficiency of each of the assumption are 
then analysed in order to figure out the crucial common denominator of the three perspectives. 
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Firstly, technical attribute is criticised as unstable in nature to conceptualise interactivity.  It is observable 

that communication technologies are evolving at a rocketing rate.  The technical aspects and interactive 
features are developing and advancing to provide new interactive capabilities.  More conceptual 
dimensions are necessary to be added in order to deal with the technical functions newly innovated.  It 
seems to make a futile effort if the conceptualisation locus of interactivity is put on the ever changing 

technological attribute.  Sohn (2011) shares a similar notion that it is a better strategy to develop the 
concept in the common experiential domain, which is relatively invariant under the rapid technological 
advancement.  Sohn agrees with Papacharissi and Rubin (2000) and Quiring (2009) that the convergence 

of mass and interpersonal communication is in fact a phenomenon led by human basic communication 
needs and desires.  Human beings naturally seek for information, entertainment, self expression, and 
relationship building.  Understanding the nature and pattern of these human needs and experiences, which 
are comparably stable in the flowing time and technology evolution, would help to create a more 

universal adaptable concept breaking away from the specific limitation of media technology.   

Secondly, despite the importance and essentialness of the user perception in conceptualising interactivity, 

there is a confounding nature found in this perceptual aspects oriented notions.  Since the interactivity in 
this perspective refers to the user’s cognitive and psychological activities in the interaction with the 
medium, it is highly subjective and individualistic.  Sohn agrees with Sundar (2004) that perceived 
usability of a system is in some sort obscure and tautological.  Furthermore, Sohn pointed out that there 

are insufficient attempts put on explaining the nature and structure of the perceptual experience of the 
user.  Analysing dimensions are primarily derived from the perceived functional aspects of the medium 
instead of the fundamental structure of human perception process which is in fact a lot more complex in 

nature.  A structural analytical model is needed in order to delimit interactivity in this perspective. 

Thirdly, communication process focusing approach is criticised for its low generalisation ability.  The 
early studies (Rafaeli, 1988; Turner, 1988) regarding interactivity as an attribute of a communication 

process emphasise the essentialness of the reciprocal nature of an interaction.  The involvement degree of 
the interacting parties is one of the core concerns.  This initial notion suggested that the two interacting 
partners should be equally involved in the communication process in order to achieve the reciprocal 

communication, and thus interactivity.  Unequal involvement would merely lead to a sequence of action-
reaction pattern, which is in accordance to Rafaeli (1988), inefficient to achieve interactivity.  Walther et 
al. (2005) supported the reciprocal interaction by stressing the necessity of the subsequent third message 
which refers to the prior messages exchanged.  However insisting the essentialness of equal involvement 

and reciprocal interaction will narrow the concept to two-way interaction.  Sohn agreed Bucy’s (2004) 
argument that this process focusing approach is excluding mass media in the scope of interactivity 
conceptualisation, which rarifies the concept and results in low generalising ability.  Sohn argued with 

reference to Laurel (1991) and the refined notion of Rafaeli & Ariel (2007) that despite the absent of full 
interaction performed by mass media, participants in such multi-dimensional indirect communication may 
consider themselves as being involved in an active social interaction, which further enhances the 
perception of interactivity.   

After summarising the three existing approaches, three elements which are essential in constituting a 
mediated interaction were figured out.  With similar findings to Bucy’s (2004) various loci and Kiousis’s 

(2002) essential components, Sohn defined that the essential elements of interactivity are the medium, 
user, and process.  He argued that each of the elements is essential yet at the same time let alone 
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insufficient to constitute a meaningful interaction.  The interactivity located within the elements are 

actually interrelated and complementary rather than competing and exclusive.  Therefore, instead of 
taking a competing perspective, Sohn adopted a resembling conception to Kiousis by integrating the three 
elements with a holistic point of view.  He suggested a form of perceptual experience to be the common 
denominator of all the existing approaches.  By doing so, he claimed to resolve the concern of most of the 

scholars in distinguishing different types of interaction including face-to-face, mediated, indirect, 
parasocial interactions.  It is true that different sorts of interaction are distinct in nature involving various 
compositions of the elements.  By integrating the elements into a common denominator which underlies 

all manners of human involved interaction, a more generalised framework could be achieved.  Sohn 
believes grounding interactivity on the common experiential domain may equip the concept with a more 
intuitively understandable boundary and inner structure for various applications.    

Sohn advised that human involved interaction is a multi-layered process.  Sharing some similar notions 
with the effects of interactivity theorised by Sundar (2004) earlier concerning attitude, cognitive and 
behavioural aspects, Sohn dissected interactivity into three dimensions namely sensory, semantic, and 

behavioural dimension.  

In the early studies, sensory perception of object was seldom regarded as influencing element to 
interactivity.  Some neuropsychological studies (Milner and Goodale, 1995) suggested that sensory 

perception of an object and action occurs through two dissociated processes in brain.  Since the 
recognition of the object is separate to that of action, it was concluded that sensory perception of an object 
is therefore unlikely to influence interactivity.  Sohn challenged this notion with reference to several 

empirical researches (Downes & McMillan, 2000; Helbig et al., 2006; Johnson et al., 2006; Morrison, 
1998) and a cortical study (Tucker & Ellis, 2004) suggesting the perception of object and action are in 
fact correlated.  It is further suggested that the sensory dimensional actions are not confined to the readily 
observable possibilities, but also the latent actions and movements associated.  Perception of action 

evoked associating to the perception of the object may increase the level of perceived interactivity from 
user’s perspective even no overt actions are actually available.  Sohn concluded that even a static image is 
capable to influence the perceived interactivity.  However, from operationalisation point of view, there is 

still uncertainty.  Verifying the study on the level of the perceived interactivity by measuring the breadth 
and depth of the perceived sensory information towards an object is still under researched empirically.  
Though there are some empirical studies (Coyle & Thorson, 2001; Fortin & Dholakia, 2005) show that 
vividness of an object is positively correlated to perceived interactivity, Sohn questioned that the 

credibility of such linear relationship and regarded vividness let alone insufficient to constitute 
interactivity through sensory perception.  He concluded that sensory experience on an object is a 
necessary, yet insufficient condition for interactivity.   

Semantic perception is the second dimension in Sohn’s model.  Recognition of relevance is suggested to 
be the second influential dimension to perceived interactivity.  A message receiver is less likely to respond 
to the message sender if the message is perceived as irrelevant.  Such situation will bother the interaction 

from further development.  With reference to preceding researches, Sohn summarised the communication 
conditions as a state advised by Goffman (1957) called ‘reciprocally sustained involvement’ including 
firstly, two parties exchanging messages sequentially with one another in a continuous interaction 

(Rafaeli & Sudweeks, 1997), secondly, a medium providing a personalised response to a user (Jonson et 
al., 2006; Wu, 1999; Zack, 1993), and lastly, a medium forming a contingency relationship with a user 
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(Burgoon et al., 2002).  Another key argument being pointed out in this dimension is that the core concern 

in semantic perception is not the relevance of the perceived information itself, but the way it is obtained.  
Mutual conscious recognition and involvement in the perceiving process are crucial to the perception of 
interactivity.  He further elaborated Banks and Kajicek’s (1991) notion on the psychological state of 
recognition, putting emphasis on the consciousness of discriminating a target object from the background 

surrounding by relating partly or entirely of it to the pattern of the perceiver’s stored memory.  However, 
despite the importance of this dimension, Sohn regarded the perception of relevance solely insufficient to 
explain perceived interactivity.    

In addition to the sensory and semantic dimension, Sohn advised that the user may not regard the 
situation as interactive enough unless behaviourally engagement is available.  Several scholars (Coyle & 
Thorson, 2001; McMillan & Hwang, 2002, Steuer, 1992) have regarded the extent of control in the 

behavioural dimension of interactivity as the core consideration.  However, Sohn argued with supporting 
notion from Johnson et al. (2006) that the control is an outcome of the reciprocal interaction instead of the 
intrinsic aspect.  It is true that a higher degree of reciprocal interaction enables a higher degree of control 

possessed by the user in the interaction process.  But it is illogical to describe the situation as it is more 
interactive if the user has more control over the medium.  The researcher stated that the behavioural 
dimension of interactivity should reflect the extent to which the user perceives the availability and 
accessibility of the reciprocal interaction.  Furthermore, Sohn pointed out the importance of user’s 

perception on the degree of symmetric relationship created between interacting parties.  No matter how 
many behavioural features are available and accessible to the user, the features will not contribute to the 
enhancement of perceived interactivity unless the user actually recognises and capable to response in 

order to construct a reciprocal interaction.  The operational measurement of this dimension of interactivity 
locates on the extent to which the users perceive the degree of behavioural engagement they possess in an 
interaction.   

!  
Figure 2.5 Sohn’s Syntactic Model of Interaction 

After delimiting the three dimensions, Sohn (2011) intersected them with the previously identified 
essential elements of interactivity to construct a structure of perceptual experience.  A syntactic model of 
interaction was proposed as a result (Figure 2.5).  Drawing attention to the general structure underlying 
interaction experience, the model highlights the preexisting human perception structure and process.  As 

stated prior to the model construction, each of the perception dimensions, though necessary, is let alone 
insufficient for constitute perceived interactivity.  It is the synergy of all three dimensions under a holistic 
perspective that supports the concept.  Showing both the differences and similarities of different 
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interactivity models, Sohn believes the integrated anatomic model is capable to provide researchers with a 

directional assistance to a structural analysis.  He claimed that there are possible systematic examination 
of media effects and comparison with reference to the model developed.  

!  
Figure 2.6 Hypothetical Illustration of Cross-Media Comparison 

Since the conceptualisation is completely independent of specific media contexts, all kinds of human 

interaction are logically applicable for comparison by the tripartite framework.  Figure 2.6 shows a 
hypothetical application of cross-media comparison.  Moreover, understanding the complete structure of 
perceived interactivity would enable researchers and designers to plan in advance the sort, dimension and 
nature of interactive experience to be create, and further predict a more logically credible result.   

2.2.7 Summary on Interactivity Conceptualisations 
In this section, six conceptualisations have been reviewed.  The reviewed literatures informed the 

research topic of the previous discussions by scholars and researchers.  The conceptualisations on 
interactivity provide different perspectives from theorists throughout the concept development.  Though 
some of the propositions are contrastive and competing in nature, there are also common grounds.  The 
analyses and proposed models delimited the essential aspects, dimensions and considerations for a logical 

theoretical framework construction, which are valuable to the primary cognitive foundation building for 
this research.   

Throughout decades of discussions on interactivity, which have been regarded as inconsistent and 
different in nature, diverse attributes, loci, factors, dimensions, structures and effects of the concept have 
actually been raised and challenged in a thorough manner.  The reciprocal clarifications and critiques 
between notions in fact provide a more complete investigation that broadened the breadth and deepened 

the depth of the concept.  Massive efforts have been put into the studies with specific media related 
contexts exploring the theoretical realm and application possibilities.  Advantages and deficiency of each 
of the notions have been identified. 

Thanks to the scholars of the recent studies, the concept was then generalised from specific notions to 
universal frameworks (Kiousis, 2002; Sohn, 2011) with enhanced application capability by convergent 
analyses.  Though empirical verification is still needed to prove the proposed models, the frameworks are 

contributive and credible to further conceptualisation in the scope of interactive textile design.    
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2.3 Related Philosophies of Interactivity 

It is suggested that phenomenological research possesses direct relevance to design matters because the 
designs, tools, and technologies are influential to the way human experiences the world (Gallagher, 2014).  
Understanding how human perceives an object, especially for socio-cultural value carrying artefact, is 
important for designer to ideate and realise a meaningful design.  Therefore, in addition to the theories 

directly addressing the concept of interactivity, philosophies related to human perception are considered 
to be contributive to the concept understanding. 

Communication and message transmission involve a complex philosophical topic.  Born and growing in a 
readily existing environment being of norm constructed by a highly complex matrix with crisscrossing 
streams of history, cultures, social values, etc., profoundly, there are some sorts of preconceptions, 
intuitions, and judgement tendencies formed with reference to one’s unique set of experiences.  The 

synthetic product of these elements shapes one’s ways of perceiving, interpreting, and understanding the 
world being, both consciously and subconsciously.  Understanding how human beings perceive, interpret, 
and react when encountering an incoming message on a specific moving horizon (Ramberg & Giesdal, 

2013) is essential for designer to construct a meaningful communicative platform, especially for that of 
the non-verbal forms.  Human perception has been studied by philosophers from different angles, such as 
existentialism (Crowell, 2010; Heidegger, 1927), phenomenology of perception (Merleau-Ponty, 1962), 
modern hermeneutics (Ramberg & Giesdal, 2005), and semiology (Barthes, 1964).  The theories dissect 

and investigate the modes of human perception, interpretation, and meaning construction in the world 
being of the perception.  Studying into the philosophies provide a solid philosophical foundation for 
setting the theoretical framework and project position, which further assists the methodology and design 

process model construction.  

This section investigated into human perception in three levels, the sensory, meaning, and behavioural 
perception.  Understanding on the logics and theories would jointly enhance the study’s practicability and 

credibility.   Existential and phenomenological theories were reviewed to provide insights in 
understanding the way human perceive external entities.  Additionally, concepts of modern hermeneutics 
and semiotics were reviewed to provide supporting notions. 

2.3.1 Husserl’s Phenomenology of perception 
Phenomenology is initially a philosophy studying the structure and essence of human consciousness as 
experience and the corresponding phenomena resulting from the human’s conscious action.  Started from 

the early twentieth century, Husserl founded the notion by dissecting human consciousness and 
experience in structuralist manner (Smith, 2013).  Trying to analyse highly subjective matters with a 
systematic and objective manner, the philosopher deconstructed conscious experience into primary 

elements and dimensions, and further investigated the relationships between them.   

To start with, the philosopher characterised consciousness by intentionality, which emphases that 
consciousness is always associated with an intentional target.  For instance, there is always an 

intentionally perceived object or entity possessed by perception consciousness.  Two aspects, namely 
noema and noesis are then constructed to analyse the structure of human consciousness after identifying 
the intentional object.  Noema refers the manner in which the intentional object appears to the conscious 

perception while noesis refers to the particular character and status of the mental act of the perceiver.  
Husserl further analysed the inner and outer horizon of the intentional object.  The two horizons are in 
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fact the noematic variables which together constitute the noema of the object perceived.  The inner 

horizon of the object refers to the possible and potential appearance change of the object where the outer 
horizon refers to the relations that the intentional object possesses with the external entities in the ambient 
environment.     

In addition to the intentional aspects of perception consciousness, Husserl also investigated into the 
temporal nature of experience.  He suggested that experience is not simply generated at a single point of 
time but involving a retention of the past and an anticipation to the future.  Conscious experience 

possesses a serial structure composed of retention, primal impression, and protention (Gallagher & 
Zahavi, 2008).  Retention refers to the generation of the sense of recent experience throughout the 
conscious experience sequence.  Primal impression is formed at the point of perceiving moment.  
Protention is directed to the expectation of next perception.  Together the three aspects constitute a basic 

conscious perception, which further constructs a sequential continuous perception experience.   

The philosophy is influential to the interactive design discipline which focuses on user experience with 

the designed artefact.  Scholars in the research realm of interactivity provided interpretations to 
conceptualise Husserl’s thinking for application.  Gallagher (2014) illustrated this notion of temporal 
nature of consciousness with an explicit structural model developed earlier with his colleague (Figure 
2.7).   

!  
Figure 2.7 Gallagher and Zahavi’s Temporal Structure of Consciousness 

In Gallagher and Zahavi’s (2008) model, the horizontal line represents a sequence of conscious 

perceptions labeled as C, D, E and F.  The vertical lines represent the corresponding retention and 
protention of a conscious perception.  The two parts of the vertical line refer to the two phases of 
consciousness in which protentions are shown above the horizontal line and retentions are positioned 
below it.  The primal impressions emerge at the intersecting points of the horizontal and vertical lines.  

The diagonal lines below the horizontal line illustrate how a specific perception remains influential to the 
later perceptions in the whole conscious experience.  According to Gallagher (2014), retention is directed 
primarily at the previous phase of consciousness, which incorporates a chain of retentions directed at even 

earlier phases.  As shown in the model, rC, rrC and rrrC illustrate how the conscious perception C stays 
affecting to the later perception D, E and F respectively throughout the continuous path of consciousness.  
He concluded that the current awareness of a person includes a sense of flowing or fading past retentions 

of that person’s experience and it creates a sense of self-connectedness.  Jointly, the series of retentions 
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influence the primal impression of the current conscious perception, and together the two components 

create a protention to the next perception.    

The scholar further explained with a similar pattern of Husserl’s double intentionality on retention to 
describe the two aspects in the structure of protention.  Firstly, it is anticipated that there is an expected 

continuous experience in the object.  The coherence between the protention on next perception and the 
primal impression of such experience together provide a certain psychological effect when the next 
perception is experienced, for instance, satisfactory, surprised, disappointed, and confused, depending on 

the status of the relationship.   

Gallagher reconfirmed with psychologists’ perspective that experience of an intentional object must 
involve the retentional-protentional structure.  The temporal structure delivers a simultaneous coherence 

of both experience of the world and self-experience of internal coherence as a subject in a continuous 
manner.  It is suggested that the sensation and understanding of the intentional object, including both 
changing and static, depend on the corresponding experience over time, the coherence provided by the 

temporal structure is important for interactive design analysis.  

2.3.2 Heidegger’s Existential Phenomenology 
Heidegger (1927) provided an important philosophical notion of being-in-the-world to explain the 

relationship of human and the world that the human situates.  The philosophy started with human’s 
pragmatic existence in the readily existing world and investigated into the way human perceives and 
reacts to the physical and social environment.  This existentialist view emphases the pragmatic and 

factual nature of the encounter of human and the world perceived.  Highlighting the different dimensions 
of perceptual experience, the core notion of the thinking is found contributive to the conceptualisation of 
interactivity.    

To investigate into the human experience toward a perceived object, the relationship between the 
perceiver and the perceived is the initial and essential consideration.  Two perspectives have been 
developed, termed as ready-to-hand and present-at-hand.  Ready-to-hand refers to the view that the 

perceiver’s intentionality of perception is shaped by the oriented action led by the perceived object, where 
the judgement conception is built on the subjective norm of the perceiver.  Present-at-hand is on the other 
hand putting the intentionality on focusing the emergence of the object in the world, independent to the 
usage shaped by the subjective norm.  The notion is illustrated by the renowned example of hammer.  To 

a carpenter, a hammer in its normal state is regarded as a tool according to the action capability it affords.  
In a working situation, since the hammer is not the intentional object to be contemplated, the hammer is 
considered as experientially transparent even if the carpenter is engaging an experience through it.  The 

hammer is claimed to appear as ready-to-hand.  If the hammer is not performing as expected or in an 
abnormal status that draws the attention of the carpenter, it will generate the consideration on its 
emergence and becomes an intentional object of the experience.  In this situation, the hammer is regarded 
as a present-at-hand object to the carpenter.   

The reason for a single object to appear as a number of different objects is that the meaning of it depends 
on the intentionality of the perceiver’s consciousness.  Since human consciousness is involved, the 

existential nature of it has to be taken into account in order to conduct a pragmatically meaningful study.  
Heidegger stated that human beings always regard themselves in readily existence situated in existing 
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circumstances and conditions.  Secondly, human beings are instinctively trying to understand and 

interpret meanings from what they encounter in the circumstance they situate.  Which means the meaning 
of the encounter is depended on the way in which human gives it within the context of the conscious 
experience.  Furthermore, it is stated that human beings possess an intersubjective existential nature of 
being-with others, which means they are always influenced by and also influencing others in the common 

circumstance.  The above natures of human being existence delimit the significance and essentialness of 
the social and subjective norm of the human in a conscious perceptual experience.  Heidegger pointed out 
that many philosophers and scholars have primarily taken an improper alienated perspective to explain 

the world and the relationship of it with human.  The subjective norm of the human, which is one of the 
crucial determinative essences of judgement, is isolated and neglected in the analysis.  This mistaken 
preconception prevents the study from the meaningful investigation into the pragmatic phenomena in 
which human perceives and experiences the world.   

Developed from Heidegger’s hammer example, Svanaes (2014) stated that additional essence could be 
added to an object according to the user’s intention of interpretation.  He illustrated with example of the 

ape’s realisation of ‘hammerness’ within a piece of bone.  When the ape discovers that the bone is 
applicable to perform the act of cracking, the ‘hammerness’ of the bone emerges to him.  From the ape’s 
perspective, bones forever stop being bones solely.  Svanaes claimed in spite of the fact that the 
‘hammerness’ of the bone had been there all the time, it needed to be put into practice to emerge.  

However it is not concrete to claimed that the ‘hammerness’ is originally possessed by the bone.  It is 
actually created by the ape since the bone is not intentionally designed for a hammering purpose.  Though 
Svanaes’s notion is not philosophically concrete concerning the origin of a newly emerged essence, he did 

lead to a consideration that the intentionality of the user is exclusively significant in determining an object 
when it is viewed with a present-at-hand manner. 

The theory is then interpreted and adopted in the realm of interactive design.  Svanaes (2014) extended 

the concept of the hammer example to other interactive settings, including a tactile control lamp and 
computer.  He pointed out that the medium’s interactive affordance is a hidden attribute which could only 
be considered as interactive until the user uses it.  The essence of the medium will emerges only when it 

is put into interactive use intentionally.  A lamp switch example is given for elaboration.  Svanaes stated 
that the essence ‘switchness’ of the switch is only revealed upon being used to control the light.  The 
significant aspect of this ‘switchness’ is that it allows a certain kind of interaction.  The specific meaning 
of the interaction with an object is therefore concluded as depending on jointly the use situation and the 

usr’s intention.  Svanaes applied the Heideggerian notion of intersubjective existential nature of human 
being to non-human artefact, and stated that a medium could generate its significance and essence by the 
manner of being-with other artefact.  Since the related artefacts exist in a shared practice of a culture, 

performing partially in an nexus jointly formed by them, each of the artefacts gets its significance from 
this nexus.   

2.3.3 Merleau-Ponty’s Embodied Phenomenology of Perception 

Taking over the foundation conceptions of Husserl and Heidegger, Merleau-Ponty (1962) on the other 
hand emphasised the role of the body as an active perceiver.  He considered human as an agent making 
sense and meaning of the world through active and pragmatic engagements with a conscious 

preconception that human is a subject being in the world.  Developed from Husserl’s distinction between 
lived body and objective body with adoption of Heidegger’s intersubjective nature of human beings, the 
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philosopher emphasised that human beings engage with others in the shared world as an embodied agent 

instead of detached and alienated entity.  In other words, being in the world, human are actively involving 
in perceptions, engagements, and participations in meaning and sense making with significant subjectivity 
as part of the whole rather than a distanced passive observer.   

Furthermore, Merleau-Ponty developed Husserl’s kinaesthetic nature of perception.  Perception tendency 
is influenced by the perceiver’s ability and availability to act.  Both the intentionality of the perceiver and 
the environmental condition of the perception are determinative to the perception tendency and 

preference.  In Gallagher’s (2014) words human perceive the world in terms of the possibilities for the 
action that the world offers.  Gallagher found that studies on enactive and extended notions of cognition 
has referred to Merleau-Ponty’s notion of kinaesthetic perception.  He summarised Varela et al. (1991) 
and O’Regan and Noë (2001) that human perception is not simply based on brain information processing 

and the representation of the objects in the environment only, but also the specific sensory-motor 
contingencies.  Human perception of the world is linked to the movements and motor possibilities that 
human possesses. 

Svanaes (2014) agreed with Merleau-Ponty that the intentionality of the perceiver is an important 
affecting factor in the active meaning construction process.  This intentionality is experiential in nature 
which is suggested to be shaped by the personal background, training, and habits.  Svanaes illustrated the 

thinking with a sensory perception comparison borrowed from Vogt and Magnussen (2007).  It is 
observed that the scanning patterns of a non-artist and trained artist in viewing the same painting are 
significantly different.  The artist scans the whole painting evenly while the non-artist focuses on the 

outstanding subject of the painting neglecting very much the background.  The difference between the 
sensory perception patterns will result in different meaning perceptions.  In order words, the implicit 
intentionality of the perceiver is not only affecting the interpretation of an object after the sensory 
perception, but also the tendency and the pattern of the perception prior to and during the perception 

respectively.  Svanaes then applied the embodied phenomenological perspective to the study of 
interactivity.  The researcher interpreted that Merleau-Ponty would consider interaction as perception.   
With the previous examples of tactile control light and computer, Svanaes argued that the interaction itself 

can be meaningful.  The manner, in phenomenal term gesture, in which how an interaction is performed, 
is let alone capable to carry a certain level of meaning regardless the actual connotation given by the 
signifier.    

Gallagher (2014) provided a similar conclusion.  Following Merleau-Ponty’s phenomenology, human 
perception involves an embodied set of processes which is facilitated by the environment that the human 
subject finds himself existing in.  The interactive environment, which includes artefacts, tools, and 

technologies, offers the possibilities for interactive actions.  In such condition, the physical interactive 
environment is simultaneously the social environment and directly relevant for intersubjective 
interactions. 

2.3.4 Ramberg and Gjesdal’s Modern Hermeneutics 
With the fundamental recognition of the macro dimension and structure of human perception, it is also 
essential to investigate into the micro structure of meaning interpretation.  Hermeneutics, which is 

commonly regarded as a philosophy of interpretation, together with the related theories of semiotics and 
post-structuralism, illustrates how human understands and interprets meanings.  Ramberg & Gjesdal 
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(2013) summarised that the philosophy of hermeneutics is a fundamental matter of perceiving a moving 

horizon, in other words, a changing norm.  It is also an engagement of dialogues in the on-going re-
articulation of the changing historical nature of all human thought. 

Besides the heavily stressed significant influence of the shared culture and social norm, the modern 

hermeneutics also emphasises the significance of the impact of the individual in meaning interpretations.  
Ramberg and Gjesdal (2013) stated that human understanding of a text does not consist in an adoption of 
authorised and predominant reading of the time as the starting notion of modern hermeneutics.  An 

individual reader in fact possesses a high level of subjectivity to explore the potential meaning and truth 
of the text.  The scholars explained that although there are differences between ontological and critical 
hermeneutics, there is no unbridgeable gap between them.  The text may solely create a room of 
existential possibility.  A similar notion is applicable to reading a sign or a gesture.  The intentionality of 

the subject is predominant to the meaning interpretation and reserves a space for undermining the 
authoritative patterns of it.   

Furthermore, Ramberg and Gjesdal pointed out that although there are possibilities of misunderstanding 
between message sender and receiver, it does not mean a total alienation.  The understanding is never 
final and open for further interpretation.  On the other hand, even if the message is successfully passed to 
the receiver, it does not guarantee a fully adequate understanding.  Other sensible meanings are possible 

for individual interpretations.  There will always be an indivisible room for interpreter to explore 
hermeneutic vistas left outside the pale of expected understanding. 

2.3.5 Barthes’s Structure of Signification 
Semiotics studies signs and the relationship between signifier and signified which further interprets the 
human perception, message understanding, and meaning interpretation.  Roland Barthes (1967) 
constructed a set of systematic models to investigate the relationship of denotation and connotation in 

human perception from viewpoint of structuralism.   

The theorist started with realising that the meaning of the object would be vague and impossible to be 

analysed in a systematic manner if the analysed object is the real object itself.  To avoid such uncertainty, 
he suggested a bold concept which is a reversal idea to the suggestion of Saussure.  To Barthes, linguistics 
is not an included part of semiology.  He raised the position and importance of language by granting it the 
ability to act as the origin of meaning construction.  Language is then no longer acting simply the carrier 

of meaning with pre-existing signs, but the vital and fundamental ingredient of the meaning itself in order 
to accomplish the signification.  In such approach, the sociological conception is in fact obliterated.  
Barthes dislodged the emotional and cultural concerns in the signification, though it is at a certain level 

less pragmatic and practical, the model is claimed to be more scientific and systematic under this 
decision.   

The systematic model studies into the signifying relation in fashion expressions of several French fashion 

magazines.  With assistance of both linguistic and semiology theories, Barthes deconstructed a simple 
signification relation into three primary elements, namely Expression (E), Content(C), and Relation (R).  
A basic signifying relation is formulated as ERC.  From this formulation, a set of simultaneous systems is 

constructed with multiple levels of signifying relations for meaning interpretation, including the Real 
Code, Terminological System, Connotation System and Rhetorical System.  Depending on the nature of 

!43



the relationship between terms within the expression, different depths of meaning could be constructed 

with reference to this structure.  Figure 2.8 shows the four layers structure of signification.   

!  
Figure 2.8 Roland Barthes’s Simultaneous Systems of Signification 

The formulations of the systems could be summarised as below:  

- Real Code - ERC  

- Terminological System - ER (ERC) 

- Connotation System - [ER (ERC)] RC 

- Rhetorical System - {[ER (ERC)] RC} RC 

In other words, the signification on the Real Code level is the content of that of Terminological System 
being signified by the terminological signifier; at the same time, the signification of Terminological 
System is the expression of Connotation System to signify the corresponding connotation; lastly, the 
signification of Connotation System is further the expression of Rhetorical System signifying a further 

connotation. 

Barthes further elaborated the structures of the system components including the signifier in detail.  He 

regarded signifier as a matrix of three elements, termed Object, Support, and Variant, symbolised as O, S 
and V respectively.  The Object and Support is in an inclusive relationship where the Support is part of 
the Object and allows the Variant to function in order to construct a meaningful signifier.  Barthes created 

a symbolic representation of the signifier matrix as O · V · S = Meaning, where ‘ · ’ means simple 
combination and ‘ = ’ refers to equivalence.  Logically, there are six possible combinations, however, 
from linguistic perspective, the meaning of the two of the combinations are obscure.  Since the Support 
and the Variant are not detachable in order to provide a linguistically logical and understandable 

contribution to the Object, therefore S · O · V and V · O · S are excluded in the analysis.  Under the 
phraseological limitations, the four possible simple combinations are as below: 

- O · ( V · S ) 

- O · ( S · V ) 

- V · S · O 

- S · V · O 

Constructed by these simple structures, a more complex description chain could be built to form an 
embedded matrix.  In a complex chain, there may be several Supports, Variants, or even multiple 

matrices.  Barthes illustrated with fashion descriptions as examples to delimit the different variations of a 
signifier and the pyramidal structures of them.  Figure 2.9 shows some of the examples. 
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!  
Figure 2.9 Roland Barthes’s Pyramidal structure of Signifier 

In detail, Barthes rationally constructed a signification system with elaborated structures of each element 
involved.  Though Barthes concentrated on analysing the expressions in form of text, this structural 

concept is in fact also applicable to other aspects involving meaning interpretation, for example, visual 
aesthetic judgements.  It is believed that the system is capable to facilitate designer to compose the 
meaning and value of the design through a structuralist manner.  By skilfully arranging the elements of 

the signifier and the signification pattern of the matrix with the signified connotation, the designer is 
expected to be able to pass an message with a certain level intentional meaning to the user or audience. 

2.3.6 Summary of Related Philosophies of Interactivity 

In our everyday lives, we are unconsciously practicing, behaving, and acting along with theories without 
noticing the details and the way how we are actually acting.  The preconception and judgement tendencies 
are deeply implanted in mind that we usually take our perception and interpretation as written without 

considering the inwardness of why, what, and how.  From Heidegger’s perspective, these tendencies and 
preferences are practiced in ready-to-hand manner.  Philosophers on the other hand took a present-at-hand 
perspective attempting to objectively study the logic underneath such phenomenon.  However, as 
Heidegger and Merleau-Ponty pointed out that the preceding philosophers had mistakenly preset that 

human beings are perceiving the world in the distanced present-at-hand manner, which is in fact not 
factual and pragmatic on a certain level.  In order to have a thorough understanding on human perception 
on textile design, it is essential for the designer to contemplate in a more critical thinking approach with 

multiple perspectives.   

In most of the design disciplines, especially for those focus on human-artefact engagement, the concepts 
of human perception, aesthetic judgment, and meaning interpretation are the core concerns.  Designers, 

researchers, and partitioners in a design related activity should enhance the awareness and proficiency in 
the multi-perspective thinking approach viewing and making judgement in a holistic manner. 

The review on phenomenology delivered a philosophical foundation and assistance to the study of the 
conceptualisation of interactivity.  The philosophy explores how the physical and social environments and 
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the involving entities affect human experience, cognition, problem solving, and further constitute the 

intersubjective and social interaction.  Scholars (Gallagher, 2014; Svanaes, 2014) agree that 
phenomenology also provides practical application to design processes, especially user experience 
oriented designs.  Understanding the properties, including the intentional, temporal, existential, and 
kinaesthetic nature, of a lived experience, the designer could manipulate the materials and forms to adjust 

and stimulate the different underlying aspects and the interrelationships of them.  Through a sophisticated 
design arrangement, it is possible for the designer to create and suggest, in both ready-to-hand and 
present-at-hand perspective, an interactive design associated with a potentially meaningful interactive 

human perception and interpretation, and therefore an enhanced existential experience. 

In this section, theories on human perception, mainly phenomenology, with perspectives of diverse 
human existential natures and different levels of subjectivity, were reviewed.  The review provides 

directional and logic supports for setting up the theoretical stance for the research.  Secondly, some of the 
inconsistencies, described by Stromer-Galley (2004) as interactivity-product and interactivity-as-process, 
found in previous discussions of interactivity between scholars are explainable and resolvable with 

reference to the philosophies.  Furthermore, the notions from the modern hermeneutics are studied.  
Emphasising the significance of individuality and subjectivity, the philosophy functions to distribute 
supplementary ideology on meaning interpretation to the concepts of human perception.   

The structure of signification of meaning and the relationship between signifier and signified were studied 
with reference to Barthes’s structuralist system.  Though the emotion and culture dislodging perspective 
of the system disagrees with the philosophical stance of this research, the signification system provides a 

supplementary and inspirational guide for designer to formulate the design connotation with the design’s 
soft qualities.  Looking into detail of the meaning interpretation compositions and constructions together 
with the existential phenomenological perspective, a more comprehensive ideation of human-artefact 
engagement can be constructed. 

2.4 Design Approach and Process Model  
As the research is positioned as a practice-base study, the actual design practices, including the 
corresponding processes and outcomes, are the main foci.  In order to have a solid departing stance and 
clear development direction, it is necessary to depict the design approach with justifications.  Secondly, 

building a guiding process model would facilitate the design practice to develop smoothly from the 
selected approach.  In this section, the design approach, which aligns with the research position, 
philosophical, and theoretical stance, was reviewed and discussed.  Secondly, a series of previous 

developed design process models were reviewed to provide insights to the research’s design process 
model construction stage in Chapter 5.   

2.4.1 Critical Design Approach 

Base on the nature of the newly emerged interactive textile design discipline and the notions studied from 
the above sections, a provocative design thinking and approach named, critical design, is regarded as 
situationally appropriate and contributive to this research as well as the disciplinary development.  The 

emergence of critical design thinking and its principles had be observed in 1960’s and 1970’s (Jakobsone, 
2017).  The movement has been developed with early sporadic and isolated cases, and evolved to a 
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popular course being practiced and critiqued in recent years.  The approach emphases speculative design 

assertions by raising questions and stimulating debates on the preconceptions and constraints in design 
matters.  Instead of providing an affirmative answer to a design question and problem, the approach on 
the other hand purposefully create questions and problems on the intended subject matter.  By arousing 
the awareness of design potential and possibility, critical design offers the user diverse critical angles to 

see alternatives, which is mostly unseen and unaware in affirmative design practice, to the current 
conditions. 

Malpass (2012) defined three categories for critical design practices namely, associative design, 
speculative design, and critical design.  Though different methods and contexts are applied to the three 
categories, they share the same critical stance towards the given design circumstance, and aim to a 
common advancement.  Jakobsone (2017) further grounded her design thinking propositions in 

speculative design and critical design.  This research adopts the propositions of critical design categories 
among the three types of practice.  Definition summarised by Jakobsone (2017) is as follow: 

Critical design category is characterised by its focus on "present social, cultural and ethical 
implications of design objects and practice" (Malpass, 2012).  It is influenced by the critical 
social theory and its "intention is to engage the audiences' imagination and intellect to convey 
message" (Malpass, 2012).  Critical design emphasises the role and the responsibility of the 

designer in educating the users and raising awareness of their passiveness as citizens.  It 
emerged as a reaction against designers who assume that design is "somehow neutral, clean and 
pure.  But all design is ideological, the design process is informed by values based on a specific 

world view, or way of seeing and understanding reality" (Dunne & Raby, 2001) (S4255).  

There have been debates on the application of critical design practice since the discipline emerged, 
especially in the recent years.  Key criticisms mainly lay on the absence of problem solving activity and 

negligence of outcome functionality.  Scholars (Tonkinwise, 2015; Irwin et al., 2015) challenged acutely 
that the aspirations of critical design approach are egocentric and pretentious, influencing only the realm 
of institution and academia without significant effect on a broader society.  Jakobsone (2017) responded 

to the criticisms with reference to the broad definition of design defined by Simon (1996), the empirical 
hermeneutic critical design research conducted by Malpass (2012), together with the future design 
development assertions of Dunne and Raby (2013).   

The scholar positions design, with a macro perspective according to Simon (1996), as a deliberate action 
to turn the existing living condition into preferred ones.  Under this definition, the misconception of 
narrowly regarding design as a micro problem solving activity to judge the aspirations of critical design 

approach has been resolved.  She stated explicitly that indeed there was no reliable data to claim that 
critical design practice is efficient in terms of the potential of influencing a broader audience.  However, 
in accordance to Malpass’s (2012) thorough contextualising study with a qualitative interview analysis in 
hermeneutic approach, it is concluded that designers and practitioners have acknowledged that the critical 

design approach has significant influence in their own evolution as professionals.  The critical designers 
share a common objective to extend the scope of design disciplines beyond the fiscal and technological 
boundaries to address contemporary social and scientific concerns.  A collective belief among designers 

has been concluded that design is more than a profession and an agent of capital, but an advanced high-
powered medium, language, and process through making comment and engage inquiry.  Antonelli (2011) 
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shares a similar viewpoint that critical design is, in its own right, being implemented as an experiment of 

thought.  The approach breaks through the ideological constraints of normal design practice by promoting 
critical thinking.  Furthermore, with reference to Dunne and Raby (2013), Jakobsone highlighted that 
critical design is a medium to visualise alternative futures without suggesting the preferable one.  It on the 
other hand raises the awareness of the potential of the design in influencing future towards the preferable, 

and that is beneficial to the overall development of design industry.     

Accentuating the capability of critical design practice in engaging designers in a different way of thinking 

which facilitates more conscious designs.  Jakobsone further proposed two qualities of critical design 
practice as the emphasis of future focusing, which ascertains the necessity to adjust how designers think 
of future, and the awareness of the ideological load of design, seeing beyond the ideological constraints 
imposed.  Situating at the emergence time of environmental sensitive interactive textile design, it is 

regarded as appropriate for this research to adopt the frontier spirit of the stance of critical design practice 
to provoke an initiatory development in the hybridised design discipline. 

2.4.2 Design Models 
As many design researchers, educators, theorists and practitioners (Archer, 1965; Fiore, Kimle & Moreno, 
1996; Koberg & Bagnall, 1972; Labat & Sokolowski, 1999; Lamb & Kallal, 1992; Watkins, 1988) 
summarised that a structured design process is always useful and advantageous in a design practice.  A 

well constructed design process is beneficial to the research project in a way that it facilitates the 
development of the creative thinking; specifies the contributive strings; establishes the domain of 
consideration; identifies the points and justification of judgement; and clarifies the complex and 

perplexing creative activities throughout the design process.   

Labat & Sokolowski (1999) pointed out that design processes evolved from different fields such as 
education, psychology, and philosophy, are contributive to the use in design fields, and have been refined 

to fit the specific requirements.  Numerous design process models have been constructed and discussed in 
the fields of architecture and environmental design, industrial product design, engineering design as well 
as fashion and textile design.  Although most of the design process models, mainly developed from 

affirmative design practices, regard design activity as a problem solving activity (Goel & Pirolli, 1992; 
Koberg & Bagnall, 1972), which are seemingly inconsistent to the question arousing assertion of critical 
design, the methodological insights are still contributive to governing the complex design activities in 
critical design practice to achieve a preferable outcome.  Instead of viewing the physical design outcome 

as the final product of the practice, this research situates the proposition of raising audience’s awareness 
of alternative interpretations and uses of the design as the preferable outcome of the overall design 
practice.  There is no logical conflict between applying a design process model and adopting the assertion 

of critical design approach. 

In order to discover the methodological insights from forerunning scholars and designers, with reference 
to the practice-base research nature, an in-depth review on both general and specific design models of 

general design thinking, fashion and textile design, and interactive fashion and textile design had been 
conducted.  The review foci were put on the logic flow of the design process as well as the role of 
designer in the particular process.  The studied models are summarised as the following. 
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2.4.2.1 Koberg & Bagnall’s The Universal Traveler 

Koberg and Bagnall’s (1972) Universal Traveler (Figure 2.10) is one of the earliest systematically 
formulated model regarding design as a problem solving activity.  The model consists of seven stages, 
namely situation acceptance, analysis, definition, ideation, idea selection, implementation, and evaluation.  
The scholars provided detailed explanations, language, methods, and travelling guides for each stage.  As 

the scholars elaborated, five operational arrangements of stages were developed, namely linear, circular, 
feedback, branching, and natural.  The natural way was considered as the optimal system to view the 
process as a totality, which no stage stops in account of another, the stages are always in process 

concurrently with each other (Figure 2.11).  The ultimate model resulted will be a spiral, in their words, a 
continuum of sequential round-trips that goes on as infinitum.   

Despite the architectural background, the scholars provided a neutral and generalised view of design 

process, which is applicable to different design disciplines.  Designer is situated as an explorer in a 
creative problem solving journey, fully immersed in the unknown realm of the design situation, aiming to 
reach the identified design goal through the soft-systems. 

!      !  
Figure 2.10 Koberg & Bagnall’s The Universal Traveler                Figure 2.11 Concurrent Development of Different Stages 

2.4.2.2 Zeisel’ Spiral Design Model 
John Zeisel (1981) shared a similar view with Koberg & Bagnall (1972) in considering design 

development as a continuous spiral.  Figure 2.12 shows the spiral idea of design development curling 
towards the domain of acceptable responses.  The design process develops in a reflective way with 
consecutive image-present-test cycles and corresponding conceptual shifts.  According to the vision of the 
process of product, the design is to be reassessed and refined reflectively until the formulation reach the 

domain of acceptable responses.  The notion of reflectivity encourages the designer to take a distant 
viewpoint in making critical judgement.  Designer is suggested to acknowledge the arguments that 
challenge their own plans and preconceptions by making use of the critical distance.  At the interface 
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where the curling design development path reaches the domain of acceptable responses, the designer has 

to decide whether the process will go on to more refined level or settle as situational optimal decision.  

!  
Figure 2.12 Zeisel’ Spiral Design Model 

2.4.2.3 Hamilton’s Unifying Metatheory for Clothing and Textiles 

Hamilton (1987) addressed clothing and textiles design discipline as a cultural sub-system.  The culturally 
based model was proposed as a unifying metatheory concerning technological, social structural, and 
ideological components of the theoretical paradigm of new and existing psychological, sociological, 
comic, and other theories.  The system unified the breadth of considerations in fashion and textiles with 

classification of symbiotic relationship between the sub-fields.  A framework is provided for a more 
critical perspective on the discipline’s theoretical and practical value.  Figure 2.13 and 2.14 show the 
unified components of culture and the corresponding interaction of the mechanisms of culture with the 

components of culture respectively.  The scholar suggested that by applying the metatheory in clothing 
and textile discipline, the potential for the range of permutations and interrelationships between the 
analysis units can be addressed in defining the concerns.  Examples of individual components focusing, 
component relationship focusing, and holistically focusing had been illustrated.  With such a macro 

perspective, designer is able to conceptualise critically from multiple dimensions in design ideation.  

!          !  
 Figure 2.13 Hamilton’s Components of Culture       Figure 2.14 Interaction of Mechanisms of Culture with Components of Culture 
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Hamilton (1997) further elaborated the macro-micro interface in the individual fashion forms and 

meanings construction.  A heuristic model of macro-micro level phenomena was developed to illustrate 
how the phenomena affect the way consumers attach meaning to fashion forms and appearances.  Two 
categories of macro-level phenomena, including cultural-system arbiters and fashion-system arbiters, 
were claimed to be influential to the micro-level phenomena of fashion meaning negotiation among 

individuals.  Figure 2.15 shows the macro-micro continuum bridge of the phenomena.  The interface 
developed is expected to help the designer to apply a holistic approach considering how the macro 
environment, the components and mechanisms of culture, and the corresponding relationships influence 

an individual meaning negotiation. 

!  
Figure 2.15 Hamilton’s Macro-Micro Continuum 

2.4.2.4 Watkins’s Design Process for Functional Apparel Design 
Watkins (1988) adopted the universal process model developed by Koberg and Bagnall (1972) with 

reference to other scholars (Crawford, 1964; deBono, 1977; Gordon, 1961; Madigan & Ellwood, 1983; 
Naisbitt, 1984; Osborn, 1953; Rogers, 1969; Suzuki, 1969; Taylor & Barron, 1975; Williams, 1983) to 
teach functional apparel design.  The scholar regards the process framework as a creative problem-solving 
activity, emphasising the process orientation is more important than product orientation in design 

education.   

The design process stages, including acceptance, analysis, definition, ideation, idea selection, 

implementation, and evaluation, were elaborated with development methods in accordance to functional 
apparel design adaptation.  Though the process is affirmative in nature, the scholar did accentuate the 
importance of stating the design problem instead of the solution in the definition stage.  The goals are to 
be set without imposing limitation to creative problem-solving activity. 

2.4.2.5 Lamb & Kallal’s FEA Consumer Needs Model 
With reference to Koberg and Bagnall’s (1972) universal design process model, Lamb and Kellal (1992) 

formulated a holistic consumer needs focusing design model (Figure 2.16) featuring the interrelated 
aspect of apparel design.  The model accentuates the simultaneous consideration of functional, 
expressive, and aesthetic concern of apparel design.  The scholars suggested such design thinking to be 
incorporated into the design process, especially in the problem identification and evaluation stage.   

The intended user centred model is regarded as an affirmative problem-solving approach that does not 
distinguish functional apparel and fashion design.  While formulating the practical functionality of the 

design, including garment fit, mobility, comfort, protection, and wearability, the designer is suggested to 
consider the expressive aspect, which includes values, user’s identity, status, and self-esteem, together 
with aesthetic attributes, including art elements, design principles, and body-garment relationship, in a 

holistic manner.  After applying the design thinking in the problem identification stage, the scholars 
emphasised that a user profile must be developed to clarify the user needs and wants within the use-
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situation context.  The role of designer is to create an optimal and equitable design fulfilling the defined 

usability in a balanced manner. 

!    !  
Figure 2.16 Lamb & Kallal’s FEA Consumer Needs Model 

2.4.2.6 LaBat & Sokolowski’s Three-Stage Design Process 
LaBat and Sokolowski (1999) conducted an extensive review in different design disciplines, including 

environmental design, engineering design, industrial and product design, and clothing design.  Aiming to 
formulate a common process structure for their university team to work with a real life industry client, the 
scholars examined and organised the process models developed by Broadbent (1986), Zeisel (1981), 
Asimow (1962), Pahl & Beitz (1984), Hollins & Pugh (1990), Walton (1991), Archer (1965), Jones 

(1963, 1981), Doblin (1987), DeJonge (1984), Koberg & Bagnall (1981), Hanks et al. (1977), and Lamb 
& Kallal (1992, 1994).  After analysing the previous models, LaBat and Sokolowski summarised a 
chronological three-stage design process model for industrial textile product, including problem definition 

and research, creative exploration, and implementation as the key stages, supported by specific steps, 
including initial problem definition, research, working problem definition, preliminary ideas, design 
refinement, prototype development, prototype evaluation, production refinement, mediate production, and 
improvement (Figure2.17). 

!  
Figure 2.17 LaBat & Sokolowski’s Three-Stage Design Process 
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2.4.2.7 McCann et al.’s Critical Path in Design of Smart Clothing  

McCann, et al. (2005) developed a thorough process for smart clothing design (Figure 2.18), covering the 
whole product lifecycle from fibre sourcing to product recycling.  The sequential model emphases the 
considerations of end-user requirements and the corresponding appropriate technology to be selected, 
integrated, and tested throughout the design process.  Similar to most of the affirmative design process 

models, the model cautiously addresses the needs of end user and technology allocation as the key design 
problems.  Design decisions are to be made according to intended functionality, definite usability, and 
customer requirement fulfilment.  Designer serves as an agent in arranging every possible design 

aesthetic, garment engineering, and supportive technological aspects to meet customer’s expectations.  

!  
Figure 2.18 McCann, et al.’s Smart Clothing Design Critical Path 

2.4.2.8 Lam’s Theoretical Design Process Model for Illuminative Smart Fashion  
With reference to a number of design models developed in fashion and textile design field (LaBat & 

Sokolowski, 1999; Lamb & Kallel, 1992; McCann et al., 2005; Regan et al., 1998; Watkins, 1988), and 
those of architecture and industrial design disciplines (Archer, 1984; Buchanan & Margolin, 1995; Cross, 
1989; Doblin, 1987; French, 1999; Jones, 1981; Koberg & Bagnall, 1973; Lawson, 1980; Maver, 1970; 
Pahl & Beitz, 1996), Lam (2012) constructed a three stage process model for illuminative smart fashion 
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design.  The model consists of three main parts, including analysis, synthesis, and evaluation.  Each stage 

is elaborated into phases to form a sequential process passing through problem recognition, sub-problem 
identification, conceptual design, individual solution creation, sub-solution combination, prototype 
development, prototype evaluation, and detail design with specifications.  The process is regarded as non-
linear, which the evaluation and synthesis stage are interrelated.  Designer goes back to synthesis stage to 

reassess and redesign in order to satisfy the intended design result and answering the identified design 
problems. 

!  
Figure 2.19 Lam’s Theoretical Design Process Model for Illuminative Smart Fashion 

2.4.2.9 Chui & Taylor’s Sound Featuring Interactive Fashion System 
Chui and Taylor (2012) developed an interactive fashion system placing sound as the featured attribute in 

the process.  The system composes of four sequential approaches, including human-sound, sound-fashion, 
fashion-human, and human-human interactions.  The role of designer is situated as an agent generating 
visual patterns according to sound recorded by means of cymatics, and assists the interaction processes.   

The system emphases the interactive activities in the design creation processes instead of the interactive 
behaviour performed by the creation.  The outcome of the design practice remains static, further human-
artefact interactivity affordance possessed by the outcome situates mainly on sensory and semantic level.   

Figure 2.20 shows the proposed interactive fashion system, where the numbered bidirectional arrows 
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represent the sequential approaches of human-sound, sound-fashion, fashion-human, and human-human 

interactions respectively. 

!  
Figure 2.20 Chui & Taylor’s Interactive Fashion System 

2.4.2.10 Bai’s Circulated Action Research Process 

In Bai’s (2015) action research on innovative photonic textiles design, a circulated action research process 
(Figure 2.21) was formulated with reference to Tan’s (2005) proportion on action research cyclic nature.  
In accordance to her research design, the process consists of five stages, including design concept 
development, prototype development, experiment and subjects survey, design improvement, and final 

prototype implementation.  The stages are interrelated in circular nature in order to achieve continuous 
improvement.  The key role of the designer is to reflectively define and refine the design throughout the 
process.  The final prototype deign takes the end user’s opinion into account through survey, aiming to 

satisfy the preferences of the subjects in affirmative manner.  

!             
Figure 2.21 Bai’s Circulated Action Research Process    
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2.4.2.11 Bai’s Design Process for Photonic Textiles and Interactive Interiors 

Alongside the research development guided by the circulated action research process developed earlier, 
Bai (2015) further proposed a specific design process model for photonic textile and interactive interior 
design (Figure 2.22).  The process was built according to the streamlined four stages circulated action 
research process, which includes conceptualisation, experimentation, surveying, and design improvement.  

The elaborated design process model put foci on both technological and design concerns, where every 
stage is an interactive process between technology and design.  Interactivity of the design outcome is to 
be formulated during experimentation stage, and put into a triangulated end user survey for generating 

improvement implications.  Final prototype is to be redesign according to the result of the survey.  The 
key role of the designer situates on synthesising original design conceptualisation with user’s opinion.  
Since the design process is an affirmative co-design practice in nature, accounting the end user’s opinion 
in the final design formulation, the interactivity of the outcome is expected and satisfying user’s need. 

!  

Figure 2.22 Bai’s Design Process for Photonic Textiles and Interactive Interiors 

2.4.3 Summary of Design Process Model  
As observed from the above design process models, both general and specific, there are some common 

structures discovered.  Firstly, the scholars agreed a design process should not be linear.  Reflective 
development and holistic consideration are suggested to improve the design continuously to achieve a 
situational optimal outcome.  Secondly, the structure of a design process consists at least three common 
stages of design problem identification and analysis, conceptualisation and synthesis, and design 

implementation, where the stages are interrelated and concurrently improving with each other. 

It is noticeably that Koberg and Bagnall’s (1972) Universal Traveler design process model provides a 

good fundamental structure for a new and more elaborated model to develop with.  Since the model is 
universal in nature which enhance its generalisation power and applicability to other specific disciplines 
and specialisms.  A number of scholars had adopted the basic and essential components of the model to 
develop and further elaborate into their own fields and individual design situations.  Secondly, although 

the model is an affirmative problem-solving process, the model emphases the role of designer as an 
exploring entity fully embracing an unknown design situation, instead of merely a target-reaching agent.  
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This proposition echos with the pioneering exploratory position of this research.  Therefore, for the sake 

of simplicity and adaptability, the Universal Traveler was adopted to be the foundational structure for this 
research to construct a design process model for environmental sensitive interactive textile design. 

There are several points to be clarified before the model development to proceed.  It is observable that 

most of the models are problem-solving oriented, positioning the physical design outcome, which 
possesses a certain concrete functionality, as the optimal solution to the identified design question.  
However, base on the nature of critical design practice, the physical outcome of the process is not the 

ultimate destination.  Instead, the prototype is not required to be associated with a preconceived and 
affirmative functionality.  It is on the other hand viewed as a questioning entity, arousing alternative 
interpretations in both uses and meanings.  The nature of the physical outcome of the practice is a 
stimulative tool to initiate and enrich designer and audience’s contemplation and understanding of the 

current living condition through multiple-levelled and multidimensional critical thinking.  Discussion, 
challenge, and debate, which are purposefully intended, on the design context, methodological 
arrangement, and proposed influence of the design are expected. 

Secondly, in accordance to the affirmative nature of the models, the reviewed processes concern 
significantly the technological and ideological aspect of the design, leaving perceptual considerations 
neglected.  The models preconceive the designer’s interpretation and the design intention would be 

simply transferred and agreed by the end user without taking into account the complex and inconsistent 
matrices of audience in real life.  This preconception had been criticised by critical design scholars 
(Krippendorff, 2006; Malpass, 2016; Redström, 2006) and subjectivity notions of hermeneutics (Ramberg 

& Gjesdal, 2013) that an ideal engineered subject for particular design is an unrealistic expectation.  As 
per Hamilton’s (1987, 1997) suggestion, the micro meaning negotiation process of the end user and 
audience in the real world is complicatedly affected by diverse culture mechanisms and complex 
relationships of the cultural components.  The complex human perception consideration in a human-

artefact engagement process, which is also the key philosophical foundation of this research, should be 
addressed in the design model. 

2.5 Conclusion 
Since interactive textile design is an external successor to the concept of interactivity which is originated 

from human-computer interaction design field, it is essential for the researcher to thoroughly understand 
the original concept in order to merge the ideology into textile design discipline.  In this chapter, the 
conceptualisations and the debates aroused from the original realm were studied together with related 

philosophies.  By looking into the ideology with different perspectives, viewing from interactivity-as-
process with read-to-hand viewpoint to interactivity-as-product with present-at-hand angle, the conceptual 
paradoxes and uncertainties has been resolved.   

Secondly, with assistant of the delimited models of multi-dimensional interactivity, consciousness and 
experience structure, diverse level of communication, and connotation signification, together with notions 
of existentialism, phenomenology, modern hermeneutics and semiotics, a holistic perspective has been 

established for ideating an interactive textile design model and the corresponding processes.  Since an 
interactive textile design involves a complex matrix of technological considerations, communication 
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measure arrangement, human perception initiation and formulation, signifier coordinating, signification 

process formulation, perceptual environment and horizon investigation, and meaning ambiguity 
anticipation, designer needs to be able to consider the overall arrangement with ontological alienated 
perspective, together with enactive subjective involvement.  Both objectivity and subjectivity of the 
designer, and the anticipation of intersubjectivity with the audience constructed in the noematic 

interactive environment have to be considered in a holistic manner. 

A number of design process models had been reviewed to generate the basic design thinking structure.  

With reference to the models, implications for the direction of formulating and adopting a design process 
model had been developed with clarifications and justifications.  Grounded with solid credibility, the 
research constructed, with reference to all the above literature reviewed, the theoretical stance, 
framework, and design process model in detail in chapter 5 with justifications. 
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Chapter 3: Practical Literature Review 

3.1 Introduction 
In addition to the theoretical knowledge foundation, it is also crucial to understanding the practical 
dimension of the discipline.  Material scientists, design researchers, practicing designers, and textile 

artists have been expanding the realm of interactive textile design from practical directions.  Material 
advancements, innovative applications, and cross-disciplinary studies have been unfolded resulting in 
realised pioneering projects and prototypes, which provide implications and contributions for the new 
born discipline to grow.  Practical reviews on the applicable smart materials and leading projects are 

nutritional to this study.  In this chapter, review foci are put on the applicable smart materials and 
previous design explorations practiced by forerunning practitioners.   

The first essential area to be investigated is the adoption of environmental sensitive materials in textile 
design.  With the aim to inject interactive property into textile design without the assistance of electronic 
circuit and digital technology, potential and current situation applicable smart materials, which are able to 
perform perceivable environmental reactions and afford interactive human-artefact engagement, were 

studied.  The categorisations, characteristics, and the corresponding application technologies were 
reviewed.  Those appear with application feasibility to this particular textile design research were then 
listed in accordance to the research question and objectives. 

Secondly, the realised design projects from both academia and industry were reviewed.  Interactive 
creations relevant to fashion and textile design, and textile related industrial product design were subjects 
to investigate.  In order to have a systematic understanding of the design ideology and interactivity 

arrangement, the syntactic model of interaction developed by Sohn (2011) was adopted to analyse the 
selected design projects.  Implications were concluded to provide ideological inspiration to the actual 
design practices of this research followed. 

3.2 Smart Materials 
In recent years, there has been a technological advancement in material science resulting in a formulation 
of the new class of high-performance materials.  Thanks to the proactive improvement achieved by 
contemporary chemists, physicists, and materials engineers, the previous experimental materials are now 

available and applicable to different design disciplines.  The high-performance materials, commonly 
named as smart materials, are able to present dynamic and reversible performances, including changing in 
colour, form, dimension, temperature, mobility, and energy transformation, according to external stimuli.  

The emergence of such extraordinary property affording materials has unfolded an enormous room for 
designer to create groundbreaking innovation advancements.  

Ferrara and Bengisu (2014) provided a thorough introduction on smart materials and intelligent designs.  

The design-driven investigation perspective of their review delivers not only the scientific and 
technological aspects of the high-performance materials, but also the creative implications, design 
potentialities, strategies, application paradigm, and corresponding methods.  This investigation 

positioning is contributive to this constructive practice-base research. 
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Since smart materials emerged with a certainty crisis on material class determination.  Ferrara and 

Bengisu (2014) started by pointing out the key feature of smart materials which is invalidating the 
conventional definition of material.  From philosophical connotation perspective, the terms material and 
substance refer to something which exists itself on a stable and permanent manner.  However, the smart 
materials invalidate this common sense by means of the relationship between material consistency and the 

corresponding appearance, and the relationship between stable characteristics and the possible temporal 
variations.  In response to the certainty crisis, the scholars (Ferrara & Bengisu, 2014) provided a common 
property to determine if the material is a smart material as follow: 

The smartness in a material (or a system) is determined by the relationship between its 
properties, its state, and the energy applied directly to the material.  If the relationship influences 
the internal energy of the material, altering both the molecular/crystal structure as well as the 

microstructure, then the input will cause a change in material properties: the material absorbs 
energy that enters and undergoes a change.  The change of internal structure is a common 
property of smart materials. (p.5) 

Base on the above determination, the scholars narrowed the investigation scope to the materials that 
change colour, termed as chromogenic materials.  With reference to other scholars (Hu, 2010; Lampert, 
2004; Ritter, 2007), Ferrara and Bengisu (2014) described chromogenic materials as chameleonic as the 

materials change colour reversibly through a consequent modification of optical properties, including 
reflection, absorption, emission, or transmission, as a response to environmental condition changes.  The 
scholar then characterised the chromogenic materials according to their scientific definitions into five 

main categories namely, thermochromic, photochromic, chemochromic, electrochromic, and 
mechanochromic material.   

In accordance to the applicability and relevance to this design research with adoption of environmental 

sensitivity, the review in this section is streamlined to materials which react to temperature, light intensity, 
humidity, and pressure.  Secondly, since this research focuses on the innovative and contextual 
applications of environmental sensitive materials to create interactive textile prototypes in accordance to 

the propositions of critical design practice, the review in this section focuses on the basic material 
mechanisms, perceivable chromatic properties, and application technologies. 

3.2.1 Thermochromic Materials 

Thermochromic materials react to the variation of environmental temperature and perform reversible 
chromaticism.  There are different groups of materials in thermochromatism, which possess different 
transition temperature ranges, including polymers, solid state semi-conductors, and liquid crystals 

(Ferrara & Bengisu, 2014).  Generally, thermochromatism is based on a chemical equilibrium between 
different crystalline phases or two distinct forms of a molecule.  There are two types of phase 
transformation initiating thermochromic effect, termed first order and second order transformation.  The 
first order transformation performs an abrupt at a given temperature, which leads to a sudden colour 

change.  The second order transformation manifests a continuous transformation within a wider range of 
temperature, which leads to a gradual change of colour within the given range. 

Since it is possible to engineer the transition temperature level and range, by combining materials with 
different transition temperatures, multiple colour changing behaviour is customisable within a single 
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medium.  Toray Industries developed a thermochromic fabric with glass microcapsules coating (Ferrara & 

Bengisu, 2014).  The creation named Sway is a substrate with four basic colours and 64 combined 
colours, and able to perform thermochromatism between -40°C and 80°C at a temperature above 5°C.  
Figure 3.1 shows the colour mixing logic of two-phase, three-phase, and multiple-phase colour change 
provided by supplier.  

!  
Figure 3.1  Logic of Difference Phase of Colour Change 

As suggested by scholars (Ferrara & Bengisu, 2014) and observed from market sourcing, the most 

common thermochromic colorants for textile applications are liquid crystals and leuco dyes.  Liquid 
crystals allow a precise transition temperature engineering, registering variations as minor as 1°C, and the 
delicate materials are capable to register the temperature variation passing through a series of colours 

(Ferrara & Bengisu, 2014).  The highly sensitive materials require micro-encapsulating process to 
formulate applicable colourants, which makes it significantly more expensive than leuco dyes.  

On the other hand, leuco dyes are comparatively more economic and affordable.  However the sensitivity, 
and therefore precision, to temperature is low.  Generally, the dye changes from transparent to a default 
colour at its engineered transition temperature.  Figure 3.2 shows the mechanism of the colour changing 
behaviour of leuco dyes.  The polymeric microcapsule is mixed with an acid, which serves as an activator 

of colour changing behaviour, and a solvent, which performs the transportation of the components.  When 
the temperature is below the solvent’s melting point, the acid and colorant are in contact and display a 
visible colour due to electron interaction.  While the temperature increases and melts the solvent, the 

colour forming components detach from each other and dismiss the electron interaction.  Therefore, no 
visible colour will be displayed and the dye appears as transparent.  By mixing leuco dye with other non-
reactive inks, the colour changing behaviour will then be changing from one colour to another.  Secondly, 
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combining thermochromic inks in different colours, which react to distinct temperatures, a multiple 

colour changing effect, as illustrated in figure 3.1 can be obtained.   

!  
Figure 3.2  Principle of Leuco Dye Thermochromatism 

Applications of thermochromic materials include dyeing, screen printing, coating, and embedding the dye 
in synthetic polymer matrix during spinning, depending on the material type registered.  Figure 3.3 
presents the common applicability of thermochromic materials provided by supplier.  Currently, micro-

encapsulated liquid crystals are not applicable to high-pressure and high-temperature processes, for 
instance synthetic polymer extrusion (Seeboth & Lötzsch, 2008).  Normally, liquid crystal droplets are 
combined with a binder, usually water-soluble polymers, and polyurethane and acrylic based emulsions.  
High viscosity pastes and pigments are suitable for screen printing while thin inks are feasible for inkjet 

and flexographic printing (Ferrara & Bengisu, 2014).  On the other hand, micro-encapsulated leuco dyes 
are applicable to formulate inks, paints, pigment pastes, as well as incorporation of polymer injection and 
extrusion processes. 

!  
Figure 3.3  Thermochromic Materials Applicability 

3.2.2 Photochromic Materials 
Photochromic materials respond to the intensity of incoming light, generally ultraviolet intensity, and 
change colour.  Photochromism is found in both unstable organic and inorganic molecules (Durasevic et 

al., 2011; Ferrara & Bengisu, 2014; Van Gemert, 1999).  The materials respond to the energetically rich 
photons of the near ultraviolet electromagnetic spectra, and change the molecular configuration and light 
transmission coefficient.  Activated by the electromagnetic radiation, the molecular configuration change 

manifests a chromatic spectrum and transfers from transparent to a certain visually perceivable colour.  
Inorganic photochromic materials, for instances copper, mercury, and various metal oxides, are more 
appropriate for coating on metal, glass, and ceramic surfaces (Ferrara & Bengisu, 2014).  Organic 
photochromics, for examples spiropyrans, spirooxazines, and fulgides, which possess a wide range of 

colours, are on the other hand appropriate for textile applications (Durasevic et al., 2011; Dürr & Bouas-
Laurent, 1990). 
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Commercial textile applications of photochromic materials come in inks, pigments, and dyes.  The 

common synthetic dyes applicable to textile fibres are spiropyrans, spironaphtoxazines, chromenes, 
fulgides, and diarylethenes (Durasevic et al., 2011).  Applications of photochromic material includes 
embedding the dye in synthetic polymer matrix during spinning, dyeing, screen printing, and coating.  It 
is suggested that the later methods, which are applicable to smaller quantity production, are more 

appropriate to fashion and textile design than the batch production oriented competing processes (Billah 
et al., 2008; Canal et al., 2008; Durasevic et al., 2011; Ferrara & Bengisu, 2014; Nelson, 2002).  Figure 
3.4 shows the general photochromic materials applicability provided by supplier. 

!  
Figure 3.4   Photochromic Materials Applicability 

3.2.3 Phosphorescent Materials 
Phosphorescence is a sub-category of photoluminescence which is related to fluorescence.  

phosphorescent materials absorb radiation and slowly re-emit at a lower intensity for a lengthened time 
period after stimulation.  Schulman (1977) provided a detailed study on the physicochemical principle of 
phosphorescence spectroscopy.  In his book, he elaborated phosphorescence as follow: 

The radiative transition from the lowest triplet state to the ground singlet state is longer lived 
than fluorescence because of the spin forbiddenness (low probability) of the former and is called 
phosphorescence.  Phosphorescence is, like fluorescence, most likely to occur in molecules 

having restricted vibrational freedom and is thus most often observed in aromatic molecules and 
their derivatives.  (p.39) 

Phosphorescence usually originates from the lowest vibrational level of the lowest triplet state 
and terminates in any several vibrational levels of the ground state.  Thus the structure of the 
phosphorescence band represents the vibrational structure of the ground state and the separations 
between vibronic features in the phosphorescence spectrum can usually be matched with peaks 

in the infrared or Raman spectra of the phosphorescing molecule, corresponding to normal 
vibrations of the ground state molecule. (p.40) 

Stimulated by ultraviolet radiation, phosphorescent materials absorbs the incoming waves and illuminate 
slowly for a period of time.  Phosphorescent materials, in form of powder, ink, pigment paste, acrylic gel, 
etc., are well developed and popularised in commercial applications, especially in product design, textile 
design, and art related fields.  Different pre-stimulation and the corresponding illuminating colours are 

available in the market, most commonly in yellow, green, and blue.  In addition, there is also pigment that 
appears as transparent before excitation and illuminates in green after stimulated.  By combining the 
above colours and controlling the medium intensities, a range of colours and illuminating effects can be 

formulated.  Screen printing and coating are the common processes feasible in textile applications.  
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3.2.4 Hydrochromic Materials 

According to Ferrara and Bengisu’s (2014) classification, hydrochromic materials are listed as 
chemochromic materials together with those of gaschromic, halochromic, solvatochromic, and 
hygrochromic.  This class of materials change colour in contact with a given chemical agents, including 
liquid and gas.  Hydrochromic materials respond to the presence of water or in contact with moisture, and 

perform colour changing behaviour.  Normally, hydrochromic pigments appear as solid white and turn to 
transparent in contact with water.  In current industrial applications, hydrochromic binder is mostly used 
for printing and coating.  It seems on the surface that the colour is limited to white and transparent only.  

Yet thanks to the soft and flexible properties of the coating, the binder could be applied to diverse 
coloured textiles without significantly affecting the textile’s handle.  By that transferring from white to 
any colours and patterns is logically possible.   

Ferrara and Bengisu (2014) provided a detailed explanation on hydrochromism.  Hydrochromic coating 
are usually applied on a colour-printed surface, forming a thin solid white film impeding light waves from 
reaching the colour print underneath.  When the film is wetted with moistures, it acquires a viscosity such 

that it becomes penetrable to electromagnetic frequencies.  Since light waves are allowed to be filtered 
through the layer, the coloured print beneath appears as visible.  When the coating is dried, it returns to its 
original state of opaque white again, concealing the coloured print.  Hydrochromic inks are applicable to 
a range of substrates, including soft sheet vinyl, paper, coated paper, styrene sheet, fabric, soft PVC, etc. 

(Ferrara & Bengisu, 2014).  Common screen printing and spray coating are the feasible processes for 
textile applications. 

3.2.5 Mechanochromic Materials 
Mechanochromic materials respond to different forms of mechanical stress change including, 
compressive, tensile, and more complex forms, applied on them and change in colour or turn to 
transparent (Ferrara & Bengisu, 2014).  A variety of polymers and inorganic materials display 

mechanochromic behaviours (Chen et al., 2012; Potisek et al., 2007; Seeboth et al, 2011) and currently at 
the research and development stage.   

Currently, mechanochromic materials are available in forms of mechanochromic ink and polymeric films.  
By applying the mechanochromic ink, the substrate is able to detect a certain level of stress and pressure, 
and presents through colour changing behaviour.  The Smart Structure Research Institute of Strathclyde 
University had developed a climbing rope with adoption of mechanochromic ink which indicates the 

mechanical damage of the rope to climber (Goddard et al., 1997).  Polymeric films were developed 
together with the advancement of nano-technology.  University of Cambridge have developed a polymer 
opal together with Fraunhofer Institute based on the physical principles of structural colour.  The polymer 

consists of multiple layers which are embedded with silica nanoparticles in different colours.  When the 
polymer opal is stretched, the spacing between the nano-spheres increases and displays a combined 
multitude of colours from the coloured particles of different layers (Ferrara & Bengisu, 2014). 

The development of mechanochromic materials is regarded as adolescent as the related technologies are 
not yet mature (Ferrara & Bengisu, 2014).  As a result, the materials are not popularised to the design 
disciplines currently.  Scientists and material engineers are putting efforts in developing mechanochromic 

materials with high sensitivity to external stimuli, aiming to achieve mechanochromic effects in response 
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to low level of pressure.  It is believed that obtaining a reversible mechanochromic behaviours is an 

important advancement for practical and economically applications (Ferrara & Bengisu, 2014).   

3.2.6 Summary of Smart Materials 
As Ferrara and Bengisu (2014) suggested, chromogenic materials are potentially promising and 

favourable to design-driven innovation in enhancing the functional, aesthetic, or communicative 
performance of products and media.  There is a great potential for textile design to be further developed 
into interactive and communicative medium by adopting the applications of environment sensitive 

chromogenic materials.  Base on the extensive review, the scholars (Ferrara & Bengisu, 2014) hammered 
a significant contribution of chromogenic materials in favour of design that they introduce new modalities 
in enhancing a more immediate, continuous, and persistent interaction to everyday life.  Such affordance 
opens a new page for design thinking on perceiving, understanding, and interpreting objects and media.  

In textile design, the dynamic colour changing properties sublimate textiles, which have long been used as 
expressive and communicative purposes, to a more intelligent level of information and message 
interchange, facilitating multidirectional communication. 

Given that most of the publications on smart materials are scientifically and technically oriented, Ferrara 
and Bengisu (2014) suggested that base on the scientific and technical achievements accomplished by 
scientists and engineers, designers are now responsible to explore and develop cultural, poetic, and 

practical applications to appropriate the materials to improve our daily lives.  It is agreed that material 
manipulations at the primary scale is very difficult for designers (Dunne, 2005; Ferrara & Bengisu, 2014).  
Such material innovation challenge is essentially delegated to scientists.  Designer on the other hand is 

suggested to imagine a new interactive nature of design by exploring the potential of miniaturisation, 
multi-functional integration on a single object, and aesthetic-decorative characterisation afforded by the 
new materials (Dunne, 2005; Ferrara & Bengisu, 2014). 

In accordance to the preliminary study on the application feasibility and suitability in textile design, and 
material availability in the market, three environmental sensitivities were selected to be employed to the 
study.  The design practices followed attempted to explore thermo-sensitive, photo-sensitive, and hydro-

sensitive materials.  The three corresponding environmental factors, including temperature, wavelength, 
and humidity affect visibly the light penetrability and reflectiveness and thus the perceivable colour of the 
textiles.  Adjusting the mentioned factors changes the textile’s visual appearance in different 
environmental conditions, which further initiates different human perceptions, interpretation, and 

communication consequences. 

The knowledge studied in this section served as an inspirational and departing foundation for further 

design development.  The possible applications of each of the sensitivity and the combination of them, 
which enhance human-artefact interaction and hence designer-textile-audience relationship, were 
explored and presented in the experimental development stage and creation of research prototypes stage. 

3.3 Realised Interactive Textile Related Design Projects 

Under the rocketing trend of interactive design, practitioners with different specialties are endeavouring 
to explore the feasibility and potential of interactive textiles.  Quite a large number of realised projects 
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have been achieved by researchers, fashion designer, textile designer, material specialists, interactive 

system designers, computer engineers, and artists.  Distinct categories of textile projects, including 
medical, biological supervisory, protective, environmental detective, and decorative have been explored.  
In spite of the similarity among the projects, practitioners with different specialties and backgrounds 
navigate in diverse ways and manners with focus put on different dimensions of the interactive designs.  

Design philosophy, concept, and considerations vary according to the project aims and objectives.  A 
comprehensive review on the realised projects provides insightful and pertinent thoughts and ideologies 
to the actual design practice stage.   

There are a number of environmental sensitivity applications exploded by fashion and textile design 
pioneers in creating interactive projects, including kinetic-sensitive, sonic-sensitive, thermo-sensitive, 
hydro-sensitive, pressure-sensitive and photo-sensitive.  Most of the environmental sensitivities applied in 

the realised projects are introduced by electronic systems equipped with corresponding sensors.  Projects 
injecting environmental sensitive materials in textile substrates as the key interaction elements were 
further reviewed in detail.  Several ideologies and design approaches were induced from the forerunning 

projects.   

3.3.1 Interactive Textile Related Design Project without Adoption of Environmental Sensitive 
Material 

A total number of 60 interactive design projects were reviewed and organised thematically in the 
literature record system.  40 of the reviewed projects were realised without adoption of environmental 
sensitive material.  Mostly, the interactivity of the projects were actualise with assistance of programmed 

electronic outboards.  The designs response to external stimuli and transfer the detected conditions into 
electronic signals.  The interactive behaviours are then performed by the default programmes expectedly. 

The interactive design projects without adoption of environmental sensitive material were briefly 

summarised (Table 3.1).  The projects possess diverse interacting behaviours and affordances, including 
illuminating, sound emitting, odour releasing, information technology performing, somatic stimulating, 
shape-shifting, and multi-behavioural. 

Table 3.1 Summary of Reviewed Interactive Fashion and Textile Design Projects

Project 
Title

Researcher
/ Designer

Brief Description Photo I Photo II Literature 
Sources

Pressure-sensitive

Breathing 
Dress

Xia, W. J. Breathing Dress applies a 
pressure detection system on 
respiration to conduct the 
overall interactive design.  
The creation senses the real 
time breathing process and 
illuminates different chosen 
colours accordingly.  It is 
claimed to be emotional-
expressive and helpful in 
promoting and performing 
effective breathing exercises. 

Xia, W. J. (2011). 
Creation of 
Interactive Fashion 
(Doctoral 
dissertation). 
Retrieved from 
PolyU Institutional 
Research Archive 
http://
hdl.handle.net/
10397/4953

Retrieved from Xia, W. J. (2011). 
Creation of Interactive Fashion (Doctoral 
dissertation).

To be continued
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The 
Pneuma 
Dress

Frydenberg, 
S.

The Pneuma was created to 
remind the wearer to breathe 
deeply.  Stretchable Circuits 
integrated a respiration 
sensor into the fabric, which 
is connected to a micro-
controller.  The inhalation 
and exhalation of the wearer 
trigger the detecting system 
and control the LEDs to 
illuminate.

Quinn, B. (2013). 
Textile 
Visionaries..  
London: Laurence 
King Publishing 
Ltd.  p. 100-101. 

Retrieved from 
stretchable circuits 
website http://
www.stretchable-
circuits.com/
projects/
healthcare/pneumaRetrieved from stretchable circuits 

website http://www.stretchable-
circuits.com/projects/healthcare/pneuma

Heartthrob Xia, W. J. Heartthrob is equipped with 
a pulse rate sensing system.  
The dress detects and 
translates wearer’s pulse rate 
into diverse illuminating 
visual display.  The design 
intends to render the 
wearer’s psychological and 
emotional conditions, which 
are believed influential to 
heart rate significantly, into 
different appearances on the 
design for a metaphoric 
emotion expression.

Xia, W. J. (2011). 
Creation of 
Interactive Fashion 
(Doctoral 
dissertation).  
Retrieved from 
PolyU Institutional 
Research Archive 
http://
hdl.handle.net/
10397/4953

Retrieved from Xia, W. J. (2011). 
Creation of Interactive Fashion (Doctoral 
dissertation).

No-Contact 
Jacket

Whitton, A. 
& Nugent, 
Y.

No-Contact jacket jacket is 
designed to protect women 
from attackers by creating an 
electrical charge upon 
grabbed, gripped or 
constricted.   Quantum 
tunnelling composites 
utilised consist of metals and 
nonconducting elastomeric 
binders that function as 
pressure sensors.  When the 
composites are compressed 
and come into contact, they 
become conductive and 
perform an electric shock on 
the jacket surface, so as to 
function as a defensive 
mechanism.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 14. 

Retrieved from 
No-Contact LLC 
website http://
www.no-
contact.com

Retrieved from No-Contact LLC website 
http://www.no-contact.com

SensFloor Lauterbach, 
C.

SensFloor is a large area 
capacitive sensor floor, 
installable beneath all kind of 
flooring. Persons walking 
across the floor trigger 
signals which are sent 
wirelessly to a transceiver.  A 
sequence of location and 
time-specific sensors relay 
data to a central control unit 
in real time.  The software is 
able to identify which one of 
the inhabitants is moving 
through the space, and detect 
the presence of an intruder.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 205. 

Retrieved from 
Future Shape 
website http://
future-shape.com/
en/system/

Retrieved from Future Shape website 
http://future-shape.com/en/system/

To be continued

!67

http://www.stretchable-circuits.com/projects/healthcare/pneuma
http://www.stretchable-circuits.com/projects/healthcare/pneuma
http://hdl.handle.net/10397/4953
http://www.no-contact.com
http://www.no-contact.com
http://future-shape.com/en/system/
http://future-shape.com/en/system/


Photonics - 
Connexion

Bai, Z. Q. Connexion is a collection of 
interactive photonic 
cushions.  Optical fibres are 
woven and laser-engraved, 
and connected to LEDs by 
the coupler. All the electronic 
components including LEDs, 
microprocessor unit, battery, 
driver, communication 
module are packaged in a 
detachable plastic box inside 
the cushions.  By touching 
different areas on cushions, 
different RGB channels are 
triggered, and different 
colours on cushion surface 
can be achieved. 

Bai, Z. Q. (2015). 
Innovative 
photonic textiles - 
the design, 
investigation and 
development of 
polymeric 
photonic fiber 
integrated textiles 
for interior 
furnishings 
(Doctoral 
dissertation). 
Retrieved from 
PolyU Institutional 
Research Archive 
http://
ira.lib.polyu.edu.h
k/handle/
10397/35099

Retrieved from Dr Jeanne Tan Research 
website http://drjeannetanresearch.com/
photonics.html

Raw Hayne, E. & 
Goncalves, 
N.

NunoErin’s interactive felt 
fabric Raw is an interior wall 
fabric that integrates 
handmade felt with LED 
lighting and touch sensors.  
The sensing system 
controlled LEDs underneath 
will illuminate upon external 
pressure applied onto the 
felt.  The textile was made to 
revive the appeal of felt, and 
integrates technological 
components to boost its 
tactile and visual appeal.  

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p. 284.

Retrieved from https://
www.safaribooksonline.com/library/
view/textile-visionaries/
9781780670539/40_chapter-title-34.html

e-Rug Quirk, M. e-Rug is a reactive rug that 
can sense where an 
individual is walking or 
standing.  Stainless steel 
piezoelectric fibres and 
electroluminescent wires are 
woven into the textile so that 
the rug illuminates and is 
able to change light patterns 
as people walk on it.  A 
reactive rug could potentially 
be used as a low-level light 
source in itself, lighting a 
path through the darkness 
when it senses footsteps 
approaching. 

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 207. 

Retrieved from 
College of 
Engineering, 
Virginia Tech 
website http://
www.ece.vt.edu/
news/ar07/
computersystems.h
tml#erugRetrieved from College of Engineering, 

Virginia Tech website http://
www.ece.vt.edu/news/ar07/
computersystems.html#erug

Morph Winters, A. Morph is a motion-sensitive 
dress inspired by the infrared 
image of insect wings.  
Embedded with a motion 
sensor, wearer’s movement 
triggers the electric system 
equipped electroluminescent 
panels to illuminate and 
animate.

Retrieved from 
Rainbow Winters 
website https://
www.rainbowwint
ers.com

Retrieved from Rainbow Winters website 
https://www.rainbowwinters.com

To be continued
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Thermo-sensitive

Bubelle Philips 
Design

Bubelle is a dress constructed 
from delicate bubble-like forms 
that illuminate.  The bubbles 
arrange themselves in response 
to the wearer’s physique and 
begin to glow individually at an 
intensity related to the amount of 
physical contact they sense.  The 
individual glowing areas create 
abstract patterns that morph into 
new configurations each time 
they detect movement or a 
change in wearer’s skin surface 
temperature.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 24. 

Retrieved from 
talk2myShirt 
website http://
www.talk2myshirt.
com/blog/archives/
335

Retrieved from talk2myShirt website 
http://www.talk2myshirt.com/blog/
archives/335

Sonic-sensitive

Lucere Layne, B. & 
Studio 
subTela

Lucere is a jacquard fabric 
woven with a photograph of a 
tornado and lightning bolts.  The 
fabric is equipped with a sonic 
sensor together with a micro-
controller, which enable the 
fabric to respond to external 
sonic stimuli.  An array of light 
emitting diodes will be activated 
and glows to imitate lightning 
when the audience triggers the 
detecting system.

Retrieved from 
Studio subTela, 
Hexagram website 
https://
subteladownloads.
wordpress.com

Retrieved from Studio subTela, 
Hexagram website https://
subteladownloads.wordpress.com

Thunderst
orm

Winters, A. Thunderstorm is a dress created 
from holographic leather and 
electroluminescent materials.  
Equipped with a sonic sensor, 
the dress is sound reactive.  As 
the volume detected rises, the 
electroluminescent panels 
illuminates according to the 
electronic system and create an 
animated ‘visual music’. 

Retrieved from 
Rainbow Winters 
website https://
www.rainbowwint
ers.com

Retrieved from Rainbow Winters website 
https://www.rainbowwinters.com

Picasso 
Explosion

Winters, A. Picasso Explosion is a neoprene 
tube dress with cultured 
electroluminescent panels and 
constructed mirrored side panels.  
It is described as an explosion of 
graphic art and sharp sculpture 
illuminates to the beat of the 
music. The dress animates to 
sound volume.  Inspired by 
sculptural light paintings, the 
dress illuminates white, blue and 
red light at the highest volume.   

Retrieved from 
Rainbow Winters 
website https://
www.rainbowwint
ers.com

Retrieved from Rainbow Winters website 
https://www.rainbowwinters.com

To be continued
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Motion-sensitive

Modular 
Pleated 
Lights 
Dress

Berzowska, 
J.

The design is equipped with 
accelerators which produce 
electric charge whenever the 
body moves.  The charge will be 
transmitted to the energy coil 
and stored until need.  Supported 
by the energy harnessed, the 
composite fibres featured on the 
pleats are able to illuminate, and 
change colour and light intensity 
in response to the wearer’s 
movements.

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p. 46 - 47. 

Retrieved from 
anne-marie 
leafsamme blog 
http://www.marie-
laflamme.blogspot.
hk

Retrieved from anne-marie leafsamme 
blog http://www.marie-
laflamme.blogspot.hk

Safura Rosella, F. 
& Genz, R.

The interactive dress was 
designed for Safura’s 
Eurovision performance.  The 
dress is embedded with micro 
LEDs, and displays animated 
illumination with real-time 
wireless stream controlled by 
electronic system.  The dress 
was programmed to follow the 
signer’s physical movements on 
stage.  Subtle movements were 
interpreted as softly sparkling 
lights, which would pulsate 
vividly when Safura’s 
performance became more 
animated.

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p.26-29. 

Retrieved from 
CuteCircuit 
website http://
cutecircuit.com/
media/safura/

Retrieved from CuteCircuit website 
http://cutecircuit.com/media/safura/

Firefly 
Dress

Orth, M. The dress is constructed from 
two layers of conductive metallic 
silk organza separated by a layer 
of tulle embedded with LEDs 
and conductive Velcro brushes.  
When the wearer moves, the 
Velcro conductors come into 
contact with the LEDs, 
completing the circuit and 
causing the LEDs to light up.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 18-19. 

Retrieved from 
Maggie Orth 
website http://
www.maggieorth.c
om/art_Dress.html

Retrieved from Maggie Orth website 
http://www.maggieorth.com/
art_Dress.html

Masai 
Dress

Papadopoul
os, D. & 
Studio 5050

Masai Dress is made from a 
textile embellished with 
conductive threads, and features 
a collar formed by strings of 
handmade silver beads.  As the 
beads brush against the 
conductive fibres, they trigger a 
variety of programmed sound.  
Masai reveals that separate 
textile layers can interact to 
create an auditory rendering of 
the wearer’s movements in the 
space around them. 

Retrieved from 
Studio 5050 
website https://
www.5050ltd.com/
masai_dress.php

Retrieved from Studio 5050 website 
https://www.5050ltd.com/
masai_dress.php

To be continued
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Sporty 
Supaheroe

Dils, C., 
Vieroth, R. 
Loeher, T. 
& Seckel, 
M.

Sporty Supaheroe is an 
interactive city-cycling jacket for 
the urban nomad with a focus on 
adding visibility and security in 
the dark.  The system includes 
illuminating LEDs, sensors, 
controlling system, and a 
rechargeable battery.  The jacket 
reacts to body movements and 
directional changes of its wearer 
via sensors. 

Retrieved from 
stretchable circuits 
website http://
www.stretchable-
circuits.com/
products/
supaheroe

Retrieved from stretchable circuits 
website http://www.stretchable-
circuits.com/products/supaheroe

Twirkle T-
shirt

Rosella, F. 
& Genz, R.

The Twirkle T-shirt is a simple 
cotton garment that sparkles and 
glows.  Coloured LEDs are 
integrated into the garment 
alongside embroidered crystals.  
Motion sensors embedded in the 
fabric sense the wearer’s 
movements and make the LEDs 
sparkle in response to them.

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p. 22.

Retrieved from FancyTshirts website 
http://fancy-tshirts.com/fancy/daily-tee-
twirkle-disc-custom-t-shirt-design-from-
cutecircuit

Photonics - 
Ephemeral

Bai, Z. Q. Ephemeral is designed with 
several interactive modes base 
on motion-illumination 
relationship.  Under different 
programmed modes, the textiles 
display different illuminating 
effects according to the 
movement of the viewer and the 
corresponding distances.  
Viewers are able to engage with 
the interior environment and 
create a new experience via 
Ephemeral.

Bai, Z. Q. (2015). 
Innovative 
photonic textiles - 
the design, 
investigation and 
development of 
polymeric 
photonic fiber 
integrated textiles 
for interior 
furnishings 
(Doctoral 
dissertation). 
Retrieved from 
PolyU Institutional 
Research Archive 
http://
ira.lib.polyu.edu.h
k/handle/
10397/35099

Retrieved from Dr Jeanne Tan Research 
website http://drjeannetanresearch.com/
photonics.html

Photo-sensitive

Tornado 
Dress

Layne, B., 
Morin, D., 
Price, M. & 
Golshayan, 
M.

Tornado dress is embroidered 
with conductive threads and 
electronic components including 
LEDs.  Three light sensors were 
applied to detect the intensity of 
ambient light.  The dress 
displays different flashing 
patterns on the funnel cloud 
printed surface according to the 
lighting condition detected, 
reminiscent of lightning effect.  

Retrieved from 
Studio subTela, 
Hexagram Institute 
website http://
subtela.hexagram.c
a/index.html

Retrieved from Studio subTela, 
Hexagram Institute website http://
subtela.hexagram.ca/index.html

To be continued
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Dis.appear Lusser, T. The garment was designed for 
Disappear wearable technology 
project led by Theresa Lusser.  
In consultation with Stretchable 
Circuits, the designer created a 
coat that illuminates in response 
to the lights surrounding it, 
making the wearer blend in with 
the cityscape, appearing to 
‘disappear’

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p. 96. 

Retrieved from 
stretchable circuits 
website http://
www.stretchable-
circuits.com/
projects/fashion/
disappearRetrieved from stretchable circuits 

website http://www.stretchable-
circuits.com/projects/fashion/disappear

Invisible 
Coat

Tachi, S. Invisible Coat is created with a 
wearable surface functioning as 
a photographic screen.  The 
ordinary grey hooded overcoat is 
linked to a computerised system 
equipped with a camera and an 
image projection setting.  The 
system projects the images 
behind the wearer captured by 
the camera at the front of the 
garment, rendering a dynamic 
camouflage visual.  The wearer 
appears as virtually transparent.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 69. 

Retrieved from 
Tachi Lab website 
http://
projects.tachilab.or
g/rpt/
principle.htmlRetrieved from Tachi Lab website http://

projects.tachilab.org/rpt/principle.html

loveJackets Papadopoul
os, D. & 
Studio 5050

A pair of jackets emits, and polls 
for a particular infrared signal.  
Instead of wires, the system 
components are attached to the 
circuit board via conductive 
fabric named conduits.  Once the 
pair finds each other in 10 feet 
distance facing each other, the 
two emit a sound akin to crickets 
mating, and a pattern of LEDs 
blinks. Each jacket responds 
only to its unique pair.

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p. 39.

Retrieved from Studio 5050 website 
https://www.5050ltd.com/loveRedux.php

Digital 
Dawn

Wingfield, 
R. & 
Gmachl, M.

Light sensors monitor the 
changing light levels of the 
space triggering the growth of 
the foliage on the blind.  The 
darker a space becomes, the 
brighter the blind will glow 
maintaining a balance in 
luminosity.  The piece explores 
how changing light levels within 
a space can have a profound and 
physiological impact on our 
sense of well being.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 270-271. 

Retrieved from 
Loop.pH website 
http://loop.ph/
portfolio/digital-
dawn/Retrieved from Loop.pH website http://

loop.ph/portfolio/digital-dawn/

Tactile-sensitive

Jacket 
Antics

Layne, B. & 
Studio 
subTela

Jacket Antics were constructed 
with linen yarns woven together 
with light emitting diodes, 
micro-controllers and sensors.  
The pair has unique texts and 
designs scrolling through the 
LED display on the backs of 
each of the jackets.  When the 
wearers join hands, the LED 
display presents a synchronous 
message that scrolls from one to 
the other.  The message reverts 
back to separate individual 
themes when the wearers let go 
of their hands.

Retrieved from 
Studio subTela, 
Hexagram Institute 
website http://
subtela.hexagram.c
a/Pages/
Jacket%20Antics.h
tml

Retrieved from Studio subTela, 
Hexagram Institute website http://
subtela.hexagram.ca/Pages/
Jacket%20Antics.html

To be continued
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embrace-
me

Papadopoul
os, D. & 
Studio 5050

A embrace-me hoodie features 
the  abstract logo in a pattern 
made of a futuristic silver 
conductive fabric.  When two 
people wearing the hoodies 
embrace, the garments power 
each other up through that 
pattern. The symbolic energy 
transfer becomes fully actualised 
and translated into light and 
sound with small white lights 
flicker in the back of each 
hoodie forming a big-dipper 
pattern while a faint heart beat 
sound is emitted.

Retrieved from 
Studio 5050 
website https://
www.5050ltd.com/
embrace_me.php

Retrieved from Studio 5050 website 
https://www.5050ltd.com/
embrace_me.php

Constellati
on Dresses

Berzowska, 
J. & XS 
Labs

The Constellation Dresses are 
covered with twelve magnetic 
snaps arranged over the torso 
and thighs and connected in 
pairs through a single line of 
conductive thread.  The 
magnetic snaps act as a 
mechanical and electrical 
connection between bodies, and 
their irregular placement induces 
wearers to create playful and 
compelling choreographies to 
connect their circuits.

Retrieved from XS 
Labs website 
http://
www.xslabs.net/
constellation/
index.html

Retrieved from XS Labs website http://
www.xslabs.net/constellation/index.html

Sonic 
Superhero 
Dress #1

Santoro, A. SONIC SUPERHERO DRESS 
#1 was made with the sonic 
fabric woven with cassette tapes 
recorded with a range of sounds.  
A strange and intricate music 
made by weaving together 
unlikely combinations of looped 
and layered samples of found, 
created, and collected sounds 
will be released when the wearer 
moves the cassette reading 
gloves on the surface of the 
dress.

Retrieved from 
Sonic Fabric 
website http://
www.sonicfabric.c
om/about.html

Retrieved from Sonic Fabric website 
http://www.sonicfabric.com/about.html

Feathery 
Dresses

XS Labs The feathery dresses explore 
touch memory based on the idea 
of intimacy maps on the body. 
There are three touch sensors 
that record touch events on the 
body. These events are the inputs 
into the simple program running 
on a micro-controller.  The touch 
history is displayed through a 
pattern of illuminated feathers 
embroidered on the dress.

Retrieved from XS 
Labs website 
http://
www.xslabs.net/
work-pages/
feathery.html

Retrieved from XS Labs website http://
www.xslabs.net/work-pages/
feathery.html

Musical 
Jacket

Orth, M. Maggie Orth created a jacket 
with an integrated synthesiser 
and embroidered keypad that 
functions as a musical 
instrument.  The jacket is 
embedded with sensing 
electronics, speakers, a 
customised MIDI synthesiser 
and batteries.  By touching 
sensors embedded in the jacket 
and pressing keys embroidered 
in conductive thread, the wearer 
can create music.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 18-19. 

Retrieved from 
Maggie Orth 
website http://
www.maggieorth.c
om/art_Jacket.htmlRetrieved from Maggie Orth website 

http://www.maggieorth.com/
art_Jacket.html

To be continued
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Living 
Wall

Buechley, 
L. & High-
Low Tech 
Research 
Group

Living wall is an interactive 
wallpaper programmed to 
control lighting and sound, and 
generally serve as a beautiful 
and unobtrusive way to enrich 
environments with computation.  
Facilitated with an electronic 
interface, the wall turns on lamps 
and plays music when the viewer 
run his/her hand across and 
touch the wallpaper.

Ferrara, M. & 
Bengisu, M. 
(2014). Materials 
that change colour: 
Smart materials, 
intelligent design. 
New York: 
Springer. p.86. 

Retrieved from 
High-Low Tech 
Research Group 
website http://
highlowtech.org/?
p=27

Retrieved from High-Low Tech Research 
Group website http://highlowtech.org/?
p=27

Bluetooth-signal-sensitive

Currente 
Calamo

Layne, B. & 
Studio 
subTela

Currente Calamo project is a 
collection of interactive garment 
developed in associated with 
another White Touchpad Dress 
with hand embroidered control 
panel.  Each piece of garment is 
equipped with a handwoven 
LED display that announces the 
bluetooth address of other 
grouped pieces.  The visual 
displays are reprogrammable 
wirelessly with controller or the 
control panel on the White 
Touchpad Dress.   

Retrieved from 
Studio subTela, 
Hexagram Institute 
website https://
subteladownloads.
wordpress.com

Retrieved from Studio subTela, 
Hexagram Dowloads website https://
subteladownloads.wordpress.com

Touchpad 
Dress

Layne, B. & 
Studio 
subTela

Touchpad dress is a system 
which  triggers and changes the 
designs and texts in a flexible 
LED array.  It is a real-time 
system explores both intimate 
and architectural scale woven 
cloth with embedded soft 
touchpads that relay the output 
to LED devices.  The touchpad 
system responds at the touch of a 
finger, creating a system of 
interchangeable garments and 
interior fabrics responsive to 
human interaction.

Quinn, B. (2013). 
Textile Visionaries. 
London: Laurence 
King Publishing 
Ltd. p.14. 

Retrieved from 
Studio subTela, 
Hexagram Institute 
website http://
hexagram.concordi
a.ca/researcher/
barbara-layneRetrieved from Studio subTela, 

Hexagram Institute website http://
hexagram.concordia.ca/researcher/
barbara-layne

Scentsory 
design for 
fashion and 
lifestyle

Tillotson, J. Called Scentsory Design, the 
project creates clothing capable 
of communicating with surfaces 
known as ‘wellpaper’, which 
cling to walls much like 
wallpaper would.  ‘Wellpaper’ is 
embedded with fragrances and 
colours activated by wireless 
data signals transmitted by 
sensors embedded in the user’s 
clothing.  The fusion of textile 
and wearer constitutes a 
responsive, multi sensory 
environment that bridges the 
distance between wearable 
Smart Skin and the surfaces 
surrounding it.

Quinn, B. (2010).  
Textile Futures. 
New York: Berg. 
p. 28. 

Retrieved from ual 
Research Online 
website http://
ualresearchonline.a
rts.ac.uk/5263/

Retrieved from ual Research Online 
website http://
ualresearchonline.arts.ac.uk/5263/

To be continued
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Hug Shirt Rosella, F. 
& Genz, R.

The Hug Shirt is a wearable 
haptic interface conceived as a 
bluetooth accessory for mobile 
phones recreating the experience 
of being hugged by a loved one.  
Embedded in the shirt there are 
sensors that feel the strength of 
the touch, the skin warmth and 
the heartbeat rate of the sender 
and actuators that recreate the 
sensation of touch, warmth and 
emotion of the hug to the shirt of 
the distant loved one.

Retrieved from 
CuteCircuit 
website http://
cutecircuit.com/
media/the-hug-
shirt/

Retrieved from CuteCircuit website 
http://cutecircuit.com/media/the-hug-
shirt/

Flame 5 Etter, R., 
Marquart, 
N., Berlin, 
E. & Rapp, 
V.

Flame 5 is a bluetooth enabled 
jacket communicating via heat.  
The jacket connects to personal 
mobile via bluetooth and enables 
communication via heat.  If a 
person sends an text message to 
a remote person wearing Flame 
5, the clothing heats up 
depending on the personal 
message, reassembling the 
feeling of a warm hug.

Etter, R. (2006). 
Flame 5.  
Retrieved from 
Richard Etter 
website http://
richardetter.com/
index.php/flame-5/

Retrieved from Richard Etter website 
http://richardetter.com/index.php/
flame-5/

Multi-sensitive

Illuminativ
e Smart 
Fashion 
Prototype 7 
& 8

Lam, C. H. The illuminative Smart Fashion 
Prototypes 7 & 8 are two 
interactive fashion pieces.  
Equipped with a smart system 
featuring multiple sensors, the 
pair is able to detect the 
changing environmental factors 
in terms of proximity, sound, 
heat, humidity and pressure, and 
reacts to such stimuli by means 
of preset illuminative visual 
expressions.  By altering the 
environmental conditions 
temporarily, the wearers are able 
to perform metaphoric 
interactions.

Lam, C. H. (2012). 
Creation of 
Illuminative Smart 
Fashion. Retrieved 
from PolyU 
Institutional 
Research Archive 
http://
hdl.handle.net/
10397/5430

Retrieved from Lam, C. H. (2012). 
Creation of Illuminative Smart Fashion.

Future 
Matter: 
Strokes & 
Dots

Lamontagne
, V.

The designs have a series of 
embroidered LEDs and a motion 
sensor, or light sensor, 
transforming the rhythm and 
illumination of the LEDs in 
tandem with there wearer’s 
movements, or by reacting to 
immediate environmental light 
fluctuations.

Retrieved from 
3lectromode 
website http://
3lectromode.com/
projects-
exhibitions/
strokes-dots

Retrieved from 3lectromode website 
http://3lectromode.com/projects-
exhibitions/strokes-dots

Intimate 
Memory

Berzowska, 
J. & XS 
Labs

Intimate Memory is an outfit 
composed of a shirt and a skirt.  
With a sensitive microphone in 
the collar and a series of light 
points in a flower pattern 
incorporated, the shirt will light 
up when a partner whispers. The 
number of lights indicates the 
intensity of the intimacy event.  
The skirt is designed with touch 
sensors incorporated. During the 
course of the day, the skirt will 
record each touch event, and it 
will gradually start changing 
colour to show how often it has 
come into contact with other 
people or objects.

Retrieved from XS 
Labs website 
http://
www.xslabs.net/
work-pages/
intimate.html

Retrieved from XS Labs website http://
www.xslabs.net/work-pages/
intimate.html
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3.3.2 Interactive Textile Related Design Project with Adoption of Environmental Sensitive Material 

20 of the reviewed projects are interactive projects injected with diverse environmental sensitive 
materials, acting as both detecting and reacting components.  The projects were organised in Table 3.2 - 
3.21 according to the sensitivities adopted, including thermochromatism, photovoltaics, photochromism, 
photoluminescence, hydrochromism, and mechanochromism.  The syntactic model of interaction 

developed by Sohn (2011) was employed to analyse the interaction arrangement of the designs. 
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3.3.3 Summary of Realised Interactive Textile Related Design Projects  

As presented from the above project review, pioneering researchers and designers have been exploring the 
expressive and interactive possibilities of fashion and textile design.  The developed prototypes and 
products are capable to present extraordinary effects, mainly visuals, in response to user’s action.  
Comparatively, the design projects facilitated with computerised electronic systems are able to afford 

deeper and more sophisticated interactions due to higher and more developed technological capabilities.  
Projects realised with adoption of environmental sensitive materials are more appearance and visual effect 
manipulating oriented.  The interaction arrangements are comparatively simple and straight forward.  

It is observable that the investigation on human perception and message exchanging in the preceding 
interactive textile projects are in fact preliminary and rudimentary.  Most of the realised projects focus on 
the affirmative functionality and performance of the prototypes.  The cultivation of connotation bearing 

signifiers and bidirectional communication remain visual aesthetic and decorative orienting and 
underdeveloped, especially for the projects adopting environmental sensitive materials.  The interactivity 
construction generally stops on the sensory and merely simple semantic and behavioural level.  The 

proposition of alternative use, meaning interpretation and negotiation, and idea exchanging possibility are 
limited.   As supported by scholars (Bucy, 2004; Kiousis, 2002; Sohn, 2011), human perception and 
connotation interpretation on multiple scopes and levels, are the inevitable attributes for interactivity to be 
a meaningful concept.  In order to generate and present a deeper understanding and presentation on the 

concept, it is essential to investigate in how human recognises, perceives, interprets, understands, 
negotiate, and reacts towards incoming stimuli and interactions with textiles.   

In additional to Dunne (2005) and Ferrara and Bengisu’s (2014) suggestions for designer to explore the 
potentials of environmental sensitive materials on aesthetic-decorative, expressive, and communicative 
characterisation, researchers and designers are also encouraged to further cultivate a larger room and 
higher level of message interchange with multidirectional communication.  The sociocultural value of 

design, meaning interpretation, involvement of user, poetic human-artefact engagement and hence 
relationship are possible to be further investigated base on the propositions of critical design practice.   

Specific research niches were discovered as follows: 

- Electronic devices and mechanisms are usually adopted in most of the current interactive textile design 
projects, the degree of involvement and interactive level of the textile itself is actually insignificant.  

The textile substrate remains passive throughout the interaction. 

- Most of the studies put emphasis on the technical improvement of electronic textiles, and not a 

majority number of researches put focus on the relationship construction between designer, textiles, 
continuous changing environment, and user. 

- Majority of the environmental sensitive material adopting projects focus on single sensitivity.  The 

investigation in developing multiple environmental sensitive textiles to facilitate message exchanging 
interaction remains primary. 
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- The human-artefact engagement measure and level of most of the realised projects are defaulted.  User 

possesses limited freedom and autonomy in the interaction, which hinders the construction of 
bidirectional communication and idea exchanging. 

- Textile techniques applied in most of the realised environmental sensitive material adopting projects 

are conventional printing, coating, and jacquard weaving.  Integration of traditional, yet sophisticated, 
textile craftsmanship, including hand embroidery, embellishment, hand weaving, knitting, and the 
innovative combinations of the above, in interactive textile design remains underdeveloped. 

- The preceding projects focus mainly on the exciting sensory and emotional stimulations with the soft 
qualities of textile design.  Connotation and sociocultural value affording capability of textile substrate 
is not very much investigated in the interactive textile design. 

3.4 Conclusion 
With reference to the initiations from the preliminary study and theoretical review delimiting the scopes 
of  the concept and discipline, a number environmental sensitive materials and textile related design 
projects within the determined scopes were reviews in this chapter. 

The review on environmental sensitive materials provided technical foundation for the study to further 
investigate into the interactive textile design possibility.  Base on the currently attainable application 

feasibility and suitability in textile design and material availability, three environmental sensitivities were 
selected to be adopted in the design exploration stage followed.  Secondly, supported by the design 
oriented proposition of the scholars (Dunne, 2005; Ferrara & Bengisu, 2014), the study was grounded 
justifiably on the creative application of smart materials in developing high performing textile designs 

which assist advanced level of human-artefact interaction and relationship building.   

Secondly, the review on forerunning interactive textile related design projects provided the study with 

design ideological directions and inspirations.  The overall review confirmed the application of 
environmental sensitive material in the broader interactive textile design discipline remains minority.  
There are rooms for further design development in the discipline.   Moreover, by structurally analysing 
the streamlined projects with application of environmental sensitive materials, more specific research 

niches were discovered, which provide design ideology development directions for the successive series 
of practices in the later stage of the research. 

This chapter formulated, together with the theoretical review, the directions for the research methodology 
construction, theoretical framework building, design process model formulating, and the corresponding 
actual critical design practices. 
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Chapter 4: Methodology 

4.1 Introduction 
Before proceeding to the methodological discussion, it is essential to delimit the philosophical, 
epistemological, and hence theoretical perspectives.  This research attempts to integrate the ideology of 

interactivity, which is originally conceptualised from human-computer interaction field, with textile 
design.  The research lies on the hybrid ground of two fields with fundamentally different design natures 
and concerns.  Applying the ideology without appropriate philosophical quintessence is not justifiable.  
Furthermore, the concept of interactivity has been debated on the philosophical, theoretical, and 

operational judgements within the originated human-computer interaction design circle (Bucy, 2004; 
Stromer-Galley, 2004; Sunder, 2004; Sohn, 2011).  Since interactive textile design is an foreign field in 
succession to the ideology, it is particularly crucial to clarify the adopting stance. 

As shown from the theoretical literature review, there has been a keen discussion on the philosophical 
stance on interactivity within the human-computer interaction design field.  Majority of the scholars 
adopted the constructivist existential perspective over positivist stance with strongly justifiable 

propositions.  Interactive textile design emphases the experience and relationship building between 
human and textiles, and hence the relationship between human and human through textile as a medium.  
Since the intersubjective quality plays a crucial role in the human perception, interpretation, and 

experience oriented design, this research agrees with the propositions of existential phenomenological 
philosophy and constructivist epistemology.   

The philosophical stance of this study was built on the propositions of related philosophies, including 

Heideggerian existentialism (Heidegger, 1927), Merleau-Ponty’s embodied phenomenology of perception 
(Merleau-Ponty, 1962) and Ramberg & Gjesdal’s summary or modern hermeneutics (Ramberg & Gjesdal, 
2005), supported by the conceptualisations from the field of human-computer interaction including 

Rafaeli’s interactivity as communication attribute (Rafaeli, 1988), Norman’s theory of accordance 
(Norman, 1999), Kiousis’s concept explication (Kiousis, 2002), Bucy’s curvilinear model of interactivity 
(Bucy, 2004), Sundar’s interactivity as technology attribute (Sunder, 2004), Stromer-Galley’s dichotomy 

of interactivity-as-product and interactivity-as-process (Stromer-Galley, 2004) and Sohn’s syntactic model 
of interaction (Sohn, 2011).   

With the existential phenomenological ground, this research adopted a constructivist foundation to 

conceptualise interactivity as a holistic concept in textile design, positioning human perception of 
interactivity as the prerequisite condition for the design to develop.  Aiming to explore and realise the 
possibility and boundary of interactive textile design with adoption of environmental sensitivity, this 

research study was designed as a practice-based constructive study, which the design practice is the core 
focus for new knowledge constructing.  New knowledge, cognition, and philosophy on the subject matter 
were generated from and presented by both the practices and the practice outcomes.   

In accordance to the nature of a constructive design research, which studies into complex human-artefact 
relationship, this study was conducted in an in-depth qualitative research manner.  The researcher served 
as an active interpreter and positioned as part of the knowledge generation.  Interpretative qualitative 
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approaches and corresponding methods were employed to different stages and phases according to 

suitability. 

4.2 Research Design 
The research was divided into four major stages, namely research foundation building, design process 
model construction, actual design practice, and implication consolidation.  Each stage was subdivided 

into phases for research method allocation.  The first two stages aimed to construct a solid cornerstone 
jointly for the practice-base research’s core body, actual design practice, to proceed.  The design practices 
and implication consolidation stage served as the key axes for knowledge building.  Within each research 
stage, an assembly of multiple research methods was applied according to stage objectives to generate 

complementary in-depth understanding and exploration in the research questions.  Table 4.1 shows the 
overall research methodological structure. 

!  

4.2.1 Research Foundation Building 
The research foundation building stage aimed to construct a solid credible platform for the research 
project to depart.  The researcher gained both theoretical knowledge and practical understanding of the 
current situation on the subject matter.  This initial stage was divided into assembling and analysing 

phases.  Related cognitions and actual situations related to the scope of study were reviewed from 
multiple sources in divergent targeted-net-casting manner.  The information and viewpoints gathered were 
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then analysed in the convergent phase.  The theoretical position and research niches of the project were 

identified as a result.  

4.2.2 Design Process Model Construction 
The design process model construction stage aimed to build a theoretical model for environmental 

sensitive interactive textile design.  The model provided directional guidance to the following actual 
design practices, smoothening the design processes and maximising the creativity of the design outcomes.  
In order to achieve this objective, two phases were set in this stage including concept synthesis, and 

model construction.  Firstly, a number of relevant preceding design process models and 
conceptualisations reviewed were identified, refined, and synthesised with justifications.  Secondly, with 
reference to the theoretical insights generated in the research foundation building stage, the justified 
findings were combined, with illustration of a process model diagram, to formulate a theoretical design 

model for the research. 

4.2.3 Actual Design Practice 

The actual design practice stage was the core stage of the study, where the new knowledge were 
generated through realised design practices and presented by the design outcomes.  It aimed to discover 
the undepicted design and methodological concerns, and possibilities and further extend the boundary of 
the design discipline through actual practices.  The design model constructed was adopted to a number of 

individual design practices as a design protocol.  With reference to the procedural steps and individual 
practice objectives, a successive series of research prototypes were created with adoption of diverse 
environmental sensitivities and multiple textile craftsmanship. 

In accordance to the research objectives, a newly emerged exploratory design approach called critical 
design was adopted.  Design considerations and decisions were formulated with the forward-pushing 
destructive perspectives and propositions of the critical design approach to challenge the orthodox user-

friendly and function-oriented design practice.  The research prototypes realised and the corresponding 
systematic analyses aimed to unfold a methodological discussion platform and stimulate future 
breakthrough in textile design research.   An inductive analysis was adopted to generate the design 

consideration abstractions from the exploratory deductive design practices.  The thematic findings were 
brought to the forward-looking methodological discussion in the consolidation stage.   

4.2.4 Implication Consolidation 

The implication consolidation stage was the final stage of the whole study.  By consolidating all the 
findings and discoveries, mainly from the actual design practices, an in-depth conclusion was drawn 
together with an refined and further elaborated design process model.  The significances and contributions 

of the research in both theoretical and practical dimension were identified through design and 
methodological discussion.  Secondly, the limitations and deficiencies of the research were delimited by 
self-reflective evaluation.  Thirdly, with the former two discussions, implications, potential extensions, 
and possible developments for future research were suggested. 
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4.3 Research Method Allocation 

The methods were structured in two key research approaches across the research stages namely, initiatory 
study, and critical design practice, aiming to prepare the researcher to depart and construct knowledge in 
the research area respectively.  Each approach was formulated with specific research methods according 
to the objectives of the research stage delimited previously.  The initiatory study contributed mainly in the 

early half of the whole research providing initiative knowledge background and situation identification.  
The critical design practice contributed to the key body of the research, demonstrating and crystallising 
the theoretical stance and practical advancement of the study through actual practices.  The two 

approaches then jointly provided implications to the findings and knowledge generated.        

4.3.1 Initiatory Study 
The initiatory study aimed to prepare the researcher for departing.  As located at the fore-end of the 

research, it emphasised the holistic research situation adaptation and proactive engagement with the 
research question, on both emotional and cognitive level.  Three phases were put together in this 
divergent stage, including theoretical literature review, practical literature review, and preliminary 

prototyping. 

Literature review was the core method to gather and assemble the existing cognition of the subject 
matters.  As a primary research initiator, literature reviews in the scope of study were conducted in 

exploratory manner.  It helped the researcher to construct a solid knowledge foundation and identify the 
specific research areas, niches, questions, and the corresponding objectives.   The formulation of the 
research philosophical stance, theoretical foundation, research structure, and methodology were then 

induced.  Through a self-position identification in the intensive knowledge assimilation process, the 
researcher engaged with the study thoroughly.  

Foci of literature reviews were put on two dimensions, theoretical and practical.  Literature sources 

include academic theses, professional journals, editorials, books, news and reports articles, realised 
projects, and interviews conducted by other authors from both printed materials and internet sources.  The 
sourced materials were thematically organised in charts with all available details, including original 

source, author, year of publication, category, content, related graphic, graphic source, and researcher’s 
notes, and commentary listed according to category.  Figure 4.1 and 4.2 show part of the literature review 
tables of the recording systems.  The tables provided clear overviews of relevant subject matters and high 
level of convenience for sorting, content linking, and comparison. 

!      !  
Figure 4.1 Practical Literature Review System                                                       Figure 4.2 Theoretic Literature Review System 

!101



Secondly, besides written literatures, some useful materials came in different formats, including 

photographs, illustrative graphics, production and technical drawings, actual textile scans, documentary 
clips, and demonstration videos.  The non-text materials were sorted into a series of categorised folders.  
Although it is seemingly less articulate and systematic, a more inclusive data collection in different 
formats was achieved with folder categorisation. 

While the literature reviews provided cognitive foundations on the theoretical and practical grounds, 
preliminary prototyping on the other hand imbued the researcher into the creative dimension with 

uncertain and unlimited innovative possibilities.  The process equipped the researcher emotionally with 
creational inspiration and curiosity, and simultaneously familiarised initially the researcher with the 
subject matters to be dealt with.  

4.3.1.1 Theoretical Literature Review 
The first focus of theoretical review was put on the existing conceptualisations and theorisations of 
interactivity.  Reviewing and studying the theoretical frameworks and propositions constructed by other 

forerunning researchers and scholars provided fundamental rationales and directional insights for the 
study to develop.  Corresponding typologies, classifications, and applications of the theoretical models 
were also studied.  In addition, related philosophies from theorists of social and cognitive science were 
studied to provide supporting viewpoints.  The review provided development direction to the study with 

credibility.  After the in-depth review on the literatures, a solid ground was constructed to assist the 
construction of theoretical framework custom-made to this research in the next stage. 

As shown in the previous chapters, five core propositions of interactivity conceptualisation were studied 
with reference to other supporting notions.  Investigated into Rafaeli’s reciprocal communication model, 
Stromer-Galley’s Interactivity-as-Product and Interactivity-as-Process typologies, Sundar’s technological 
oriented conceptualisation, Bucy’s curvilinear model of interactivity and Sohn’s Syntactic Model of 

Interaction, a comprehensive understanding of the concept has been constituted.  Secondly, five 
existential perspectives on human perception and meaning interpretation were reviewed with adaptation 
and analyses conducted by scholars (Gallagher & Zahavi, 2008; Svanaes, 2014; Gallagher, 2014) in the 

realm of interactive design.  With reference to Husserl’s phenomenology of perception, Heidegger’s 
existential proposition, Merleau-Ponty’s embodied phenomenology of perception, the modern 
hermeneutics, Barthes’s structure of signification, and the additional study on Gallagher and Zahavi’s 
temporal structure of consciousness, a solid comprehension on perception and interpretation patterns of 

human beings has been generated. 

After studying the above conceptualisations and philosophies, summarisations and justifications were 

conducted in the design process model construction stage.  With the implications generated by the 
convergent analysis, the interactive textile design tripartite framework was constructed.  The integrated 
model provides directional assistance to the design process model development. 

The second focus of the review was put on design process models.  Since the research discipline is hybrid 
in nature, a number of design models constructed by researchers from different design disciplines were 
studied to generate relevant insights.  By intersecting the tripartite framework with the selected 

foundational design model, a design process model for this cross-discipline research was formulated.   
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4.3.1.2 Practical Literature Review 

On the practical side, two domains were stretched out to study the technological properties of interactive 
smart materials, and interactive textile design projects conducted by other researchers and designers.  
Since the research was an application and adoption oriented instead of scientific material advancement in 
nature, review foci were comparatively centred on the later domain. 

As for the first domain, the typologies, classifications, technical properties, and corresponding application 
technologies of the potentially applicable smart materials were reviewed and recorded systematically for 

later stages reference.  Information was mainly gathered from academic books, editorials, textile material 
journals, and technical specifications from suppliers. 

Discovered from the review of the second domain, contemporary designers have been applying diverse 

ideologies and theories to design textiles with new and exciting implications of the interactive era.  A 
thorough understanding of the current influences, ideologies, design approaches, and patterns of the 
prevailing electronic interacting design performed by the forerunning designers and practitioners is 

insightful and contributive to the identification of research niche and design process model construction.  
Implications from the predecessors further assisted the investigation into interactive textiles design with 
adoption of environmental sensitivities.  The review in this domain was conducted by case study 
employing organised literature review and tripartite framework analysis.   

In order to maximise the understanding on possibility and feasibility of interactive textile design, relevant 
design projects, regardless of creation formats, with application insights on interactive textile innovations 

were included in the realm of the literature review.  Projects specifically with injection of environmental 
sensitive materials were further studied to enhance the credibility of the findings and inspirations.  A total 
number of 60 interactive design projects were reviewed and organised thematically in the literature record 
system.  20 of them are interactive projects injected with diverse environmental sensitive materials.  The 

interactive design projects without adoption of environmental sensitive material were studied according to 
their interacting behaviours and affordances, which are illuminating, sound emitting, odour releasing, 
information technology performing, somatic stimulating, shape-shifting and multi-behavioural.  As for the 

environmental sensitive material adopting projects, they were analysed according to the environmental 
stimuli they respond to, which are temperature, wavelength of light, humidity, mechanical pressure, and 
the combinations of the above.  Selected representative projects were further analysed with reference to 
the Syntactic model of interaction developed by Sohn (2011) to provide systematic understandings on 

design ideology and conception. 

Equipped with the understanding on the current situation, design ideologies, conceptions, and aesthetic 

arrangements, researcher accumulated design sensitivity and perspicacity in the discipline.  The research 
gaps were identified. 

4.3.1.3 Preliminary prototyping 

Staged at the initiating part of the research, preliminary prototyping aimed to serve as a inspirational 
stimulant engaging the researcher with the newly encountered materials.  Alongside the design potential 
and possibility discovery process done and illustrated in the literature reviews, materials were primarily 

sourced from reachable suppliers for testing.  No specific design restriction and specification was preset 
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in the trials in order to maximise creative stimulation.  Researcher aimed to gain the first hand feelings 

and experience with the materials and potential craftsmanship.   

The preliminarily material trials and prototyping were initially recorded together with the physical 
swatches sorted into thematically labelled folders.  Some of the prominent results were brought into the 

later development stage and documented in sketchbooks. 

4.3.2 Critical Design Practice 

Supported and defined by the theoretical and practical findings, and preliminary achievements from the 
initiatory study, the constructive research proceeded to the core practice.  A series of successive design 
practices were carried in this stage, aiming to crystallise and give physical forms to the design 
conceptualisations.  As discussed in the research foundation building stage, critical design approach is 

aligning with the research position, philosophical and theoretical stances, and was adopted to individual 
design practices.   

This stage was generally composed of two phases, deductive design creation developments and inductive 
prototype analyses.  In the first phrase, a number of six design practices were carried out exploring 
different complexity application levels of environmental sensitivity, and different levels of interpretation 
and signification system.  The processes of each practice were record in detail with concrete design 

development evidences to enhance research reliability.  In the inductive phase, the realised research 
prototypes and the corresponding practice process records were systematically analysed with the 
interactivity theoretical framework and human-artefact engagement inspection tool developed.  Findings 

and implications induced were brought to the final stage of the research. 

A number of design research methods and tools were allocated in this stage, including literature review, 
imagery research and sorting, semiotic analysis, sketchbook development, designer journal record, 

imagery recording, research prototyping, tripartite framework analysis, human-artefact engagement 
analysis, and thematic coding.  Combinations of research methods and tools were utilised concurrently 
according to individual design situations. 

4.3.2.1 Literature Review 
Initiated by the design inspirations of each of the design practice, particular literature reviews were 
conducted to assist the design ideation processes.  Inspirational materials including literary works, poems, 

stories, news articles, and proses related to the design themes were reviewed alongside imagery research, 
semiotic analysis, and sketchbook composing.   

Secondly, practical literature review on specific textile craftsmanship and techniques were conducted to 
equip researcher with professional knowledge from operational perspective.  Textile craftsmanship 
tutorials, procedural instructions, and technical specifications were reviewed from textbooks, articles, 
tutorial handbooks, and videos from both printed and online sources.  The intensive self-learning 

processes prepared researcher in first person creation practices. 

4.3.2.2 Imagery Research and Sorting 

In addition to texts materials, imagery inspiration was another important initiator in design practice.  
Visuals relevant to the particular theme of each practice were assembled to assist the ideation 
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developments.  Photos, pictures, and artworks were sourced from books, magazines, pictorial social 

media, and inspirational online platforms.  Furthermore, inspirational physical objects were instantly 
captured with camera and scanner for digital records.  The gathered images were initially evaluated, 
compared, and sorted according to the idea developments.  Selected graphics were copied or printed to be 
kept in sketchbooks for further analyses and ideations. 

4.3.2.3 Semiotic Analysis 
Since the research focused on perceptual human-artefact engagements and corresponding interpretation 

and meaning signification, semiotic analysis was a key part in the design conceptualisation and signifier 
ideation.  Intuition and emotion stimulations, metaphorical suggestions, connotative meanings, cultural 
and societal relations, and the synergy of the combinations afforded by texts, colours, graphics, textures, 
reactive behaviours, and synergistic arrangements were studied in aid of the design developments.  

Assisted by the in-practice literature reviews and imagery researches, semiotic analyses were done 
according to particular design themes. 

4.3.2.4 Sketchbook 
Sketchbook is a useful tool in a design practice.  The tool served as a collective platform for idea 
generation, development recording, and comparative evaluation.  In this stage, every design practice 
carried out was associated with an ancillary sketchbook throughout the whole design process, assisting 

the seven-steps design flow from situation accepting to evaluation.  Four design methods were conducted 
concurrently and complementarily on this platform, including mind-mapping, sketching, initial ideation, 
and initial prototyping.  

Mind-mapping is an exploratory brain-storming method in a inspirational phase of a design practice.  It 
performs as a semi-systematic possibility seeking tool.  Potential discovering and creativity generating are 
the major foci aiming to maximise the multidimensional imagination on the design possibility.  It also 

functions to generate and accumulate positive emotion and fascination on the research area.  Three mind-
mapping techniques namely, lateral relating, question word expanding, and cross mind-map intersecting, 
were adopted in accordance to different natures of idea generation.  Firstly, the inspirational subject 

matters were expanded with thematic lateral relating.  Different themes and aspects were assigned to the 
same subject matter, for instances, typology, property, independent variable, possible application stage, 
available resources, etc., in order to maximise the idea networks.  Secondly, the subject matters were 
investigated with question words and initiated considerations.  Finally, the primary idea networks 

generated from thematic relation and question-led expansion were linked together to formulate secondary 
and tertiary mind-maps.  Developed from the multiple perspective and multi-levelled idea networks, the 
subject matter were thoroughly contemplated.  Prominent points and potentials were figured out for 

further ideations.   

Intensive sketching was done alongside initial ideation, where both visualised and descriptive ideas were 
generated respectively, together with the mind-mapping process.  Rapid proposals were formulated and 

given physical forms through hands-on initial prototyping to test out idea feasibility, resulting in design 
potential bearing mock-ups.  The process was done recurrently to refine and streamline primary ideas to 
proper proposals with enhanced aesthetic, perceptual, technical, communicative, interactive complexity, 

and human-artefact engagement considerations.  The descriptive texts, graphics, and tridimensional 
mock-ups were record in detail in the sketchbooks.   
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4.3.2.5 Designer Journal 

Designer journal was another self-reflective design tool adopted to record and assess the design practices.  
With assistant of imagery documentations, extensive descriptive writings were done as if interpretative 
ethnographic fieldnotes.  The in-progress achievements of initial prototype developments, experimental 
trials, and research prototype implementations were reflectively evaluated continuously.  This design 

documentation process assisted the idea development, selection, implementation, and evaluation 
processes of the practice. 

In order to understand and illustrate the contextual development of the design processes, semi-structured 
observation was applied together with note taking.  An observation protocol was developed in form of a 
checklist to assist the data collection process.  The primary notes composed of written records, remarks, 
and signs, were transcribed to refined evaluative descriptions for thematic analyses followed. 

4.3.2.6 Imagery Recording 
Imagery recording had been conducted throughout every stage of the design practices.  Subject matters in 

the design development, including preliminary prototypes, experimental trials, initial prototypes, research 
prototypes, corresponding in-progress achievements, and creation processes were photographed and 
scanned for digitised records.  The images provided concrete design evidences show the development 
logic, reflexivity, and integrity of the practices, and further enhance the reliability and authenticity of the 

overall research. 

Secondly, conceptual thoughts and procedural arrangements without physical form were visualised 

through concept graphics, illustrations, and structural exemplification graphics.  The composed images 
assisted the design process elaboration, presentation, and evaluation.    

4.3.2.7 Research Prototyping 

Research prototyping, which is the core focus of a constructive design research, was actualised to give 
physical form to the selected design ideations, demonstrating the research aim and objectives.  In 
accordance to the recurrent development supported with extensive design evidences, the consolidated 

design conceptualisations were realised by the researcher with first person creator role.  The quality of the 
prototypes depends significantly on the researcher’s aesthetic sense, knowledge, experience, skilfulness, 
situational decision, and design contingency problem-solving skill. 

4.3.2.8 Refined Tripartite Framework Analysis 
With reference to the tripartite theoretical framework developed in the design process model construction 
stage, the realised prototypes were elaborated thoroughly.  The analyses aimed to depict both the 

horizontal and vertical dimension of interactivity afforded by the prototypes.  Structurally, the perceptual, 
technological, and communicative interactivity affordances were listed and analysed on sensory, 
semantic, and behavioural level.  The tripartite analytical charts were composed according to the research 
theoretical framework, and incorporated into each individual prototype analysis tool developed as partial 

contribution to the overall analysis. 

4.3.2.9 Human-Artefact Engagement Analysis 

Human-artefact engagement analysis is another key component of the overall prototype analysis tool.  
Informed by the para-functionality, post-optimal design, and aesthetics of use propositions of critical 

!106



design approach, three thematic analytical directions were delimited, namely interpretive human-artefact 

engagement, poetic inter-subjectivity formulation, and purposeful ambiguity establishment.  For each of 
the direction, two analysis criteria were derived for more detail and concrete consideration namely, 
proposition, meaningful presence, alternative form of use, freedom of engagement, de-familiarity, and 
existential relationship respectively.  The human-artefact engagement inspection checklists were 

composed in accordance to individual prototypes, and incorporated in the analysis tool to complete the 
analyses.    

4.3.2.10 Thematic Coding 
Thematic coding is a method of inducing abstract conceptions from concrete crystallised phenomenon.  
The critical design practices were in general conducted in deductive manner.  The practices evolved 
successively throughout processes with emerging contingencies and unexpected in-progress 

advancements, which suggested new design considerations.  Situated in the inductive phase, the realised 
research prototypes and the corresponding practice processes were systematically analysed with thematic 
coding, aiming to figure out and conceptualise the design considerations for this particular discipline, and 

further inform the refinement of the environmental sensitive interactive textile design process model. 

The coding process was divided into two parts, including open coding and thematic coding.  The primary 
data from the design process documentations was organised and consolidated.  The evidences were firstly 

described with summary phrases through open coding for each individual practice.  A coding chart 
presenting the primary data and corresponding open codes was constructed for each of the practice.  
Constant comparative analysis was conducted to compare the summarising consistency.  Then the six sets 

of open codes were consolidated into a cross-practice thematic coding process.  The open codes were 
further compared and grouped to formulate higher level of design consideration abstractions.  The 
comparative analysis was continued until all the thematic codes were mutually exclusive.  A cross-
practice thematic coding chart was formulated to juxtapose the primary data sources, open codes, and the 

induced thematic codes.   

4.4 Conclusion 
In order to construct new findings and knowledge in the newly emerged cross-discipline research scope of 
environmental sensitive interactive textile design, the research was formulated as a constructive practice-

base study.  Aiming to study into the complex human-artefact relationship with existential and 
phenomenological perspectives, a qualitative research methodology was employed, using a combination 
of multiple design research methods according to the delimited research stages. 

The design practices conducted with critical design propositions were the key knowledge constructing 
entities of the research.  Supported by the initiatory study composed of comprehensive theoretical and 
practical literature reviews, case studies, and preliminary prototyping, the critical design practices were 

conducted successively with a number of design research methods and corresponding tools, including, 
literature review, imagery research and sorting, semiotic analysis, sketchbook development, designer 
journal record, imagery recording, research prototyping, tripartite framework analysis, human-artefact 

engagement analysis, and thematic coding. 
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Since the research was positioned as a qualitative study grounded on constructive epistemology, the 

knowledge construction was interpretative in nature, stressing the subjectivity of the researcher 
acknowledged.  Instead of accounting the validity of the data collected throughout the practices, the 
integrity, authenticity, and reliability of the practice should be on the other hand accounted.  By 
combining multiple design research methods, a level of data triangulation was available.  Secondly, 

through thorough and detailed documentations and presentations of concrete and explicit design 
evidences, the dependability and confirmability of the research context were enhanced.  Furthermore, 
majority of the research prototypes and the corresponding design practice records were submitted to and 

presented in international conferences, refereed journals, juried competitions, and exhibitions for 
professional reviews.  Approved by other scholars and experts in the research area, the credibility of the 
practices was proven.  

By approving the dependability, confirmability, and credibility of the data, processes, and outcomes of the 
practices, the overall reasonableness and judgment of the illustrated research methodology can be 
concluded as justifiable. 
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Chapter 5: Construction of Environmental Sensitive Interactive Textile Design 

Process Model 

5.1 Introduction 
Discovered from the previous theoretical literature reviews, there is no existing thoroughly developed 

design process model available for environmental sensitive interactive textile design.  Though there are 
other interaction design, and related fashion and textile design models and frameworks developed by 
pioneering researchers from both specialisms available for reference, due to the cross-discipline nature of 
the hybrid textile design speciality, the construction of a specific design process model is essential for the 

research to proceed. 

In the discussion part of the theoretical literature review, the philosophical, and hence theoretical ground 

for this study have been delimited.  Further supported by the idealogical findings from the practical 
reviews, this chapter presents the step by step construction of environmental sensitive interactive textile 
design process model.  Firstly, the localities of interactivity for environmental sensitive textile design 
were depicted with theoretical justifications.  Secondly, the applicable levels of interactivity were 

discussed with reference to the conceptualisations suggested by former researches.  Then the building of 
the theoretical framework for this research was presented by intersecting the two aforementioned 
dimensions of interactivity.  Finally a proposal of environmental sensitive interactive textile design model 

was suggested with detailed elaborations.  The model was adopted to the creation stages followed, and 
further refined to a more elaborated version with reference to the practical findings from the design 
practices.   

5.2 Theoretical Dimensions of Interactivity 

As depicted in the discussion section of the literature reviews, interactivity is indeed an elusive concept as 
Bucy (2004) described by virtue of the broad realm covered and disciplines applicable.  Throughout the 
development of the concept, there have been inconsistent definitions and typologies between theorists.  
However each of the propositions possesses sufficient theoretical supports and logics within the scope set, 

are reasonable to be considered as contributive to the concept on a more complete level.  Therefore, 
instead of taking a competing attitude, considering and organising the inconsistent perspectives in a 
complementary manner on a more universal level is believed to be more progressive.  Such approach, as 

suggested by Kiousis (2002) and Sohn (2011), enhances the generalising power of the conceptualisation 
and enables the theory to be applied to more situations without falling into the trap of tautology which 
Sundar (2004) concerned.   

In order to formulate the theoretical framework for the design model to build on, it is essential to the 
delimit the concept thoroughly in a complementary manner.  Discussions on both breadth and depth of the 
concept are necessary.  With reference to the previous conceptualisations, the breadth of the concept was 

delimited as the locality of interactivity, which identifies the carriers of interactivity.  The depth of the 
concept was delimited as the level of interactivity, which depicts the sequential profundity that the 
concept affects. 
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5.2.1 Locality of Interactivity 

As it is shown in the literature review, one of the core debatable topic is where should interactivity be 
positioned.  The concept of interactivity has been considered as a communication process nature (Bretz,
1983;  Heeter, 2000; Rafaeli, 1988; Rafaeli & Sudweeks, 1997; Rafaeli & Ariel, 2007; Williams et al., 
1988); defined as an attribute of technology (Ha & James, 1998; Heeter, 1989; Steuer, 1992; Sundar, 

2004) and also regarded mainly as an user perceived condition (Bucy, 2004; Ha & James, 1998; 
Newhagen, 2004; Wu, 1999).  Bucy (2004) provided a generalised pellucid summary on loci of 
interactivity (Figure 5.1), which is considered applicable to interactive textile design discipline.  As 

shown in the model, the conceptual considerations are logically different according to the loci, so as to the 
observational context. 

!  
Figure 5.1 Bucy’s Pellucid Summary of Various Loci of Interactivity  

5.2.1.1 Justification of Interactivity as Technological Attribute 

Sundar's (2004) technological aspect oriented notion advised that the technical variables of the medium 
are the logical independent variables for measuring the level of interactivity.  The capability of the 
medium to respond to and interact with the user is the core constituting factor of the degree of 
interactivity.  For example, the responding speed, navigability, accessibility and multiplicity are advised 

to be the major affordances.  The notion suggested that the greater ability of the medium to perform in 
favour to facilitating the interaction under the technical variables means a higher interactivity could be 
attained.   

Indeed, locating interactivity as the attribute of technology provides possibilities of measuring the degree 
of interactivity with concretely quantifiable parameters.  The approach of quantification is beneficial to 
generate operational definition of the concept (Kiousis, 2002).  Secondly, it is also believed to be more 

objective and less tautologic since the subjectivity of the user is isolated from the measurement (Sundar, 
2004).   

However, considering interactivity exclusively as technological attribute is in reality unpragmatic.  In the 
real world, the interactive medium is normally functioning in the manner of Heidegger’s (1927) 
intentionality classification of ready-to-hand.  With regard to the actual and meaningful interactivity to the 

user, the medium is contributing to the level of interactivity in an experiential transparent way.  Unless the 
user is taking a distant and alienated perspective like a researcher, viewing the medium as an intentional 
object to be contemplated, the interactivity affordance of the medium remains supportive rather than 
principal.   
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Secondly, this kind of objective analysis is only valid under the presupposition that the user understands 

and is capable to recognise and use the interactive medium.  It might seem, on the surface, more objective 
and scientific to separate the subjective perceptual attributes in measuring the level of interactivity of the 
medium, however without the consideration of perceptual attribute, the measurement of the technical 
interactivity should in fact be accounted as constant.  Such justification is also supported by the 

philosophy of Heidegger’s hammer example as well as Merleau-Ponty’s enactive perception (Svanaes, 
2014). 

Sohn (2011) also provided a clarification on the distinction between potential and actual interactivity.  He 
illustrated with the mechanical approach of Ha and James (1998) which equates interactivity as the 
technological capability of a certain medium.  The term interactivity in this approach is in fact referring to 
the potential interactivity of the medium instead of the actual interactivity experienced by the user.  The 

potential interactivity will only be realised as actual interactivity when the user perceives, recognises and 
agrees it is interactive.  Secondly, because the user’s behaviour is needed for this dimension of analysis, 
the evaluation will be meaningless if the user is not eligible to perform the interaction through the 

medium, regardless the high responding speed nor user-friendly navigability of the medium.   

In fact, the nature of the technical capability of the medium is solely insufficient to explain the actual 
situation.  The relationship between the parameters and the effects are not logically and credibly 

predictable without prior understanding and expectation on human perception.  Kiousis (2002) pointed 
out it is a crucial distinction between objective standard of the technical capability and perceived medium 
capability.  It is not necessary for the user’s interpretation of an interactive experience to conform to the 

objective operational measures linked to the experience.  Faster response and higher negativity of the 
medium do not necessarily mean higher interactivity across different users.   

This proposition is also supported by the philosophical perspective of phenomenology.  Take the 

comparison between the interactivity of a moving picture with audio effects and a static picture as an 
example.  It is claimed that the former medium generally possesses a higher interactive ability than the 
later one.  The first reason claimed is that the video offers more dimensions of sensory stimulation.  

Secondly, it properly provides more information with the availability of temporal perception.  Thirdly, a 
higher control level is granted as the user is able to play, pause and mute the video.  However, declaring a 
video as more interactive than a static picture depending only on the technical affordances is in fact a 
lopsided view.  Such judgment neglects that significance of the contextual values of the media and the 

perceptual tendency of the user.  The perceived content of a picture is possible to be in excess of that of a 
video.  A static picture which refers to the user’s experience or memory and further triggers a deeper level 
of emotional and cognitive activity would be more interactive that a video which possesses no cognitive 

nor emotional relation to the user.   

Moreover, cross discipline comparison is not applicable.  For instances, by considering technological 
aspect only, the degrees of interactivity is incomparable between a voice control music player and a tactile 

control lamp.  Since there is no common ground between the two degrees of interactivity measured under 
two different technical variables, no logically meaningful comparison is available. 

Furthermore, Bucy (2004) pointed out with the curvilinear model of interactivity that depending solely on 
technological attributes also tends to neglect the emergence of the empirically proved interactivity 
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paradox.  It is argued that more offering does not always means high level of interactivity.  With reference 

to the interactivity paradox shown in his curvilinear model, excessive interactivity intensity of the 
affordances may overwhelm the ability of the user and cause negative effects and confusion which leads 
to deteriorating on interactivity from user’s point of view.  Concurrent accounting user perception and 
subjective experience of interactivity provide more meaningful explanations than considering solely on 

technological aspect.  Kiousis (2002) further critiqued that the technology oriented approach is inattention 
to other prominent aspects of interactivity, such as third-order dependency, leading the concept to a low 
level of validity and credibility.  Though studying into the medium capability is on a certain level 

contributive to the holistic evaluation on the degree of interactivity, it is concluded that this dimension let 
alone insufficient to provide a complete analysis. 

5.2.1.2 Justification of Interactivity as Communication Process Attribute 

Viewing interactivity as the nature of the communication process enables a definite identification and 
possibility of concrete measurement on the level of interactivity.  With reference to the definitions of the 
communication scholars (Bretz, 1983; Rafaeli, 1988; Rafaeli & Sudweeks, 1997; Williams et al., 1988), 

the degree of interactivity could be appraised by the recognition of the reciprocal interaction in which the 
messages are created based on the series of previous messages related.   

It seems logically correct that the more relevant the messages are, the higher interactive level will result.  

However, this is a misconception.  The relevance of the messages is not the factor of interactive 
communication.  Instead, high relevance is the result of an interactive communication.  Mutual intentional 
engagement of the communication parties is the actual factor to construct an interactive communication 

resulting in relevant messages. 

Moreover, this perspective is more theoretical than realistic in a social phenomena study.  The notion is in 
fact built with the perspective similar to Heidegger’s (1927) intentionality classification of present-at-

hand, regarding the communication process as an intentional object to be study.  It is agreed that taking a 
distant horizon to study the communication process indeed provides an objective and systematic analysis 
and delimits the underlying interactivity.  However, communication practiced in the reality is a concept 

closer to the ready-to-hand notion.  Communication in the factual world is commonly viewed as a process 
of the interaction more than an intentional object to be analysed systematically.  The preconception of the 
present-at-hand perspective isolating the subjectivity of the human being prevents the study from a 
meaningful investigation into the pragmatic and actual phenomena in which human perceive and 

experience the communication process. 

Secondly, the definition is ideal in nature.  In a real communicating situation, since there are undeniable 

possibility of misunderstanding and communication deficiency, the messages may not be concretely 
referring to the previous one or a series of previous messages, even in a highly interactive 
communication.  Moreover, it does not necessarily mean that there is no interactivity emerged in the 
communication even the messages are on the surface unrelated to each other.  For example, during the 

process of giving suggestions or seeking common understanding within a number of independent 
messages, since the unrelated messages are referring to a common purpose, the communication parties are 
actually interacting with sequential unrelated messages.   
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Moreover, Bucy (2004) and Sohn (2011) pointed out that such definition rarifies the concept to two way 

individual level interaction and excludes the situation of mass communication.  Bucy emphasised that 
mass media, in which actual reciprocal interaction is generally unavailable, also possess a certain level of 
interactivity since it is observable that the users would regard themselves as engaging an interaction with 
the media.  The generalisation ability of the approach of regarding interactivity as a communication 

process nature has been criticised.  Kiousis (2002) also regarded this approach as restrictive and 
neglecting other compelling elements of interactivity, including technological and individual factors.  
Indeed, the approach is overly simplified and unable to cover the newly explored considerations of 

interactivity such as the bridging between communication and computer science.  Instead of being 
narrowed solely to the communication setting, a multidimensional perspective is suggested to cover the 
technological structure as well as the user idiosyncrasies when conceptualising interactivity.  Therefore, it 
is concluded that sequential relevance of the message is solely inadequate to explain the situation in the 

reality. 

5.2.1.3 Justification of Interactivity as Human Perception Attribute 

To some scholars (Bucy, 2004; Norman, 1999; Sohn, 2011; van Dijk, 2000), the social and psychological 
relevance of the media system are the essential properties in excess of its technical aspect.  For example, 
without neglecting the technical aspect of interactivity, Bucy (2004) argued strongly that for interactivity 
to succeed as a meaningful concept, it must have certain meaningful relevance on the social and 

psychological aspects.  He pinpointed with supports from Norman’s (1999) and van Dijk’s (2000) 
arguments that indeed the technological features and affordances of the medium are influential to the 
level of interactivity, they will not be utilised nor meaningful unless they are perceived, recognised and 

understood by users.  User’s perception and experience with the interacting medium are therefore the 
crucial determining factors prior to the technological analysis. 

The existentialist perspective of human being provides a notion to this locus of interactivity.  Scholars 

(Gallagher, 2014; Svanaes, 2014) have highlighted with reference to Heidegger’s existential notion that 
the medium’s interactive affordance is a passive attribute which could only appear as interactive through 
user’s practical use.  This situation coherent to the semiotic perspective that the meaning is generated 

through the negotiation between the message sender and receiver.  The message receiver is no longer a 
passive entity in the meaning interpretation process relying on the what the message sender provides.  
Instead, the message receiver possesses a high degree of determining authority.  This notion is supported 
by the perceiver’s activeness in a perception process developed by Merleau-Ponty (1962) that message 

receiver actually actively perceives according to their perception tendency and intentionality supported by 
the personal background, training and habits.  This perspective is also supported by the modern 
hermeneutics which emphases the significance of the impact of the individual in meaning interpretations.  

With an analogised notion reference from Ramberg and Gjesdal (2013), an individual reader in fact 
possesses a high level of subjectivity to explore the potential meaning and truth of the entity perceived.  
The agreement from the perceiver is required for an interaction to be considered as interactive.    

However, with a dominating emphasis on significance of individual perception, it is in fact obscure when 
it comes to analysing and measuring the degree of interactivity of the media base on subjective variables.  
It is also stated in Bucy’s (2004) summary that since the conceptual consideration of this perspective 

situates on the personal and subjective experience of the perceiver, it is not visibly observable.  In other 
words, because individuality is not concretely measurable, it is difficult to conduct an accurately 
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quantified analysis with objective parameters.  Furthermore, with the subjectivity oriented preconception, 

all of the media are logically possible to be considered as interactive regardless the technological ability 
of the media and the communication process involved.  This is in fact on a certain level tautological as 
Sundar (2004) criticised.  For the conceptualisation to be theoretically valid, it is concluded that human 
perception should not be considered solely as a sufficient ground.   

5.2.1.4 Implication on Locality of Interactivity 
From the justifications discussed above, the essentialness and deficiencies of the three approaches are 

depicted.  It is observable that each of the locus possesses significant and accountable theoretical 
insufficiency and is let alone inadequate to support the conceptualisation of interactivity.  Relying solely 
on a single perspective is incapable to cover and explain how interactivity actually function, and 
simultaneously capable to set up concrete parameters for objective analysis.  Secondly, it is noticeable 

that the three perspectives are not mutually exclusive and competing with each other.  Instead, they are 
complementary and replenishing to each others’ insufficiencies.  Considering all three perspectives will 
provide a complete picture of the concept and full account on the analysis of interactivity. 

Kiousis (2002) shared a similar justification, the three basic rules for interactivity observation were then 
listed out after a comprehensive review and convergent analysis.  The three indispensable factors of 
interactivity can be factorised, termed as structure of technology, communication context and user 

perception.  The scholar emphasised that it is necessary for the three aspects to be considered equally 
important and accounted simultaneously with a holistic awareness.  Sohn (2011) also shares a similar 
opinion.  He pointed out that the three elements of a mediated interaction, including the medium, user, 

and process, are all essential and at the same time let alone insufficient in constituting the concept.  
Instead of taking an irreconcilable perspective, Sohn suggested to integrate the three elements with a 
holistic view point with a common experiential domain. 

With reference to the interactive textile research discipline, it is agreed that a holistic approach analysing 
all three essential aspects would provide the best account of interactivity comparing to the other simplex 
conceptualisations.  However, the three aspects are not collateral as Kiousis (2002) suggested.  As Bucy 

(2004) advised that unless a communication setting is perceived and agreed as interactive by the user, 
none of the technological features, physical engagement or message transferring process will be 
accounted as or will make it interactive for the user.  Supported by the philosophies of phenomenology, 
the modern hermeneutics, and notions of the interactivity scholars (Bucy, 2004; Gallagher, 2014; 

Norman, 1999; Sohn, 2011; Svanaes, 2014; van Dijk, 2000), it is concluded that considering interactivity 
as a human perceptual attribute is the primary essence for the conceptualisation to be pragmatically 
meaningful prior to the other two considerations.  Without grounding the subjectivity of the human 

dimension as the fundamental platform in studying a topic within social science is at a certain level 
unilaterally and impractical. 

Therefore, human perception of interactivity should be considered as the prerequisite condition for the 

further study into the indispensable technical aspect and communication process.  In other words, the 
investigation on technical interactivity of the medium and contextual interactivity of the communication 
process should be constructed with the primary presence of perceived interactivity.  Instead of the simple 

collateral relationship shown as Figure 5.2, this research adopts a prerequisite structural relationship of 
the three dimensions, as presented in Figure 5.3. 
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!  
Figure 5.2 Kiousis’s Collateral Relationship of the Essential Dimensions of Interactivity 

!  
Figure 5.3 Prerequisite Structural Relationship of the Essential Dimensions of Interactivity 

When accounting the individual interactivity degree of the technical aspect or communication setting, a 
dual inspection together with user perception is suggested.  Which means, the proper measurement of the 

technical interactivity should be viewed as the product of the objective technical interactivity and the user 
perceived interactivity on the technical aspect.  Same accounting measure should be applied to that of 
communication setting.  Finally, the total account of interactivity is attained jointly by simultaneous 
consideration of all three measures of interactivity.  Clarifying the prerequisite relationship between the 

essential dimensions provides a clearer and thorough inspecting direction to both the total and specific 
accounts of the interactivity of the interactive textile creation concerned. 

5.2.2 Level of Interactivity 
After defining the horizontal localities of interactivity, which is regarded as the horizontal breadth of the 
concept, another principal aspect to be considered in the conceptualisation is the depth of interactivity, 

which can be viewed as the vertical analysis of the situation.  Since the three aspects are grounded with 
user perception as the primary foundation, dissecting the concept depth from a perceptual perspective 
would be able to penetrate all three localities.  According to the philosophies of phenomenology, human 
perception can be generally divided into three levels including sensory perception, connotation perception 

and action perception.  As reviewed previously, Sohn (2011) shares a similar classification.  In his terms, 
the levels of human perception are sensory, semantic and behavioural.  Each of the dimension could be 
applied to evaluate the degree of interactivity within the three horizontal loci.  On the other hand, 

Sundar’s (2004) regarded perceived interactivity as the effect of the interactive medium generated 
through the interaction with the user.  Although this stance is not primarily adopted in this study, there are 
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useful insights provided.  Sundar investigated into the effects of perceived interactivity with three 

dimensions which are attitude, cognition and behaviour.  These dimensions in general echo the perceptual 
classification given by Sohn (2011).  The attitudinal and emotional aspects are in fact the elements of the 
meaning constitution, which is included in the semantic dimension of Sohn’s proposition. 

In a general sense, one may consider that it is logical to arrange the three levels as in they are in a linear 
relationship with the sensory stimulus leads to the connotation interpretation, and further induce the 
action perception.   Nevertheless, this linear structure is not pragmatic in a the contingent reality.  As 

illustrated by the artist and non-artist perception comparison (Svanaes, 2014), action perception does not 
necessarily require the connotation interpretation support.  The perceiver may seek for action possibility 
to enrich the sensory perception before trying to interpret the meaning.  Husserl’s kinaesthetic nature of 
perception and Merleau-Ponty’s enactive perceiver behaviour also help to explain the non-linear 

relationship of the three dimensions (Gallagher, 2014).  Instead of a step by step development, the three 
dimensions are in fact interrelated, influencing, and simultaneously being influenced by each other.  The 
perceptions of each dimension are going on concurrently, especially in an interactive communication 

where continuous engagement enable complex perception behaviour.   

5.2.2.1 Sensory Perception 
On the sensory level, the interactivity refers to the user/audience’s perception on the intentional object, 

which is the textile creation, and action, which is the reactive behaviour of the textile creation, in the 
perceptual environment through the five senses including visual, acoustic, taste, olfactory, and somatic.  
The perceived sensory content is guided by the perception tendency inherent in the user.  Supported by 

the user’s subjective agreement on the existence of interactivity, investigation on the degree of 
interactivity of the textile creation attributes which refer to the sensory stimulant, sign, and gesture that 
the textile creation possesses can be conducted.  Simultaneously the interactive level of the sensation 
process can also be evaluated. 

Studying into the concepts of human sensory perceptions is contributive on this level of investigation.  In 
accordance to the nature of textile design, some human sensing theories are worth investigating to 

generate deeper understanding.  For examples, the colour theory and semiotics for visual perception and 
the touch recognising and reacting pattern for tactile perception. 

5.2.2.2 Connotation Perception 

The interactivity on the connotation level refers to the interpretation on the meaning constructed by the 
primal sensory perception of the signifier, subjective retention (Gallagher & Zahavi, 2012), personal 
experience and background (Heidegger, 1927; Merleau-Ponty, 1962; Ramberg & Gjesdal, 2013; Svanaes, 

2014), and the variables of the perception horizon (Heidegger, 1927).  The perceiver will further interpret 
the relationship of the message to himself, in other words, the degree of relevance.  The assessment on the 
information and rhetorical features carried by the technical attribute and the evaluation on the interaction 
nature and measure are claimed to be valid and meaningful with support from the human subjectivity 

aspect.   

In order to have a thorough cognisance, related theories of meaning interpretation are conducive.  Roland 

Barthes’s (1967) structural theory of signification, notions of the modern hermeneutics, phenomenology 
of perception from Husserl and Merleau-Ponty (1962), the existential perspectives of Heidegger (1927) 
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and the interpretations of contemporary scholars (Barnard, 2002; Gallagher, 2014; Gallagher & Zahavi, 

2012; Ramberg and Gjesdal, 2013; Svanaes, 2014) provide insights on the semantic level analysis of 
interactive textile design. 

5.2.2.3 Action Perception 

On this level, the interactivity is positioned on the user/audience’s perception of action possibility which 
is motivated by the kinaesthetic nature of perception (Gallagher, 2014; Merleau-Ponty, 1962; Svanaes, 
2014).  The user may react with reference to the previous sensory and semantic perceptions and engage in 

an interaction with the textile creation.  The degree of interactivity of the technical attribute is assessed by 
evaluation on the perceived potential action afforded by the textile perceived (Kiousis, 2002; Norman, 
1999).  On the other hand, the interactivity level could be analysed according to the sequence of action, 
reaction and reciprocal engagement in the interaction process (Bretz, 1983; Kiousis, 2002; Rafaeli, 1988; 

Rafaeli & Sudweeks, 1997; Williams et al., 1988).  

The phenomenological notion of kinaesthetic nature of perception developed by Husserl and Merleau-

Ponty (1962) also provides investigation direction on this level.  Furthermore, Gallagher’s (2014) 
enactive proposition summarised from the study of sensory-motor contingency by Varela et al. (1991) and 
O’Regan and Noë (2001) further provides analytical insight to the design conceptualisation. 

5.3 Construction of Theoretical Framework 

After delimiting the realms of locality and the levels of perception, which are regarded as the horizontal 
and vertical analysis respectively, the next step is to intersect the two planes together to set up a 
systematic analysing model.  The model is expected to be able to figure out every analysing locus and the 
corresponding investigation level.   

As discussed in the review on interactivity models, a syntactic model of interaction had been constructed 
by Sohn (2011).  With the notion of preexistence of human perception structure, he set the diverse 

analytical aspects of interactivity on the common experiential domain.  The sensory, semantic and 
behavioural perception dimensions are then intersected with the essential elements including 
technological attributes, interaction process and use perceptual experience.  Although the model is not 
verified with follow up empirical study, supported by the conclusion drawn from the comprehensive 

analysis of previous models and the holistic investigation perspectives, it is believed that the model is 
logically and theoretically credible.  Sharing theoretical consensus and similar findings on the 
investigation aspects and dimensions, Sohn’s syntactic model of interaction is therefore, adopted as the 

foundation theoretical framework for this study.  Supported by the frameworks and propositions of other 
scholars and philosophers, supplementary notions are injected.   

As clarified in the justifications on locality of interactivity, the structural relationship of the three loci is 

delimited.  Given that all three localities are indispensable, human perception of interactivity is 
considered as the prerequisite condition for the technical aspect and communication process.  Building 
with a similar approach to the tripartite model, with reference to the existential, phenomenological and 

semiotic philosophies of human perception, a refined framework highlighting the prerequisite nature of 
human perception is formulated for this research as Figure 5.4.  
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Figure 5.4 Environmental Sensitive Interactive Textile Design Framework 

It is logical to develop the approach based on the conclusion drawn on the locality of interactivity.  
Grounding the human perception as the foundational notion of the framework, every individual facet of 

the model entails a certain level of human subjectivity.  When accounting the individual interactivity of 
the technical aspect or the communication setting, it should be viewed with a prerequisite perspective 
together with the fundamental support of user perception aspect.  Ideation isolating human subjective 
variables are considered as improper and invalid.   

Since each of the locus is insufficient to constitute the concept alone, the design on individual locus is 
therefore also solely inadequate to formulate the interactivity of the textile creation.  In fact, it is the 

synergy of all intersecting perspectives that supports the full account of interactivity.  In other words, the 
total account of interactivity is attained jointly by simultaneous consideration of all three measures of the 
design, on all the perception levels.  Therefore an integrated ideation approach is suggested to provide a 
more complete design.  The framework regards the concept of interactivity as a holistic entity possesses 

three analytical aspects and three investigating levels.  Grounding the human subjectivity as the 
foundational aspect, the model further elaborates the aspects of the textile’s technological attribute and 
interaction process designed to provide a complete level of analysable design ideation.   

This approach is primarily supported by the philosophy of phenomenology.  Phenomenology of 
perception indicates that a judgment of an entity is actually constructed with many elements, including 
the direct sensory stimulations received, our own backgrounds and experiences, the spatiotemporal 

aspects (time, place, and occasion) of the perception, the perceiving measure used, the background of the 
targeted entity and other variables.  The Heideggerian existential perspective demonstrated by the bone-
to-hammer example further reconfirmed the emergence of the meaning depends greatly on the 

subjectivity of the perceiver.  For a textile creation to be perceived as interactive, such meaning has to be 
implicitly given by the perceiver.  
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Furthermore Svanaes (2014) applied the Heideggerian notion of intersubjective existential nature of 

human being to non-human artefact, and stated that a medium can generate it significance and essence by 
the manner of being-with other artefact.  Since the related artefacts exist in a shared practice of a culture, 
performing partially in an nexus jointly formed by them, each of the artefacts gets its significance from 
this nexus.  Therefore, the significance and essence are not forever constant, they vary with time and 

variables inside the horizon.  Time pass or a single variable change in the horizon could be powerful 
enough to redefine the meaning and value of such entity.  This notion further illustrate that the emergence 
of interactivity in an interaction is not always true in a universal manner.  In fact it is more an occasional 

concept.  When it comes to the case of judging a designed artefact, the essence of the artefact could be 
highly subjective if the user is eligible to take a present-at-hand perception angle.  Even there is already a 
certain essence intentionally created by the designer prior to the user, it is not meaningful to the user 
unless the user agrees so.  

Stromer-Galley's typology indeed clarified the conflating conceptualisation of interactivity and pointed 
out crisply the differentiation of them with viewpoints of two separate branches of knowledge.  However, 

it is not straightly applicable to this human-oriented design study.  Utilising interactive textiles with 
intended communicative contents as a communication medium between designer and user in fact involves 
both types of interactivity.  In other words, the project aims to achieve human-human interactivity through 
human-artefact interactivity.  From the viewpoint of an interactive-artefact designer, it is vital and 

essential to understand and consider both kinds of interactivity in carrying out the design process.  In 
order to enhance the validity and reliability of the study, the structured perspective of the research on 
interactivity is defined clearly by constructing an inclusive relationship between the two distinct types of 

interactivity.    

With assistance of the theoretical framework, the researcher is able to view the design and design process 
from both the ready-to-hand and present-at-hand perspectives.  The researcher is further able to take a 

pragmatic view that the design is something optimally suitable to the use of human agents, and 
simultaneously with a distant view that the design is shaped in a certain material to facilitate the specific 
function.  Understanding the logics and patterns in which human beings consciously perceive and 

cognitively engage with the world being would provide theoretical reinforcement to the later interactive 
conceptualisation in the realm of textile design. 

5.4 Development of Environmental Sensitive Interactive Textile Design Process Model 
In the model construction phase, a generalised theoretical design process for interactive textile design 

discipline has been built.  After reviewing the relevant design models and conceptualisations in the 
theoretical literature review, the Universal Traveler formulated by Koberg and Bagnall (1972) was 
selected as the foundation model to be developed according to the nature of interactive textile design.  
The universal design process was selected because of its neutral nature which offers high generalising 

ability and applicability to the newly emerged cross field design discipline.  Secondly, the model 
emphases the significance of designer aspect in the process, which echos the positioning of this research, 
accentuating the subjective qualities of designer, the designer-crafter role, and the relationship between 

designer, designed, and design process.   
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The interactive textile design tripartite theoretical framework derived in the previous section was injected 

into the universal model together with the contributive notions identified from the other design models 
and related theories.  Intersecting the three locality considerations into each of the design stages 
throughout the design process together with the interactivity depth concerns, the design process model for 
environmental sensitive interactive textile design was initially developed with the illustration of process 

model diagram (Figure 5.5).  Generally, the design practice will be conducted with a holistic manner 
according to the model, developing the breadth, depth, and continuous temporal dimension of interactive 
textile design.  The seven steps are elaborated in both horizontal and vertical dimensions with the refined 

tripartite framework of interactivity derived previously.  Grounding the perceptual aspect as foundation, 
the model further explores the aspects of technological attribute and interaction process of the textile 
design to provide a complete level of development on the indicated stages.   

As shown in the diagram, the design process consists of the seven steps, namely, situation acceptance, 
analysis, definition, ideation, selection, implementation, and evaluation.  In general, the design process is 
developed step by step, however, the proceeding of each step is not limited nor forced according to the 

phrasal achievements and failures.  In fact, the model is viewed as a totality with the stages developing 
concurrently and interrelatedly, supporting and criticising each other.  The process will go through a 
reciprocal manner in order to attain a situational optimal condition.  In favour of the pioneering 
proposition and uncertainty embracing critical design perspective, the process model functions as an 

inspirational guideline and design protocol instead of governing rules, restrictions nor standards.  Such 
operational assertion helps to explore unexpected design possibilities and contingencies throughout the 
whole process.  The stages of the process model are elaborated and illustrated in detail in the following 

sections through adopting the model to this particular design research. 

Aiming to achieve mediated human-human interactivity through human-artefact interactivity, it is 
emphasised that the designer needs be clear on the structure of the creative thinking process.  The 

structured perspective of the research on interactivity is defined an inclusive relationship between the two 
distinct types of interactivity classified by Stromer-Galley (2004).  With assistant of the model, the 
designer is expected to be able to ideate in both perspectives of interactivity-as-process as well as 

interactivity-as-product.  Furthermore, as suggested by Gallagher (2014), designer has to apply multiple 
dimensions and distances in the creative and evaluative process, considering the design as an intentional 
object with the present-at-hand viewpoint as well as a pragmatically ready-to-hand perspective.   
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Figure 5.5 Initial Environment Sensitive Interactive Textile Design Process Model 

5.4.1 Situation Accepting 

In this stage, the initial intentions is stated and the design problem is considered as a generator of the 
following processes.  Secondly, the current limitations and advantages are to be listed to provide an initial 
situation clarification.   

In this research, since the nature of environmental sensitive interactive textile design emphases the 
human-artefact relationships, including designer-design relationship, this stage is accentuated 
significantly to address the conscious acceptance, adaptation and engagement of the designer to the 
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design problem.  Secondly, this research combines the role of designer with actual creator, instead of 

taking an ordinary distanced designer role, the designer is the first person directly encounters and 
manipulates the textile creations.  Therefore, the process of designer immersing entirely into the design 
situation is specifically important.   

5.4.2 Analysing  
The analysis stage is to explore the realm of the design problem.  As Koberg and Bagnall (1972) 
described, it is to get the facts and feelings of the design problem to be solved.  Therefore, divergent 

researches, in-depth qualitative in general, are to be undertaken to conduct extensive researches in order 
to maximise the designer’s understanding and cognitive foundation.  Related inspirations, concepts, 
ideologies, technical knowledge, interactive measures are to be gathered and analysed with the continue 
accumulating acceptance.   

As for this research, knowledge of the existing environmental sensitive materials were assembled to 
provide fundamental technological background for the research.  An experimental development had been 

started simultaneously to explore innovative possibility and feasibility of environmental sensitive textiles.  
Firstly, the experiments were carried out to explore the feasibility of injecting environmental sensitivity 
into textile materials.  Three environmental factors were targeted in the experiments including 
temperature, light, and humidity.  With supports of the investigations in the three factors, results of mixed 

sensitive qualities in a single textile piece were achieved through experimental analyses.  Different 
attempts were being tried, both conventional and new measures, on both yarn, fabric, and prototype 
construction level.  

Developing new textile techniques was another main objective in this process.  Attempts of exploring new 
innovative textile craftsmanship were made in order to create contemporary textiles with foundation of 
traditional textile crafting skills.  The analytical investigations put attention on merging conventional 

textile formation technologies and crafting skills, for examples, weaving, knitting, and crocheting, 
together within intermixed on-loom processes.   

Thirdly, the experimental process further combined the results obtained from the previous experiments to 
construct initial prototypes for this research.  The environmental sensitivity equipped materials were 
merged into the intermixed textile constructing processes with the skills developed throughout this stage.  
After trying out the feasibility of the combinations, a set of pilot textile pieces were developed for further 

analyses and design ideations. 

Materials, equipments and technologies are interrelated and interdependent.  Each of them contains 

limitations, at the same time, the potential of triggering new possibilities and dimensions with unusual 
matches.  By intersecting the elements and forming diverse combinations, new directions and possibility 
were analytically formulated.  In this research, new textile materials development and ground breaking 
textile techniques were achieved.  Design concepts, materials, equipments, technologies and procedures 

were recorded and described.  All the phrases in this process had been analysed and evaluated from time 
to time in order to optimise the efficiency and effectiveness of the process and maximise the possibility of 
the results. 
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5.4.3 Defining 

In this stage, the design problem is defined with corresponding objectives set.  The objectives initiate the 
design conceptualisation and clarifies the intended outcomes.   

For this research, the pilot swatches were analysed and evaluated to generate implications for 

improvement and application to later design practices.  Firstly, with the assistance of the tripartite model 
of interactivity developed, the swatches were examined according to the interactivity loci and perception 
dimensions.  The researcher analysed the pilot set with parameters predetermined in qualitative analysing 

approach.  With the first-person experience throughout the development process, limitations and 
insufficient points had been identified.  As a result, credible conclusions were drawn in order to define, 
conceptualise, and clarify the goals concerning the design problem situation. 

5.4.4 Ideating 
In the ideating stage, the findings from the previous stages and the fortuitous ideations are integrated to 
generate design solution options.   

As for this study, with reference to the results generated from the evaluations on the pilot swatches, 
divergent in-depth developments were conducted according to initial ideations to improve the 
performance of the swatches.  In this process, similar to the analysis stage, the design concepts, materials, 

equipments, technologies and procedures were recorded and described in detail.  All the works in this 
process were evaluated from time to time in order to optimise the process and maximise the degree of 
achievement on the goals defined in the last stage.   A collection of interactive textile design practices 

with adoption of environmental sensitivity had been carried out with proper developments.  The possible 
ways of realising the practices were searched and developed in this process. 

5.4.5 Selecting 

The the selection stage, the design solutions generated are to be compared to the design objectives defined 
earlier.  Secondly, by comparing the options searched and developed in the ideation process, the optimal 
option is to be selected for implementation.   

For example, in this research, with the assistance of the tripartite model of interactivity, the ideas were 
assessed according to the facets from both ready-to-hand and present-at-hand perspectives.  With a 
qualitative analysing manner, the researcher evaluated the ideas with parameters predetermined and 

newly determined after the defining process.  Supported by the first-person experience and the notions 
from evaluation throughout the previous stages, the researcher selected the optimal ideations for the 
design realisation stage. 

5.4.6 Implementing 
In this stage, the selected ideation is to be realised with physical form and interaction setting, showing the 
design narration and intention developed throughout the processes.   

As for this study, a set of fashion and textile design pieces were composed and deployed for design 
completion.  The works are expected to achieve mediated human-human interactivity through human-

artefact interactivity.  The textile pieces had been and intended to be exhibited in interactive manners, 
inviting audiences to participate in the meaning interpretation and negotiating process through actual 
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human-artefact interaction.  The textile pieces were eventually completed with involvements of the 

audiences interpreting the design notions.  Complete portfolios had been developed covering the details 
including design rationales, theme, mood, colour arrangement, technique applied, illustration, and other 
imagery record.   

5.4.7 Evaluating 
In the evaluation stage, the design outcomes are to be assessed with reference to the defined design 
objectives.  Secondly, the design process is also subject to be reviewed.  With proper and systematic 

evaluations, inadequate points and insufficient parts can be identified from stage to stage.  The two 
assessments jointly provide suggestions for improvement.  Improvement and modification can be made to 
enhance the validity and justification of the results and findings.  Implications for future practices can also 
be drawn.  In this research, continuous evaluations were done in each stage throughout each of the design 

practice realised.  Systematic and in-depth analyses had also been conducted after the completion of 
design applications.  The findings of the early practices improved the ideations of the later practices, as a 
result, an overall progressive and successive research have been achieved. 

With the first-person experience and closest observation throughout the whole project, limitations and 
insufficient points were most clearly and firsthand identified by the researcher.  Considering the intense 
first person crafting nature of the project, self-evaluating is considered as one of the most primary 

assessment measures.  Materials, tools, processes and results were evaluated with emphasis put on the 
experimental developments and design applications.  In accordance to the tripartite model of interactivity,  
and criteria developed from the research theoretical ground, the researcher analysed the design practice 

with parameters in qualitative analysing approach. 

5.5 Conclusion 
In this chapter, the successive development of the environmental sensitive interactive textile design model 
is introduced in detail.  A foundational theoretical framework has been constructed, supported with 

justifications, with reference to the existing ideologies and conceptualisations of interactivity depicted by 
pioneers of the scope.  With the theoretical ground set, the framework was intersected to the a generalised 
process model selected from design models reviewed.  Each of the stage of the universal process model is 
elaborated with the locality of interactivity and corresponding interactive level.  An initial seven steps 

design process model is then formulated for the hybrid textile design discipline.   

With assistance of the deign process model, the researcher is expected to be able to view the design and 

design process from both the ready-to-hand and present-at-hand perspectives.  By adopting the model as a 
design protocol in the actual practice, the researcher is able to take a pragmatic view organising different 
depicted aspects and levels of interactivity of the intended textile creation and formulate a complete 
design solution.  The initially proposed model was adopted to the next research stage of actual design 

practices.  Findings from the practical realisation process of interactive textile design were further 
analysed and integrated into the model to formulate a more complete design model.   
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Chapter 6: Experimental Development 

6.1 Introduction 
As staged at the initial preparative development stage for the design practice, a divergent exploration was 
undertaken to conduct extensive researches maximising the researcher’s understanding and cognitive 

foundation.  As Koberg and Bagnall (1972) described, it is to get the facts and feelings of the design 
problem to be solved.  Therefore, in the preliminary trial level, there was no specific limitation preset.  
Instead of cautiously work according to punctilious justifications, the researcher set free to get the 
feelings and familiarised with the properties of the materials and craftsmanship. 

Three parallel experimental development threads with foci put on investigation of compatible reactive 
medium, development of interactive yarns and substrata, and exploration of applicable textile 

craftsmanship had been conducted divergently.  A number of environmental sensitive materials, including 
thermochromic pigments and powder, thermochromic liquid crystal ink, thermo-reactive shape-memory 
tubes, phosphorescent pigments and powder, photochromic pigments, and hydrochromic pigment, had 
been sourced online from oversea suppliers and local art supply retailers.  Since the materials are 

expensive in small order quantity, and some suppliers only offer large bundled packages, samples were 
purchased with one colour each for preliminary trials.  Material properties and applications were studied 
and initially tested.  Those perceived with greatest potentials and feasibility with available supplies were 

sort listed and selected to be proceeded to further development.  A range of available colours were 
selected for each of the chosen material for aesthetic design purpose.    

Another parallel experimental thread was undertaken simultaneously to explore the potential textile 

craftsmanship.  The researcher had invested significant spend of time and efforts in learning and 
practicing the potential textile crafting techniques.  By first person experience, the researcher accumulated 
emotions, patience, knowledge, and skilfulness, and further constructed personal interpretations towards 

the feasibility and possibility of the craftsmanship investigated.  Essential equipments and tools, including 
hand-weaving loom set, additional reed harnesses in different gauges, latch needles, crochet needles in 
different sizes, embroidery needles, and frames, etc., were sourced from local crafter stores and online 

platforms.  Alongside the development stage, additional supplementary tools were purchased and home-
made by researcher to enhance efficiency. 

The developments were carried out in a shared studio with fluorescent light pipes and air-conditioning.  In 

accordance to the research scope, environmental conditions are influential to the experiments.  After 
negotiating with studio partners, the studio was rearranged to a condition that the researcher possessed 
sufficient space with large working surface next to the windows, providing sufficient light for visual 

perception and ventilation for material handling.    

The experimental developments of the three threads were archived in detail, supported with imagery 
records.  Observation and descriptive notes were taken down for later creation stage references.  In this 

chapter, the results of the three threads are presented separately in organised tables. 
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6.2 Archive System of Experimental Development 

In order to keep an organised record, symbolised archive codes were formulated.  The trials were 
categorised by form, reactive complexity, reactive behaviour, textile technique, and assigned with 
corresponding numbers.  With help of the coding system, the records were filed systematically. 

Firstly, the experimental trials were categorised with textile form namely, Material Trial (MT), Yarn (Y), 
and Swatch (S).  In each form, four codes named, Non-reactive (NR), Single Reactive (SR), Dual 
Reactive (DR), and Triple Reactive (TR) were assigned according to reactive complexity.  Then the 

reactive behaviour were listed after as, Thermochromic (TH), Thermo-shrinking (THS), 
Photoluminescent (PH), and Hydrochromic (HY).  Next, the trials were identified with textile techniques 
with codes namely, Primary (PR), 3-ply braid (BR3), 4-ply braid (BR4), Crochet (CR), Knit (KN), Weave 
(WE), Knitted-weft-weave (KW), Embroidery (EM), and Digital print (DP).  An individual number was 

then assigned to each single trial in the divisions.  Table 6.1 shows the categorisation structure of the 
archive coding system. 

Basically, the archive code consists of five indications.  For example, a dual reactive yarn achieved by 3-
ply braiding thermochromic and photoluminescent yarns would be presented as Y-DR-THPH-BR3-01.  
For chromogenic material trial on solution level, textile technique is not necessary and omitted, therefore, 
the archive code is presented with four indications.  For example, a single reactive thermochromic 

material trail would be presented as MT-SR-TH-01.  For non-reactive yarn and swatches, the code of 
reactive behaviour is not necessary and omitted.  The archive codes for non-reactive materials are 
therefore consisting four indications.  For instance, a non-reactive swatch created with knitted-weft-

weave would be presented as S-NR-KW-01.  

6.3 Experimental Trial on Selected Chromogenic Materials 
At the start of the experimental development, the sourced chromogenic materials were sorted and tried on 

solution level.  The trial was divided into three parts.  Firstly chromogenic materials were coated on 
swatches to observe the corresponding reactive behaviours.  Thermochromic pigments, thermochromic 
liquid crystal ink, phosphorescent pigments, and hydrochromic pigment were tested separately for single 

Table 6.1 Experimental Trial Archive Coding System

Form Category Subcategory Division Order

Textile Form Reactive Complexity Reactive Behaviour Textile Technique Number

Material Trial (MT) Non-reactive (NR) Thermochromic (TH) Primary (PR) 01

Yarn (Y) Single reactive (SR) Thermo-shrinking (THS) 3-ply braid (BR3) 02

Swatch (S) Dual reactive (DR) Photoluminescent (PH) 4-ply braid (BR4) 03

Triple reactive (TR) Hydrochromic (HY) Crochet (CR) …

Knit (KN)

Weave (WE)

Knitted-weft-weave (KW)

Embroidery (EM)

Digital print (DP)
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reactive property inspection.  Trials were imagery recorded with original state under normal studio 

condition and corresponding stimulations according to reactive behaviours.  Table 6.2 shows the summary 
of single reactive material trial. 

Secondly, the chromogenic materials were put into dual reactive trial phase.  Two measures of combining 

chromogenic materials were tested.  The first method was mixing the selected materials in solution form 
before coating.  The second method was coating the selected solutions in different combinations of 
sequential layers.  Table 6.3 presents the summary of dual reactive material trial. 

Table 6.2 Summary of Chromogenic Material Trial - Single Reactive

Chromogenic 
Behaviour

Code Description Original Stimulated 
I

Stimulated 
II

Stimulated 
III

Thermochromic MT-SR-
TH-01

Thermochromic liquid crystal ink 
coated on glen plaid.  The coating 
performs multiple colour changing 
in contact with heat from 24°C - 
29°C (Stimulated I-III). 

MT-SR-
TH-02

Thermochromic pigment in azure-
orange coated on glen plaid.  Colour 
changes from celeste to orange 
(Stimulated I) in contact with heat 
at around 31°C and above.  Glen 
plaid pattern appears comparatively 
clearer after chromatic change.  

MT-SR-
TH-03

Thermochromic liquid crystal ink 
coated overlapping thermochromic 
pigment printed dots on glen plaid.  
The coating performs multiple 
colour changing in contact with heat 
from 24°C - 29°C.  At temperature 
above 29°C, the coating becomes 
transparent and reveals the 
chromism of thermochromic 
pigment dots which reacts at 31°C.

Photoluminescent MT-SR-
PH-01

Phosphorescent gel in azure-
cerulean coated on glen plaid.  
Illuminating sapphire (Stimulated I) 
reveals in contact with ultraviolet 
light.

Hydrochromic MT-SR-
HY-01

Hydrochromic pigment in white 
coated on glen plaid.  The coating 
changes from solid white (Original) 
to semi transparent in contact with 
moisture, revealing the Glen plaid 
pattern underneath (Stimulated II).  
When moisture evaporates, the 
coating gradually return to solid 
white (Stimulated II).  
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Table 6.3 Summary of Chromogenic Material Trial - Dual Reactive

Subcategory Code Description Original Stimulated 
I

Stimulated 
II

Stimulated 
III

Thermochromic-
photoluminescent

MT-DR-
THPH-01

Thermochromic pigment in blue-
orange mixed with phosphorescent 
gel in azure-cerulean coated on 
glen plaid.  Colour changes from 
celeste to flaxen (Stimulated I) in 
contact with heat at around 31°C 
and above.  Illuminating electric 
blue (Stimulated II) reveals in 
contact with ultraviolet light.

MT-DR-
THPH-02

Thermochromic liquid crystal ink 
coated overlapping phosphorescent 
gel in transparent-green on glen 
plaid.  The coating performs 
multiple colour changing in contact 
with heat from 24°C - 29°C 
(Stimulated II & III).  Illuminating 
green (Stimulated III) reveals in 
contact with ultraviolet light.

MT-DR-
THPH-03

Thermochromic pigment in lilac-
pink coated overlapping 
phosphorescent gel in transparent-
green on glen plaid.  Colour 
changes from lilac to pink 
(Stimulated I) in contact with heat 
at around 31°C and above.  
Illuminating green (Stimulated II) 
reveals in contact with ultraviolet 
light.

Thermochromic-
hydrochromic

MT-DR-
THHY-01

Thermochromic pigment in aqua-
verdant mixed with hydrochromic 
pigment in white coated on glen 
plaid.  Colour changes from celeste 
to mint (Stimulated I) in contact 
with heat at around 31°C and 
above.  Colour changes to aqua in 
contact with moisture (Stimulate 
II); and to verdant when stimulated 
by moisture and heat 
simultaneously (Stimulated III).

MT-DR-
THHY-02

Hydrochromic pigment in white 
coated overlapping thermochromic 
pigment in blue-orange on glen 
plaid.  Colour changes from white 
to blue glen plaid (Stimulated I) in 
contact with moisture; and to 
flaxen glen plaid when stimulated 
by moisture and heat 
simultaneously (Stimulated III).

Photoluminescent
-hydrochromic

MT-DR-
PHHY-01

Phosphorescent gel in azure-
cerulean mixed with hydrochromic 
pigment in white coated on glen 
plaid.  Colour changes from 
powdery light azure to azure with 
comparatively clearer plaid pattern 
(Stimulated I) in contact with 
moisture.  Illuminating azure 
(Stimulated II) reveals in contact 
with ultraviolet light.

MT-DR-
PHHY-02

Hydrochromic pigment in white 
coated overlapping phosphorescent 
gel in azure-cerulean on glen plaid.  
Colour changes from white to 
bluish grey plaid pattern 
(Stimulated I) in contact with 
moisture.  Illuminating azure 
(Stimulated II) reveals in contact 
with ultraviolet light.
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Next, the three environmental sensitive materials were combined to triple reactive trial.  Same mixture 

and layering methods as previous phase were applied.  Table 6.4 shows the summary of the triple reactive 
material trial. 

6.4 Experimental Development of Environmental Sensitive Yarn 

Following the material trial, development in form of yarn was carried out.  A significant portion of 
previous projects were injecting environmental sensitivities to textile pieces on fabric level by post-fabric-
formation processes such as fabric dyeing, painting, and printing.  Some potential possibilities, which can 

only be achieved on yarn level treatments are omitted.  Therefore, this development stage started initially 
on pre-fabric-formation level to enlarge the application possibility of environmental sensitivities and 
textile techniques.  

Four sets of yarns were sourced and developed in this phase, including non-reactive yarns, single reactive 
thermochromic yarns, single reactive photoluminescent yarns, and dual reactive thermochromic-
photoluminescent yarns.  Different techniques were applied, including yarn coating, fabric coating and 

cutting, pigment infusing, digital printing, twisting, heat pressing, crocheting, 3-ply and 4-ply braiding.  
Developed from the sourced primary non-reactive yarns, and by cross combining developed reactive 
yarns, a total number of 42 reactive yarns were developed.  Table 6.5 presents the overview of the 
reactive yarns developed.  Table 6.6 - 6.9 separately show the sourced and developed non-reactive yarn, 

single reactive thermochromic yarns, single reactive photoluminescent yarns, and dual reactive 
thermochromic-photoluminescent yarns respectively. 

Table 6.4 Summary of Chromogenic Material Trial - Triple Reactive

Subcategory Code Description Original Stimulated 
I

Stimulated 
II

Stimulated 
III

Thermochromic-
photoluminescent-
hydrochromic

MT-TR-
THPHHY
-01

Thermochromic pigment in aqua-
verdant mixed with phosphorescent 
gel in azure-cerulean and 
hydrochromic pigment in white 
coated on glen plaid.  Colour 
changes from Turkish to mint 
(Stimulated I) in contact with heat 
at around 31°C and above; and to 
Prussian in contact with moisture 
(Stimulate II).  Illuminating azure 
(Stimulated III) reveals in contact 
with ultraviolet light.

MT-TR-
THPHHY
-02

Hydrochromic pigment in white 
coated overlapping phosphorescent 
gel in transparent-green and 
thermochromic pigment in blue-
orange on glen plaid.  Colour 
changes from white to blue in 
contact with moisture (Stimulated 
I); and to orange with 
comparatively clearer plaid pattern 
when stimulated by moisture and 
heat simultaneously (Stimulated 
II).  Illuminating green (Stimulated 
II) reveals in contact with 
ultraviolet light.
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Table 6.5 Overview of Developed Reactive Yarns

Code Original Stimulated Code Original Stimulated Code Original Stimulated Stimulated

Y-SR-
TH-
PR-01

Y-SR-
PH-
CR01

Y-DR-
THPH-
PR-01

Y-SR-
TH-
PR-02

Y-SR-
PH-
BR3-01

Y-DR-
THPH-
PR-02

Y-SR-
TH-
PR-03

Y-SR-
PH-
BR3-02

Y-DR-
THPH-
BR3-01

Y-SR-
THS-
PR-01

Y-SR-
PH-
BR3-03

Y-DR-
THPH-
BR3-02

Y-SR-
THS-
PR-02

Y-SR-
PH-
BR3-04

Y-DR-
THPH-
BR3-03

Y-SR-
TH-
BR3-01

Y-SR-
PH-
BR3-05

Y-DR-
THPH-
BR4-01

Y-SR-
TH-
BR3-02

Y-SR-
PH-
BR3-06

Y-DR-
THPH-
BR4-02

Y-SR-
TH-
BR3-03

Y-SR-
PH-
BR3-07

Y-DR-
THPH-
BR4-03

Y-SR-
TH-
BR3-04

Y-SR-
PH-
BR3-08

Y-DR-
THPH-
BR4-04

Y-SR-
TH-
BR3-05

Y-SR-
PH-
BR3-09

Y-DR-
THPH-
BR4-05

Y-SR-
PH-
BR3-02

Y-SR-
PH-
BR3-10

Y-DR-
THPH-
BR4-06

Y-SR-
PH-
BR3-03

Y-SR-
PH-
BR3-11

Y-DR-
THPH-
BR4-07

Y-SR-
PH-
BR3-04

Y-SR-
PH-
BR4-01

Y-DR-
THPH-
BR4-08

Y-SR-
PH-
BR3-05

Y-SR-
PH-
BR4-02

Y-DR-
THPH-
BR4-09
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Table 6.6 Summary of Sourced and Developed Yarns - Non Reactive

Division Code Original Description Yarn Applied Treatment

Primary Y-NR-PR-01 100% spun polyester in off White Not applicable Not applicable

Y-NR-PR-02 2 x 3-ply polyester metallic in steel Not applicable Not applicable

Y-NR-PR-03 1 x 3-ply polyester metallic in silver Not applicable Not applicable

Y-NR-PR-04 2 x 3-ply polyester metallic in 
sapphire

Not applicable Not applicable

Y-NR-PR-05 2 x 3-ply polyester metallic in 
emerald

Not applicable Not applicable

Y-NR-PR-06 1 x 3-ply polyester metallic in lilac Not applicable Not applicable

Y-NR-PR-07 47% rayon 30% acrylic 23% washi 
in spray dyed copper

Not applicable Not applicable

Y-NR-PR-08 50% virgin wool 50% acrylic in 
aquamarine

Not applicable Not applicable

Y-NR-PR-09 50% virgin wool 50% acrylic in jade Not applicable Not applicable

Y-NR-PR-10 50% mohair 50% acrylic in off white Not applicable Not applicable

Y-NR-PR-11 50% mohair 50% acrylic in wolf 
grey

Not applicable Not applicable

Braid Y-NR-BR4-01 Hand braid in aquamarine-jade 
mélange 

1 x Y-NR-PR-04; 
1 x Y-NR-PR-05; 
1 x Y-NR-PR-08; 
1 x Y-NR-PR-09

4-ply braiding 

Digital 
Print

Y-NR-DP-01 100% polyester ribbon in digital 
printed palette 

Polyester ribbon Digital printing
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Table 6.7 Summary of Developed Yarns - Single Reactive - Thermochromic

Division Code Original Thermo-
stimulated

Description Yarn Applied Treatment

Primary Y-SR-TH-
PR-01

Colour changes from pink 
to white in contact with 
heat at around 31°C and 
above.

Y-NR-PR-01 Yarn coating

Y-SR-TH-
PR-02

Colour changes from 
lavender to white in contact 
with heat at around 31°C 
and above.

Coated organza Fabric coating; 
Twisting; 
Heat pressing

Y-SR-TH-
PR-03

Colour changes from aqua 
to verdant in contact with 
heat at around 31°C and 
above.

Y-NR-PR-01 Yarn coating

Y-SR-THS-
PR-01

Length shrinks and 
thickness expands in 
contact with heat at around 
55°C and above

Thermo-reactive 
shape memory 
tube

Stretching 

Y-SR-THS-
PR-02

Colour changes from grey 
to white in contact of heat 
around 31°C and above.

Thermo-reactive 
shape memory 
tube

Stretching; 
Pigment 
infusing  

Braid Y-SR-TH-
BR3-01

Colour changes from pink-
white mélange to white in 
contact with heat at around 
31°C and above.

1 x Y-NR-PR-01; 
2 x Y-SR-TH-
PR01

Yarn coating; 
4-ply braiding

Y-SR-TH-
BR3-02

Colour changes from white-
pink mélange to white in 
contact with heat at around 
31°C and above.

2 x Y-NR-PR-01; 
1 x Y-SR-TH-
PR01

Yarn coating; 
4-ply braiding

Y-SR-TH-
BR3-03

Colour changes from pink-
lavender mélange to white 
in contact with heat at 
around 31°C and above.

2 x Y-SR-TH-
PR01; 
1 x Y-SR-TH-
PR02

Yarn coating; 
4-ply braiding

Y-SR-TH-
BR3-04

Colour changes from pink-
silver mélange to white-
silver mélange in contact 
with heat at around 31°C 
and above.

2 x Y-SR-TH-
PR01; 
1 x Y-NR-PR-03

Yarn coating; 
4-ply braiding

Y-SR-TH-
BR3-05

Colour changes from pink-
copper mélange to white-
copper mélange in contact 
with heat at around 31°C 
and above.

2 x Y-SR-TH-
PR01; 
1 x Y-NR-PR-06

Yarn coating; 
4-ply braiding
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Table 6.8 Summary of Developed Yarns - Single Reactive - Photoluminescent

Division Code Original Photo-
stimulated

Description Yarn Applied Treatment

Primary Y-SR-PH-
PR01

Colour changes from copper to 
illuminating green in contact with 
ultraviolet light.

Y-NR-PR-07 Yarn coating

Y-SR-PH-
PR02

Colour changes from steel to illuminating 
green in contact with ultraviolet light.

Y-NR-PR-02 Yarn coating

Y-SR-PH-
PR03

Colour changes from mint to illuminating 
jade in contact with ultraviolet light.

Y-NR-PR-02 Yarn coating

Y-SR-PH-
PR04

Colour changes from azure to 
illuminating cerulean in contact with 
ultraviolet light.

Y-NR-PR-02 Yarn coating

Crochet Y-SR-PH-
CR01

Colour changes from steel to illuminating 
green in contact with ultraviolet light.

Y-SR-PH-PR02 Yarn coating; 
Crocheting

Braid Y-SR-PH-
BR3-01

Colour changes from steel to illuminating 
green mélange in contact with ultraviolet 
light.

1 x Y-NR-PR-03; 
2 x Y-SR-PH-
PR02

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-02

Colour changes from steel-white mélange 
to illuminating green mélange in contact 
with ultraviolet light.

1 x Y-NR-PR-01; 
2 x Y-SR-PH-
PR02

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-03

Colour changes from white-steel mélange 
to illuminating green mélange in contact 
with ultraviolet light.

2 x Y-NR-PR-01; 
1 x Y-SR-PH-
PR02

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-04

Colour changes from azure-mint mélange 
to illuminating cerulean-jade mélange in 
contact with ultraviolet light.

1 x Y-SR-PH-
PR03; 
2 x Y-SR-PH-
PR04

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-05

Colour changes from mint-azure mélange 
to illuminating cerulean-jade mélange in 
contact with ultraviolet light.

2 x Y-SR-PH-
PR03; 
1 x Y-SR-PH-
PR04

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-06

Colour changes from azure-steel mélange 
to illuminating cerulean-green mélange 
in contact with ultraviolet light.

1 x Y-SR-PH-
PR02; 
2 x Y-SR-PH-
PR04

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-07

Colour changes from steel-azure mélange 
to illuminating green-cerulean mélange 
in contact with ultraviolet light.

2 x Y-SR-PH-
PR02; 
1 x Y-SR-PH-
PR04

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-08

Colour changes from mint-lilac mélange 
to illuminating jade mélange in contact 
with ultraviolet light.

1 x Y-NR-PR-06; 
2 x Y-SR-PH-
PR03

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-09

Colour changes from steel-lilac mélange 
to illuminating green mélange in contact 
with ultraviolet light.

1 x Y-NR-PR-06; 
2 x Y-SR-PH-
PR02

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-10

Colour changes from steel-jade mélange 
to illuminating green mélange in contact 
with ultraviolet light.

1 x Y-NR-PR-09; 
2 x Y-SR-PH-
PR02

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR3-11

Colour changes from steel-aquamarine 
mélange to illuminating green mélange in 
contact with ultraviolet light.

1 x Y-NR-PR-08; 
2 x Y-SR-PH-
PR02

Yarn coating; 
3-ply braiding

Y-SR-PH-
BR4-01

Colour changes from aquamarine-jade-
steel mélange to illuminating green stripe 
in contact with ultraviolet light.

1 x Y-NR-PR-08; 
1 x Y-NR-PR-09; 
2 x Y-SR-PH-
PR02

Yarn coating; 
4-ply braiding

Y-SR-PH-
BR4-02

Colour changes from mint-aquamarine-
emerald mélange to illuminating jade 
stripe in contact with ultraviolet light.

1 x Y-NR-PR-04; 
1 x Y-NR-PR-08; 
2 x Y-SR-PH-
PR03

Yarn coating; 
4-ply braiding
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Table 6.9 Summary of Developed Yarns - Dual Reactive - Thermochromic-Photoluminescent

Division Code Original Thermo-
stimulated

Photo-
stimulated

Description Yarn 
Applied

Treatment

Primary Y-DR-
THPH-
PR-01

Colour changes from celeste to white in 
contact with heat at around 31°C and 
above.  Illuminates in green in contact 
with ultraviolet light.

Organza strip Fabric 
coating

Y-DR-
THPH-
PR-02

Colour changes from verdant to neon 
yellow in contact with heat at around 
31°C and above.  Illuminates in green in 
contact with ultraviolet light.

Y-NR-PR-01 Yarn coating

Braid Y-DR-
THPH-
BR3-01

Colour changes from pink-celeste 
mélange to white in contact with heat at 
around 31°C and above.  Illuminates in 
green mélange in contact with ultraviolet 
light.

2 x Y-SR-TH-
PR-01; 
1 x Y-DR-
THPH-PR-01

Fabric 
coating; 
Yarn coating; 
3-ply 
braiding

Y-DR-
THPH-
BR3-02

Colour changes from pink-copper 
mélange to white-copper mélange in 
contact with heat at around 31°C and 
above.  Illuminates in green mélange in 
contact with ultraviolet light.

1 x Y-SR-PH-
PR01; 
2 x Y-SR-TH-
PR-01

Yarn coating; 
3-ply 
braiding

Y-DR-
THPH-
BR3-03

Colour changes from pink-steel mélange 
to white-steel mélange in contact with 
heat at around 31°C and above.  
Illuminates in green mélange in contact 
with ultraviolet light.

2 x Y-SR-TH-
PR-01; 
1 x Y-SR-PH-
PR02

Yarn coating; 
3-ply 
braiding

Y-DR-
THPH-
BR4-01

Colour changes from aqua-verdant 
mélange to verdant-neon yellow mélange 
in contact with heat at around 31°C and 
above.  Illuminates in green mélange in 
contact with ultraviolet light.

3 x Y-SR-TH-
PR-03; 
1 x Y-DR-
THPH-PR-02

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-02

Colour changes from aqua-verdant 
mélange to verdant-neon yellow mélange 
in contact with heat at around 31°C and 
above.  Illuminates in green mélange in 
contact with ultraviolet light.

2 x Y-SR-TH-
PR-03; 
2 x Y-DR-
THPH-PR-02

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-03

Colour changes from aqua-azure mélange 
to verdant-azure mélange in contact with 
heat at around 31°C and above.  
Illuminates in cerulean mélange in 
contact with ultraviolet light.

3 x Y-SR-TH-
PR-03; 
1 x Y-SR-PH-
PR04

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-04

Colour changes from aqua-azure mélange 
to verdant-azure mélange in contact with 
heat at around 31°C and above.  
Illuminates in cerulean mélange in 
contact with ultraviolet light.

2 x Y-SR-TH-
PR-03; 
2 x Y-SR-PH-
PR04

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-05

Colour changes from verdant-mint 
mélange to new yellow-mint mélange in 
contact with heat at around 31°C and 
above.  Illuminates in green-jade mélange 
in contact with ultraviolet light.

2 x Y-SR-PH-
PR03; 
2 x Y-DR-
THPH-PR-02

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-06

Colour changes from aqua-verdant-mint 
mélange to verdant-mint mélange in 
contact with heat at around 31°C and 
above.  Illuminates in jade mélange in 
contact with ultraviolet light.

2 x Y-SR-TH-
PR-03; 
2 x Y-SR-PH-
PR03

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-07

Colour changes from aqua-verdant-mint 
mélange to verdant-neon yellow-mint 
mélange in contact with heat at around 
31°C and above.  Illuminates in green-
jade mélange in contact with ultraviolet 
light.

1 x Y-SR-TH-
PR-03; 
2 x Y-SR-PH-
PR03; 
1 x Y-DR-
THPH-PR-02

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-08

Colour changes from aqua-verdant-azure-
mint mélange to verdant-neon yellow-
azure-mint mélange in contact with heat 
at around 31°C and above.  Illuminates in 
green-cerulean-jade mélange in contact 
with ultraviolet light.

1 x Y-SR-TH-
PR-03; 
1 x Y-SR-PH-
PR03; 
1 x Y-SR-PH-
PR04; 
1 x Y-DR-
THPH-PR-02

Yarn coating; 
4-ply 
braiding

Y-DR-
THPH-
BR4-09

Colour changes from aqua-steel-azure-
mint mélange to verdant-steel-azure-mint 
mélange in contact with heat at around 
31°C and above.  Illuminates in green-
cerulean-jade mélange in contact with 
ultraviolet light.

1 x Y-SR-TH-
PR-03; 
1 x Y-SR-PH-
PR02; 
1 x Y-SR-PH-
PR03; 
1 x Y-SR-PH-
PR04

Yarn coating; 
4-ply 
braiding
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6.5 Experimental Development of Environmental Sensitive Swatch 

In order to test out the practicability of the developed yarns and the potential textile crafting techniques, 
exploration on experimental swatches were conducted.  In addition to combining environmental 
sensitivities on yarn level, attempts had also been made in fabric formation process by intersecting non-
reactive, single reactive, and dual reactive yarns.  A number of 38 experimental swatches were created.  

Table 6.10 shows the overview of the developed swatches. 

Table 6.10 Overview of Developed Swatches

Code Photo I Photo II Code Photo I Photo II Code Photo I Photo II Photo III

S-NR-
WE-01

S-SR-
THS-
CR-01

S-SR-
PH-
KW-01

S-NR-
KW-01

S-SR-
THS-
CR-02

S-SR-
PH-
EM-01

S-NR-
KW-02

S-SR-
THS-
CR-03

S-SR-
PH-
CR-01

S-NR-
KW-03

S-SR-
THS-
CR-04

S-DR-
THPH-
WE-01

S-NR-
KW-04

S-SR-
THS-
CR-05

S-DR-
THPH-
WE-02

S-NR-
CW-01

S-SR-
THS-
CR-06

S-DR-
THPH-
WE-03

S-NR-
CW-02

S-SR-
TH-
CR-01

S-DR-
THPH-
WE-04

S-NR-
CW-03

S-SR-
PH-
WE-01

S-DR-
THPH-
WE-05

S-NR-
CR-01

S-SR-
PH-
WE-02

S-DR-
THPH-
WE-06

S-SR-
TH-
WE-01

S-SR-
PH-
WE-03

S-DR-
THPH-
WE-07

S-SR-
THS-
KN-01

S-SR-
PH-
WE-04

S-DR-
THPH-
KW-01

S-SR-
TH-
KN-01

S-SR-
PH-
WE-05

S-DR-
THPH-
CO-01

S-SR-
TH-
KN-02

S-SR-
PH-
WE-06
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In this phase, four sets of swatch had been developed, including non-reactive, thermochromic, 

photoluminescent, and dual reactive thermochromic-photoluminescent swatches.  Innovative textile 
craftsmanship, which was presented in detail in the next section, were developed together with the 
exploration on reactive complexity, mainly in the non-reactive swatches group.  Table 6.11 - 6.14 present 
the four sets of developed swatches separately. 

Table 6.11 Summary of Developed Swatches - Non Reactive

Division Code Original Detail Description Technique

Weave S-NR-
WE-01

Hand woven rectangular pattern in 
plain weave and tapestry weave 
techniques including wefts-wrap-
common-warp and weft interlock.

Plain weaving; 
Tapestry weaving

Knitted-
weft-weave

S-NR-
KW-01

Hand woven swatch with irregular 
knitted effect  created by knitted-
weft-weave technique on plain 
weave base. 

Plain weaving; 
Knitted-weft-weaving

S-NR-
KW-02

Hand woven swatch with 
rectangular knitted effect  created 
by knitted-weft-weave technique 
with solid and transparent yarns on 
plain weave base. 

Plain weaving; 
Knitted-weft-weaving

S-NR-
KW-03

Hand woven swatch with square-
shaped knitted stripes and lacing 
effect created by knitted-weft-
weave and leno weave technique 
on plain weave base. 

Plain weaving; 
Leno weaving; 
Knitted-weft-weaving

S-NR-
KW-04

Hand woven swatch with 
engineered knitted shapes and 
stripes created by knitted-weft-
weave technique on plain weave 
base, featuring circles in blue-
white mélange created by on-loom 
screen printing on warps.

Plain weaving; 
Knitted-weft-weaving; 
On-loom screen 
printing

Crocheted-
weft-weave

S-NR-
CW-01

Hand woven swatch with irregular 
tridimensional leaves created by 
crocheted-weft-weave technique 
on 2 x 2 basket weave base. 

Basket weaving; 
Crocheted-weft-
weaving

S-NR-
CW-02

Hand woven swatch with irregular 
tridimensional floating piles 
created by crocheted-weft-weave 
technique on plain weave base. 

Plain weaving; 
Crochet-weft-weaving

S-NR-
CW-03

Hand woven swatch with irregular 
double layered structure created 
by crocheted-weft-weave 
technique on plain weave base. 

Plain weaving; 
Crochet-weft-weaving

Crochet S-NR-
CR-01

Crocheted swatch featuring double 
layered structure with 
tridimensional lifted pattern.

Double needle 
crocheting
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Table 6.12 Summary of Developed Swatches - Single Reactive - Thermochromic

Division Code Original Thermo-
stimulated

Description Yarn 
Applied

Technique

Weave S-SR-TH-
WE-01

Hand woven swatch in 2 x 2 basket weave 
with thermochromic weft and non-reactive 
warp.  Colour changes from grey to white in 
contact with heat at around 31°C and above.

Y-NR-PR-01 Yarn coating; 
Basket weaving

Knit S-SR-
THS-
KN-01

Hand knitted swatch in tubular jersey with 
thermo-reactive shape memory tube.  Length 
and thickness of yarn reduces and expands 
respectively in contact with heat at around 
55°C and above, resulting in irreversible 
reduced swatch size and tightened density.

Y-SR-THS-
PR-01

Stretching; 
Jersey knitting; 
Heat shrinking

S-SR-TH-
KN-01

Hand knitted plain jersey with thermochromic 
thermo-reactive shape memory tube.  Length 
and thickness of yarn reduces and expands 
respectively in contact with heat at around 
55°C and above, resulting in irreversible 
reduced size and tightened density.  Colour 
changes from black to light grey in contact 
with heat around 31°C and above.

Y-SR-THS-
PR-02

Stretching; 
Pigment 
infusing;  
Jersey knitting; 
Heat shrinking

S-SR-TH-
KN-02

Hand loom knitted swatch in plain jersey with 
thermochromic thermo-reactive shape 
memory tube.  Length and thickness of yarns 
reduce and expands respectively in contact 
with heat at around 55°C and above, resulting 
in irreversible reduced size and tightened 
density.  Colour changes from black to white 
in contact with heat around 31°C and above.

Y-SR-THS-
PR-01; 
Y-SR-THS-
PR-02

Stretching; 
Pigment 
infusing; Jersey 
knitting; 
Heat shrinking

Crochet S-SR-
THS-
CR-01

Tubular crochet swatch with thermo-reactive 
shape memory tube.  Length and thickness of 
yarn reduces and expands respectively in 
contact with heat at around 55°C and above, 
resulting in irreversible reduced swatch size 
and tightened density.

Y-SR-THS-
PR-01

Stretching; 
Crocheting; 
Heat shrinking

S-SR-
THS-
CR-02

Circular crochet swatch with thermo-reactive 
shape memory tube.  Length and thickness of 
yarn reduces and expands respectively in 
contact with heat at around 55°C and above, 
resulting in irreversible reduced swatch size 
and tightened density.

Y-SR-THS-
PR-01

Stretching; 
Crocheting; 
Heat shrinking

S-SR-
THS-
CR-03

Plain crochet swatch with thermo-reactive 
shape memory tube.  Length and thickness of 
yarn reduces and expands respectively in 
contact with heat at around 55°C and above, 
resulting in irreversible reduced swatch size 
and tightened density.

Y-SR-THS-
PR-01

Stretching; 
Crocheting; 
Heat shrinking

S-SR-
THS-
CR-04

Marled yarn plain crochet swatch with 
thermo-reactive shape memory tube and 
lambs wool.  Length and thickness of yarn 
reduces and expands respectively in contact 
with heat at around 55°C and above, resulting 
in irreversible reduced swatch size and 
tightened density.

Y-SR-THS-
PR-01; 
Lambs wool 
yarn

Stretching; 
Crocheting; 
Heat shrinking

S-SR-
THS-
CR-05

Mixed yarn tubular crochet swatch with 
thermo-reactive shape memory tube, lambs 
wool and mohair.  Length and thickness of 
yarn reduces and expands respectively in 
contact with heat at around 55°C and above, 
resulting in irreversible reduced swatch size 
and tightened density.

Y-SR-THS-
PR-01; 
Y-NR-PR-10; 
Lambs wool 
yarn

Stretching; 
Crocheting; 
Heat shrinking

S-SR-
THS-
CR-06

Crocheted swatch with thermochromic 
thermo-reactive shape memory tube.  Length 
and thickness of yarn reduces and expands 
respectively in contact with heat at around 
55°C and above, resulting in irreversible 
reduced size and tightened density.  Colour 
changes from black-white to salmon-white in 
contact with heat around 31°C and above.

Y-SR-THS-
PR-02

Stretching; 
Pigment 
infusing; 
Crocheting; 
Heat shrinking

S-SR-TH-
CR-01

Mixed yarn circular crochet swatch with 
thermochromic yarn, lambs wool and mohair.  
Colour changes from pink-white to white in 
contact with heat around 31°C and above.

Y-SR-TH-
PR-01; 
Y-NR-PR-10; 
Lambs wool 
yarn

Yarn coating; 
Double needle 
crocheting 
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Table 6.13 Summary of Developed Swatches - Single Reactive - Photoluminescent

Division Code Original Photo-
stimulated 
in Dim

Photo-
stimulated 
in Dark

Description Yarn Applied Technique

Weave S-SR-
PH-
WE-01

Hand woven swatch in plain weave with 
non-reactive warp and photoluminescent 
weft.  Colour changes from steel-white to 
illuminating green mélange in contact 
with ultraviolet light.

Y-NR-PR-01; 
Y-SR-PH-
BR3-01

Yarn coating; 
3-ply braiding; 
Plain weaving

S-SR-
PH-
WE-02

Hand woven swatch with stripe pattern in 
plain weave with non-reactive warp and 
photoluminescent weft.  Stripe pattern 
changes from steel-white with white to 
illuminating green with white in contact 
with ultraviolet light.

Y-NR-PR-01; 
Y-SR-PH-
PR02

Yarn coating; 
Plain weaving

S-SR-
PH-
WE-03

Hand woven swatch with stripe pattern in 
plain weave with non-reactive warp and 
photoluminescent weft.  Stripe pattern 
changes from steel-white with silver-
white to illuminating green with 
illuminating green mélange in contact 
with ultraviolet light.

Y-NR-PR-01; 
Y-SR-PH-
PR02; 
Y-SR-PH-
BR3-01

Yarn coating; 
3-ply braiding; 
Plain weaving

S-SR-
PH-
WE-04

Hand woven swatch with stripe pattern in 
plain weave with non-reactive warp and 
photoluminescent weft.  Stripe pattern 
changes from steel-white; steel-white 
mélange with silver-white mélange to 
shades of illuminating green mélange in 
contact with ultraviolet light.

Y-NR-PR-01; 
Y-SR-PH-
BR3-01; 
Y-SR-PH-
BR3-02; 
Y-SR-PH-
BR3-03

Yarn coating; 
3-ply braiding; 
Plain weaving

S-SR-
PH-
WE-05

Hand woven swatch in spray dyed copper 
effect in plain weave with non-reactive 
metallic warp and photoluminescent weft.  
Surface changes from metallic spray dyed 
copper to illuminating green stripes in 
contact with ultraviolet light.

Y-NR-PR-02; 
Y-NR-PR-07; 
Y-SR-PH-
PR01

Yarn coating; 
Plain weaving

S-SR-
PH-
WE-06

Hand woven swatch in plain weave with 
photoluminescent warp and non-reactive 
weft.  Surface changes from off-white to 
illuminating green pinstripes in contact 
with ultraviolet light.

Y-NR-PR-11; 
Y-SR-PH-
PR02

Yarn coating; 
Plain weaving

Knitted-
weft-
weave

S-SR-
PH-
KW-01

Hand woven swatch in plain weave and 
knitted-weft-weave with non reactive 
warp and photoluminescent weft.  
Engineered rectangular pattern changes 
from steel and steel-white to illuminating 
green mélange in contact with ultraviolet 
light.

Y-NR-PR-01; 
Y-SR-PH-
PR02

Yarn coating; 
Plain weaving; 
Knitted-weft-
weaving

Embroi
dery

S-SR-
PH-
EM-01

Hand embroidered swatch with 
photoluminescent yarn.  Embroidered 
pattern colour changes from steel to 
illuminating azure in contact with 
ultraviolet light.

Y-SR-PH-
PR02

Yarn coating; 
Hand 
embroidery

Crochet S-SR-
PH-
CR-01

Mixed yarn crochet swatch with 
photoluminescent yarn and mohair.  Stripe 
pattern colour changes from steel with 
dusty grey to illuminating azure in contact 
with ultraviolet light.

Y-NR-PR-11; 
Y-SR-PH-
PR02

Yarn coating; 
Crocheting
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Table 6.14 Summary of Developed Swatches - Dual Reactive - Thermochromic-Photoluminescent

Division Code Original Thermo-
stimulated

Photo-
stimulated

Description Yarn Applied Technique

Weave S-DR-
THPH-
WE-01

Hand woven swatch in plain weave with 
non-reactive metallic warp and dual reactive 
weft.  Colour changes from pink-celeste 
mélange to white in contact with heat around 
31°C and above.  Illuminating green mélange 
effect reveals in contact with ultraviolet light.

Y-NR-PR-01; 
Y-NR-PR-03; 
Y-DR-THPH-
BR3-01

Yarn coating; 
3-ply 
braiding; 
Plain weaving

S-DR-
THPH-
WE-02

Hand woven swatch in plain weave with 
non-reactive warp, thermochromic and 
photoluminescent wefts.  Surface changes 
from  subtle gradient stripes of pink-lavender 
mélange; pink-white mélange; white-pink 
mélange and white to silver-white pinstripes 
in contact with heat around 31°C and above.  
Illuminating green pinstripes reveal in 
contact with ultraviolet light.

Y-NR-PR-01; 
Y-SR-PH-
PR02; 
Y-SR-TH-
BR3-01; 
Y-SR-TH-
BR3-02; 
Y-SR-TH-
BR3-03

Yarn coating; 
Fabric 
coating; 
3-ply 
braiding; 
Plain weaving

S-DR-
THPH-
WE-03

Hand woven swatch in plain weave with 
non-reactive metallic warp, thermochromic 
and photoluminescent wefts.  Surface 
changes pink-copper spray dyed effect to 
white-copper spray dyed effect in contact 
with heat around 31°C and above.  
Illuminating green stripes reveal in contact 
with ultraviolet light.

Y-NR-PR-03; 
Y-NR-PR-07; 
Y-SR-TH-
PR-01; 
Y-SR-PH-
PR01; 

Yarn coating; 
Plain weaving

S-DR-
THPH-
WE-04

Hand woven swatch in plain weave with 
non-reactive metallic warp and dual reactive 
weft.  Surface colour changes from pink-
copper mélange to white-copper mélange in 
contact with heat around 31°C and above.  
Illuminating green mélange effect reveals in 
contact with ultraviolet light.

Y-NR-PR-03; 
Y-NR-PR-07; 
Y-DR-THPH-
BR3-02 

Yarn coating; 
3-ply 
braiding; 
Plain weaving

S-DR-
THPH-
WE-05

Hand woven swatch in plain weave with 
non-reactive metallic warp and dual reactive 
wefts.  Surface changes from stripe pattern of 
pink-copper mélange with pink-celeste 
mélange to white-copper mélange with white 
in contact with heat around 31°C and above.  
Illuminating green mélange effect reveals in 
contact with ultraviolet light.

Y-NR-PR-03; 
Y-NR-PR-07; 
Y-DR-THPH-
BR3-01; 
Y-DR-THPH-
BR3-02 

Yarn coating; 
Fabric 
coating; 
3-ply 
braiding; 
Plain weaving

S-DR-
THPH-
WE-06

Hand woven swatch in plain weave with 
non-reactive warp, photoluminescent and 
dual reactive wefts.  Surface changes from 
stripe pattern of pink-steel mélange with 
steel-white mélange to white-steel mélange 
in contact with heat around 31°C and above.  
Stripes in shades of illuminating green 
mélange reveal in contact with ultraviolet 
light.

Y-NR-PR-01; 
Y-DR-THPH-
BR3-03; 
Y-SR-PH-
BR3-02

Yarn coating; 
3-ply 
braiding; 
Plain weaving

S-DR-
THPH-
WE-07

Hand woven swatch in plain weave and 
tapestry weave techniques including wefts-
wrap-common-warp and weft interlock, with 
non reactive warp, and thermochromic and 
dual reactive wefts.  Surface changes from 
pink-white mélange to steel-white mélange 
in contact with heat around 31°C and above.  
Engineered rectangular pattern illuminates in 
green mélange in contact with ultraviolet 
light.

Y-NR-PR-01; 
Y-SR-TH-
BR3-04; 
Y-DR-THPH-
BR3-03

Yarn coating; 
3-ply 
braiding; 
Plain 
weaving; 
Tapestry 
weaving

Knitted-
weft-
weave

S-DR-
THPH-
KW-01

Hand woven swatch in plain weave and 
knitted-weft-weave, with non reactive warp, 
and thermochromic and photoluminescent 
wefts.  Surface changes from stripe pattern of 
pink-white mélange with steel to steel-white 
mélange with steel in contact with heat 
around 31°C and above.  Engineered knitted 
rectangular pattern and stripes illuminate in 
green mélange in contact with ultraviolet 
light.

Y-NR-PR-01; 
Y-SR-PH-
PR02; 
Y-SR-TH-
BR3-01; 
Y-SR-TH-
BR3-02; 
Y-SR-TH-
BR3-04

Yarn coating; 
3-ply 
braiding; 
Plain 
weaving; 
Knitted-weft-
weaving

Coat S-DR-
THPH-
CO-01

Colour changes from azure-lilac to white in 
contact with heat around 31°C and above.  
Illuminating green and blue effect reveals in 
contact with ultraviolet light.

Polyester 
organza; 
Thermochromic 
pigment; 
Phosphorescent 
gel

Fabric 
coating; 
Qusai-nui 
shibori 
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6.6 Experimental Trial on Innovative Textile Craftsmanship 

In additional to the environmental sensitivity exploration, a parallel experimental thread exploring and 
familiarising the researcher with potential textile craftsmanship had been unfolded simultaneously.  As 
staged at the initial situation accepting and analysing processes, researcher was positioned as first person 
crafter generating initial intentions for the creation stage followed to depart.  Supported by the cognitive 

reviews, intensive practices on textile techniques were conducted to delimit the feasibility and limitation 
of the potential craftsmanship.  In this stage, researcher accumulated skilfulness, experiences, and 
emotions to enhance the development intentions.  Several techniques, including hand weaving, hand 

knitting, crocheting, hand embroidery, and shibori, were explored and practiced.  In this section, two 
techniques with craftsmanship breakthroughs, including innovative crocheting and hybrid weaving, are 
presented.  In addition to the single technique practices, attempts were also put on the mixed-technique 
development. 

6.6.1 Innovative Crocheting 
Crocheting is a textile formation technique applying a minimum combination of one yarn and one needle 

in operation.  Such structure is highly dependent on the skills of the crafter acquired.  Tension, stitch 
length, stitch density, and structure combination are all composed by the coordination between fingers.  
With the high level of flexibility, there is great potentials for crochet to be further developed into 
advanced crafting technique.  For example, attempts had been put on exploring the possibility of double 

needle crocheting, creating lifted and layered structures as shown in Figure 6.1 - 6.3.   

!     !     !  
Figure 6.1 Double Needle Crocheting            Figure 6.2 Lifted Layer Structure                   Figure 6.3 Close-up of Lifted Layers 

After a series of practices and discoveries, environmental sensitivities were injected to the craftsmanship 
to create dynamic visual effects.  Figure 6.4 and 6.5 show two single reactive crochet swatches with 
injections of thermochromatism and photoluminescence respectively.  The swatches respond to external 

stimulus and present different colours and visual textures. 

! ! ! !  
Figure 6.4 Circular Thermochromic Mixed Yarn Crochet Swatch 
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! ! ! !  
Figure 6.5 Photoluminescent Mixed-yarn Crochet Swatch 

In addition to exploring surface visual possibilities, attempts had also been put on dynamic structural 
exploration.  By intersecting thermo-reactive property through application of thermo-reactive shape 
memory tube, it is possible to create dimension adjustable textiles.  Figure 6.6 and 6.7 show two swatches 

created with shape memory tubes.  Upon thermo-stimulation, the length and thickness of yarn reduced 
and expanded respectively, resulting in one-off dimensional change.  Swatch sizes were reduced with 
tightened densities.  Attempt of dimension adjustability was further put on tridimensional form.  Figure 

6.8 shows a cylindrical piece with structural stitches marled with shape memory tube.  By applying high 
temperature, the swatch reacted and transformed into engineered moulded shape.  Furthermore, the 
thermochromatism was intersected with dimensional adjustability, Figure 6.9 shows a crochet swatch 
which performs colour change upon 31°C and one-off dimension change upon 55°C.  By sophisticated 

arrangement of needles, yarns, structures, together with environmental sensitive materials, crocheting is 
believed to be capable to create complex and advanced reactive textile creation. 

! !      ! !  
Figure 6.6 Circular Dimension Adjustable Crochet Swatch                      Figure 6.7 Plain Dimension Adjustable Crochet Swatch     

! ! !      !  
Figure 6.8 Cylindrical Dimension Adjustable Crochet Swatch     Figure 6.9 Thermochromic Dimension Adjustable Crochet Swatch 
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6.6.2 Hybrid Weaving 

Weaving on hand loom was another key textile craftsmanships cultivated in the technique exploration 
thread.  Researcher practiced several hand weaving skills which are impracticable in electronic weaving 
machines, including partial weft picking, wefts-wrap-common-warp, and weft interlocking of tapestry 
weaving (Figure 6.10 and 6.11), and lateral warp transferring techniques of leno weaving  (Figure 6.12 

and 6.13). 

!   !   !   !     
Figure 6.10 Tapestry Weave       Figure 6.11 Wefts Interlocking    Figure 6.12 Leno Weave            Figure 6.13 Leno Weave on Loom 

After getting familiarised with the techniques through practices, researcher attempted to investigate the 
feasibility of intersecting different classes of craftsmanship to compose innovative textile crafting 

techniques.  Inspired by the wisdom of flexible weft arrangement of tapestry weaving, researcher further 
extend the operational possibilities by introducing other textile techniques.  The initial trials were 
developed with basic hand weaving functioning as the fundamental platform.  Other crafting techniques, 

including crocheting and knitting, were injected to the weaving process.  Innovative structures and 
surfaces were obtained from the hybrid arrangements. 

6.6.2.1 Crocheted-Weft-Weaving 

First attempt was put on merging the skill of crocheting with hand weaving.  Three trial swatches as 
shown in Figure 6.14, 6.15 and 6.16, were created to test on the possibilities of the linear, bidimensional 
and tridimensional crocheting together with weaving process respectively.  The wefts were raised to the 

fabric surface from the gaps between warps during the picking process (Figure 6.17 and 6.18).  On loom 
hand crocheting process was then employed to construct a lifted layer on top of the woven fabric base as 
shown in Figure 6.19 - 6.21.  The technical back of the swatches generally appear as neat woven surface 
with the assigned weaving structures (Figure 6.22 - 6.24). 

!     !     !          
Figure 6.14 Linear Crocheted-weft-weave     Figure 6.15 2D Crochet-weft-weave               Figure 6.16 3D Crochet-weft-weave 
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!      !          
Figure 6.17 Raised Weft for Linear Crochet                                   Figure 6.18 Raised Weft for Tridimensional Crochet 

!      !      !  
Figure 6.19 Lifted Linear Piles                    Figure 6.20 Lifted Bidimensional Layer       Figure 6.21 Lifted Tridimensional Structure  

!       !       !  
Figure 6.22 Partial Weft Omitted Woven Back    Figure 6.23 Neat Plain Woven Back    Figure 6.24 Neat Basket Woven Back  

6.6.2.2 Knitted-Weft-Weaving 
The second hybrid weaving attempt was put on intersecting knitting with weaving through an on loom 

operation process.  Four trial swatches (Figure 6.25 - 6.28) were created to show the feasibility of 
structure integration of knitting and weaving.  Similar to the previous attempt, the wefts were lifted to the 
fabric surface from the spacial gaps between warps during the picking process.  Latch needles were then 

introduced to form and secure loops with the extracted wefts in order to create a knitted structure (Figure 
6.29).  When the next picking was inserted, the needles performed ordinary knitting procedures from 
clearing the current loop to feeding and knocking over the new loop (Figure 6.31).  Binding off last 
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knitted row was achieved by securing each loop with the next weft passing through loops along shed 

opening (Figure 6.30).   

!         !  
Figure 6.25 Knitted-weft-weave                                                   Figure 6.26 Mixed Yarn Knitted-weft-weave 

!         !  
Figure 6.27 Mixed Gauge Knitted-weft-weave                            Figure 6.28 Engineer-patterned Knitted-weft-weave 

!           !  
Figure 6.29 Latch Needles in Knitted-weft-weave operation       Figure 6.30 Binding Off Last Knitted Raw 
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Figure 6.31 Needle Operation of Knitted-weft-weave 

Since the process is performed by hand manipulation, it is flexible to engineer the knitting position, 
tension, gauge, stitch type, and yarn combination, resulting in sophisticated knitting-texturised effect on a 

woven surface.  Figure 6.32 shows the engineered knitting placement and pattern.  Figure 6.33 presents 
the practice of mixed yarn knitting.  Figure 6.34 shows knitting in different gauges. 

!     !     !  
Figure 6.32 Engineered Pattern                      Figure 6.33 Mixed Yarn Knitting                    Figure 6.34 Mixed Gauge Knitting 

From the above investigations on hybrid structures of knitted-weft-weave, it is noticeable that there is a 
great potential to develop innovative cross-discipline textile formation technology.  By combining the 
findings obtained from the development of environmental sensitive materials, yarns, and swatches 

together with the new textile craftsmanship, interactive textile design with advanced visual and structural 
complexities are believed to be prominent. 

6.7 Conclusion  
In this explorational stage, three divergent developments had been conducted, resulting in innovation 

breakthroughs in the application of environmental sensitive materials, development of single and dual 
reactive yarns and substrata, and new hybrid textile craftsmanship.  The individual and cross-thread 
achievements are presented in this chapter.  With assistance of the archive system developed, the findings 

and achievements in each development thread were well organised for next research stage reference.  
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Archived findings were adopted to the interactive textile design practices according to individual design 

situations.  

As presented in detail, the application complexity of environmental sensitivity had been advanced from 
single reactive to dual and triple reactive level, achieved in different textile processes, including pre-

fabric-formation, fabric-formation, and post-fabric formation.  The advancements of multiple dynamic 
reactive effects on a single surface, which intersect interactivity into textile substrate without external 
electronic attachments, have unfolded great design potential and possibility for the research to proceed. 

Secondly, three innovative textile crafting techniques with high operational flexibility, including 
chromogenic and dimension adjustable crochet, crocheted-weft-weave, and knitted-weft-weave have been 
developed and proven feasible.  In addition to the surface reactive effect advancement, the new textile 

techniques have further enriched the textile design potential and possibility from structural dimension.   

Moreover, through intensive hands-on practices, researcher has developed significant understanding, 

experience, and skilfulness in both formulating design ideology for environmental sensitive textiles, and 
operating practical creation processes.  Together with the accumulated creative sentiment and sense of 
first person involvement, the skills and experiences well-equipped the researcher for the next stage of the 
research, both emotionally, cognitively, and operationally. 
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Chapter  7: Creation of Research Prototypes 

7.1 Introduction 
In the early explorative stages of the study, three parallel design development threads with foci located on 
investigation of compatible reactive medium, development of interactive yarns and substrata, and 

exploration of applicable textile craftsmanship had been conducted in a divergent manner.  With reference 
to the theoretical framework developed and achievements obtained from the parallel design development 
threads, this practical creation stage aims to combine different selected environmental sensitivities to 
create skilfully crafted hybrid fashion and textile designs, which are capable to perform responsive 

behaviours, and hence function as interactive platforms, with enhanced design sophistication.   

The prototypes were designed and realised with the theoretical stances of critical design practice 

summarised by Malpass (2015).  Laying the three key perspectives of para-functionality, post-optimal 
design and aesthetics of use as the design foundations, the practices accentuate interpretive human-
artefact engagement, poetic inter-subjectivity formulation and purposeful ambiguity establishment.  This 
chapter showcases in detail the design processes of the six research prototypes, followed by 

corresponding inspections utilising an analysing tool developed from the research theoretical framework 
and the rationales of critical design practice.   

Sketchbooks and designer journals were composed throughout each of the practices to record thoroughly 
the design processes.  The daily manuscripts, describing the designer’s first hand observations, emotional 
and cognitive experiences, were sorted and analysed to contribute in refining the theoretical interactive 
textile design process model with practical perspectives.  The analyses aim to advocate new design 

considerations and stretch out a methodological discussion platform.  

7.2 Development of Research Prototypes 

This prototype development stage was divided into three progressive phrases realising different 
complexity levels of environmental sensitivity application, from single reactive to dual and triple reactive 
properties.  Though both fashion and textile design prototypes were developed in the practices, the design 

emphases were put on the demonstrations of interactive textile design techniques and corresponding 
textile craftsmanships.  For single reactive phrase, two fashion design prototypes were created, namely 
The Fading Affection and Hidden Blessings, realising thermochromatism and photoluminescence 
respectively.  Two fashion design prototypes and one textile design prototype were actualised in the dual 

reactive phrase, presenting the combine applications of thermochromic and photoluminescent behaviours.  
Finally, a triple reactive textile design prototype was created to demonstrate the hybrid application of 
thermochromatism, photoluminescence and hydrochromism.  The research prototypes were submitted to 

and presented in international conferences, refereed journals, juried competitions and exhibitions for 
professional and public reviews.  Table 7.1 shows a brief summary of research prototypes developed.    
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Table 7.1 Summary of Research Prototypes

Category Subcategory Work Title Photo Description

Single 
Reactive

Thermochromic The Fading 
Affection

Interactive fashion design featuring the application of 
thermochromatism. The linen shirt was artfully hand-
embroidered with numerous French knots associated 
with brushstroke-like satin stitches.  The embroidery 
responses to ambient temperature.  As the temperature 
increases, the affectionate pink fades into linen white 
and reveals the hidden word David. 

Photoluminescent Hidden 
Blessings

Interactive fashion design featuring the application of 
photoluminescence.  Two delicately hand-
embroidered hexagonal patches were coated with 
phosphorescent pigment, which responds to ambient 
light.  When stimulated by ultraviolet light, the coated 
stitches illuminate and reveal the camouflaged motifs 
with traditional Chinese connotations.  Poetically, the 
hidden blessings are expressed.

Dual 
Reactive

Thermochromic-
Photoluminescent

The Forked 
Tail

Interactive fashion design accentuating the combined 
application of thermochromatism and 
photoluminescence.  The swallow-inspired appliqué 
on the handcrafted tailor-made jacket responds to 
ambient temperature and light condition.  The 
multiple layer coated embroidery changes in multiple 
colours and illuminates according to stimuli detected.  
With the dynamically coloured surface, the design 
metaphorically presents a traditional Chinese 
narration.

Textural 
Dynamics

Interactive fashion design demonstrating the 
application of dual environmental sensitivity.  The 
design reacts to thermo- and photo- stimuli and 
performs colour changing and illumination 
respectively.  The front bodice and the accentuated 
panels, artistically created with quasi-nui-shibori and 
hand embroidery, allow audience to compose 
temporary unique tableau with heater and ultraviolet 
light laser pen.

Gentle Protest Interactive textile design emphasising the 
participation and contemplation of audience 
suggested by thermochromatism and 
photoluminescence applied.  The abstractly texturised 
surface responds to temperature and reveals an 
impression of the renowned street artist, Banksy’s 
work.  The photochromism further encourages 
audience to paint on the tableau and jointly create a 
meaningful expression.  Associated with the design 
narration, the protesting attitude of the graffiti artist, 
and the participation of the audience, the work acts as 
a platform to address and protest the local social issue 
of youngster suicide.

Triple 
Reactive

Thermochromic-
Photoluminescent-
Hydrochromic

Cubic 
Surrealist

Interactive textile design featuring triple reactive 
application of thermochromatism, photoluminescence 
and hydrochromism.  The handcrafted work was 
sophistically woven with multiple traditional and 
innovative crafting techniques.  Facilitated with 
corresponding tools, audience is able to interact with 
the fabric and compose surrealistically a dynamic 
artwork with the temporal ideology of cubism.  
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7.2.1 Single Reactive Prototype 1 - The Fading Affection 

!  
Figure 7.1 The Fading Affection 

The Fading Affection (Figure 7.1) is an interactive shirt inspired by the designer’s friend Erik Yeung.  

Floating in a bustling metropolitan, bound by innumerable works and stresses, one would feel sunken and 
hollow sometime.  The designer immersed individual observations on a peer who is struggling in solitude 
and mental condition of depersonalisation, and personal experience on single-handed situation into the 

design conceptualisation. 

Erik said,  
‘I can’t feel myself sometime, as if I am controlling a robot, like I am fading out.’ 

‘I don’t feel loved or the desire to love.’ 
‘It says online that these symptoms are called depersonalisation.’ 
(Yeung, E. personal communication, March 2016) 

The design narration was developed based on the words ‘fading’ and ‘love’ in a personal conversation.  
Researches on the mental condition of depersonalisation, semiotics related to love, and the possibility of 
applying environmental sensitivity aesthetically in presenting the design narrative were carried out.  
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Figure 7.2 and 7.3 show part of the ideation processes and design illustration respectively.  Table 7.2 

shows a brief summary of the decisions on design considerations. 

!                 !  
Figure 7.2 Partial Design Ideation of The Fading Affection                                    Figure 7.3 Illustration of The Fading Affection 

Table 7.2 Summary of Design Considerations of The Fading Affection

Design Consideration Selection Description

Form Shirt Ordinary everyday item representing daily experience the subject faces

Material Washed white linen lawn Presents a sense of frailty and feebleness

Environmental 
Sensitivity

Thermochromatism Affords to visualise the idea of fading and camouflage the hidden 
message

Craftsmanship Hand embroidery Texture rich French knot and satin stitch in irregular arrangement

Semiotic Presentation The word ‘David’ Depicts the connotation of ‘beloved by God’

Accentuated Feature Irregular embroidery 
stripe

Impressionistically presents a vague draining, melting and shattering 
belief and feeling

Accentuated Colour Pastel pink Associates with feeling of love and affection 

Accentuated Texture Rugged Mimics wounds and scars and induces touch interaction
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The linen shirt was artfully hand-embroidered with the name David with non-reactive embroidery thread 

in pink, camouflaged by numerous French knots and brushstroke-like satin stitches with thermochromic 
yarns in the same colour.  The embroidery responses to external heat stimulations, which potentially 
include the ambient environment temperature, the wearer’s body temperature, heat generated from 
abrasion between garments, or from a hug with a friend, etc.  As the temperature increases, the 

affectionate pink fades into debilitated linen white, and reveals the hidden word David, which means 
‘beloved’ and ‘beloved by God’ in Hebrew.  By applying thermochromatism, the idea of ‘fading’ is 
metaphorically presented in a visual manner in association with afforded tactile interaction.  Poetically, 

the design attempts to remind the wearer and audience that even when the feeling of affection is fading 
out, the love from God always stays.  Figure 7.4 and 7.5 present the thermo-reactive behaviour and the 
revealing of the hidden word David respectively. 

! ! !  
Figure 7.4 Thermochromatism of The Fading Affection 

!  
Figure 7.5 Revealing of David 
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7.2.2 Single Reactive Prototype 2 - Hidden Blessings 

!  
Figure 7.6 Hidden Blessings 

Hidden Blessings is an interactive fashion design featuring the application of photochromism.  The design 

was inspired by the connotative traditional Chinese children's clothing, which is highly praised with 
sophisticated structures, meaningful appliqués and connotative embroideries.  The attire is contextualised 
with metaphoric design featuring interactive semiotic details.  The artistic appliqués and embroidery 

lively respond to ambient environment light and present different appearances.  The camouflaged motifs 
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with traditional blessing connotations will be revealed in contact with ultraviolet light, showing the 

hidden wishes to the child. 

Researches on structures and design features of traditional Chinese children's clothing, connotative motif 
semiotics, and potential of applying environmental sensitivity to highlight hidden meaning were unfolded.  

Table 7.3 shows a summary of the representative traditional Chinese connotative design ideas studied.  
Figure 7.7 and 7.8 show part of the ideation processes and design illustration respectively.  

Table 7.3 Summary of Traditional Chinese Motifs Studied

Subject Image Meaning

Baijiayi on the One 
Hundred Household 
Garment

A bai jia yi or one hundred household garment was sewn for the infant from scraps with 
represented blessings and protection of one hundred households. A newborn boy 
wearing a baijiayi or one hundred household garment signified the good wishes of great 
success in attaining a future official position.

Child’s Hukou 
Dudou 

The central motif is the shape of smiling lips which is called fukou or tiger mouth.  The 
tiger mouth is also a pocket to hold coins as an amulet to dispel malicious evils.

Child’s Scholar’s Hat This type of child’s scholar’s hat has its origin from the Ming Dynasty official hat which 
was called Tongtian Guan.  This literally means reaching the sky crown.  The hat 
features many best wishes.  The hat lies above another crown.  This illustrates the saying 
‘may you continuously rise in rank’ or ‘guan shang jia guan’.

Child’s 
Liuhetongchun Vest

There is a blooming peony to symbolise wealth, honour and rank.  Also included is a 
deer with a scared fungus or lingzhi in its mouth to illustrate the ‘ruyi’ or ‘may your 
wishes come true’.  The combination of the deer, crane and blooming peony form the 
auspicious phrase ‘liuhe tongchun’ or ‘may there be harmony and prosperity under the 
heaven’. 

Necklace with Lion 
Pendant 

Lion or shi in Chinese shares the same word as shi for high ranking official.  It is a 
symbol of courage.  The lion has come to represent illustrious leaders with association 
of the second century Indian Philosopher Nagarjuna, ‘Buddha was noted as the lion of 
men’.  Two upside down bats further convey the arrival of blessings.

Boy’s Vest with 
Blooming Flower 
and Swallow

Depicted on the back of this vert are dragonfly, swallow and blooming flowers.  
Possessing the vast power of flying quickly and easily, the dragonfly is a symbol of 
agility and good luck.  The migratory swallow, distinguished by its forked tail, is a 
symbol of spring.  Together with the wealth and honour granting blooming flowers, this 
vest augurs a joyous, bright and smooth future with great vitality for the wearer.

Child’s Tiger Collar In northern China, it was customary for parents to put an animal-shaped collar around 
the child’s neck to give greater protection.  The painted fur and butterflies which are 
symbols for longevity.  The word for tiger or hu is homophonous with wealth.  These 
were ways to express the wish that their sons will possess the strength and courage of 
tigers as well as enjoying a good life. 

Child’s Collar 
Sanxing Chengxiang

The collar features a bat, which is homophonous with wealth, to represent blessings, a 
deer which sounds the same as emolument and a ribbon or shou dai which is 
homophonous for the word longevity and an elephant.  All these elements form the 
auspicious phrase ‘sanxing chengxiang’ or ‘the three star gods present happy omens’.  
This collar conveys the wishes for peace and all the good things in life.

Child's Vest with 
Qilin

In the Eastern Han Dynasty historical book Wu Yue Chun Qiu, the qilin is a benevolent 
animal which never sets his feet on grass or insects.  It is also a symbol of peace.  
Embroidered on this vest is a boy riding on the qilin which is a mythical beast that is 
seen as a bearer of baby boys.  It is the Chinese equivalent of the stork and baby 
concept.

Girl’s top Coat with 
Flower and Vine

The ground with its many seeds and trailing vines which symbolise ceaseless 
descendants and sense of continuousness, and vine is homophonous to swastika (卍), 
which means ‘all things are auspicious’.

Information and image source: Leung, S. Y. (2010). Hidden Meanings in Chinese Children’s Clothing and Accessories. Li, S. 
(Ed.). Guangzhou: Guangzhou Publishing House.
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!  
Figure 7.7 Partial Design Ideation of Hidden Blessings 

!  
Figure 7.8 Illustration of Hidden Blessings 
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With reference to the in-depth semiotic analyses on traditional Chinese garment structure and connotative 

motifs, several features signifying blessings to children including, the hat-on-hat arrangement of tongtian 
guan, appliqués of hukou, hair of tiger and lion, scales of qilin, embroideries of bat and deer, and 
hexagonal patches of baijiayi, were selected for design conceptualisation.  The design features the 
combination structure of flapped hat and jacket hood (Figure 7.9), where the appliquéd flap can pass 

through the hukou opening of the jacket hood, and attained the idea of tongtian guan.  The baijiayi 
inspired hexagons at the back panel of the jacket echo the delicately embroidered patches on the front 
panels of the pants (Figure7.10).  Together, the signifiers represent the collective blessings and wishes of 

great success, continuous improvement in life, courage, longevity, peacefulness and wealth. 

!      ! !  
Figure 7.9 Hood-on-Hat Structure                   Figure 7.10 Hexagonal Appliqués and Embroidery Patches 

! !  
Figure 7.11 Hand-embroidered Hexagonal Patches 

Environmental sensitivity was further injected to the embroidery patches in order to accentuate the idea of 
hidden blessings.  The two delicately hand-embroidered hexagonal patches (Figure 7.11) were furnished 
with phosphorescent pigment, which responds to ambient light.  Figure 7.12 and 7.13 present the detailed 

illustration and components of the patches respectively.  Firstly, the bat and deer motifs, and patch borders 
were hand-embroidered on the cotton batiste bases.  Phosphorescent coating was then applied on to the 
stitches.  Thirdly, the non-reactive camouflaging embroideries with paisley and abstract patterns were 

crafted to hide the motifs.  Finally, the finished embroideries were sewn onto the raw-edged wool fleece 
patch panels with mesh pattern machine embroidery. 
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!  
Figure 7.12 Illustration of Phosphorescent Patches 

!  
Figure 7.13 Components of Phosphorescent Patches 
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When stimulated by ultraviolet light, the coated stitches illuminate and reveal the camouflaged motifs of 

bat and deer (Figure 7.14 and 7.15), and hence deliver the traditional Chinese connotations of wealth and 
good fortune.  Poetically, the hidden blessings are expressed. 

! ! !  
Figure 7.14 Phosphorescent Patches in Different Lighting Conditions 

Figure 7.15 Reactive Behaviour of Phosphorescent Patches 
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7.2.3 Dual Reactive Prototype 1 - The Forked Tail 

!  
Figure 7.16 The Forked Tail 

The Forked Tail is an interactive fashion design derived from the semiotic analysis of the previous design 

practice Hidden Blessings.  Sharing a similar conceptualisation of metaphoric connotation expression and 
traditional craftsmanship appreciation, The Forked Tail further advances the environmental sensitive 
behaviour from single reactive to dual reactive level, accentuating the combined application of 
thermochromatism and phosphorescence.   

Throughout the prolonged research time, facing diverse pressures, it is an observable phenomenon for 
researchers to feel stressed, stuck with bottleneck situations, and helpless in unpredictable circumstances.  

Observed from the research peers and keenly experienced in person, a strong emotional engagement to 
the path of seeking solutions for adverseness has been developed.  Deeply imbued in the previous 
semiotic study of positive blessings of the traditional Chinese children’s clothing, the designer has 
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developed the understanding and attitude of adaptability to uncontrollable ever-changing environment, 

and incredibility within unobtrusiveness.  Being sensitive, flexible and versatile is essential in the path of 
pursuing new knowledge.   

With assistance of the previous semiotic analysis on traditional Chinese motifs, the design initiation of 

sensitiveness and adaptability was developed together with the signified meanings of swallow and 
blooming vine.  In traditional Chinese connotation, swallow signifies agility, migratory, and the return of 
lively spring, symbolising an unobtrusive yet incredible surviving wisdom and vitality.  On the other 

hand, vine pronounced in Chinese is homophonous to swastika (卍), which means ‘all things are 

auspicious’ (Leung, S. Y., 2010), and it also traditionally symbolises ceaseless descendants and sense of 
continuousness.  Enhanced with thermochromatism and phosphorescence, the trailing vines with 

blooming flowers are expected to depict the continuous adaptability to external environment and the 
patience to adverseness.   

The synthesised design narrations were put into detailed ideation and development processes.  Figure 7.17 

shows part of the design development through cross mind-mapping and initial ideation.  Figure 7.18 
shows part of the inspirational sketching and initial prototype drafting.  

!  
Figure 7.17 Partial Design Ideation of The Forked Tail 

! ! !  
Figure 7.18 Partial Sketching of The Forked Tail 
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!  
Figure 7.19 Illustration of The Forked Tail 

After evaluating the design considerations repeatedly according to the interactive analysis framework 
developed in the previous stage, a suit jacket was designed, featuring multiple-layered strap-like pocket 

flaps mimical the forked tail of swallow, delicately hand-crafted embroideries and appliqués.  Figure 7.19 
shows the design illustration of The Forked Tail.  With the confirmed design, the tailor-made jacket was 
cautiously constructed according to traditional bespoke suiting methods of pattern engineering, cutting, 
and sewing, with most of the procedures hand-crafted.  The inner structure of multiple layered interlinings 
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was altered and enhanced in order to support the additional weights of the front hanging straps.  Figure 

7.20 shows the work in progress records and the detailed inner workmanships of the attire.   

Figure 7.20 Tailor-made Structure of The Forked Tail 

In order to depict the design narration, a combine application of thermochromatism and phosphorescence 
was adopted to the accentuated swallow appliqué.  The dual reactive vines with blooming flowers were 
merged into a flying swallow silhouette, camouflaged with abstract feathery embroidery in black and 

metallic hues.  The panels were positioned across the left front pocket, engineered to match with garment 
construction.  Figure 7.21 shows the illustration of the swallow appliqué with blooming vine patterns. 
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!  
Figure 7.21 Illustration of Swallow Appliqué 

 Aiming to enrich the elaboration of the signified, the environmental sensitive performance of the 
appliqué was further developed in detail with more sophisticated temporal consideration.  The coating on 
the blooming vines was divided into multiple layers and circumspectly arranged to create trailblazing 
reactive behaviour.  Figure 7.22 presents the layered coating components of the enriched dual reactive 

arrangement.  
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!  
Figure 7.22 Dual Reactive Arrangement of Swallow Appliqué 

The machine embroidered flowers and vines were hand-sewn onto the mesh on embroidery frame.  The 
first coating of thermochromic pigment in black with activating temperature at 31°C was then applied 
(Figure 7.23).  Secondly, a non-reactive acrylic painting of floral details in navy and black was artfully 

drawn on top of the thermochromic layer.  Heat was applied during the painting process for effect 
checking.  Before thermo-stimulation, the floral painting layer is camouflaged by the black 
thermochromic coating underneath.  When the vines are heated, the thermochromic layer turns to light 

grey and reveals the painting effect on top.  Figure 7.24 shows the painting in progress and Figure 7.25 
presents the effect after completion under thermo-stimulation.  Thirdly, a phosphorescent coating in 
transparent-green was coated to inject photo-reactive property.  Finally, another thermochromic layer of 
multiple colour changing liquid crystal with activating temperature ranged 24°C - 29°C was applied on 

the surface.   
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Since the activating temperatures of the two thermochromic layers are different, the coatings perform 

colour changing behaviours at different time.  The phosphorescent coating and non-reactive painting layer 
in between, which insulate mildly the black thermochromic pigment coating, magnify the difference of 
reacting speeds between the two thermochromic layers, and hence the overall temporal colour changing 
effect.  The swallow appliqué was then completed with delicate hand embroidery with cotton and metallic 

embroidery threads (Figure 7.26 - 7.28) 

!    !    !  
Figure 7.23                                                     Figure 7.24                                                     Figure 7.25 

Figure 7.23 Thermochromic Pigment Coated Blooming Vines 
Figure 7.24 Non-reactive Floral Painting in Progress  

Figure 7.25 Non-reactive Floral Painting Effect under Thermo-stimulation 

!    !    !  
Figure 7.26                                                     Figure 7.27                                                     Figure 7.28 

Figure 7.26 Embroidery in Progress 
Figure 7.27 Abstract Metallic Patterns   
Figure 7.28 Completed Swallow Appliqué 

The swallow appliqué is sensitive to external temperature stimuli, a simple hand touch is sufficient to 

alter the surface appearance.  The multiple layer coating arrangement enriched the consecutive colour 
changing performance, and hence the potential signifiers.  Figure 7.29 shows the different presentations 
on a single tableaus.  The flowers further illuminate when stimulated by ultraviolet light (Figure 7.30 and 

7.31).  With the dynamically coloured surface associated with temporal and environmental considerations, 
the design narration is metaphorically and poetically presented. 
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Figure 7.29 Swallow Appliqué under Different Temperature 

!            !  
Figure 7.30 Swallow Appliqué Stimulated by Ultraviolet Laser             Figure 7.31 Illuminating Effect of Swallow Appliqué 
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7.2.4 Dual Reactive Prototype 2 - Textural Dynamics 

!  
Figure 7.32 Textural Dynamics 

Textural Dynamics is the second attempt to explore the application of dual environmental sensitivity.  
Instead of creating an extravagant invariable creation, the designer injected the aesthetics of use attribute 

into the measure and process of design completion.  Dynamically, the hybrid attire reacts to ambient 
temperature and light condition, which are adjustable by the wearer and audience, and evolves into 
different appearances.   

In preference to imposing a concrete and certain perceivable signifier, this design attempt embraces 
engagement uncertainty and potential ambiguity (Malpass, 2016) by providing the user and audience a 
higher level of autonomy and flexibility.  Facilitated by appropriate tools, the audience is accorded the 

ability to interact with the prototype and temporarily compose a unique and individualistic tableau.  In 
other words, the prototype performs as an interactive platform and invites the wearer and the audiences to 
be the co-authors of the situational being of the creation.  With the involvement of all the parties, the 

design is poetically completed. 

In order to highlight the ideas of engagement uncertainty and potential ambiguity, the prototype was 
designed concisely with a large visual-perceivably uncomplicated interactive surface.  Figure 7.33 and 

7.34 show part of the design development process and initial proposals.  By adopting and altering the 
traditional Japanese Nui shibori technique, an innovative textile procedure named quasi-nui-shibori was 
developed through the ideation process and actualised in initial prototyping.  Figure 7.35 and 7.36 shows 

the experimental trial process and the swatch achieved respectively. 
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!  
Figure 7.33 Partial Design Ideation of Textural Dynamics 

!  

Figure 7.34 Initial Proposals of Textural Dynamics 

! ! ! ! ! !  

Figure 7.35 Experimental Trial of Quasi-nui-shibori Procedure 

! ! !  

Figure 7.36 Experimental Swatch Achieved from Quasi-nui-shibori Procedure 
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After recurrent considerations, the design was further streamlined to a simple oversized shirt accentuating 

two visually texture-rich yet comprehensible dual reactive panels.  The two panels featuring 
thermochromatism and photoluminescence are reinforced by the single reactive front bodice, which 
illuminates in contact with ultraviolet light.  Figure 7.37 illustrates the concise design of Textural 
Dynamics. 

!  
Figure 7.37 Illustration of Textural Dynamics 

With reference to the experimental trial of intersecting dual reactive property into the quasi-nui-shibori 

technique, the two accentuated panels were created with enhanced aesthetic sophistication.  The panels 
consist of two layers, where the top layer is a non-reactive thermo-texturised polyester organza, and the 
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bottom layer is a dural reactive stratum with three layers of environmental sensitive coatings.  Figure 7.38 

illustrates the components of the dual reactive panels.   

!  
Figure 7.38 Components of Dual Reactive Panels 

The transparent polyester organza of the top layer was gathered and secured with rows of running 
stitches.  The gathered fabric was then heat-set with high temperature resulting in a texture-rich creased 

substrate when the gathering stitches were removed. 

The transparent polyester organza of the bottom layer was firstly coated with transparent-green 
phosphorescent coating on the wrong side.  After the first coating dried, celeste-white and lilac-white 

thermochromic pigments were coated in gradient on the right side.  Similar to the resisting mechanism of 
the traditional Japanese textile craftsmanship nui shibori, the organza with both sides coated was gathered 
and secured by rows of  hand-stitched drawing threads.  A layer of phosphorescent coating in mint-jade 

and azure-cerulean gradient with high viscosity was applied on top of the thermochromic coating on the 
gathered panel.  As a result of the imbalanced viscosities between the phosphorescent and thermochromic 
coatings, cracks were created on the thermochromic coating along the gathers when the drawing threads 
were removed and the gather panel was released.  The crakes allow the transparent-green phosphorescent 

coating on the wrong side of the fabric to be visible from the right side, enriching the surface appearance.  
The dual reactive panel was then delicately embroidered with numerous French knots in abstract pattern 
allocation.   
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The two layers of fabric were stacked by refined hand-stitching.  The hybrid panels (Figure 7.39) created 

react to external stimuli and displays dynamic visuals.  The surface changes from shades of azure and 
lilac to white in contact with heat (Figure 7.40), and reacts to ultraviolet light resulting in temporary 
glowing surface of luminescent jade, cerulean and green (Figure 7.41).   

!    !    !  
Figure 7.39                                                    Figure 7.40                                                    Figure 7.41 

Figure 7.39 Dual Reactive Panel of Textural Dynamic    
Figure 7.40 Thermochromatism of Dual Reactive Panel 
Figure 7.41 Photoluminescence of Dual Reactive Panel 

The two hybrid panels were attached onto the phosphorescent coated front bodices of the shirt with 
refined hand-stitching.  The oversized shirt was also embellished with hand-sewn metallic bartacks on 
front placket, echoing the subtly visible French knots in the featured panels.  The realised prototype 
successfully demonstrate the possibility of merging dual environmental sensitivity into traditional textile 

processes.  Figure 7.42 shows the prototype under different temperatures.  Figure 7.43 shows the 
prototype being stimulated by an ultraviolet laser.  Figure 7.44 and 7.45 shows the photoluminescent 
behaviour of the prototype in dim and dark environment respectively. 

! ! !  
Figure 7.42 Thermochromatism of Textural Dynamic 
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!  
Figure 7.43 Textural Dynamic Stimulated by Ultraviolet Laser 

! ! !  
Figure 7.44 Photoluminescence of Textural Dynamic in Dim 

! ! !  
Figure 7.45 Photoluminescence of Textural Dynamic in Dark 
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The prototype received an award from the 10th International Shibori Symposium, and exhibited in four 

international exhibitions held in Hong Kong, Oaxaca, Paris and Beijing.  Active responses and human-
artefact interactions had been observed and reported.  Figure 7.46 and 7.47 shows that the audiences 
actively adopted the role of co-author and participated in composing temporary tableau, attaining the 
dynamic situational completion of the design.  

!     !  
Figure 7.46 Exhibition in Hong Kong                                  Figure 7.47 Exhibition in Oaxaca 

7.2.5 Dual Reactive Prototype 3 - Gentle Protest 

!   !  
Figure 7.48 Gentle Protest 

Gentle Protest is the third application attempt of dual environmental sensitivity in textile design, merging 

thermochromatism and photoluminescence with sophisticated weaving techniques.  This design practice 
combines the design rationales of the previous attempts by intersecting the ideas of metaphoric 
connotation expression, aesthetics of use, engagement uncertainty, potential ambiguity, and traditional 
craftsmanship appreciation.  The tableau created is expected to deliver the design narrative and 
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simultaneously offer the audience a high level of autonomous control in responding to the meaning 

perceived in the interactive engagement. 

The design was initiated by the societal aggravation of youngster suicide problem in Hong Kong.  
Observed from daily news reports, there has been a worsening situation of student depression and suicidal 

attempt in our society.  The deeply rooted and orthodox simplex education culture of examination 
orienting is exploiting the youngsters while the excessive expectations from parents are not helping.  The 
unidirectional default and prenatal pressure jointly impose an invisible imprisonment to children’s 

possibilities and potentials, and gradually create a segregative barrier between the children and their 
dreams.   Discussions on how should the society react to the circumstance have been unfolded in recent 
years.  As a humble protest, this prototype was developed to express the concern and stimulate the 
audience to contemplate the problematic situation through actual interactive engagement with the 

creation.  An extensive possibility exploration in developing the design narrative and interactive 
communication setting had been stretched out through brainstorming, mind-mapping, imagery research, 
photo sorting, semiotic analysis, and initial ideation.  Figure 7.49 shows part of the idea development 

process for the prototype.     

! !  
Figure 7.49 Partial Ideation of Gentle Protest 

After a divergent research, the design was directed to the adoption of protesting attitude and action of 
graffiti street art.  Banksy is a renowned anonymous British graffiti artist, whose works are worldwide 

recognised and appreciated with the protesting and provoking attitude towards social issues.  The 
artworks are often imbued with controversial and contemplation-arousing narratives signified by 
metaphoric graphics filled with dark humour.  The artist rarely depicts the meanings and narratives of the 

artworks explicitly.  Instead, by careful arrangement of contextual visual composition, deliberate site 
selection, and sensitive societal synesthesia, a directional and synergistic scenario is artistically created 
for open interpretation and debate.   

Balloon is one of Banksy’s signature subjects in signifying love, dream, freedom and hope, while child is 
another key signifier often used for representing purity, innocence, and future.  The renowned work, The 
Flying Balloon Girl (Figure 7.50) painted on the segregation wall in Palestine built by Israeli government, 

is commonly perceived as a protest to the segregative prison constructing act of Israeli government, and 
an expression of the hope of overcoming the segregation with shared freedom and love in the future.  
Sharing a similar design intention and artwork narration, the iconic protesting painting of the Flying 
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Balloon Girl was adopted to address and demur the aforementioned problematic situation in Hong Kong.  

Figure 7.51 shows the concept graphic of the research prototype Gentle Protest. 

!      !  
Figure 7.50 Flying Balloon Girl of Banksy        Figure 7.51 Concept Graphic of Gentle Protest 

Since the prototype aims to adopt dual environmental sensitivity to enhance the meaning expression and 

contemplation stimulation, the detailed design considerations of perceptual, technological and 
communicative attributes were developed, evaluated and refined with reference to the theoretical 
interactivity analysis framework.  Figure 7.52 and 7.53 illustrate the initial drafts and selected colour 
palette of the prototype.  Figure 7.54 shows the detailed structural design of Gentle Protest. 

!    !    !  
Figure 7.52 Initial Draft of Gentle Protest                                                                Figure 7.53 Colour palette of Gentle Protest 
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Figure 7.54 Detailed Structural Design of Gentle Protest 
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The featured flying balloon girl motif was woven by tapestry weaving techniques, including wefts-wrap-

common-warp and weft interlocking, with dual reactive yarns developed.  The motif changes from shades 
of green and blue to verdant-neon yellow mélange in contact with heat (Figure 7.55), and illuminates in 
shades of green, cerulean, and jade in contact with ultraviolet light.  The engineered abstract and organic 
patterns, camouflaging the flying balloon girl motif, was woven with non-reactive and photoluminescent 

yarns in tapestry weave.  The texture-rich surface with sophisticated heathery colours provides a cryptic 
visual, hiding the featured graphic in the pre-stimulated state and assists the reveal of motif by contrast 
upon temperature stimulus.  The overall tableau was woven in alternate pickings with photoluminescent 

yarns which provide a large platform for the audience to interact with.  The layer reacts to ultraviolet light 
and glows in green, cerulean, and jade with heathery effect (Figure 7.56).  Digital printing organza 
ribbons (Figure 7.57) were applied to the weaving to provide extra cultivated colours and textures (Figure 
7.58).  The ribbon piles were cautiously twisted while being inserted to create a lifted surface and partial 

semi-transparent coverage on the illuminating pickings.  Since the aforementioned wefts are in staple 
conditions, a continuous metallic shuttling structure were woven in every single picking to control the 
warp stability during weaving process.  Jointly with the partial metallic warps, the metallic wefts provides 

a subtle shine to the tableau.  

!      !  
Figure 7.55 Thermochromatism of Gentle Protest                       Figure 7.56 Illuminating Heathery Effect of Gentle Protest 

!      !  
Figure 7.57 Digital Printed Ribbon                                               Figure 7.58 Cultivated Colour and Texture of Gentle Protest 
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With all the components arranged in a complex innovative manner, a trailblazing surface was created.  

Under ordinary room temperature and lighting condition, the prototype presents a texturised plain with 
lively organic pattern.  The surface responds to temperature and reveals a vague yet recognisable 
impression of the iconic artwork of Flying Balloon Girl.  The photoluminescence further enriches the 
fabric with illuminating effects under ultraviolet light stimulation, and provides a platform for the 

audience to perform the act of graffiti, painting on the prototype as in a co-author of the design.  Figure 
7.59 shows the difference appearances of Gentle Protest under different environment. 

!   !   !  
Figure 7.59 Different appearances of Gentle Protest 

! ! !  
Figure 7.60 Potential Graffiti Interaction Afforded by Gentle Protest 

In addition to discovering and interpreting the connotation bearing motif of Flying Balloon Girl, audience 
is encouraged to respond to the design narrative and paint on the tableau to create a personal and 
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meaningful expression.  Being asked what should the society, in other words, all of us, do to tackle the 

problematic situation of youngster suicide, the audience can express their thoughts metaphorically on the 
prototype through direct interactions.  For examples, the audience can highlight and reinforcing the 
balloons by outlining and filling in colours, or even draw more balloon to help the girl to fly (Figure 
7.60).  Furthermore, the audience can write on the tableau to explicitly express their opinion.  The 

involving role of co-author and the metaphorical interaction performed by the audience are expected to 
arouse and stimulate public concern and contemplation on the addressed issue, and initiate discussion 
about possible solutions.  Associated with the design narration, the protesting attitude of the graffiti and 

the participation of the audience, the work is injected with cultural and societal values, and acts as a 
outcry platform to protest the domestic social phenomenon. 

7.2.6 Triple Reactive Prototype 1 - Cubic Surrealist 

!  
Figure 7.61 Cubic Surrelist 

After exploring in the connotation expression, aesthetics of use, engagement uncertainty, potential 
ambiguity, and traditional craftsmanship appreciation, this design practice further cultivates the 
philosophical perspective in art.  Inspired by the rationales of cubism and surrealism, this constructive 

practice injects the drifting time and ungovernable surrealistic subconscious into the design process.  In 
preference to creating an invariable signifier merging the symbolic visuals and signs of the two art 
movements, the research prototype attempts to introduce methodologically the aesthetic attributes into the 
design completion fashion.   

Study in the philosophical considerations of the two art movements was carried out to conceptualise the 
design narration.  Figure 7.62 shows part of the initial ideations of the practice.  The prototype adopted 

and evolved the temporal intersection, and the tridimensional expression on two-dimension surface of 
cubism.  The design practice embraces the concept of merging the past with present and flow into the 
future by introducing reversible environmental sensitive properties to textile design, conveying the 
physical and psychological sense of unstoppable flow of time and dynamic consciousness.  Secondly, the 

design attempts to actualise the surrealistic philosophy of unexpected juxtaposition of matters and 
structure by hybrid application of triple reactive behaviour.  The design further extends such attempt to 
break the prevailing boundary of textile structure between weaving and knitting by creating a new hybrid 

fabrication structure of knitted-weft-weaving.   

!178



! !  
Figure 7.62 Partial Ideation of Cubic Surrealist 

!  
Figure 7.63 Initial Draft of Cubic Surrealist 

Graphically, the textile tableau is featured with geometrical forms in different textures and a lateral face 
with eyes in front view.  Figure 7.63 presents the initial draft of the prototype.  Originally, the prototype 
was planned to be woven in layers mimicking the overlapping visual characteristic of cubism artworks, 

arranging the three environmental sensitivity in three layers of fabric.  After reconsidering the 
compatibility and suitability of the developed yarns, the concept of overlapping visuals was shifted to the 
process of interaction instead of physical composition.  By cautious assignment and combination of yarns 
and weaving structures, the design of the surface was refined to juxtaposition of two blocks of 

thermochromatism and photoluminescence, with partial on-top hydrochromic coatings.  Figure 7.64 and 
7.65 illustrate the surface design and component arrangement of the prototype respectively. 
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!  
Figure 7.64 Illustration of Cubic Surrealist 

!  
Figure 7.65 Components Arrangement of Cubic Surrealist 
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The environmental sensitivities were intersected and merged into the prototype in three levels, including 

pre-fabric formation, fabric-formation, and post-fabric formation processes.  In pre-fabric formation 
process, thermochromic, photoluminescent, and hybrid reactive yarns of both were created through yarn 
coating, crocheting, and braiding.  A weaving plan indicating specific yarn and structure allocations was 
prepared and placed beneath the weaving zone of the handloom (Figure 7.66 and 7.67).  Next, the reactive 

yarns were woven together with non-reactive yarns with traditional tapestry weaving and innovative 
knitted-weft-weaving techniques (Figure 7.68 and 7.69) in fabric formation process, forming the key 
reacting areas.  After the weaving process was completed, the assigned areas were coating with 

phosphorescent and hydrochromic pigments on the surface of the fabric formed (Figure 7.70 and 7.71).   

!      !       
Figure 7.66 Weaving Zone of Hand-Weaving Machine                   Figure 7.67 Weaving Plan Beneath the Weaving Surface 

!      !  
Figure 7.68 Knitting Needles Introduced in Weaving Process        Figure 7.69 Effect of Knitted-Weft-Weaving Technique 

!      !  
Figure 7.70 Cubic Surrealist on Loom                                             Figure 7.71 Cubic Surrealist Ready for Coatings 

!181



!      !  
Figure 7.72 Cubic Surrealist under Normal Room Environment        Figure 7.73 Cubic Surrealist after Thermo-Stimulation 

!      !  
Figure 7.74 Cubic Surrealist after Hydro-Stimulation                        Figure 7.75 Cubic Surrealist after Photo-Stimulation 

The realised textile affords the ability to react dynamically to ambient conditions, which can be controlled 

by the audience, and performs colour changing and illuminating behaviours (Figure 7.72 - 7.75).  The 
hidden face in pinkish chromatic colours changes to achromatic shades in contact with raised temperature.    
the hydrochromic white patterns disappear and reveal the original colour underneath.  Moreover, the 

rectangular block and border glow after encountering ultraviolet light and reveal the hidden patterns.  The 
reactive properties transform the visual signifiers of the tableau and hence the potential signified.   

Facilitated with appropriate tools, for instances, audience’s warm hand, shaped heat pad, ultraviolet laser 

pen, and water sprayer, the audience is entrusted the authority to actively engage with the work through 
direct interactions, and explore the visual possibilities by composing temporarily a unique individualised 
signifier.  Interactive creation possibility can be further enriched with additional interaction settings, for 

examples, applying specifically shaped heat pads, or ultraviolet light blocking frames to map out the areas 
to be stimulated.  Figure 7.76 - 7.78 present the idea of blocked photo-stimulation, creating specific motif 
which visually related to that on the thermochromic side of the textile surface.  Through engineered 
interaction arrangement, the seemingly separated sections can be connected artistically.    
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!    !    !  
Figure 7.76 Mapping-out Stimulation Area   Figure 7.77 Blocked Photo-Stimulation        Figure 7.78 Specific Motif Achieved 

As mentioned previously, the idea of overlapping visual characteristic of cubism artworks, initiated by 

temporal consideration, was designed to be actualised during the process of interaction.  Figure 7.79 
shows the iconic painting by Marcel Duchamp, Nude Descending a Staircase.  The painting captures the 
subject at different time and presents the movement on a static surface by a series of overlapping images.   

By injecting the temporal dimension to the prototype, the design evolves to an innovative dynamic 
planform affording the aforementioned cubic conception of merging the past with present and further 
flows into the future.  Figure 7.80 shows a blocked photo-stimulation with a geometric frame.  By 
repeating the stimulation process, the audience is able to create a visual-rich surface according to his/her 

personal preference.  During the later stimulations, the squares achieved earlier fad out gradually.  Jointly 
with the newly composed squares, the previous marks on the surface combine the past with the present, 
and further informs the audience about the next square to be composed.  Figure 7.81 presents the temporal 

dimension concept achieved with the application of reversible environmental sensitivity.  Furthermore, 
the audience is able to paint freely on the surface according to their personal expression preference 
(Figure 7.82 - 7.84).   

!      !  
Figure 7.79 Nude Descending a Staircase    Figure 7.80 Blocked Photo-Stimulation with Geometric Frame 
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Figure 7.81 Continuously Changing Visuals on Cubic Surrealist  

!    !    !  
Figure 7.82 Free-hand Photo-Stimulation     Figure 7.83 Random Painting Pattern            Figure 7.84 Writing on Cubic Surrealist 

Similar to the previous prototypes, by inviting the audience to actively involve in the design process, the 
prototype engages the involver with an intimate relationship positioning the participant as the co-author.  
Through the human-artefact interaction, the audience is able to construct a highly personalised experience 

poetically with the synergy of diverse sensory perceptions, understanding of design narration, and 
personal interpretation on the prototype as well as interaction performed. 
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7.3 Design Practice Analyses 

Aiming to suggest a new direction of design consideration in the interactive fashion and textile design 
discipline and unfold a platform for discussion, the prototypes were designed with the theoretical 
interactive textile design framework established in the previous research stage together with the 
perspectives of the newly sprang critical design practice narrated by Mazé and Redström (2007) and 

Malpass (2015, 2016).  This section showcases in detail the structural interactivity analyses on the 
research prototypes with the theoretical framework developed, followed by corresponding human-artefact 
engagement inspections utilising a set of inspections criteria developed from the rationales of critical 

design practice.  Lastly, the records of the design practices through sketch books and designer journals 
were transcribed, sorted and analysed systematically to provide additional findings with practical 
perspectives.  

7.3.1 Development of Analysis Tool 
In order to depict the full picture of each research prototype realised, an analysis tool was developed to 
record and elaborate the practices in detail.  By putting together the objective description, structural 

interactivity analysis, and thematic human-artefact engagement inspection together, a set of consolidated 
design inspection charts were formulated. 

Firstly, the basic information of the research prototype was listed including brief description, reactive 

category, environmental sensitivity utilised, textile technique applied, and material used. 

Secondly, the prototypes were elaborated with the theoretical framework to depict the interactivity design 

considerations.  As discussed in the theoretical ground constructing stage of the study, user perception is 
the fundamental locality of interactivity for interactive textile design development, supported jointly by 
technological and communication attributes.  The research prototypes were structurally inspected in 
scopes of user perception, technological attribute and communication setting, intersected with sensory, 

semantic and behavioural level of interactivity.   

Thirdly, with reference to the propositions and summaries depicted by Mazé and Redström (2007) and 

Malpass (2015, 2016), three thematic directions of human-artefact engagement inspection were selected 
according to suitability and adoptability to the theoretical ground of interactive textile design.  Developed 
from the three key perspectives of para-functionality, post-optimal design, and aesthetics of use, the three 
directions inspection were derived as interpretive human-artefact engagement, poetic inter-subjectivity 

formulation and purposeful ambiguity establishment.   

Firstly, interpretive human-artefact engagement was derived from the proposition of rhetorical use 

established by constructing narratives of use (Malpass, 2016).  The design practice is expected to achieve 
an open function and interpretation in use grounds, achieving aesthetic experience with poetic quality 
similar to literature and arts.  To achieve this proposition, the design practice has to construct a meaning 
perceiving foundation with inspirational signifiers to assist and stimulate rhetorical level of user’s 

interpretation on the artefact and the engagement with it.  With reference to Roland Barthes’s (1967) 
simultaneous systems of signification (Figure 7.85), the design practice is expected to utilise the 
coordination of the design artefact’s soft qualities to present the rhetorical system supported by 

connotation system, terminology system, and fundamental real codes. 
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Figure 7.85 Roland Barthes’s Simultaneous Systems of Signification 

Two criteria were specifically developed from this direction, namely proposition and meaningful 

presence.  Proposition considers if the design is able to effectively propose an interpretative space for the 
audience to construct personal understanding of the narration of design and process of signification 
through new and meaningful engagement.  Meaningful presence concerns how the object expresses itself 

in the human-artefact engagement, and provides an existential definition of use with modern aesthetics 
beyond practical functionality. 

The second evaluation direction, poetic inter-subjectivity formulation, was derived from the concept of 
humanist subject depicted by Krippendorff (2006) and Redström (2006).  Challenging the fundamental 
expectation of an ideal engineered subject of user-centred design, the scholars pointed out that users are 
complex and unpredictable.  In the scope of interactive design, which emphasises high level of subject 

involvement, the nature of the subject is more important and determinant in human-artefact relationship.  
By embracing the unpredictability and uncertainty of subject, the design is expected to explore the 
engagement possibilities, performing as a carrier of expression with inter-subjective qualities, instead of 

efficiency in use (Flusser, 1999). 

Two inspection criteria were established from the concept of inter-subjectivity, namely alternative form of 
use and freedom of engagement.  Alternative form of use concerns the diversification of subjective 

identity of the design artefact to the subject.  It questions if the design affords the potential to bear 
different subjective embodiments in human-artefact interaction.  Another criterion is freedom of 
engagement, which is the micro-perspective of inter-subjectivity.  In addition to the macro identity and 

relationship of the design to the user, this perspective further questions if the design affords to offer a 
higher level of freedom and autonomy in expressing and using the design through human-artefact 
interaction.   

The last theme of inspection is purposeful ambiguity establishment.  In contrast to the dominant design 
thinking of enhancing product efficiency and practical functionality, critical design practice aims to 
deepen user’s understanding of design with a reflexive critical distance through defamiliarising the human 

subject with the design object (Malpass, 2016).  By creating a distanced relationship between user and 
design, the user is alienated from the object, and hence, encouraged to interpret the design with more 
dimensions beyond preconception.  For instances, the different perspectives of present-at-hand and ready-
to-hand (Heidegger, 1927; Svanaes, 2014), which may be unperceived from both angles in user-friendly 

designs, can be highlighted. 
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Two inspection criteria were derived from this direction as de-familiarity and existential relationship.  De-

familiarity questions if the textile creation is able to defamiliarise the user from the preconception of use 
of the design.  It also concerns if the design is made unusual and ambiguous to the user, illustrating 
different perception dimensions to deepen user’s overall understanding of the design.  Existential 
relationship further considers if the design affords to become a carrier for idea exchanging.  Since the user 

is encouraged to interpret the design in multiple dimensions and distances, it is possible for the user to 
perceive beyond the rhetorical level of Barthes’s signification system, and interprets the intension of the 
design, design practice and subtext.  This questions if the design is able to move the function of the textile 

creations from practical use towards existential relationships between designer, textiles, and user 
(Malpass, 2016).  

Table 7.4 summaries the thematic analysis directions, derived criteria, and corresponding considerations 

for human-artefact engagement inspection on interactive textile design.  By aligning the human-artefact 
engagement evaluation chart together with the objective description and structural interactivity analysis, a 
complete picture of each of the prototypes is systematically shown.   

7.3.2 Research Prototype Analyses 
After constructing the interactive textile design analysing tool, it was adopted to elaborate systematically 
the research prototypes developed.  With reference to the first-hand experiences of the designer 

accumulated through actual practices, and daily records from sketch books and designer journals, the 
analyses were subjectively done structurally with concrete design evidences in well-organised manner.  
Table 7.5 - 7.10 present the application of analysis tool on each of the research prototypes. 

Table 7.4 Summary of Human-Artefact Engagement Inspection Criteria 

Thematic Direction Analysis Criterion Consideration

Interpretive human-
artefact engagement

Proposition Is the textile creation able to propose an interpretative space for audience to 
construct personal understanding of the narration of design and process of 
signification through new and meaningful engagement?

Meaningful presence How the textile creation expresses itself in the human-artefact engagement, 
and provides an existential definition of use with modern aesthetics beyond 
practical functionality?

Poetic inter-
subjectivity 
formulation

Alternative form of use Is the textile creation afford the potential to bear different subjective 
embodiments in human-artefact interaction?

Freedom of 
engagement

 Is the textile creation afford to offer a higher level of freedom and 
autonomy in expressing and using the design through human-artefact 
interaction?

Purposeful ambiguity 
establishment

De-familiarity Is the textile creation able to defamiliarise the user from the preconception 
of use of the design?

Existential relationship Is the textile creation able to move the function of the textile creations from 
practical use towards existential relationships between designer, object, and 
user?
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Observed from the thorough analysing charts, it was discovered that the complexity of interactivity, and 

the breath and depth of human-artefact engagement had been enriched and improved gradually 
throughout the succession of actual practices.  The complexity of interactivity was successively enriched 
in scopes of user perception, technological attribute, and communication setting, and continuously 
deepened on sensory, semantic, and behavioural level.  The application of environmental sensitivity had 

been step by step sophisticated from single reactive to dual and triple reactive behaviour.  The 
combination of different environmental sensitivities expanded largely the potential interactive dimension 
of textile creations.  Furthermore, the coordination of different soft qualities, including colour, texture, 

layered structure, number of colour changing of thermochromatism, and that of photoluminescence, had 
been cultivated to more complex arrangement with improved aesthetic consideration.  With the 
complexity advancement of the dynamic signifier, the signified carried was as a result flourished.  

Afforded by the improvement of interactive complexity, the breath and depth of human-artefact 
engagement possibility had been significantly enhanced as a result.  From the perspective of present-at-
hand, the textile creations had evolved from simple connotation discovery nature to expressive and 

communicative varieties, and further sublimated to embodied together with ready-to-hand nature as 
enactive interaction and collective design platforms.  By intersecting more throughly the interpretative 
presence construction, inter-subjectivity formulation and ambiguity establishment, audience’s 
understanding, perception, and interpretation on the textile creations had been advanced from 

comparatively passive receiver end to enactive meaning composer end.  This further advances audience’s 
contemplation from understanding the design to understanding the overall design practice.  Hence, the 
advanced understanding constructed by synergy of enactive involvement and purposeful alienation 

achieved potentially a higher level of conscious aesthetic judgement and signification beyond the 
rhetorical system suggested by Barthes (1967) to embodied phenomenological perception proposed by 
Merleau-Ponty (1962) and assertions of modern hermeneutics (Ramberg & Gjesdal, 2013).  Furthermore, 
endorsed by thorough understanding and metaphorical communication through actual human-artefact 

interaction, close relationships are expected to be formulated poetically between designer, textile creation, 
and audience. 

7.3.3 Design Process Analyses 
In order to provide a complete picture of interactive textile design practice, perspective from designer end 
is essential.  Given that the research combined the roles of designer and crafter, who is the actual creator 
of the physical objects, the designer possesses the first hand experiences of each design practice carried 

out.  To sort out the detailed design considerations for an interactive textile design process, an 
ethnographic approach was adopted.  Sketch books and designer journals were kept and composed 
throughout the practices.  In this section, the records from the two design tools were sorted, transcribed 

and analysed systematically with thematic coding to provide features and dispositions of primary data.  
The themes induced further introduce the interactive textile design considerations discovered from 
practical perspective to refinement of the design process model. 

7.3.3.1 Recording and Composing of Design Processes 
Two design tools were adopted to assist the design processes of this stage, namely, sketchbook and 
designer journal.  All the design methods and progresses were conducted and recorded in these two design 

tools.  The primary data serves as the evidences for the design processes to proceed, and as evidences of 
the qualitative research practice analyses. 
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Sketchbooks were kept for each individual design practice to assist the whole design process covering 

stages of situation acceptance, analysis, definition, ideation, selection, implementation, and evaluation.  
Data recorded in sketchbooks mainly aimed to enrich and elaborate the earlier stages of the processes in 
accumulating emotions, familiarising with subject matters, and generating creativity.   All the intuitional 
thoughts, brainstorming ideas, inspirations, researched graphics, mind maps, initial ideation and 

proposals, preliminary prototypes, and the corresponding in-progress evaluations were primarily recorded 
through written and imagery notes.  Figure 7.86 shows part of the sketchbook records taken down 
throughout the actual design practices.   

! ! !  
Figure 7.86 Partial Sketchbook Records 

Secondly, designer journals were composed, with assistant of instant imagery records, throughout the 
entire design process covering same stages as sketchbooks.  Foci of the designer journals were put in the 
later stages of the processes in observing the processes and reflectively evaluating the in-progress 

achievements of initial prototype developments, experimental trials, and research prototype 
implementations.  The written data was taken as if ethnographic fieldnotes, to serve as primary data for 
qualitative analyses through thematic coding, aiming to discover and delimit practical design 

considerations for interactive textile design process. 

Observation was adopted as the key method for composing the designer journals.  In order to understand 
and capture the contexts in the design processes, the researcher had spent a considerably sufficient time in 

gaining firsthand experiences through observation alongside the development of the practices. In 
accordance to the nature of environmental sensitive materials and the role of designer/crafter, the 
observations were done in semi-structured manner with an observation protocol (Table 7.11) developed to 

assist data collection.  Due to the successive essence of the design practices, the protocol served as a 
guideline instead of straight rules in the observation process, diverse collected data was allowed to 
emerge through the practices.  The raw primary data composed of written texts, remarks, and signs, was 
transcribed to refined analysable records.  Figure 7.87 shows part of the designer journal records of The 

Fading Affection.   
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! ! !  
Figure 7.87 Partial Designer Journal Records of The Fading Affection 

7.3.3.2 Thematic Coding of Design Process Records 

In order to ferret out the undiscovered practical design considerations for interactive textile design 
process with adoption of environmental sensitivity, the sorted data from designer journals was 
consolidated for thematic coding.  The coding process aims to delimit abstractions of design consideration 

from concrete crystallisation of actual practices.  Primary data of each of the design practice was first 
coded with open coding separately.  The six individual sets of abstraction condensed from open coding 
were put together for thematic coding.  The abstractions were sorted into groups and assigned with 

Table 7.11 Observation Protocol

Subject Observed Aspect of Subject Consideration

Ambient Condition Time/Place If the objective environment influential to the object behaviour, designer’s 
condition and perception, and engagement.

Lighting Condition If the lighting condition influential to object behaviour, designer’s condition 
and perception, and engagement.

Temperature If the temperature influential to object behaviour, designer’s condition and 
perception, and engagement.

Object Physical Characteristic If the object affected by the ambient condition and human-artefact 
engagement.

Reactive Behaviour How the object responds to ambient condition and human-artefact 
engagement.

Person Psychological Condition If the psychological condition of designer influential to perception on object 
and human-artefact engagement.

Physiological Condition If the physiological condition of designer influential to perception on object 
and human-artefact engagement.

Sensory Perception Sensory perception on object and human-artefact engagement under ambient 
environment.

Semantic Perception Semantic perception on object and human-artefact engagement under ambient 
environment.

Behavioural Perception Behavioural perception on object and human-artefact engagement under 
ambient environment.

Intuitional Thought Feeling, intuitional ideation, related aesthetic imagination. 

Engagement Performed Activity Actual activity conducted in human-artefact engagement.

Interaction Interactions between object and environment, object and object, and object 
and designer.
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thematic names.  Comparative analysis was done throughout the coding process by constantly comparing 

the codes with each other.  Similar categories were combined to formulate more analytic codes until the 
codes were condensed to mutual exclusive condition.  Table 7.12 - 7.17 present the open coding results of 
the six design processes of the actual practices.  Table 7.18 shows the result of cross-practice thematic 
coding. 

Table 7.12 Design Process Open Coding of The Fading Affection

Data Number Primary Data from Designer Journal Open Code

PD-1 Colours of ordinary embroidery threads from supplier didn’t match very well with 
the developed thermochromic yarn Y-SR-TH-PR-01.  5 colours (DMC #3326, #3689, 
#3708, #3824, and #3833) were purchased.  #3689 was perceived closest to the 
developed thermochromic yarn in store, however, #3708 was perceived closest back 
in the studio.  Y-SR-TH-PR-01 probably appeared in lighter colour in store due to 
higher temperature. 

Influence of 
environmental 
condition on sensory 
perception 

PD-2 Double checking in different conditions is needed for sourcing suitable colour for 
design.  Intended condition where the design would appear most often should be 
considered as selection standard.  

Sensory perception 
standard of 
environmental sensitive 
material

PD-3 It is suggested to bring temperature controlling tools, for instances, heat pad and cool 
pad, to monitor the appearance of thermochromic materials according to design 
needs during sourcing other matching colour materials. 

Need of sensory 
perception assisting 
tool

PD-4 Y-SR-TH-PR-01 react to designer’s hand warmth and turned to white when touched, 
during planing, setting, stitching, refining, and finishing.  Colour changing behaviour 
was perceived more sensitive at earlier time of daily process, and less sensitive at 
later time of the day.  Since the studio temperature condition was kept constant, the 
difference was probably due to different temperature at finger tips of designer at 
different time in day.

Influence of designer’s 
physiological state on 
sensory perception

PD-5 After several days of embroidery work, calluses were formed at designer’s thumb, 
index and middle finger tips.  Colour changing behaviour was perceived less 
sensitive to designer’s hand.  It is believed that the surface temperature of the finger 
tips was affected by the calluses.

Influence of designer’s 
physiological state on 
sensory perception

PD-6 In order to check the visual effect of the embroidery, the work was brought to air 
conditioner and heated by hair dryer from time to time.  It is suggested that using 
handier temperature controlling tools, such as heat pad or cool pad, would be more 
efficient to the working process.

Need of sensory 
perception assisting 
tool

PD-7 Powdery substance, which also reacted to thermo-stimulation, was found on fabric 
next to the embroidery.  The thermochromic dye was probably cast off from yarn to 
fabric due to abrasion during stitching.  Cleaning was needed.

Undesired influence of 
environmental sensitive 
material on other 
material

PD-8 The non-reactive word David appeared in lighter colour while the embroidery area 
was heated for visual effect checking.  It was found out that thermochromic dye was 
cast off on the non-reactive word David and affect its non-reactive property.  
Cleaning was needed.

Undesired influence of 
environmental sensitive 
material on other 
material

PD-9 Fabric around embroidery was found wavy and puckering due to tight tension of 
stitching.  Embroidered areas curved convexly against the wrong side of the shirt due 
to high stitch density.  Ironing from time to time was needed.  Embroidery turned to 
white upon ironing, enriching the task.

Influence of 
environmental sensitive 
property on designer’s 
psychological state
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Figure 7.88 Adjacent Yarns Appear as if Glowing     Figure 7.89 Fine Line Appears as if Broken 

Table 7.13 Design Process Open Coding of Hidden Blessings

Data Number Primary Data from Designer Journal Open Code

PD-1 Reactive motif embroidery was firstly planned with photo-reactive yarn Y-SR-PH-
PR02, however, due to the rough surface and stiffness, threads of cotton batiste were 
broken, and the efficiency of embroidery process was significant affected.  After 
reconsidering, the coating was applied on finished embroidery motif with Y-NR-
PR-02 and Y-NR-PR-03 instead of yarn coated Y-SR-PH-PR02.

Influence of 
compatibility of 
materials on design 
decision

PD-2 Coating on bat patch was applied in the afternoon, the bat patch was place close to 
the light pipe to absorb ultraviolet light.  During checking, the curtains were close 
and lights were switched off.  The embroidery partially changed to aqua, but the 
effect was not very clear.  It was not sure if the intended areas were fully coated.  The 
bat patch was check again at night with darker environment.  Since the street lamp 
outside the window was still affecting the visual inspection.  Designer moved to a 
darker corner to conduct inspection.

Influence of 
environmental 
condition on sensory 
perception

PD-3 Base fabric next to the edge of the coated embroidery was slightly contaminated with 
coating.  When stitching on those areas, off-white lambswool yarn was broken twice 
while pulling through the base fabric, metallic yarn was fine.  It is suggested that the 
camouflaging embroidery would be better arranged with metallic yarn adjacent to 
coated area, or yarn with higher tensile strength is preferred.  

Influence of 
compatibility of 
materials on design 
decision

PD-4 Coating on deer patch was applied in the evening, when checking the 
photoluminescent behaviour, curtains were closed and lights switched off.  The patch 
was inspected with ultraviolet laser pen in the darker corner of the studio.  It was 
discovered that the glowing effect was not obvious enough, second layer coating was 
applied.  While waiting the coating to try, design worked on the camouflaging 
embroidery on the bat patch.  Using laser pen to conduct inspection was more 
convenient then placing the patch near the light pipes.

Influence of 
environmental 
condition on sensory 
perception 

Need of sensory 
perception assisting 
tool

PD-5 When camouflaging embroidery of bat patch was finished, the reactive property was 
check again.  It was found that the off-white embroidery appeared like glowing 
(Figure 7.88) as the adjacent glowing coating was too bright.  The motif edges were a 
little blurred than expected.  Those with metallic yarn were fine.  It is suggested that 
the camouflaging embroidery would be better arranged with metallic yarn adjacent to 
photo-reactive area with off-white embroidery thread filling in other area.

Undesired influence of 
environmental 
sensitive material on 
other material

PD-6 Fine lines of photo-reactive embroidery appeared as broke and less glowing 
comparing to larger glowing areas (Figure 7.89).  This may due to uneven coating 
and light intensity difference between coated areas.  

Influence of 
environmental 
sensitive intensity on 
sensory perception 

PD-7 Dimension of deer patch was slightly deformed and shortened in vertical direction.  
This is probably because of the inappropriately tightened tension of satin stitches 
which runs along vertical direction.  Ironing with steam and stretching was applied.  
Since the coating was applied and firmly fixed the dimensional stability of the 
embroidery, the dimension was not improved much. 

Influence of 
environmental 
sensitive material on 
physical performance 
of design

PD-8 The coating on the patch was perceived glowing after ironing, which was 
unexpected.  The applied phosphorescent coating seems to react to high temperature.  
Can be a potential design direction for future design. 

Influence of 
environmental 
sensitive property on 
creativity generation

!198



!                  !  
Figure 7.90 Heat-Stimulation in Painting Process      Figure 7.91 Heat-Stimulation in Final Inspection 

Table 7.14 Design Process Open Coding of The Forked Tail

Data Number Primary Data from Designer Journal Open Code

PD-1 The coating layer sequence was originally arranged as thermochromic pigment in 
black, covered by non-reactive painting, further covered by thermochromic liquid 
crystal ink, and finally covered by photoluminescent coating on top.  However the 
photoluminescent coating reduced the reactive sensitivity and hence speed of the 
liquid crystal coating.  The colour changing time of liquid crystal coating and 
thermochromic coating in black was very similar.  In order to magnify the colour 
changing time difference to achieve more cultivated chromogenic effect, the 
photoluminescent coating was inserted between the two thermochromic layers.  
Colour changing effect was enhanced after alteration. 

Influence of 
Environmental 
sensitive properties’ 
joint performance on 
design decision

PD-2 The floral appliqués reacted to touch while the designer was composing the 
camouflage embroidery, as if it was lively involving in the creation process.  
Designer found it refreshing looking at dynamic colourful visual instead of static all 
black surface during the prolong embroidery process.  Heat-stimulation was 
performed from time to time.

Influence of 
environmental sensitive 
property on designer’s 
psychological state

PD-3 During the painting process, since the painting colours were in navy and black, the 
painting patterns were camouflaged by the black thermochromic coating beneath.  
Heat-stimulation with hair dry was applied from time to time to keep the under layer 
in light grey to assist painting process (Figure 7.90 and 7.91) .

Need of sensory 
perception assisting 
tool

PD-4 While painting on the heated embroidery, the watery acrylic pigment cooled down 
the thermochromic pigment underneath and initiated colour changing behaviour.  It 
was unclear if the perceived darken colour was from the painted acrylic or cooled 
down thermochromic pigment.  Heat-stimulation was needed again for inspection 
(Figure 7.90 and 7.91).

Influence of material 
interaction on design 
process 

Need of sensory 
perception assisting 
tool

PD-5 During the coating process of top layer photoluminescent gel, the appliqué changed 
to dark as the transparent gel cooled it down.  It slightly assisted the coating process 
that the designer could perceive if the surface was fully coated.

Influence of material 
interaction on design 
process

PD-6 The jacket was ironed before imagery recording.  The appliqué reacted to the ironing 
and changing to grey with painted pattern.  Since the appliqué stored the excessive 
heat, the appearance stayed as was for a long time.  Manual cooling was applied to 
recover the appearance to original state for photo taking.

Influence of 
environmental sensitive 
property on design 
process

PD-7 Since the thermochromic liquid crystal coating is very sensitive to temperature and 
changes colours very fast, while the thermochromic pigment in black reacts slowly 
with the stored heat on the appliqué, in order to capture all the colours of the coating 
efficiently, imagery record was done several times with both air-conditioning and 
heat-stimulation.   

Influence of 
environmental sensitive 
property on design 
process 

Need of sensory 
perception assisting 
tool

PD-8 The appliqué displays different colours at different time of the day, and also when 
placed at different corners of the studio.  The work presents itself as if it is a living 
creature in the studio.  Designer found it more interesting and attractive to work on 
the prototype.  Even if the prototype was finished and recorded, there were impulses 
to touch and ‘play’ with it.  

Influence of 
environmental sensitive 
property on designer’s 
psychological state
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Figure 7.92 Smooth Mono-Filament Thread Adopted     Figure 7.93 Glowing Textural Dynamic without Intentional Stimulation 

Table 7.15 Design Process Open Coding of Textural Dynamics

Data Number Primary Data from Designer Journal Open Code

PD-1 The coated cotton poplin was too stiff for machine sewing.  The sewing tension was 
not easy to be balanced resulting messy loops on the wrong side, and the upper 
sewing thread broke easily.  It was perceived impossible to sew with coating applied, 
especially along armhole curves.  Therefore, after testing on swatch, it was decided to 
apply coating after sewing the shirt.

Influence of 
Environmental 
sensitive material on 
design decision

PD-2 The thermochromic coating reacted to hand warmth and performed colour changing 
behaviour when designer checked if the coating was dried and stitching drawing 
thread on panels.  It enriched the sensory perception of an ordinary procedure.

Influence of 
environmental 
sensitive property on 
designer’s 
psychological state

PD-3 The thermochromic coating layer on the dual reactive panels is fragile with tiny 
cracks emerged.  In order to minimise the damage on fabric caused by needle and 
abrasion of drawing thread, fine needle and smooth mono filament thread were 
chosen for the corresponding procedures (Figure 7.92).

Influence of 
environmental 
sensitive material on 
design process

PD-4 Since there are three layers of coating on the bottom layer of the dual reactive panels, 
the panels are stiff to embroider on.  In additional the stiffness, the three dimensional 
structure of the fabric makes it impossible to apply embroidery ring to work on. 

Influence of 
environmental 
sensitive material on 
design process

PD-5 It was quite inconvenient to embroider on stiff and texturised surface.  Due to the size 
of the panels and fabric property, designer’s posture was not comfortable during the 
embroidery process.  Shoulder and arm pain emerged very soon after embroidery 
procedure started.  Thick skin and calluses emerged at thumb, index and middle 
finger tips as well, and fractured after.  Since the finger tips were less sensitive with 
the calluses, the needleworks were done inefficiently.

Influence of 
environmental 
sensitive material on 
designer’s 
physiological state 

Influence of 
environmental 
sensitive material on 
design process

PD-6 After coating on the front bodice and the dual reactive panels, the fabrics appeared as 
if paper.  It is impossible to unpick a mistaken stitch without leaving a needle hole.  
Therefore, the French knots and hand stitchings on garment were done with extra 
caution.

Influence of 
environmental 
sensitive material on 
design process

PD-7 The coating layers with cracks on the dual reactive panels are still quite fragile.  
Stitching on the panel at some level damage the coating around stitch point, and the 
abrasion from yarn pulling through fabric further cause tiny cracks.  After trying on 
swatches, fine needles and mono filament thread were adopted for hand stitching 
operation.  

Influence of 
environmental 
sensitive property on 
design process

PD-8 The imagery record of the photoluminescence on prototype in dark was done at night 
time with curtains closed and darker corner of the studio, where was the least 
influenced by other light source.

Influence of 
environmental 
condition on sensory 
perception

PD-9 Since the lighting in the studio is fluorescent light pipes which emit ultraviolet light, 
the prototype absorbed the radiation and glowed in the studio without intentional 
stimulation applied (Figure 7.93), even if it was stored in semi-transparent garment 
bag.  Though it was not bright enough for assisting vision in dark, it helped to 
identify the general position and distance across the studio as if the design lives.

Influence of 
environmental 
sensitive property on 
creativity generation
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Figure 7.94 Highlight of Braiding Zone    Figure 7.95 Braiding Entanglement           Figure 7.96 Colour Change with Abrasion 

!                     !                     !  
Figure 7.97 Sunshine on Braided Yarn      Figure 7.98 Wavy Wefts and Warps           Figure 7.99 Perceivable Balloon Strings 

Table 7.16 Design Process Open Coding of Gentle Protest

Data 
Number

Primary Data from Designer Journal Open Code

PD-1 The colour of thermochromic yarns changed while braiding due to fingers 
temperature (Figure 7.94),  It appeared to the designer as in the material is indicating 
the braiding zone of the process.

Influence of environmental 
sensitive property on 
creativity generation

PD-2 Hand braiding process was prolong and repetitive, which was in fact quite a dull task.  
The colour changing behaviour acted as a comparatively interesting and refreshing 
attribute enlightening the task.  A number of calluses emerged at both finger tips and 
joints of designer’s hands, reducing the finger sensitivity, which is quite important to 
the handcrafting process.

Influence of environmental 
sensitive property and 
material on designer’s 
psychological and 
physiological state 
respectively

PD-3 The unbraided part of the yarns got entangled during the braiding process (Figure 
7.95).  While pulling yarns out of the entanglement, the yarn abraded each other, and 
the fiction initiated colour changing behaviour (Figure 7.96).  It appeared to the 
designer as in the yarns were in pain and complaining to the fiction.  Such 
metaphorical thoughts maybe inspirational for future creation.  

Influence of environmental 
sensitive property on 
creativity generation

PD-4 One morning, designer noticed that the sunshine softly cast on the yarns left on the 
working desk.  The colour of the part of yarns being shined changed mildly to a 
lighter tone (Figure 7.97).  The scene was poetic and visually beautiful.  Designer 
captured the scene for record, and maybe as future design reference and inspiration.    

Influence of environmental 
sensitive material on 
creativity generation

PD-5 Braided yarns, especially 4-ply braided, were very stiff for tapestry weaving 
techniques, it was not easy to balance the tension between different wefts, and that of 
with warps.  Metallic wefts, ribbons, and warps appeared very wavy, and density of 
warp varied in different areas, obviously perceivable, especially from the back side 
(Figure 7.98).  However the visual effect appeared as more artistic and lively.

Influence of compatibility 
of materials on design 
physical performance

PD-6 Secondly, the stiff braided yarns were not very suitable for short shuttle weave 
structure.  It lifted up more than long piles resulting in noticeable structural 
difference.  For instance, the balloon strings were perceivable and not well-
camouflaged even though the colours were matching well (Figure 7.99).

Influence of compatibility 
of materials on physical 
performance of design

PD-7 In order to achieved the designated motif, heating the fabric on loom with hair dryer 
was done from time to time to check the motif’s dimension and notability from 
difference distances. 

Influence of environmental 
sensitive property on design 
process

PD-8 The piling structure of twisted ribbons partially covered the photo-reactive yarns, 
therefore the photo-reactive piles were generally arranged alternately with the ribbon 
piles.  Photo-stimulation, usually conducted at light with darker environment, was 
done from time to time to inspect the visual effect.  

Influence of environmental 
sensitive property on design 
process

PD-9 Due to the size of the prototype and requirements on studio environmental condition, 
the creation, in-progress inspection, imagery recording process had been quite 
troublesome.  For instances, air-conditioning and light were switch on and off often 
which affected other on-going tasks in the studio, and the changing temperature 
affected designer’s physiological health. 

Influence of environmental 
sensitive property on design 
process and designer’s 
physiological state

PD-10 The title of the work was originally named as The Impression of the Flying Balloon 
Girl.  Inspired by the absence of the motif in normal state, the title was changed to 
Gentle Protest in order to leave a larger room for audience’s interpretation with a less 
explicit expression, yet hints the design narration.

Influence of environmental 
sensitive property on design 
decision 

!201



! !    ! !  
Figure 7.100 Blurred Edge of Photo-Stimulation with Initial Blocking Frame        Figure 7.101 Relational Graphic Between Blocks 

Table 7.17 Design Process Open Coding of Cubic Surrealist

Data Number Primary Data from Designer Journal Open Code

PD-01 Cool pad, hair dryer, ultraviolet laser pen, blocking frames, and spray bottle were 
prepared and used for in-progress inspections.

Need of sensory 
perception assisting 
tool

PD-02 Since the yarns are in different thicknesses and stiffnesses, they were a little 
incompatible during fabrication process.  Different picking densities and tensions 
were needed, and highly dependant on designer’s determination and conditional 
decision during weaving process.

Influence of 
compatibility of 
materials on design 
decision

PD-3 Secondly, the dimensions of the graphics were affected by the differences of yarn 
thickness and stiffness, and picking densities, the realised graphics were slightly 
different to the original drafting plan.  Situational decision and control performed by 
designer were significantly determinative.  

Influence of 
compatibility of 
materials on design 
decision

PD-4 The crocheted photoluminescent yarn Y-SR-PH-CR01 was stiff for knitted-weft-
weaving technique.  Though it was applicable and well-executed, extra caution was 
needed to hold the knitting needles in position.  

Influence of 
compatibility of 
materials on design 
process

PD-5 The recovering time of the three environmental sensitive behaviours were 
significantly different under ordinary room condition, which photoluminescence 
performed fastest recovery, followed by thermochromatism, hydrochromism 
recovered slowest.  The significant differences maybe confusing to audience.

Influence of 
environmental 
sensitive property on 
design performance

PD-6 The control on recovery of thermochromatism and hydrochromism were performed 
with help of corresponding tools.  However, the photoluminescence recovery was 
rather passive, designer could only wait for the radiation to be emitted entirely in 
order to perform next stimulation and recording.

Influence of 
environmental 
sensitive property on 
design process

PD-7 The perceived scales of environmental sensitivities were unbalanced.  Since visual 
effect of hydrochromic application was rather subtle, and the interaction possibilities 
is not as rich as the other two.  Under comparison, it appeared as immaterial. 

Comparative effect 
between environmental 
sensitive properties

PD-8 Because of different yarn thicknesses and weaving structures, the textile surface was 
texturised and lifted.  The blocking frames were not tightly sticked on the surface, 
ultraviolet light slightly stimulated the blocked areas through gap, resulting in blur 
edges (Figure 7.100).  Proper structural design for blocking frames including weight, 
irising material, blocking mechanism, and structural components, is needed.

Influence of 
compatibility of 
materials on design 
decision

PD-9 Due to the requirements on studio environmental condition, the creation, in-progress 
inspection, imagery recording process had been limited with time.  For instances, 
photoluminescent performance inspection and recording were done at night time.

Influence of 
environmental 
sensitive property on 
design process

PD-10 The surface is graphically and texturally rich with a comparatively small size, though 
the areas for interaction are clearly identifiable and well-performing in reactive 
behaviours, audience may find it too much to perceive and digest. 

Potential adverse 
effects of reactive 
complexity

PD-11 The relationship between the two key reactive blocks is not explicitly depicted.  It 
was suggested to build the connection through composing relative graphics of 
thermochromic side on photoluminescent side (Figure 7.101), and vice versa.  Such 
realisation may not be notified by audience unless it is explicitly stated in the design 
narration.

Environmental 
sensitive property 
signification 
complexity
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Table 7.18 Cross-Practice Thematic Coding

Primary Data from Designer 
Journal

Open Code Sub-thematic 
code 

Thematic Code

The Fading Affection PD-1 Influence of environmental condition on sensory 
perception

Sensory 
Perception 
Consideration

Designer-ESIT 
Engagement 
ConsiderationHidden Blessings PD-2; PD-4

Textural Dynamics PD-8

The Fading Affection PD-2 Sensory perception standard of environmental 
sensitive material

The Fading Affection PD-4; 
PD-5

Influence of designer’s physiological state on 
sensory perception

Textural Dynamics PD-5 Influence of environmental sensitive material on 
designer’s physiological state

Physical 
Engagement 
ConsiderationGentle Protest PD-2

Gentle Protest PD-9 Influence of environmental sensitive property on 
designer’s physiological state

The Fading Affection PD-9 Influence of environmental sensitive property on 
designer’s psychological state

Emotional 
Consideration

The Forked Tail PD-2; PD-8

Textural Dynamics PD-2

Gentle Protest PD-2

Hidden Blessings PD-8 Influence of environmental sensitive property on 
creativity generation

Cognitive 
Consideration

Textural Dynamics PD-9

Gentle Protest PD-1; PD-3; PD-4

The Forked Tail PD-4; PD-5 Influence of material interaction on design process Material 
Physical 
Engagement 
Consideration

Artefact-ESIT 
Engagement 
ConsiderationHidden Blessings PD-1; PD-3 Influence of compatibility of materials on design 

decision
Cubic Surrealist PD-2; PD-3; 
PD-8

The Fading Affection PD-7; 
PD-8

Undesired influence of environmental sensitive 
material on other material

Material 
Perceptual 
Engagement 
ConsiderationHidden Blessings PD-5

The Forked Tail PD-1 Influence of Environmental sensitive properties’ joint 
performance on design decision

The Fading Affection PD-3; 
PD-6

Need of sensory perception assisting tool Material 
Behavioural 
Engagement  
ConsiderationHidden Blessings PD-4

The Forked Tail PD-3, PD-4; 
PD-8

Cubic Surrealist PD-1

The Forked Tail PD-6; PD-7 Influence of environmental sensitive property on 
design process

Environmental 
Sensitive 
Property 
Consideration 

Process- ESIT 
Engagement 
ConsiderationTextural Dynamics PD-7

Gentle Protest PD-7; PD-8; PD-9

Cubic Surrealist PD-6; PD-9

Gentle Protest PD-10 Influence of environmental sensitive property on 
design decision 

Textural Dynamics PD-3; PD-4; 
PD-5; PD-6

Influence of environmental sensitive material on 
design process

Material 
Property 
Consideration

Gentle Protest PD-10

Textural Dynamics PD-1 Influence of environmental sensitive material on 
design decision

To be continued
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Through in-depth observation and detailed recording, a number of design considerations were depicted 
through studying and conceptualising the crystallisation processes of the realised design practices.  By 
means of opening coding and thematic coding, governed by constant comparative analysis, four key ESIT 
design consideration abstractions were concluded from ten consolidated sub-themes.  The key design 

considerations are themed as designer-ESIT engagement consideration, artefact-ESIT engagement 
consideration, artefact-ESIT engagement consideration, and audience-ESIT engagement consideration.   

7.4 Elaboration of Environmental Sensitive Interactive Textile Design Process Model 
Through systematically analysing the design practices on both research prototypes and design processes, 

a number of implications on design consideration have been discovered.  Since the sample size for the 
conceptualisation were limited to six design practices, the induced abstractions may not cover every 
possibility.  There is always potential to further discover new implication from more design practices. 

Some of the summarised considerations are seemingly overlapping with those structured by the 
environmental sensitive interactive textile design framework and human-artefact engagement inspection 
criteria, yet the in-progress nature of the newly found considerations is also contributive to the 

development of the design process in addition to the design outcome.  Secondly, by including the 
abstractions in the design process, the model becomes more implicative and multi-directional.  Designer 
and researcher can reference from the model to formulate the design practices with both present-at-hand 

and ready-to-hand perspective.   

The themed and sub-themed abstractions induced from the actual design practices were juxtaposed with 
the environmental sensitive interactive textile design process model to formulate a more expatiated design 

process model.  Figure 7.102 shows the elaborated design model. 

Cubic Surrealist PD-5 Influence of environmental sensitive property on 
design performance

Sensory 
Perception 
Consideration

Audience-ESIT 
Engagement 
Consideration

Hidden Blessings PD-7 Influence of environmental sensitive material on 
physical performance of design

Gentle Protest PD-5; PD-6

Cubic Surrealist PD-7 Comparative effect between environmental sensitive 
properties

Hidden Blessings PD-6 Influence of environmental sensitive intensity on 
sensory perception 

Cubic Surrealist PD-10 Potential adverse effects of reactive complexity Cognitive 
Consideration

Cubic Surrealist PD-11 Environmental sensitive property signification 
complexity

Table 7.18 Cross-Practice Thematic Coding
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Figure 7.102 Elaborated Environmental Sensitive Interactive Textile Design Process Model 

7.4.1 Designer-ESIT Engagement Consideration 

Firstly, the designer-ESIT engagement consideration suggests four consideration directions concerning 
first person role of designer in the engagement, including sensory perception, physical, emotional, and 
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cognitive.  In the design and development process, designer is advised to be sensitive to the influences of 

perception environment and personal physiology on inspecting environmental sensitive materials for 
decision making.  A perception standards and parameters, for instances ambient temperature and lighting 
condition, are to be set for consistent inspection and accurate design decision. 

Secondly, since the creating, inspecting, and recording processes may involve significant environmental 
condition manipulation, which may cause advise effects on designer’s physiological state, designer is 
suggest to be aware on the environmental control and prepare corresponding precautions.  For instances, 

wearing ultraviolet protective glasses when applying ultraviolet laser on phosphorescent effect inspection.   

Since environmental sensitive materials perform dynamic reactions and visual presentations in response 
to designer throughout the design process, which stimulate emotion and initiate creative thinking, 

designer is encouraged to involve actively in subjective observation and imaginary interpretation in order 
to maximise creative possibility. 

7.4.2 Artefact-ESIT Engagement Consideration 
The second design consideration abstraction concerns the relationship between environmental sensitive 
textile materials and other materials and tools.  Since the physical properties, for instances elasticity, 
extensibility, surface texture, and tensile strength, etc. of the textile material may have significant changed 

after environmental sensitive material treatments, the physical compatibility between materials and that of 
with tools may be affected.  For example, environmental sensitive yarns and ordinary yarns may not be 
very compatible during fabric formation process, warp-weft arrangement and coordination need to be 

well considered. 

Secondly, the combination of materials and that of textile structure may affect the performance, and hence 
perceptual affordance, of environmental sensitive textile material.  For instances, different materials and 

corresponding structural arrangement possess different heat insulation and accumulation properties, and 
will affect the thermochromatism intensity and speed; materials light penetration property and the fabric 
structure will affect the sensitivity and emission intensity of photoluminescent materials. 

Furthermore, the environmental sensitive textile materials possess perceptual influence to each other.  For 
example, the illuminating green appears brighter than cerulean, when the two yarns are juxtaposed, the 
illuminating green yarn is perceived thicker than the illuminating cerulean yarn of the same yarn count.  

The combination of environmental sensitive textile materials is suggested to be accounted in a holistic 
manner. 

In the design process, designer needs to be aware of both physical and perceptual performance of the 
design by considering the synergy of environmental sensitive textile materials, other non-reactive 
materials, and textile structure.  Furthermore, inspections on the overall effect with appropriate tools are 
to be conducted from time to time throughout the process. 

7.4.3 Process-ESIT Engagement Consideration 
The process-ESIT engagement consideration abstractions concern the influence of environmental 

sensitive textile material on the design process and in-process decisions, both perceptually and physically.  
For example, the activating, recovering speed, and inspection autonomy of different environmental 
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sensitive properties is significantly different.  For example, the activation and recovery of 

thermochromatism and hydrochromism can be controlled by assisting tools, while the recovery of 
photoluminescence is comparatively passive.  The inspection sequence needs to be altered accordingly for 
multiple sensitive designs.   Secondly, because of environmental condition limitation, some processes are 
limited to specific period time to be carried out.  For example, the creation and inspection process of 

photoluminescent components are more efficient and effective during night time than day time.   

Moreover, the physical properties of the environmental sensitive materials also affect the creation process.  

production procedures and measures are subjects to adjust according to situational needs.  For example,  
stiffened photoluminescent gel coated yarn requires coarser latch needles and supportive pins to have 
better control of the knitted-weft-weaving process.  Designer is advised to contemplate on the potential 
contingencies aroused by the engagement of environmental sensitive materials and the corresponding 

processes to facilitate a smooth creation process and optimise the intended result. 

7.4.4 Audience-ESIT Engagement Consideration 

The last design consideration suggestion concerns the relationship between audience and environmental 
sensitive textiles.  Majority of the considerations of human-artefact engagement can be formulated with 
the theoretical design framework, the abstractions consolidated from the practice provide additional 
supplementary directions on sensory perception and cognitive consideration.  Secondly, the inspection 

criteria derived from critical design approach were incorporated into this category to further supply 
existential propositions to the design processes and decisions. 

Perceived from the in-progress inspection on multiple reactive creation, the performances of different 
environmental sensitivities provide different level of interaction arousal.  The comparison between 
reactive properties may magnify the arousal difference, discouraging the less perceivably exciting and 
slow responding property.  Secondly, a single stimulus may affect more than the intended reaction.  For 

example, in addition to thermochromatism, high-level of heat speeds up the dehumidifying process for 
hydrochromism and stimulate mildly the phosphorescence.  Therefore, when it comes to creating multiple 
reactive textiles, designer needs to be aware of the reaction compatibility, and performance synergy of all 

the properties concerned holistically.  Unless intentional and purposeful comparative arrangement is 
desired, a balanced interaction affordance coordination is suggested. 

Furthermore, the interactivity curvilinear proposition of Bucy (2004) had been perceived from the 

practice.  High level of environmental sensitive complexity may lead to confusion, since the primary 
stimulating measures and corresponding settings are diversified, audience may not be able to understand 
the interaction process and the synergic performance of the creation easily.  The signification process may 

be hindered as a result.  As suggested by the model, designer needs to consider the joint effect of a 
complex reactive arrangement.    

Moreover, since interactive textiles possess a higher level of engagement intimacy than ordinary textiles, 

and accentuates the existential dimension of the design, it is necessary for the designer to consider the 
potential cognitive activity and interpretation of the audience.  This doesn’t necessarily mean that the 
designer has to formulate a highly controllable, restrictive, and predictable interaction matrix.  Instead, a 

propositional and suggestive thinking is recommended in order to embrace the intersubjectivity between 
designer, designed textiles, and audience.  It further enriches the existential value of the creation through 
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enactive audience involvement, and unfolds a reflexive discussion on both the design, design narration, 

and overall arrangement.  Though the critical contemplation initiated, audience is possible to signify a 
high level of understanding and build a closer relationship with the designer and the textiles.  

7.5 Conclusion 
Supported by the theoretical ground constructed and practical achievements from the parallel 

development threads of the pervious stages, six interactive textile design practices were carried out, 
resulting in analysable research prototypes and corresponding design documentary sets.  Instead of 
constructing a well-governed and predictable interactive system, the design practices adopted an 
adventurous critical design approach to imbue the major interactive perspective on uncontrollable 

audience’s perception and interpretation.  Initiated with the above perspective, the design practices had 
unfolded a large room of uncertainty and diversity throughout the design processes. 

Step by step, the design practices advanced the application complexity of environmental sensitivity from 
simple single reactive to dual and triple reactive level.  By cultivating complex dynamic signifiers, the 
prototypes expanded the sensory, semantic, and behavioural affordances of textile design.  Signification 
possibility was potentially enriched by advanced affordance of co-author role entrustment to audience, 

which offers different existential interpretation dimensions of present-at-hand and ready-to-hand.  
Furthermore, facilitated by autonomous enactive human-artefact interaction, the signification 
advancement hypothetically constructed a closer relationship between designer, textile creation, and 

audience, with multi-dimensional idea exchanging and diverse levels of connotation understanding.    

In this chapter, the design practices were described in detail, associated with in-depth analyses 
summarised by the analysing tool developed.  The successively cultivated design processes, interactivity 

formulations, and human-artefact engagement strategies were thoroughly presented.  Secondly, the design 
documents were systematically studied.  A number of previously undepicted design considerations were 
found.  An inductive conceptualisation was carried out to transform the realised design practices to 

abstractions, adoptable to complete the design process model formulation.  As a result, by consolidating 
the diverse findings from the practices, a more elaborated design process model for environmental 
sensitive interactive textiles was constructed.   

To conclude, from this design creation exploration stage, new design considerations and possibilities for 
interactive textile design with adoption of environmental sensitivity were practically advocated and 
theoretically consolidated.  It stretched out a methodological discussion platform for both practical and 

theoretical knowledge construction, diversifying the thinking patterns and dimensions of the researchers 
and designers in understanding the design problems, ideas and boundaries (Mazé and Redström, 2007; 
Malpass, 2016). 
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Chapter  8: Conclusion, Limitation and Recommendation 

8.1 Introduction 
This practice-based research study attempted to enhance the intangible values of textiles by introducing 
interactive property by adopting environmental sensitivity to contemporary textiles design.  Situated as 

one of the early researches in environmental sensitive interactive textile design, the research intended to 
contribute to the newly formed hybrid design discipline by filling the current research gaps and 
suggesting new design considerations.  Base on the research niches unfolded and research question 
formulated, this constructive design research combined artistic design creativity, ideologies of 

interactivity, theories of human perception, and flexible textile handicraft to design and develop value 
added contemporary textile creations to generate and present new knowledge through actual practices.   

This chapter summaries the main contributions, both theoretical and practical, and concludes the 
significances of this research project.  Secondly, limitations of the study are listed, which indicates the 
current research niches remained.  Then, with reference to the conditional insufficiency of this project, 
recommendations for future research direction are made in form on an initial research proposal, which 

further serves as an inspirational contribution of this research.  Suggestions were composed on both 
environmental sensitive interactive textile design advancement and research methodological 
improvement. 

8.2 Research Contributions 

This research was conducted with extensive reviews and discussions on the theories of interactivity, 
philosophies of human perception, theoretical conceptualisations, research methodologies, and design 
ideologies formulated by former scholars, followed by a series of detailed recorded constructive design 

practices and the corresponding analyses conducted with reference to the theoretical design framework 
and process model developed.  Different stages of the research project contributed to the development of 
the interactive textile design discipline from theoretical and practical dimensions respectively.   

8.2.1 Theoretical Contributions 
Since there is no preceding research explicitly delimiting the original conceptualisations and theories 
from the birthplace of the concept interactivity and justifiably merging the ideology into textile design 

with appropriate adaptation, this research served as a step by step logical bridge intersecting the 
ideologies of the two distinct disciplines with justification and demonstration.   

A theoretical design framework was logically developed for environmental sensitive interactive textile 
design, assisting the creative thinking activity of researcher and designer in ideating interactive textile 
creation.  Secondly, a generalisable design process model was constructed with disciplinary adaptation.  
The model was put into multiple actual practices and further elaborated with design consideration 

abstractions from practical perspective.  The framework and model developed structurally delimited the 
locality and level of interactivity of interactive textile design in detail, and possess a directional capacity 
to assist and inspire other design practices.  Researchers, designers, and practitioners working in the 

interactive textile design related fields can reference or be inspired.  Though similar to every theoretical 
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propositions, the framework and model developed are expected to be further improved and evolved 

alongside the continuous development of the interactive textile design discipline, they are considered as 
currently contributive to the research scope and corresponding practitioners with referencing merit.  

Secondly, though a number of interactive textile design researchers have been practicing speculative and 

critical design and achieved groundbreaking creations, the design considerations of existential interaction 
and human-artefact relationship are not formulated systematically with multiple perspectives.  Generally, 
the preceding researchers were working mainly with the perspective of interactivity-as-product and 

considering the outcomes as a present-at-hand object.  Due to the interpretative nature of interactive 
textiles, in addition to viewing the outcome as the intentional object with affirmative design 
considerations, researchers are encouraged to contemplate the ready-to-hand dimension of the object with 
the interactivity-as-process perspective in order to construct meaningful and existential interaction.  This 

research emphasised the propositions of critical design practice and demonstrated explicitly with clear 
analysis charts on multiple perspective design formulation for interactive textile design.  The practices are 
regarded as contributive in diversifying the thinking patterns and dimensions of the researchers and 

designers in understanding the design problems, ideas and boundaries (Mazé and Redström, 2007; 
Malpass, 2016), advancing the methodology of interactive textile design with new design directions and 
considerations in both the breadth and depth. 

By accentuating the intersubjective suggestions of critical design scholars (Krippendorff, 2006; Malpass, 
2016; Mazé and Redström, 2007; Redström, 2006), the successive series of prototypes created, especially 
the later creations, invite audience as the co-author of the design.  Through injecting the unpredictable 

subjectivity of the audience by rhetorical interaction, the creations are completed poetically with specific 
and unique existential value to particular individuals.  Such arrangement sublimates the roles of designer, 
textiles, and audience.   

As described by Knight (2017) the interactive affordance is broadening audience and authorship by 
allowing participants to create own composition and co-create collective design.  The audience has the 
potential to become instrumental and significantly influential to the aesthetic experience far beyond the 

possibility afforded by traditional work.  The exact nature of the experience is not identifiable and 
possesses unlimited possibility prior to an audience experiencing it.  Moreover, the research advanced the 
role of designer, Knight (2017) noted with reference to Lovejoy (2004) and Sherrie Rabinowitz (2004) 
that applying the interactive affordance of a medium empower other people instead of one’s self.  Such 

hybridisation creates a new role for the design, so as to designer, to explore a new way of being and 
communicating in the world.  This research proposed a new role of textile design researcher, shifting 
artistic production from making aesthetic experiences to facilitating collaborative creation, enhancing the 

interrelationship of designer, textile, and audience. 

Since the role of the textile creations is enhanced to arouse audience’s contemplation through enactive 
involvement in the design completion process, audience is logically able to attain a higher level of 

understanding on the dynamic signifier and signified of the design, the communication setting, the 
interaction, and hence the overall intention of the arrangement.  As suggested by Jakobsone (2017), such 
critical thinking promotes design as a tool to assist the society to escape the repressive conditioning in 

understanding the current design situation.  The practices possess the potential in a sense of arousing 
awareness and even educate audience in interpreting alternative understanding on textile design, both 
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micro contextual interpretation on a specific design and macro comprehension of the general textile 

design development.  The research enriched the value of interactive textile creations in human perception 
and creative activities with accentuated existential perspective, advancing the level of meaning 
signification. 

In addition to the contribution to the design discipline, the research and the individual design practices are 
beneficial to educational curricula of fashion and textile design.  Jakobsone (2017) proposed the revised 
role of critical design that the approach is beneficial to the future design thinking.  Firstly, it initiates 

ascertainment of the necessity for designer to adjust the way of future design thinking, arousing 
awareness of design’s potential in influencing the future towards the preferable.  Secondly, it facilitates 
design students, through critical design thinking, to see beyond the ideological constraints imposed.  This 
research provided, with step by step evidenced design practices, referencing contributions to the textile 

design academia. 

8.2.2 Practical Contributions 

A collection of successive interactive textile prototypes were produced, with detailed design 
documentaries, according to the design model constructed to demonstrate the knowledge generated from 
this study.  The creations are able to sense and respond to the ever-changing ambient environment and 
interaction with human, and function as an interactive platform facilitating bidirectional connotation 

interpretation and meaning generation.  Practically, the research provided a number of contributions to the 
discipline development. 

As mentioned previously, external electronic mechanisms are usually adopted in current interactive textile 
design projects, leaving the degree of involvement and interactivity of the textile itself insignificant.  In 
this research, the interactive properties were injected directly into the textile materials instead of an 
outboard mechanism.  The interactive ability and involvement level of the textile substrate itself were 

therefore enhanced. 

In addition to the mono-responsive textile projects completed by other pioneering researchers, this study 

has further created hybrid textiles, both yarn, fabric, and apparel, which are capable to present multiple 
appearances under different environmental conditions.  The series of design practices successively 
explored the application complexity of environmental sensitivity from single reactive, to dual and triple 
reactive level.  The feasibility of combining thermochromic, photoluminescent, and hydrochromic 

properties on both the pre- and post-fabric-formation levels were demonstrated.  By coordinating and 
cross matching diverse environmentally sensitivities on a single output, the obtained textiles are able to 
perform complex visual transformations.  Such practical advancement leads to an enhanced level of 

design possibility.  This project serves as a contribution to interactive textile development associating 
with practical applications of advanced reactive behaviours, and as a reference study for other practical 
interactive textile design projects. 

This research constructed a systematic design prototype analysis tool by juxtaposing structural interaction 
analysis together with human-artefact engagement inspection criteria.  The tool dissects the design 
ideation with both interactivity-as-product and interactivity-as-process perspectives.  By adopting the tool 

in an interactive design formulating process, the designer is able to consider the design from both present-
at-hand and ready-to-hand manner, enhancing the overall interactivity afforded by the outcome.  
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Successive designer and research can practically reference to the analysis tool developed for future design 

application.  

Furthermore, this research enhanced the value of existing textile handicrafts in the context of 
contemporary textile design.  Existing techniques were updated with new perspectives.  The exploration 

and creation stage showed the feasibility of combining multiple environmental sensitivities with diverse 
time-honoured traditional textile craftsmanships.  With the same mechanical operation, a conventional 
textile technique is able create an output with more connotative and communicative values.  Moreover, 

innovative textile formation methods and structures, including mixed technique crocheting and hybrid 
weaving techniques, named crocheted-weft-weaving and knitted-weft-weaving, were developed to 
compose textile handicraft which are currently not attainable with advanced computer-aid-machine 
operations.  The in-stage achievements updated and enlarged the boundary and possibility of textile 

crafting, and hence the value of it. 

8.3 Limitations 
This research has made significant contributions, both theoretically and practically, to the development of 
environmental sensitive interactive textile design discipline, and hence, the development of the general 

contemporary textile design circle.  Throughout the research process, there were also limitations 
discovered due to uncontrollable situational constraints.  Some potential advancements are not yet 
actualised in this single independent research.  The limitations of this study were as follows: 

Because of the limitations of resources and time, the researcher was the sole administrator of this 
research.  The specialty and expertise were limited to the design background of the researcher. 

The study administrator is primarily a qualitative researcher.  The methodological possibility of 
employing quantitative methods to advance the research to a mix-model and mix-method research, which 
requires specific and professional quantitative research skills in addition to qualitative ones, was hindered.  

Nevertheless, in accordance to the design oriented nature, the philosophical and epistemological stance of 
the study, the qualitative methodology employed is regarded as justifiable. 

Base on the propositional nature of critical design practice, the claimed potential of influencing a broader 

audience maybe challenged, which is intended and expected.  Validation may be requested to prove the 
proposition and its effectiveness, however, logically such proof requires an extensive in-depth empirical 
study on a large sample of audiences (Kiousis, 2002).  Given the time and resources limitations and the 

initiatory positioning of this postgraduate program research, the quantifiable in-depth study on audience’s 
experience is currently unavailable and inessential.  Secondly, base on the constructivist qualitative 
research setting, the judgement of the study lays on trustworthiness, authenticity, reflexivity, and 
reliability.  Supported with extensive design evidences, detailed process records, and multiple prototype 

analyses, the ideology and corresponding propositions of the methodological critical design practice 
arrangement, which is justified with sufficient justifications previously, are regarded as logically reliable.  
The methodology of the potential empirical study in response to the challenge is proposed in the 

recommendation section. 
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Since the sole administrator of the study is a design-trained researcher, scientifically and technically 

formulating intelligent materials on primary electronic and molecular scale lays beyond the researcher’s 
specialty.  It is not denied that such expertise insufficiency limits the design possibility of environmental 
sensitive interactive textile design.  However, as agreed by scholars (Ferrara & Bengisu, 2014), such 
nanoscale material advancement should be delegated to scientists.  The design application explorations 

realised in the research are therefore regarded as situational optimal.  

Due to material market availability, order quantity, and import-export limitations on chemicals, the 

sourced materials were limited to currently reachable scopes.  Interactive complexity, and hence, design 
possibility can be potentially enriched if more environmental sensitive materials are available to the 
research. 

Because of limitations of acquirable resources and the scale of the study, some textile technologies, which 
are promising to create further advanced textile substrates, were excluded.  For example, embedding 
thermochromic and photochromic materials in spinning matrix of synthetic fibres extrusion, which 

requires a large batch-scale production process, was not available to the research circumstance.  
Logically, intersecting environmental sensitivities with textile materials on fibrous level would generate 
greater design possibilities and higher level of manipulation for the processes afterwards.  Nevertheless, 
given the current situation and research scale, it was impractical to start with fibre development 

concerning the production capacity and flexibility.  Positioned as a pioneering exploratory research, the 
actualised investigation level is regarded as optimal to the given condition. 

In order to acquire the first-person experience in the design creation process in accordance to the intimate 
designer-design relationship in interactive textile design discipline, this research combined the roles of 
researcher, designer, and actual craft-creator.  The researcher had delegated plentiful of time and efforts in 
preparing and equipping himself to perform the aforementioned hybrid role.  Due to time limitation, the 

achieved textile prototypes indeed possess rooms for further improvement.  Though the prototypes are not 
state-of-the-art level of craftsmanship, approved and certified by professional panels of jury, referee, and 
reviewer of the international exhibition, competitions, conferences, and journals, the prototypes are 

regarded as qualified creations with award-receiving credibility. 

8.4 Recommendations 
As summarised in the conclusion and limitation section, this practice-base research had provided 
pioneering contributions and initiated future research directions to the cultivation of interactive textile 

design discipline, this section further contribute and put forward the potential and crystallisable proposal 
to future successive researchers for consideration. 

8.4.1 Design Advancement Recommendations 

Firstly, in additional to direct application of the existing materials, it is possible to formulate more 
advanced customised inks (Ferrara & Bengisu, 2014), for example combining specific radiation reactive 
photochromic pigments with that of thermochromic with engineered activating temperature and colour 

spectrum, for a single textile application process.  Further design attempts can be made to study the 
relationship between different parameters, for examples material viscosity, thickness, concentration, 
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compactness, and layer structure.  With the data and evaluations generated through assessments, more in-

depth design investigation can conducted to explore different dimensions throughout the textile process 
including material attributes, application measures, advanced textile technologies, and the corresponding 
designs.  More sophisticated design can be achieved with parameters specifically set according to 
different textile technologies.  The textile substrate, for example a curtain which exposes to both 

continuous changing daylight and temperature, would be able to respond concretely to a certain 
environmental condition matrix under cautious calculation.  Such innovation may go beyond the expertise 
of a designer and requires material specialist’s contribution, collaboration with different experts is 

suggested.   

As an pioneering research on innovative applicability, this study incepted with a situational optimised 
start, yarn and fabric development.  It is believed that if the integration of environmental sensitivities on 

textiles is practically applicable on fibre level prior to yarn formation, the design possibility will be 
significantly enlarged.  For example, introducing multiple environmental sensitivities to the 
manufacturing of monofilament during spinning process of synthetic fibre is logically possible to create 

fibre base reactive yarns and fabrics, from multiple chromogenic organza to illuminating artificial fur. 

Thirdly, other advanced textile technologies are applicable to further explore the structural and surface 
sophistication level of the design.  With assistance of the computer-aided design software and machines, 

the interactive design complexity and textile structure can be further improved.  For example, creating 
digital jacquard tapestry with engineered multiple reactive graphics merged with other nonreactive 
patterns would introduce a more provocative interaction and experience to the audience.  A single surface 

will be able to present and carry several signifiers, and hence lead to different signified enriching human 
interactions.  Secondly, by incorporating environmental sensitive yarns in contemporary tridimensional 
weaving technology, it is possible to create sculptural fabric with enhanced depth, which means the 
responding time and excitation level towards an incoming stimulus would be different at different part of 

the fabric.  By engineered arrangement of different parameters, textiles which appears as if organic living 
being can be created.  Further more, the dimensional scale of the creation can be largely increased with 
assistance of the industrial machines.  

Moreover, environmental sensitive interactive textile design can be intersected into other interactive 
design disciplines, for instances creative media, digital graphic communication, and intelligent interior 
design.  Supported by the expertise of other disciplines, advanced design settings can be formulated to 

sublimate both communicative and interactive aspect of the design.  For example, by introducing motion 
controlled projection setting to the interactive textile display, audience maybe able to directly interact 
with the dynamic textiles and simultaneously trigger additional imagery projection on the reactive 

surface.  Through cautious calculation and arrangement, the contextual value of the overall design can be 
enriched with extraordinary signifier mutation, and so as to the potential signified and interpretations.  

Furthermore, as discovered from the review on realised projects and experimental swatch development, 

other environmental reactive properties are also promising in addition to chromogenic behaviour.  For 
examples, thermo-reactive shape memory fibre and photo-reactive shape changing film possess high 
design potential to be incorporated with thermochromatism and photochromism respectively.  A single 

stimulus is able to change both the colour and form of the design, enriching the human perceptional 
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experience.  Further intersecting multiple stimulation responsive combinations may create even more 

sophisticated textile creation, which is able to behave as if a living organism.  

8.4.2 Methodological Advancement Recommendations 
Secondly, in order to further support and strengthen the credibility of critical design approach application 

in pushing the research boundary, an extensive empirical research methodology can be considered when 
sufficient resources are available.  The researcher hereby, with reference to the structure adopted in this 
research, formulated a propositional research design for later successors for reference. 

8.4.2.1 Mixed Research Methodology 
Besides the pure qualitative research, mixed research is another major research methodology gaining 
significant consideration in the research field (Rallis & Rossman, 2003).  Johnson and Onwuegbuzie 

(2004) stated that the aim of applying a mixed research is to draw the advantages and strengths and at the 
same time to minimise the weaknesses and deficiencies of both the research methods.  Comparing to the 
single method oriented research approaches, mixed research which integrates both qualitative and 

quantitative research methodologies, is claimed to be a better way to generate a complete understanding 
of a research topic, especially in the realm of social science (Creswell, 1994).  While qualitative research 
is inductive, exploring, hypothesis and theory generating in nature, quantitative research is on the other 
hand deductive, explaining, hypothesis and theory confirming.  Instead of taking a competing view on the 

research methods, a complementary rationale is adopted to develop the methodology of this research.   

Johnson and Onwuegbuzie (2004) developed two types of mixed research, namely mixed-model research 

and mixed-method research.  Mixed model research refers to the approach combining qualitative and 
quantitative research methods within or across the stages of the research process.  The within-stage mixed 
model research mixes the qualitative and quantitative research methods within a single or more stages of 
the research process.  As per Kiousis (2002) advised, when evaluating the degree of interactivity, multiple 

measures should be applied.  For example, while obtaining the quantified score on perceived interactivity 
by questionnaire, qualitative content could be gathered with open-ended questions.  

On the other hand, the across-stage mixed model research mixes the qualitative and quantitative research 
methods across at least two stages of the research process.  Johnson and Onwuegbuzie (2004) illustrated 
the models as Design 2 -7 in Figure 8.1.  In other words, it means the qualitative and quantitative data 
obtained from the previous stages are applied to conduct quantitative and qualitative analysis in the later 

stages respectively.  For example, after measuring the total interactivity degree of the textile pieces 
created by questionnaire, the scores are used to conduct an in-depth comparison between two textiles 
works by qualitative analysis and discussion. 
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!  
Figure 8.1 Johnson and Onwuegbuzie’s Mono-method and Mixed Model Design 

Mixed-method research is another type of mixed research suggested (Johnson and Onwuegbuzie, 2004).  
Mixed-method research refers to the research study which includes both qualitative phase and quantitative 
phase in the overall process (Figure 8.2).  There are two considerations suggested to construct a mixed-

method research, termed as paradigm emphasis and time order.  Paradigm emphasis refers to the 
emphasising status of the phases.  In other words, the researcher has to decide if the two phrases are 
equally weighted or if there is a dominant-subordinate relationship.  As for the time order, the researcher 

is advised to decide if the phrases are carried out concurrently or in sequential manner.  Therefore, nine 
possible specific mixed-method research could be concluded as below: 

- Concurrent equal status qualitative phase and quantitative phase 

- Concurrent dominating qualitative phase and subordinate quantitative phase 

- Concurrent dominating quantitative phase and subordinate qualitative phase 

- Sequential equal status qualitative phase to quantitative phase 

- Sequential equal status quantitative phase to qualitative phase 

- Sequential dominating qualitative phase to subordinate quantitative phase 

- Sequential dominating quantitative phase to subordinate qualitative phase 

- Sequential subordinate qualitative phase to dominating quantitative phase 

- Sequential subordinate quantitative phase to dominating qualitative phase 

!  
Figure 8.2 Johnson and Onwuegbuzie’s Mixed-method Design 
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Since the core design practice to be conducted are in multiple processes in nature, diverse methodologies 
in excess of the two phrase structure suggested above are required.  Therefore, the actual design practice 
can be carried out by a combination of multiple mixed-method and mixed-model approaches.  
Corresponding qualitative and quantitative research methods can be employed to construct the whole 

design research chain.  Base on the research structure of this study, an elaborated mixed research structure 
is proposed as Table 8.1.  Refinement focus is put on the pre-design-practice exploration, design practice 
analysis, evaluation, and implication consolidation parts. 

!  
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8.4.2.1.1 Pre-Design-Practice Case Study 

Two phases of case study can be inserted to the future research design to further investigate human 
perception on interactive textiles.  The first case study will be initiated by a separated preliminary 
prototyping phase, aiming to study the relationship between environmental sensitivity and user-
experience.  The case study can be composed of both qualitative and quantitative research methods, 

including an experiment consists of questionnaire and observation, and semi-structured interview to 
collect data on user-experience, followed by thematic coding content analysis and quantitative SPSS 
analysis to analyse the collected data.  Base on a general qualitative research perspective, the qualitative 

data collection and analysis will be the key foci, where those of quantitative measures serve as supportive 
causes for triangulation. 

The experiment will be logically designed as a controlled within-subject experiment.  For example, the 

subjects are invited to experience the preliminary multiple reactive swatches with different levels of 
reactive complexity, and provide their opinion through questionnaire collecting quantifiable ratings.  
Secondly, semi-structured interview, preferably audio-recorded, can be conducted to collect in-depth 

qualitative data on human-artefact engagement and interaction pattern.  Thirdly, direct observation with 
foci put on subject, swatches, interaction activities, and patterns, can be adopted throughout the 
experiments.  Specific hypotheses should be set for the experiment, for examples: 

- User-experience will be enriched if the textile performs more gradation of pattern change; 

- Human perception and interpretation on signified will be enriched if the textile performs more signifier 

change; 

As illustrated in the hypotheses, there are two independents variables for the proposed experiment, 
namely type of environmental sensitivity (for example thermochromic, photochromic, and 

hydrochromic), and pattern complexity (for example mono-colour gradation without pattern, single-
colour-pattern gradation, and multiple-colour-gradation).  Therefore, the experiment should logically 
constructed as a multivariate experiment as three by three full factorial design.  Table 8.2 shows the 

possible experiment conditions. 

Table 8.2 Possible Experiment Conditions

Experiment Swatches Independent Variable I - Type of 
Environmental Sensitivity

Independent Variable II - Pattern Complexity

Swatch A Thermochromic Single-colour gradation without pattern

Swatch B Thermochromic Single-colour-pattern gradation

Swatch C Thermochromic Multiple-colour-pattern gradation

Swatch D Photochromic Single-colour gradation without pattern

Swatch E Photochromic Single-colour-pattern gradation

Swatch F Photochromic Multiple-colour-pattern gradation

Swatch G Hydrochromic Single-colour gradation without pattern

Swatch H Hydrochromic Single-colour-pattern gradation

Swatch I Hydrochromic Multiple-colour-pattern gradation
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Since the experiment design is a within-subject design, subjects may be able to learn the pattern of 

experiment setting and swatch gradation formats during the experiment.  Such concerns is supported by 
the experience structure model suggested by Gallagher and Zahavi’s (2012).  Therefore, the experiment 
swatches should be arranged in counterbalanced orders in order to avoid the time series influence within 
the experiment process. 

Secondly, another experiment can be formulated. with reference to Bucy’s (2004) curvilinear model of 
interactivity, to investigate to what extent audience prefer on the complexity of multiple reactive 

behaviour of textile creation.  Experiment setting and considerations can be similar to the previous one. 
The triangulated data collected from the experiments and semi-structured interview can then be processed 
by the corresponding analysis methods.  The analysis triangulation will then provides convergent coherent 
findings, or perform as an initiation to unfold paradoxes on contradictory findings. 

8.4.2.1.2 Post-Design-Practice Case Study 
The second proposed case study is initiated by the critical design practice outcomes, aiming to evaluate 

and critique the realised textile creations.  Similar to the previous case study, a multiple-case embedded 
design with mixed methodology can be apply to achieve the aforementioned advantages.  Since the textile 
creations are expected to be suitable for exhibition setting, the data collection phase can be conducted as a 
showroom based triangulated study, including direct observation, questionnaire, semi-structured 

interview, and expert interview.   

Direct observation can be conducted in the exhibition venue to discover how audience interact with the 

creations naturally.  Secondly, it can also be done together with the semi-structured interview and expert 
interview.  Observation foci can be located in the subject, objects, situation, time, and interaction, with an 
observation protocol checklist.  Questionnaire can be prepared and delivered to exhibition visitors to 
collect numerical rating of the perceived interactivity of the creations.  Random subjects in the exhibition 

will be selected with convenience sampling and invited to participate in the semi-structured interview, 
providing in-depth opinion accounting human-artefact engagement experience, participated interaction, 
meaning interpretation, and criticism of the exhibition pieces.  The data collected from the three methods 

is expected to provide complementary causes for the triangulated analyses followed. 

Furthermore, expert interview can provide competent and critical opinion from textile design and 
interactive design related professionals.  In order to maximise the professional critique dimensions, the 

interview should be structured with simple critique directional guidance, leaving large room and high 
flexibility for the experts to provide their judgements from professional angles.  Several critical 
perspectives of the textile affordability are to be investigated, including metaphysics and aesthetics, 

metaphorical and rhetorical interactions, human-artefact interaction, existential relationships between 
designer, textiles, and audience, and socio-culture value affordance.  The interviews are to be recorded 
and transcribed into typed documents for cross-checking.  Interviewees will be provided with the 
corresponding transcript together with content confirmation and translation agreement documents.  

Similar to the first case study, content analysis with thematic coding on qualitative data collected from 
direct observation, semi-structured, and expert interview, to induce concepts and abstractions on the 

subject matters.  On the other hand, the quantified ratings on the perceived interactivity collected from 
questionnaire will be analysed with statistic analysis to describe the collected data, conduct comparisons 
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between prototypes, and discover the relationships between variables.  A series of parametric or/and no-

parametric tests is to be conducted according to the data type and distribution. 

It may on the surface ungovernable to quantify individual subjectivity, yet Kiousis (2002) argued that it is 
possible to provide precise analysis on the perceived and actual interactivity by applying statistic multi-

dimensional inspection.  The scholar claimed that the researcher’s competency to recognise participants’ 
simultaneous comprehension and responses to the communication transmissions is the key to analysis an 
individual level of interactivity.  According to Kiousis (2002), subjective judgement of the researcher is 

suggested to be sufficient to assess the level of relevance between messages.  As for the social presence, 
measuring the percentage of messages in which the subjects explicitly refer to themselves.  The scholar 
does not deny that such operationalisation lacks validity, yet it is believed to be reliable and capable to 
represents a demonstration of communicating social presence.  Several examples of measurement are 

advised including questionnaires, direct observations and content analyses.  Firstly, questionnaires 
invigilating typical interpersonal communication variables could be applied to indicate the perceived 
interactivity.  The level of actually experienced interactivity could be quantified as scores according to the 

parameters set with reference to the variables.  Secondly, researchers could devise a specific scale based 
on the predetermined criteria to ascertain the medium’s affordance on interactivity.  Thirdly, it is 
suggested that direct observation and calculation on the frequency of third-order dependency are capable 
to gauge the interactivity levels of a communication context.  By integrating the multi-dimensional 

measures, a holistic analysis could be concluded.    

Some may claim that without isolating the human subjectivity in the interactive design evaluation, no 

objective and concretely verifiable result could be obtained.  However, oppositely, it is inappropriate and 
meaningless to study a highly subjective social phenomenal design discipline without accounting the 
subjectivity of the parties involved.  Therefore, as several scholars (Bucy, 2004; Kiousis, 2002; Sohn, 
2011; Stromer-Galley, 2004) emphasised, an empirical study is necessary for the verification of such 

concept.  Although the suggested measures are brief in nature, the scholar (Kiousis, 2002) believes that it 
is possible to analyse and make comparison across media and individuals more precisely than previously 
imagined.  Actual measures are advised to be subject to contingent situations and research interests.  It is 

logical that if a statistically significant condition is obtained by conducting a reasonably sufficient number 
of empirical studies, an objective, credible and reliable conclusion can be establish.  The model developed 
would further be verified. 

In accordance to ambiguity-embracing proposition (Malpass, 2016) of critical design practice, the 
findings from the case study evaluation, regardless the finding dispositions, are contributive to the 
contextual and methodological discussion and debate, diversifying the ways and thinking patterns in 

which researchers and designers may understand the design problems, ideas and boundaries (Jakobsone, 
2017; Mazé & Redström, 2007).  The implication discussion is further contributive to the overall 
development of the design discipline.   

With reference to this research, the proposed future research direction and research structure design are 
logically expected to be contributive to the methodological development of the interactive textile design 
discipline. 
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