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Fig. 1.  Design of smart textiles for a theatre and performance context, LIT Lace for Performance project, Stage 3, 2018. Co-
design prototyping and onsite theatre testing of Light Emitting Lace. 
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/+@-! <&-*! 7:7>-@+:! >-.+gn research was in its relative infancy, Taylor’s research into fibre optic 
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(-.9#*.+,- ! materials for aesthetically-led function, drawing on colour science, colour chemistry, opto-
electronics and electrical engineering, and included Robertson, Marie Ledendal (2009-2015), and Stephanie 
Ward (2012-2018).  Robertson’s research [5] into the design potential of printed thermochromic textiles 
incorporating electronic heat-profiling circuitry established pivotal research within the field. This avant-guard 
approach was part of several emerging platforms in this area, an area which we now recognise as the field of 
smart textiles. !
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Fig. 2.  Experimental prototyping of responsive fibre and dye technologies as practice-based research. Digital Lace close-up 
(left); light emission through woven structure as practice-led research, Light Emitting Lace (Scottish leno Madras) 
production sample (right).   
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2  RESEARCH PROJECTS AND COLLABORATORS  
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Fig. 3.  Research projects and collaborator timeline.  
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3 RESEARCH APPROACH 
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follow Candy’s [14], outline that suggests practiceFbased research is ‘an original investigation undertaken in order to gain new 
knowledge partly by means of practice and the outcomes of that practice’, where the contribution to knowledge is in part base >!+*!
/&-! :(-7/+,-! 7(/-87:/S! <+/&! 9(7:/+:-Fled research ‘concerned with the nature of practice’ that ‘leads to new knowledge that has 
operational significance for that practice’. !
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9rototyping is a way of exploring a particular ‘design space’, (see Heape [10], and Lim et al., [11] for 
discussion of the ‘design space’) as a means of manifesting and evaluating design ideas (see also Valentine 
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Fig. 4.  Methodological timeline and role of researcher. 

Through this approach, new knowledge has emerged and in-turn, we have needed to straddle both Practice-based 
and Practice-led research as overarching ways of navigating ever-shifting research aims.  Temeltas [15] 
highlights ways in which craft practice can contribute to innovation: through the transfer of craft knowledge; the 
craft practitioner and designer working together in collaboration; or the craft practitioner providing the 
inspiration through craft knowledge. This resonates with our approach, however we have been shifting our role 
between craft practitioner, designer, researcher, facilitator, project manager and design leadership. Figure 4 
above charts our methodological timeline and the shifting roles we have had to adopt as the research has 
progressed.  Shifting between different roles within industry and academia for practice-based textile design 
research is analysed by Hall and Earley [16] through a lens of entrepreneur and researcher.  They highlight three 
different approaches for shifting between wearing these two different ‘hats’: divide, switch and blend.  Their 
work suggests that ‘blend’ offers fluid methods of blending between entrepreneur and researcher when required.  
This blending of roles has been essential in our work, to move between the different stages of the research.  
 
Collaboration with other creative practitioners from different creative sectors allowed us to use a range of 
disparate practices to design and develop smart textiles for theatre and performance environments.  Briggs-
Goode et al. [17] describe developing a new methodology utilising co-design and craft making for electronic 
textiles by bringing together a multidisciplinary team within a person-centred framework.  Fairburn, Steed and 
Coulter [18] use co-design within the design of wearables to shift the development of technology as merely an 
added extra (for marketing) to a more ‘informed and harmonised position as a central part of the design’.  Co-
design has a long history stretching from Scandinavian Participatory Design, highlighted by Ehn, Nilsson and 
Topgaard [19]; Björgvinsson, Ehn and Hillgren [20], to the human-centred design processes of international 
firms such as IDEO, where designers look to the ‘user’ for stimulating innovation within business (cf. Brown 
[21], Kelley 22]).  For us, co-design has emerged more organically through practice and has offered us a new 
way of working.  As a key part of our research approach, co-design has emerged as a core method for 
innovation, to reveal new approaches to the design of technology, shared practice and knowledge transfer within 
different disciplinary and industry contexts, and theatre and performance environments. 
      
 
4 RESEARCH STAGES 

Through analysis of our research using a mapping process developed by Bletcher [7], we have been able to 
identify distinct differences within three stages of the research (See Figure 4 above), and the benefits and 
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challenges of designing smart textiles products through collaboration.  These stages are not necessarily described 
here in chronological order but have allowed us to reveal the differences in approach, and the particular values 
and insights that have emerged from the research.   

 

4.1 Stage 1: New Material Development for Smart Textiles 

3&+.! ./7%-! +*,#=,->! :#==7'#(7/+#*! /&(#$%&I! K5! +*/-(>+.:+9=+*7(0! 9(7:/+:-F'7.->! (-.-7(:&! 1+*,#=,+*%!
+*>+,+>$7=!>+.:+9=+*-! -Q9-(/+.-!7*>! .@7(/!/-Q/+=-! .9-:+7=+.@.5e!7*>!M5!-Q9-(+@-*/7=!9(7:/+:-F=->!(-.-7(:&!
1'7.->! #*! :#@'+*->! .@7(/! /-Q/+=-! 9(7:/+:-! +*! :#*Y$*:/+#*! <+/&! /-Q/+=-! +*>$./(0! .9-:+7=+./.56!!3&-!
8$*>7@-*/7=! -@9&7.+.!<7.!8#:$..->!#*! -Q9=#+/+*%! .@7(/!@7/-(+7=!9(#9-(/+-.! /&(#$%&! :#*,-*/+#*7=!7*>!
$*:#*,-*/+#*7=! /-Q/+=-! /-:&*+d$-.S! 9(#:-..-.! 7*>! 799=+:7/+#*S! 7*>! +*! :#*Y$*:/+#*! <+/&! #/&-(! @7/-(+7=!
/09-.6!!3&+.!(-.-7(:&!7+@->!/#!:&7==-*%-!*-<!@7/-(+7=!:797'+=+/+-.S!:#@@$*+:7/-!7-./&-/+:!8$*:/+#*!7.!*-<!
@7/-(+7=!.$(87:-.!7*>!%-*-(7/-!+*/-(-./!+*!/&-!9#/-*/+7=!$.-!#8!/&-.-!@7/-(+7=.!<+/&+*!*-<!799=+:7/+#*.!7*>!
<+/&+*!/&-!8+-=>6!!

3&-(-! <-(-! /<#! 97(/.! #8! /&+.! ./7%-I! K5! /&-! >-,-=#9@-*/! #8! 7! &7*>:(78/->! /-Q/+=-! 7(/-87:/! 1W+%+/7=! "7:-!
[&7.-.!K!7*>!MS!H+%$(-!a5!7*>S!M5!/&-!>-,-=#9@-*/!#8!+*>$./(+7==0!@7*$87:/$(->! /-Q/+=-.!1"+%&/!V@+//+*%!
"7:-S!H+%$(-.!P!7*>!L56!!3&-!9(#:-..!#8!>-,-=#9+*%!7!.@7(/!/-Q/+=-!7(/-87:/!:(-7/->!7!.&7(->!:#==7'#(7/+,-!
9(7:/+:-! 8#(!-Q9=#(+*%!*-<!9(#:-..-.!/#%-/&-(S!7*>!7*!7-./&-/+:!=7*%$7%-!8#(! .@7(/!/-Q/+=-! .$(87:-.6! \$(!
+*/-(>+.:+9=+*7(0S!9(7:/+:-F'7.->!799(#7:&S!/&(#$%&!7! .-(+-.!#8! :(-7/+,-!9(#Y-:/.S!-*7'=->!$.!/#! :&7==-*%-!
#$(!#<*!.@7(/!/-Q/+=-!9(7:/+:-6!!C/!7==#<->!:#@@$*+:7/+#*!#8!#$(!(-.9-:/+,-!/7:+/!;*#<=->%-!7*>!:(-7/+#*!
#8!7!.&7(->!,+.+#*!8#(!#$(!Y#+*/!9(7:/+:-!7*>!8$/$(-!<#(;!/#%-/&-(6!!

 

 
 

Figure 5.  Digital Lace experimental prototype development as interdisciplinary practice-based research, Crysalis Expert 
Workshop, Plymouth College of Art (PCA). Images courtesy of PCA.  
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Figure 6. Light Emitting Lace experimental prototyping of optical fibre, practice-led Academic-Industry research, 
Nottingham Lace production looms, MYB Textiles.  

 
 

 
 
Figure 7.  Light Emitting Lace experimental prototyping of optical fibre, practice-led Academic-Industry research, Scottish 
leno Madras production looms, MYB Textiles.  
 
 

4.2 Stage 2: Technological Development (Lighting Design) 
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Figure 8.  Prototyping and design of fabric illuminators and combined textile and modular system, Mike Stoane Lighting; 
Iterative textile production design development with MYB Textiles, researcher and project management as practice-led 
knowledge exchange. 
 

 
 
Figure 9.  Experimental practice-based prototyping and hacking: Textile Sensor Activated Light and Sound E-Textile 
Residency with sound producer (Reset Robot) and e-textile coding practitioner (Beam), E-textiles summer camp residency, 
Paillard Centre d’Art, France, 2017.  
 

4.3 Stage 3: Re-Establishing Creative Vision for Theatre and Performance 
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Figure 10. Co-design, practice-based research: Structured workshops and physical prototyping of Light Emitting Lace with 
theatre and performance end-users in theatre setup. 
 

 

5 DISCUSSION  
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Figure 11. Methods and shifting roles, values, mind-sets and conditions of collaboration for the development of smart textiles 
for a theatre performance context.  
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R/7%-!M!'(#$%&/!*-<!:&7==-*%-.!7*>!7*!$*87@+=+7(!<70!#8!<#(;+*%S!7*>!7==#<->!$.!/#!.--!/&-!=+@+/7/+#*.!#8!
/&-! +*/-(+#(F8#:$..->! /-Q/+=-! 7*>! =+%&/+*%! 9(#>$:/6! 4=/&#$%&! 7! *-:-..7(0! >-,-=#9@-*/S! +*! &+*>.+%&/! /&-!
>-,-=#9@-*/!#8!7! ./7/+:S!<&+/-!=+%&/!+==$@+*7/#(! '7(!<7.!7!#*-F>+@-*.+#*7=!+*/-(9(-/7/+#*!#8! /&-!=+%&/+*%!
>-.+%*6!!U-/7+*+*%!7$/#*#@0!7*>!:(-7/+,-!>+(-:/+#*!#,-(!/&-!>-.+%*!!

9(#:-..!<7.!7=.#!:&7==-*%+*%!>$-!/#!#$(!>+88-(-*/!-Q9-(/+.-S!8$*>+*%!7*>!/+@-61W$(+*%!/&-!.-:#*>!9&7.-!<-!
.7<!7*!#99 #(/$*+/0! /#!(- F+*,+%#(7/-!/&-!:(-7/+,-! ,+.+#*!8#(! /&-!/-:&*#=#%+:7=!>-,-=#9@-*/!7=#*%.+>-! /&-!
7-./&-/+:!9#/-*/+7=!#8!/&-!:=#/&S!7*>!/##;!7!@$=/+F>+@-*.+#*7=!,+-<!#8!/&-!/-:&*#=#%06!!3&+.!.&+8/!'7:;!/#!7!
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=-7>+*%!/#!7!*-<!:#==7'#(7/+#*S!'(+*%+*%!#*!'#7(>!-*>!$.-(.!8(#@!/&-!/&-7/(-!7*>!9-(8#(@7*:-!+*>$./(+-.6!!

3&(#$%&#$/! R/7%-! bS! /&-! +@9#(/7*:-! #8! :(-7/+*%! /&-! :#*>+/+#*.! 8#(! :(-7/+,-! 7*>! >-.+%*! 7$/#*#@0! 8#(!
:#==7'#(7/#(.! -@-(%->! 7.! '-+*%! +*/-%(7=! /#! /&-! .$::-..! #8! /&+.! 9(7:/+:-F'7.->S! :# F>-.+%*! (-.-7(:&6! ! Z-!
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6 CONCLUSION  

Reflecting on five years’ worth of re.-7(:&!&7.!7==#<->!$.!/#!%7+*!+*.+%&/!+*/#!/&-!@$=/+9=-!@-/&#>.S!(#=-.S!
,7=$-.S!@+*>F.-/.!7*>! :#*>+/+#*.!*-->->! /#!>-.+%*! .@7(/! /-Q/+=-.!8#(!7! .9-:+8+:!/&-7/(-!7*>!9-(8#(@7*:-!
:#*/-Q/6! ! 3&+.! 979-(! 7(/+:$=7/-.! 7! .+/$7/->! -Q7@9=-! #8! +*/-(>+.:+9=+*7(0! (-.-7(:&! /&7/! /&(+,-.! /&(#$%&!
:#==7'#(7/+#*6! ! ?#F>-.+%*S! '$+=/! $9#*! 7*>! /&(#$%&! /&-! >--9! ;*#<=->%-! #8! >+88-(-*/! 9(7:/+:-.! #8! /&-.-!
:#==7'#(7/#(.S!&7.!-@-(%->!7.!:-*/(7=!8#(!+**#,7/+#*!+*!/&-!.@7(/!/-Q/+=-.!:#*/-Q/6!!
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Partnership (Lit Lace Interface).  Photography by Margot Watson (Figures 1, 10 and 17) and Colin Andrews 
(included in Figures 6, 7 and 8). 

8 APPENDICES 
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A.1 Stage 1: Digital Lace Phase 1 (Practice-Based Interdisciplinary Research) 
 

 

Figure 12. A digitally activated colour-change and light-emitting textile artefact, International Symposium of Wearable 
Computers Design Exhibition and EMP Museum & Microsoft Research, Seattle, USA 2014. 
 
 
 

A.2 Stage 1: Digital Lace Phase 2 (Practice-Based Interdisciplinary Research) 

 

Figure 13. Digital Lace Phase 2 exhibit, V&A Museum of Design, Dundee’s touring exhibition, Design in Motion; 
Exhibition travelling Gallery, Lewis, Scotland, 2015. Photographs courtesy of V&A Museum. See 
https://www.vam.ac.uk/dundee/info/national-projects for more details. 
 
      
 
 
 
 

https://www.vam.ac.uk/dundee/info/national-projects
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A.3 Stage 1: Light-Emitting Lace (Practice-Led Interdisciplinary Academic-Industry Research) 
 

 

Figure 14.  Light emission effects, Scottish leno Madras experimental prototyping samples using polymer optical fibre 
(woven width/drop 3.6m), MYB Textiles, 2017.   
 
 

A.4 Stage 2: Innovative Lighting Solutions for Smart Textile Production (Design-led Academic-Industry 
Research)  

 

Figure 15. Selvage lighting bar illuminators (left); Combined textile and lighting modular system for Light Emitting Lace, 
2018 (right). 
 

A.5 Stage 2: Textile Sensor Activated Light and Sound E-textile Residency (Practice-Based Research)  

 

Figure 16. Prototype (left) and live performance (right) of Light-Emitting Lace as textile sensor and activated light and sound 
piece, Paillard d’Art, France, 2017.  
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A.6 Stage 3. LIT Lace for Performance (Practice-based, co-design research) 

 

Figure 17.  LIT Lace within a theatre setup as a dynamic backdrop cloth (3.6m fabric drop, 5m width). Intensified lenticular 
and holographic colour lighting effects. 
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