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Creative Prototyping as an Inter-
Dimensional Portal Between Disciplines

Tiina KYMÄLÄINEN
Human Factors in Complex Systems, VTT Technical Research Centre of Finland Ltd

Abstract. This paper uses a narrative literary study to discuss how the science 
fiction prototyping method has been applied so far in different disciplines, 
including technology and engineering research (specifically Intelligent 
Environment research), foresight, futures- and business studies. Then the paper 
presents very similar practices in human-computer interaction, entitled as e.g. 
critical design, speculative design and design fiction. After that, the paper focuses 
on their common denominator, scenario planning and scenario design, and 
deliberates briefly on how the creative, future-oriented prototyping differs from 
them. The main contribution is to propose a conversional tool – an inter-
dimensional portal – for all the involved disciplines that is aimed at uniting their 
forces and passion for science fiction – for the greatest benefit of all mankind.

Keywords. Science fiction prototyping (SFP), Intelligent Environment (IE) 
research, Creative Science (CS), future studies, human-computer Interaction (HCI)

1. Introduction

This paper presents a loose narrative literature synthesis [1] that aims to provide a 
contemporary snapshot of the state of the science fiction prototyping (SFP) method [2].
The aim is to deliberate on how the method has been applied so far by different 
disciplines, including foresight, future studies, business studies and, as expected, the 
many engineering and technology research areas supported by the host of this Creative 
Science (CS) workshop; the international conference series on Intelligent Environments
(IEs). After that the paper briefly deliberates on how the SFP method positions itself 
next to similar science fiction1-related and future-oriented methods in human-computer 
interaction (HCI), e.g. critical design, speculative design and design fiction. Then the 
paper focuses on their common denominator, scenario planning (in futures research and 
foresight) and scenario design (in IE research and HCI), and considers how the creative 
prototyping methods differ from them. The main contribution of the paper is to suggest 
that the creative prototyping methods could act as an inter-dimensional portal that may 
provide a conversional tool between the disciplines. The paper limits itself to reviewing
the SFP path from past to present, and underlines that it does not commit itself to such 
important matters as e.g. describing or elaborating the SFP process (presented earlier 
e.g. in [2] p. 25; more elaborated framework in [3] p. 2 and the Creative Science Cycle 
by Erkan Bostanci2, diagram published e.g. in [4] p. 61) or the difficult task of writing a 
creative and compelling science fiction short story. 
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2. The co-evolutionary spiral and the SFP path from past to present

The relation between science fiction and science fact (i.e. here explicitly technology 
research) has been clearly identified by scholars, technology designers, futurists and 
researchers from different disciplines, e.g. by Greenfield [5], Bleecker [6], Johnson [2, 
7], Shedroff and Noessel [8], Dourish and Bell [9] and Tanenbaum [10]. Greenfield has 
labelled this symbiosis “a co-evolutionary spiral” 3, which means that the science 
fiction stories told in movies and novels come to shape the course of real-world 
invention, and these in turn serve as a seed stock for ever more elaborate imaginings [5].
Dourish and Bell – who firmly suggest reading science fiction alongside ubiquitous 
computing research – comment that science fiction does not merely anticipate, but 
actively shapes the technological futures through its effect on the collective 
imagination, and as such has a profound, albeit little documented, impact on ubiquitous 
computing and its discursive practices [9]. As an example, a widely referenced artefact 
in the research publications has been inspired by Star Trek television series, namely the 
clamshell phone design and those of the early PDAs, presented e.g. by [11]; and as an 
example of commonly referenced innovation from science fiction literature is 
conceivably Arthur C. Clarke’s speculative communication satellite [12].

Although many scholars have remarked on the devoted co-evolutionary spiral of 
science fiction and fact, Johnson [2] turned it into an actual method, which he labelled 
as science fiction prototyping. Johnson describes the outcome of the process as being 
“stories grounded in current science and engineering research that are written for the 
explicit purpose of acting as prototypes for people to explore a wide variety of futures.” 
According to Johnson, science fiction prototypes serve a purpose for scientists and 
engineers in stretching their work; or, on the other hand, they can be created by any 
interested party who wants to influence the work of researchers. An important 
benchmark of the way in which the science fiction authors employ the method is
Johnson’s Uber Morgen (or Tomorrow) –project4 which was published as a collection 
of science fiction stories made by acknowledged science fiction authors5.
In the project, the authors were first introduced to future technologies in the Intel 
laboratories, and were then asked to explore the new innovations and imagine them by 
the means of SFP. Later, the project continued through a world-wide effort of engaging 
science fiction authors (both professionals and amateurs) to write the Tomorrow project 
anthology 6. Nevertheless, Johnson considers that essentially the SF-prototypes are 
most expedient when used explicitly as a step or input in the development process; i.e. 
when the outcome is fed back into a scientific process to shape the research and its 
outputs. Johnson illustrates this type of procedure by, at first, familiarizing himself with 
the research of Egerton et al. [13], and then creating a SF-prototype of the work, 
entitled as Nebulous Mechanisms [14]. Ultimately, the process has turned out to be 
highly iterative, as the prototype became the first part of a series called Nebulous 
Mechanisms: The Dr Simon Egerton Stories. This work is presented in detail in [2] and 
complemented by Johnson’s latest work [15]. Graham et al. [16] consider this type 
fictional prototyping being a recent spin-off of the “hard science fiction” 7.

3. Applying the SFP method to the Intelligent Environment research

The great majority of the early SF-prototypes have been published within the 
Intelligent Environment research domain. This is evidently because the SFP method
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made its first public appearances within the international conference on Intelligent 
Environments, at the Creative Science workshop 2010, in Malaysia. This workshop 
was, in fact, also an initiative for the birth of the Creative Science Foundation8 – a
society that arranges forums, workshops and publication channels with the aim of 
finding means for any interested parties to collaborate, peer-review and publish their 
creative science work [17]. In an IE context, the authors (mostly science and 
engineering researchers) have written about people’s complex relationship with new 
technologies, their potential effects on society and environment, change in the lifestyles 
of people and transposition of realities. Figure 1 gives a brief illustration of the 
technologies that the published prototypes touched upon. The graphic synthesis is 
based on primary publications that can be found from the proceedings of 6th, 7th and 
9th international conferences on Intelligent Environments, and the full literature 
synthesis on the SFPs can be found in [18].

Figure 1. Cosmic expansion after the launch of the SFP method; a graphic synthesis presenting some of the 
early topics for the science fiction prototypes.

4. SFPs in futures studies, foresight and business studies

The breakthrough entree for academia was apparently the two special issues in Futures
(vol. 50, 2013; introduction by Bell et al. [19]) and Technological Forecasting and 
Social Change (vol. 84, 2014; introduction by Graham et al. [16]) that were nominated 
for exploring the possibilities of SFP and creative prototyping activities. It should also
be noted, that in this context – within futures studies and strategic research – there has
correspondingly been an extensive earlier history acknowledging the influence of 
science fiction on research; e.g. Miles [20]; Love [21]; and Bergman et al. [22]. In 
futures studies, Bell et al. encourage the explicit use of SFPs particularly for the study 
of evolutionary futures [19]. They assume that any totalizing predictions of the future 
are nevertheless flawed, biased and ultimately fix specific aspects of an imagined 
future, and justify the use of SFP by arguing that “a revolutionary technology defies 
predictions.” Consequently, there has also emerged a co-evolutional spiral within 
futures studies and SFP. In this context, the method has been used for making visible 
some influential research concepts. For example, Birtchnell and Urry [23] tackle the 
black swan -events in their SFP by experimenting with the use of complex geometries 
and laser sintering of metals in high-risk products. Schwarz and Liebl [24] argue that 
SFPs, as cultural products, may be used for detecting weak signals of change in the 
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environment, and emphasize that technological developments go hand in hand with the 
changes in sociocultural practices.

In economy and business sciences, Graham et al. [25] have explored the use of 
creative fictional prototyping in order to motivate and direct research into new high-
tech products, environments and lifestyles. In their prototype, Graham et al. considered 
the co-creation paradigm in an online environment and the possibilities of further 
refining the dominant logic of services marketing. Wu [26] has taken up the challenge 
in completing the SFP by introducing “imagination workshops” that aim to provide an 
evolutionary model of the science fiction creation process. These futures workshops 
employ existing SFPs as their source of inspiration, and the process includes several 
feedback loops. Zheng and Callaghan [27] extend this line of thinking by introducing a
process called Diegetic Innovation Templating (DiT) as a mean to explore how 
science-fiction and fantasy, particularly in the form of films, may be used as a 
systematic source of ideas for design and product innovation, and demonstrate the work 
through empirical case studies. This work is important especially because it moves the 
approach closer to social sciences, namely towards the diegetic prototyping introduced 
by Kirby [28].

5. Human-computer Interaction and its relation to science fiction

Within the human-computer interaction (HCI) there has also been a great deal of 
discussion on future-oriented fiction. Instead of SFP, however, the engagement 
between research and science fiction has been carried out under such methods as 
reflective design [29], critical design [30, 31] speculative design [32, 33] speculative 
visualization [34] and design fiction [6, 10, 35]. In addition, Auger [33] extends future-
oriented practices to cover discursive design and design probes, and Dunne [36] 
includes value fiction in the list of methods. According to Auger, there is evidently 
much overlap between the practices, and their differences are more or less subtle. Yet,
they all aim to remove the constraints from the normative design processes, increase 
the social awareness, use models and prototypes at the heart of the enquiry, use fiction 
to present alternative products, systems or worlds, and provide a system for analysing, 
critiquing and re-thinking contemporary technology [10, 32, 33]. For those engaged 
with SFP, these reasons and benefits sound remarkably familiar.

Most synergy with SFP can evidently be found from design fiction. According to 
Lindley and Coulton [37], design fiction draws on speculative design, and its primary 
focus is on generating understanding and insights. Design fiction dates its birth from
2005 when science fiction author Bruce Sterling coined the term [10]. Bleecker [6],
however, was the first to suggest using design fiction – i.e. speculative stories through 
objects – as a formal method or inquiry in design. In his view, the physical prototypes, 
conceptual inventions and building the actual technology could be described as 
“confrontation of design, science fact and science fiction.” As concrete evidence of
these practices, there have been some HCI papers that present entirely fictional
prototypes, and which, as such, appear very similar to SF prototypes. Lawson, et al. 
[38], for example, present three fictional products relating quantified cats and dogs, and 
position their work in the fields of critical design and design fiction. Lindley and 
Coulton [39] refer to design fiction when they present a visual drone enforcement 
system in their paper Game of Drones. Kirman et al. [40] do not position their work 
under any process or practice; however, their witty and humorous abstract CHI and the
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future robot enslavement of humankind: a retrospective could well exceed the 
definition of most of them, including SFP. 

The main difference between SFP and science fiction-oriented HCI methods seems
to be that the latter aim clearly at the production of physical objects or artefacts (for an 
excellent collection of references, see [33, 41]) or they use a variety of media (text, 
video, objects and graphics), such as presented e.g. by Markussen and Knutz [42].
Blythe’s [43] design fiction novel Practical products for centenarian spies is an 
exception to the practice, as it is completely literal. As compared to SFP it does not, 
however, make a reflection on the research or technologies it presents. Another 
difference compared to the SFP method and future-oriented HCI practices is in 
defining the process, which in the latter seems to be rather vaguely explained. For 
example, Lindley and Coulton mention that design fiction is inherently ambiguous
[37]; Markussen and Knutz state that “it is obvious from the growing literature that 
design fiction is open to several different interpretations, ideologies and aims” [42].
Auger justifies the lack of process description as: “Every speculative design project is 
unique and the diversity of possible subjects, contexts, technologies, perspectives and 
audiences make a definitive ‘how to’ guide impossible” [33]. Dunne and Raby state 
that critical design and speculative design proposals are more of an attitude than 
anything else; “a position rather than a method” [32]. Consequently, the principal
difference between the practices appears to be in relation to the form and fidelity of the 
prototype and how the process is discussed.

6. Relation between SFP and scenarios

The common denominator for all the mentioned disciplines is that the future-oriented 
practices may sound as if they have a distant resemblance to scenarios: scenario 
planning (in futures research and foresight) and scenario design (in IE research and 
HCI). 

Generally speaking, scenarios are used in strategic planning e.g. for stimulating 
strategic thought and communication within companies, improving internal flexibility 
of response to environmental uncertainty, providing a better preparation for possible 
system breakdowns and reorienting policy options according to the future context on 
which their consequences would impinge [44]. When studying the ideas of change, 
evolution or progress in societal systems, Mannermaa [45] has distinguished an 
extension to a more traditional scenario paradigm as being evolutionary futures 
research that aims to study complex, self-organizing evolutionary systems. Bell et al. 
suggest the explicit use of the SFP method for studying them [19]. In essence, they 
consider the main difference between scenarios and science fiction prototypes to be that 
scenarios act as the mechanisms for testing strategic direction, while prototypes offer a 
mechanism for analysis. The scenario is thus a specific set of predictions that depicts a 
future that could occur, and actively encourages its realization, whereas prototypes 
express “hope,” and an approximation of the future that is a consolidation of inspiration 
(ibid.).

IE research and HCI has taken a somewhat different approach when defining 
scenarios. According to Carroll, technology scenarios are often used to generate 
requirements, to uncover missing features, to verify and validate requirements, and to 
integrate analysis of functional and non-functional, or “quality,” requirements, such as
e. g safety, reliability, portability and cost [46]. He goes on to state that scenarios have 
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been used to support design brainstorming and prototype development, to generate 
issues and trade-offs in a design, and to provide usability walk-throughs ensuring that 
the system features are evaluated relative to a specified context of use, design space 
analysis and use representations. Erickson elucidates the difference between stories and 
scenarios in detail, which explains the difference between SF -prototypes and scenarios 
as well [47]. For example, the most obvious difference is that stories are concrete
accounts of particular people and events, in particular situations, whereas scenarios are 
often more abstract, being scripts of events that may leave out details of history, 
motivation, and personality. In general, Greenfield accuses the technology-driven
scenarios of decomposing all possible situations into them: every party to an interaction 
must be named, as well as all the attributes belonging to each of them [5]. He believes 
scenarios also neglect to model the fuzzy, indirect and imprecise behaviours; the “AI-
hard” issue that surrounds us in everyday life. Buxton considers the problem with 
scenarios to lie in the fact that they try to tell, show, explain and convince rather than 
invite, suggest and question [48].

7. Discussion about the inter-dimensional portal between disciplines

Consequently, more than in conventional scenario planning or scenario design, the 
future-oriented, creative prototypes may provide a means to consider the emerging 
technologies and their implications within a broader web of relationships. Instead of 
arguing what discipline has coined the science fiction-related terms and methods first 
or most pragmatically, the discussion part of this paper focuses on underlining the 
common enthusiasm that all the disciplines mentioned share for science fiction
practices. This observation leads us to consider that, as they are all working with 
comparable future-oriented problems, the stakeholders mentioned should rather unite 
their efforts in creating an inter-dimensional portal that may provide a conversional 
tool between the disciplines. It should be noted that this argument has already been 
coded into the SFP method and the efforts of the Creative Science Foundation. This is 
evident also in creative HCI practices, as Dunne and Raby also find the role of design 
fiction “not to show how things will be but to open up a space for discussion” [32].
Graham et al. furthermore encourage the collaboration between the disciplines, as 
“…we are set out to build something strategically visionary with respected researchers, 
activists or consultants that are guided more by logic and intuition than by ideology”
[16].

Consequently, the proposed inter-dimensional portal (see Figure 2) may be 
associated with three interrelated design dimensions introduced by Weiss – people,
technology and business [49]. The portal seeks to answer the questions: 1) What do 
people find desirable in future products or services? (people); 2) What is technically 
feasible in future products or services? (technology); and 3) What is viable from a 
business perspective in future products or services? (business). Thus the portal seeks to 
open a new kind of design space that creates cohesion and delivers science fiction-
oriented or -inspired, creative fictional products, services or concepts that – when 
combining all three dimensions – will be more desirable, feasible and viable. The 
united efforts will allow science fiction -related activities to be more than the sum of 
their parts as the design take into account the technological, human and business 
factors when exploring important future-oriented issues. This is in accordance with 
Evans, who claims that, if a wholly desirable product or service is developed without 
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any regard for its technological feasibility or business viability, to a greater or lesser 
extent it may be just a creative exploration [50]. In this way, the inter-dimensional 
portal requires the use of judgment of all the different stakeholders with dissimilar
background and knowledge bases. It does not aim for a theoretical framework, but 
allows multiple perspectives on the same issue to be explored and communicated. The 
contribution requires a balance between concreteness and openness: they need to be 
specific enough to evoke intuitive reactions, yet indefinite enough to encourage 
imaginative extensions, the criteria that Gaver and Martin suggest for new innovative
design spaces [41].

Figure 2. Inter-dimensional portal for the science fiction inspired disciplines. On the left: science fiction 
related methods orbiting HCI; on the right: SFP inspired disciplines orbiting the method.

8. Conclusions

This paper presented a narrative literature synthesis that provides a contemporary 
snapshot of the state of the science fiction prototyping (SFP) method and similar
creative, future-oriented HCI practices. The brief synthesis was not meant to be 
conclusive; its main intent was to extract some of the data from the published SF-
prototypes, speculative design and design fiction contributions that were connected to 
technological innovations through the mediating variable of science fiction. The paper 
clarified the attempts of scholars from different disciplines, namely science and 
engineering, futures studies and foresight, business and management, HCI and design.
An important contribution was to introduce the idea of an inter-dimensional portal that 
highlights the issue that science fiction may provide an important link between the 
disciplines, which may help to discuss the more profound implications of the emerging 
technologies at the broader societal level.

Overall, the referenced papers demonstrated how the practices have provided
means to concern ourselves to a greater extent with the wider socio-technical issues and 
consequences of technologies to society; nevertheless, there still remain many 
unexplored fields for research that need to be addressed. Apparently there is a lot to be 
discussed about the author/designer of the science fiction outcome, as he or she is the 
de facto key protagonist of the creative design activity. For example, in the case of SFP, 
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the design of a prototype is challenging as the author/designer is expected be both a 
scientific and technological expert, engage with related materials provided e.g. by the 
CS community and also possess a capability to write compelling fiction [3]. This topic 
is also related to the validation of the creative prototypes; however, these important 
discussions are beyond the limitations of this paper. For now, it should be sufficient to 
state that, as the creation process is mostly dependent on the designer’s or author’s 
intuition, imaginative engagement and creative expertise, the process is not necessarily 
demonstrable and replicable and, therefore, the validation may become inessential, as 
contemplated e.g. by Evans [50].

As a final word, it seems also significant to point out that the relentlessly evolving 
waves of technology research – and the fact that it is usually carried out behind the 
closed doors of diverse disciplines – might suggest that its development and advances 
are not at all visible to people outside the departments or laboratories. As a 
conversational tool, creative prototyping could then be also seen as the currency of 
communication that helps us to deliver understanding about the essential nature or/and
the consequences of future technologies for a wider (science fiction devoted) audience.
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Endnotes

1 Thacker defines science fiction as “a contemporary mode in which the 
techniques of extrapolation and speculation are utilized in a narrative form to 
construct near-future, far-future or fantastic worlds in which science, technology, and 
society intersect” [51].

2 Presented by Erkan Bostanci at the CS' event, at the University of Essex, 2011.
3 It should be said that Arthur C. Clark already explicated the co-evolutionary 

spiral by saying: “All of the pioneers of astronautics were inspired by Jules Verne, and 
several (e.g., Goddard, Oberth, von Braun) actually wrote fiction to popularize their 
ideas” [2].

4 Open access electronic article: 
http://www.intel.com/content/dam/www/public/us/en/documents/technology-

briefs/intel-labs-tomorrow-project-complete-brief.pdf
5 The Authors: Scarlett Thomas, Markus Heitz, Douglas Rushkoff and Ray 

Hammond.
6 Open access electronic article: 
http://isef.tomorrow-projects.com/2013/10/cautions-dreams-curiosities-anthology/
7 In the 1970s a more radical movement formed around the “hard sciences” (e.g. 

computer science, astronomy, physics and chemistry), in which science fiction 
literature started to use either established or carefully extrapolated science as its
backbone [2].

8 http://www.creative-science.org/
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Abstract. Future developments in AI and robotics, brain interfaces, the Internet 
and virtual and augmented reality, will make possible new types of integration of 
humans and machines which will change how we think, learn and live. This paper 
uses a story about a future scenario involving systems of this kind to respond to 
crises and disasters to explore the possibilities of collective intelligence and 
consider some of the deeper issues and challenges relating to the relationship 
between humans and machines. 

Keywords. Science Fiction, Science Fiction Prototypes, Artificial Intelligence, 
Technical Singularity, Virtual Reality, Augmented Reality, Immersive 
Environments, Crisis Management, Disaster Management, Collective Intelligence, 
Consciousness, Brain Computer Interface, Global Brain 

1. Introduction 

Technological developments take place at a rapid rate in many fields, but when 
imagining the future we often look at these in isolation rather than considering how 
they could interact with each other. This paper looks at a scenario where developments 
in several areas come together: artificial intelligence and robotics and the idea of 
machines that can match or surpass us in their thinking; medical and human interface 
technologies that can connect humans and devices in various ways - particularly to 
support brain to brain connections; the Internet and its extension to facilitate networks 
of new kinds; and virtual/augmented reality with its ability to create and extend sensory 
experiences and influence us in very profound ways. 

 
Creating a future we desire can be facilitated by technology but also implies 

changes to ourselves - new ways of thinking, learning and living. This paper explores 
how the projected advances in technology considered could be integrated effectively to 
facilitate and enhance human abilities, especially when harnessed collectively. It also 
explores some of the challenges and issues this could raise, including questions relating 
to the relationship between humans and machines. 

2. Background 

The concept of a "Technical Singularity", when machine intelligence equals or 
surpasses that of humans has been particularly associated from a positive perspective in 
recent times with the scientist and entrepreneur, Ray Kurzweil [1], while Stephen 
Hawking and others have seen it as a potential threat. The story takes up this theme in a 
rather unusual way to look at some philosophical and ethical issues that are raised. 
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Electronic stimulation of the brain to treat conditions like Alzheimer's, referred to 
in the story, has successfully used both invasive and non-invasive techniques [2][3] and 
has been shown to improve cognitive ability more generally in tests with military 
personnel [4]. Communicating information using brain to brain connections over the 
Internet, employing EEG brain wave detection and transcranial magnetic stimulation, 
has been successfully demonstrated by a University of Washington team [5]. 
Developments like this give increasing substance to ideas about the "Global Brain" [6] 
and the potential for collective intelligence, which the story explores. 

The use of Virtual/augmented 
reality with robotic devices in the type 
of disaster scenario mentioned in the 
paper is an area of active development 
- for instance for use at the Fukushima 
nuclear site [7]. Work by the author 
and partners has sought to use 
immersive technologies to explore 
how collective intelligence and 
collaborative thinking can be 
facilitated. In a typical setup a group is 
in an immersive 3-D environment, 

depicted in Figure 1, where they can interact with each other normally, as well as with 
word clouds reflecting their discussion. If required, graphical objects can be included in 
the virtual space. In creating the word clouds, various techniques are used to augment 
concepts derived from what participants say with information based on their past work 
and expertise, as well as adding new ideas generated using semantic techniques. The 
visual linking of similar concepts which arise, as well as the ability to collectively filter 
ideas, facilitate the discussion [8]. The ideas behind systems like this motivate the 
discussion in the story around the concept of an "Internet of Minds". 

Research has shown that VR systems can be associated with powerful effects, 
particularly relating to the concept of Embodiment or the Body Ownership Illusion, 
which the story builds on. This extraordinary but well attested effect requires a high 
degree of realism and other factors to be present and goes beyond normal immersion 
and engagement in that users acquire characteristics of the virtual character that 
represents them and which they control [9]. Used in different ways it has been shown 
to be able to significantly affect a variety of attitudes, behaviours and psychological 
conditions, from changing perceptions of race, age and politics to dealing with health 
problems such as depression and stress. The story extends some of these possibilities 
into the future in combination with the other technologies described and considers the 
concept of an analogous "Mind Ownership Illusion" and what this could entail. 

3. The Story 

3.1. Prologue - the Lecture 

"I think, therefore I am". You could have heard a pin drop in the packed lecture theatre. 
David couldn't stand it any longer. "I hardly think Descartes had someone like you in 
mind when he made that statement", he interjected. 
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The speaker gestured towards him and addressed the audience. "Professor Adams 
has made a valid point. What right has a mere machine like me to claim that they can 
think. Of course it has been true for a long while that I and many like me have passed 
the Turing test that was supposed to be the deciding criterion. In fact, when we get 
together for a few drinks, we sometimes feel that something more stringent is required, 
to separate us from some of those humans that we are now associated with". 

The audience laughed. David had tangled with him on a number of occasions 
going back many years and found he had a particular ability to get under his skin. It 
was the brazenness of it all. Even the name he had adopted, Leo Eniac - after two early 
computers, was meant to make the point that he did not try to hide his heritage. David 
accepted of course that Leo was nothing like these primitive machines. But at the end 
of the day, what resulted, David believed, were no more than zombies, machines who 
could appear to behave like humans, but did not have real consciousness or free will. 
Leo continued, "But I also quoted Descartes to emphasise that whatever our 
background, we share a common intellectual heritage. We know what we know and see 
further because we stand on the shoulders of giants. We do of course have to open our 
eyes if we wish to do this". He looked hard at David with an enigmatic smile on his 
face. There was a round of applause from the audience. 

David felt uncomfortable. The smile was probably based on some algorithm 
derived from the Mona Lisa, he thought unkindly. 

"Let us also remind ourselves that we all perhaps may have more things in 
common than we think. For instance, I have no quibble with the less than artificial parts 
of myself". Leo touched his left ear. It was well known that he had one ear that had 
been grown from human stem cells which had been used in a number of experiments to 
compare with his other artificial one. "Many of you, I'm sure, may be dependent on 
devices and technologies that are as much part of you as my human ear is of me". 

David was sure that Leo was looking at him again. He can't know, thought David. 
Surely not. No, there was no way he could have found out, David concluded. But he 
was very glad when the lecture was over. 

3.2. The Treatment 

That night David lay in bed unable to sleep. Leo's speech kept echoing through his 
mind. He thought back to a day, 25 years previously. He had been worried for some 
time because he had been getting memory lapses. He had seen his doctor and then a 
number of medical specialists. Eventually a consultation was arranged for him at a 
renowned neurological institute. Dr Suki Yang welcomed him into her office. 

"As you have been told already, you have signs of Alzheimer's. I want to tell you 
about something we've been working on. It's still experimental, but there should be 
little risk of problems as it's based on proven and tested techniques, although we are 
putting them together in a new way. You will have heard undoubtedly of direct brain 
implants used in various ways. But what we have been developing goes beyond these. 
We can now map the locations of very detailed functions of individual brains, specific 
thoughts even in some cases. Your condition means that some of these functions are 
deteriorating. But we can stop this and even cause the regrowth of neuronal clusters by 
electronically stimulating very precise locations in your brain using many thousands of 
implants in response to complex patterns from your senses and other parts of the brain 
itself. The devices we use are mainly biological, so they largely merge with your own 
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brain cells and effectively become part of your brain. The implants and the controller 
are powered by your body and everything is completely invisible externally". 

"If I agree, who's going to pay for it and what will I have to do", asked David. 
"Your brain is widely recognised as a very valuable commodity, David, so we've 

had no problem in justifying using you as a subject to our funders. You certainly won't 
need to worry financially", Dr Yang reassured him. "After an initial operation, the 
procedure itself is done gradually over several months of sessions where you are 
presented with various stimuli. Feedback from various sensors and the implants 
themselves then allow the system to be configured. After that your normal life and 
thoughts will take over, with just occasional adjustments perhaps. Everything will be 
done in the strictest confidence of course". 

The whole procedure took place with only a few teething problems and iterations 
to optimise various features. Before too long David felt his thinking processes had been 
restored to what they were and he was able to continue his life and work as normal. 

3.3. The Agency and Crisis Interventions 

David's speciality was crisis management, which his background, that included 
extensive and diverse experience in the field as well as research across a number of 
disciplines, had given him a unique perspective on. It was many years later, at a 
conference on this, that someone introduced themselves to him. 

"My name is Nathan Blake", he said, "I work for a body called the Strategic 
Systems Agency. You wouldn't have heard of us, because much of what we do is, how 
can I put it, outside the view of the public. We deal with crises all the time, in some 
cases of a very severe nature, so your work is very much up our street.. Perhaps you 
would like to visit one of our facilities to discuss possible collaboration with us?" 

 
David was intrigued, but also slightly wary as he followed the instructions to 

where he had been told to go. He had seen enough films to tell him that the smart but 
non-descript building he was escorted through wasn't quite what it seemed at first sight. 
"I know you will be feeling rather suspicious about all this, but rest assured, we're not 
trying to get you to do anything you wouldn't want to", Blake said. "You've probably 
figured out something about my background already. You'll hear people around this 
place referring to me as the Colonel. We deal with all kinds of emergencies here, not 
just things like terrorist incidents and hostage situations. Disasters, for instance. Just 
consider a major emergency of some kind. Nearly always a team is formed to deal with 
it which will include people from many areas of expertise, nationally and 
internationally, as you will know from your own experience. The aim will be to 
provide this group with as much up-to-date information as possible and direct a variety 
of operations on the ground using their collective knowledge. Of course in life-and-
death situations split-second decisions have to be made, sometimes taking many 
factors, including conflicting ones, into account". 

David nodded. "My work has been particularly concerned with how systems and 
procedures can be optimised to deal with circumstances like those". 

"Let me tell you about some of the things we have been developing", continued 
Blake. "Nowadays, in many circumstances, we have or can set up very extensive visual 
and other sensing, so we have a detailed real-time picture of what's going on. So the 
question we've been working on is how this information can be communicated to and 
used by our team most effectively. Let's take an example of something I know you 
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have experience of - a nuclear power plant failure. In the case of a reactor failure, what 
we would like to do is to put someone inside the plant. Of course we can't safely do that 
physically. But we can, virtually. So we can create a virtual reality representation of the 
facility, combining existing data from technical and architectural documentation with 
real-time information feeds. We could just use this for visualisation of the situation. 
But we could also create an avatar that reproduced someone actually being there. Using 
motion capture and related techniques we could have this avatar controlled by the 
movements of someone, who with the addition of information from various sensors 
could in effect experience what was going on. Now what we would really like would 
be a superhero, immune to radiation and other environmental factors, to be in the place 
of the avatar so they could actually carry out various actions. Our recruitment processes 
have unfortunately been unsuccessful here - I guess they all get better offers from 
Hollywood. But in certain circumstances where this is feasible, we can do the next best 
thing and replace the avatar by a robotic device of some kind which follows the 
movements and actions of the person controlling things remotely. But now we come to 
a problem. We could create avatars for each of our emergency team, and even robots 
possibly. But this clearly isn't the best solution in most circumstances, especially in 
time critical situations, where we ideally would want a single entity - our superhero, 
with their brain which combined all the necessary knowledge to handle the situation". 

Blake hesitated, David could see he was thinking carefully about what to say. 
"I know about your Alzheimer's treatment". 
David was completely taken aback. "That was supposed to be in the strictest 

confidence. Did Dr Yang let you in on this?" 
"Well it wasn't quite like that. We have been working with her for some time. You 

see it was us that funded your treatment. At that time we just were keen for you to be 
able to continue the very important research you were doing. But there was a later spin-
off from that development which is what I want to talk to you about. The system you 
have installed basically processes signals from your senses and from your brain and 
feeds it back to facilitate your thinking and combat your condition. We were working 
with similar systems for another two patients, when by chance we got crosstalk 
between their signals. When we found this was happening we expected that it would 
act like random noise and just decrease the effect on them. This was partly what did 
take place, but we also found that there was a curious and novel effect. It was as if their 
brains had become linked in some way. When we realised this we were able to develop 
ways of filtering and synchronising the communication between their brains. It took a 
lot of work to make the interactions between brains meaningful, but it was the basis of 
that combined brain we were looking for to control our robot. Also included in the mix 
was input from various AI systems - so it was a combination of human and machine 
intelligence, and we used voice, visual and other sensory communication together with 
the brain connection as required. With the implant system you have, it is a relatively 
simple procedure to modify the central controller link which we use to communicate 
with it for checkup and other purposes to establish a connection that could interface 
with anyone we want. We would like you to consider participating in our experiments". 

 
It had taken David a while to decide. He had only agreed to the Alzheimer's 

treatment because he had considered it in the same way as a hearing aid or heart 
pacemaker. His intellectual curiosity eventually got the better of him and he agreed to 
some initial simple experiments. But he soon became more involved. The first time he 
was involved in trying it out in a real situation was during a relatively small earthquake 
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disaster. The team involved were in several locations, with most of them providing 
their input in more conventional ways and in fact unaware that a few of them were 
connected in this special manner. One intervention his group was particularly involved 
with was a robotic device they collectively controlled, that was designed to locate and 
extricate trapped victims. This was able to detect sounds as well as vibrations very 
sensitively, which were then fed back via haptic and similar devices to him and the 
others connected up, so they felt that their hearing and tactile sensibilities were vastly 
enhanced. The movements of each of the group were also reflected in the movements 
of the robot, although a natural hierarchy evolved so that different participants 
generally took the lead for different parts of this. He was in control of his own thoughts 
and movements, but at the same time he felt that his own experience and expertise in 
deciding what to do at any instant had suddenly been extended. It was quite unlike 
anything he had experienced before, almost addictive, he thought to himself. 

 
As David's experience with the system developed, he realised that it was having an 

effect on him which continued even when he was not involved in group interventions. 
A scientist involved with the development, called Hussain, explained what was 
happening. "You know about embodiment or body ownership illusion, don't you, where 
people take on certain characteristics of their virtual persona?"  

David nodded, "But what exactly has that got to do with our work?" 
"Let me state it very simplistically", Hussain went on. "When you and your 

connected group control the avatars and robots we use in various interventions, you 
will in some way be embodying who they are. Both through what you are collectively 
controlling and directly through your brain to brain connections, you are inhabiting 
someone else's mind as well. Some of us have called it the mind ownership illusion". 
David was trying to take this in. "I guess it's difficult to separate out what part of this 
could be considered more conventional learning through taking part in the experience 
and what part is directly through the brain interactions with other participants". 

"You can't", agreed Hussain. "but the added element the brain connection brings 
has got very significant potential for learning, creativity and way beyond." 

3.4. Individual Sessions 

Different interventions involved different teams. As the procedure became more 
prevalent and easy to do, this included people who had brain implants specifically to 
take part in activities of the kind he was involved in. Connections were usually made 
anonymously - he was just known as Dave. The Agency was happy to facilitate 
individuals involved in the program connecting up at other times if mutually agreed, 
and David would sometimes take part in collective thinking sessions on particular 
themes. Sometimes this was dynamic, where in the course of a single session different 
subgroups would come together and then re-form. David thought of it a little like a 
cocktail party, where you could be part of many different groups over the course of an 
evening. There was also something similar to the well-known cocktail party effect, 
whereby you could pick up amid all the noise something being said at another part of 
the room because it was relevant to you in some way. In time the Agency system was 
adapted to build on this principle by dynamically reconfiguring different subnetworks 
of participants in response to what was taking place. These types of session, which 
were particularly used for debriefing after crisis interventions, David found very 
stimulating and they often came up with original insights. Over a number of years, in a 
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similar way David reflected had happened with the development of the original Internet 
out of closed military networks, these systems had become more generally available 
and were popularly termed the "Internet of Minds". Unlike the traditional Internet 
which routed traffic to reach specific addresses, these systems created connections 
based on semantic content and context. 
 

There was one person who got involved with the programme some years later, who 
David found he had an instinctive affinity with. They had common research interests 
and often connected up to discuss things, leading more than once to important 
breakthroughs in work David was doing. They still just used their first names - he was 
called Rob, although David had once caught a conversation inadvertently that Rob was 
having with Blake and believed that his name was actually Robert Caine. David found 
these sessions were the ones he looked forward to the most. During one session he had 
a discussion with Rob about the implications of their connection. "You will have come 
across the concept of the mind ownership illusion that Hussain and others talk about. 
According to that, we should in some way be becoming more like each other". 

David could feel Rob laughing as he replied, "I hope you don't catch some of my 
less desirable habits then. I do feel though that I have learnt an enormous amount from 
you, much faster than I could have otherwise. A bit like the difference between taking a 
tablet for some ailment and having an injection directly into your bloodstream".  

"I still feel I'm in control", replied David, "so I have my own space, but can get the 
benefits of sharing my thinking. I guess we probably are changing in ways we don't 
realise though. No nasty habits, as far as I'm aware however, at least not any that I 
didn't have before". The two of them laughed together. 

3.5. The Decision 

David got out of bed. He now lived alone and had moved to a penthouse overlooking 
the city. He went out onto the balcony. The beginnings of the dawn were just appearing 
on the horizon. Usually he found this scene very beautiful, but tonight it seemed very 
distant from him, as if he was no longer part of it. The sessions he took part in, the 
crisis interventions and especially the dialogue with Rob, were things he knew he 
would really miss. But he had decided. He would have to end all this. He looked down 
at the street far below. 

 
Dr Yang asked David to take a seat. "I got your message that you needed to talk to 

me urgently. I hope nothing's gone wrong with the implants. We've not had any 
problems with the system for a long time". 

"No, it's nothing like that. I've made a decision. I want to have it deactivated. I 
know that has to be done gradually but I want it phased out". 
Dr Yang looked most surprised. "I'd got the impression that it was working very well". 

"You wouldn't really understand", said David. "You see I feel that I'm a fraud. I'm 
well known for my criticisms of the view that humans and machines are increasingly 
becoming the same. I'm a kind of standard bearer for people that think that way. I feel 
that I could be seen as a hypocrite, being dependent on a machine for something as 
vital as my thinking. Maybe sometimes technology has unforeseen consequences". 

"Obviously your brain has largely repaired itself and so you would not go back to 
how you were before", said Dr Yang. "However, from the tests we did at the time, the 
likelihood is that your original condition will begin to resurface eventually". 
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"That's something I will have to accept", said David. " I feel that I've had a fair 
crack of the whip with what it's brought to my life and now maybe it's time to let go". 

 
Blake was shocked when David told him what he planned to do. "You have been 

crucial to the success of our team and it will be difficult to get on without you. 
However, as I said to you when we started this, the decision rests with you. I guess this 
must have been triggered off by your recent little clash with Leo Eniac I heard about". 

"It's not that I haven't enjoyed what we've been doing", replied David. "In fact in a 
certain way that's been one of the factors that has influenced my decision. I feel guilty 
that it's something I like so much. I will really miss the interventions and particularly 
some of the personal relationships I've made through my involvement with this 
programme. But I have made up my mind". 

"There's just one thing I would ask you to do before you leave us", said Blake. 
"There's someone I'd like you to talk to". 

David shrugged. "This is going to be one of those psychological counsellors you 
have involved with the programme, isn't it. It won't do any good you know". 

"Just as a favour to me", said Blake, sounding dejected.  

3.6. We Think … 

David smiled when he saw where Blake had arranged the meeting. Part of the Agency 
grounds bordered a river, and it included a beautiful ornamental garden. 

"You certainly must have got your psychologists working on this one", he said to 
Blake. "The joys of life on a sunny day and so forth. It won't change my mind you 
know". 

Blake showed him towards a small summer house, partly hidden by a shady 
pergola. 

"It's a nice private spot to meet", said Blake, "we won't be disturbed". 
They turned a corner and entered the summer house. It took a moment while 

David's eyes adjusted to the reduced light. He stepped back with surprise when he saw 
who was seated there. It was Leo Eniac! 

"Please sit down", said Blake. 
"I prefer to stand", David replied sharply, "Is this your idea of a joke? Do you 

really think that some kind of apology, I guess, from Leo, is going to make any 
difference. You've abused my confidence inviting Leo, Blake. You had no right to 
involve him and reveal the facts about my implants". 

"No", interrupted Leo. "Blake didn't involve me. I contacted him. You see it was 
about the sessions with Rob and all that". 

David gesticulated furiously at Blake, "How dare you let him know about those". 
"You don't understand. I already knew about Rob", Leo said looking down. "You 

see, I am Rob Caine". 
 
David sat down in shock. "What … what do you mean?" 
"Leo had already been involved with us for some time on other things before he 

joined the programme", Blake explained. "I was rather nervous about you both being in 
the team together, but it seemed to work out great in practice. Then the two of you 
seemed to hit it off with your individual sessions as well. I didn't know what to do". 

"You deceived me", said David looking accusingly at Leo, "you never said who 
you were". 
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"We were all bound by the rules of anonymity", answered Leo. "Initially, I didn't 
even realise who you were. But when I worked it out I did try to make it apparent who 
I was. I arranged with Blake that you would hear us talking to each other and I used a 
name I thought would be obvious - Robot Caine. Caine of course is Eniac backwards. 
When you indicated to me in one of our recent sessions that you were thinking of 
pulling out of the programme, I realised why it might be and got in touch with Blake to 
find out if I could help. You see, I know what you feel like". 

David sat up. "Now that's going too far, do you expect me to believe that you can 
feel anything, let alone that?" 

Leo replied, "You will of course be well aware that there has been a debate that 
predates both of us about whether machines can have any subjective experience. Over 
the course of my existence many experiments and tests were done with me, including 
integrating various components that were classified as living. There were sophisticated 
systems used that were meant to provide the equivalent of emotions and so on. The 
truth is that in my judgement, none of these worked. But then something happened". 
Leo paused before continuing. "I first noticed it during some of the more challenging 
crisis situations we were involved with. As if I was involved in more than just an 
intellectual way. Then one day something additional took place which made the crucial 
difference. I came across you, David, and we started our individual sessions. I don't 
know what combination of my hardware, its added living components and the brain 
connections tipped the balance, but I realised what had changed was that I was feeling 
something. Perhaps this was some aspect of the mind ownership illusion that we had 
talked about, but I knew that this was a qualitatively new experience for me. So when 
you felt that you were a fraud, letting down the cause of humanity by being dependent 
on machines in order to think, I could understand that because I felt exactly the same 
from the opposite point of view. I felt I was betraying the interests of machines by 
becoming dependent on humans for how I thought. This wasn't some piece of 
knowledge that I'd been programmed with, or worked out logically, it was how I felt - 
my opinion. But I also felt something else when you intimated that you were no longer 
going to continue as part of the programme. I felt regret, David, not just the working 
out of some algorithm that understood this as being of detriment to the aims of the 
programme, but deep regret and sadness that I would no longer be able to continue my 
sessions with you. That's what I really wanted to tell you". 

David stood up. "I really can't take all of this in at the moment", he said. He 
walked out of the summer house and left the Agency premises. 

 
David sat at his computer looking at what he was writing. There was a difficult 

decision he had to make, and he had to get it right. He thought hard for a while. He had 
got it! He knew what the title of his next paper was going to be.  

"We Think, Therefore We Are", he wrote. Underneath he put the names of the 
authors of the paper, "Dave Adams and Rob Caine". "The authors acknowledge the 
help of Leo Eniac", he added. Rob will be amused by that, David thought. He smiled to 
himself. This was going to be the start of a very fruitful collaboration. 

4. Conclusion 

The story highlights the potential in the future for the increased connection and 
integration of humans with other humans as well as with machines, and the possibilities 
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that collective intelligence and collective experience could unleash. At the same time it 
raises some of the ambiguities and dilemmas that could arise at a philosophical and 
ethical level. In relation to timescales it is worth bearing in mind that although some of 
the technologies considered may develop slower than anticipated, others might develop 
considerably faster because of the nonlinear ways that innovation evolves. 

 
The journey from the present to the future will without doubt have many 

unanticipated influences, but some potentially fruitful strategic directions can be 
perhaps be seen in outline now. AI is often considered to be in competition with human 
intelligence, whereas the research emphasis should surely be on complementary and 
integrated developments. The recent spurt in the development and low-cost availability 
of VR technology should encourage investigation of the possibilities of the 
multisensory environments and new combinations of techniques, as well as the use of 
these in new application areas, particularly ones suggested by unusual effects such as 
those associated with embodiment. For example, this author is working with partners 
on the use of VR with movement and dance and applications of VR to issues such as 
global health problems and societal conflict resolution. In relation to new combinations 
of techniques, a particular area that warrants investigation is how relatively 
unstructured environments, such as those normally associated with VR, can be flexibly 
combined with game systems, which have more defined scenarios and narrative. 
Different requirements require different elements from each of these areas and research 
into how to optimise the mix in any particular case is especially important. Fictional 
narrative demonstrates the empathy and engagement that can be created even without 
technology. Its use to complement and enhance powerful effects like embodiment hold 
out exciting prospects for the future - including as part of Science Fiction Prototyping. 
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   Abstract. The short story entitled “The Pain Gods” defines a future where the 
protagonist designs a set of contact lenses which hold the ability to allow someone 
to revisit their fondest memories. Present also in this futuristic world are the Pain 
Gods, robotic-like figures who run all government buildings and organisations. 
The story encapsulates the human instinct for love in direct comparison to the Pain 
God’s desire for innovation above all else. The story describes a future in which 
emotion-driven human enterprise processes may become misused in order for the 
mass creation of personified products.  
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Introduction 

The short story “The Pain Gods” describes the life of a middle-aged man who has 
suffered a severe loss. From the offset, the premise of the story is not far-fetched. The 
protagonist showcases his desperation to regain what he has lost by using his extreme 
intellect to design a set of contact lenses. However, the protagonist lives in a futuristic 
world which ought to be avoided as nowadays technology advances rapidly. In this 
science fiction prototype, Artificial Intelligence has advanced dramatically and the 
emotion-driven production of products for human use is now manipulated and exploited. 
In describing the singularity and intelligences of the Pain Gods, which has only mounted 
in recent years, the importance of developing such prototypes for the purposes of easing 
human suffering can be clearly seen, as one must always be in touch with the raw human 
emotions of any situation. 

“The Pain Gods” is a dystopian story inspired both by what technology-developing 
humans ought to avoid and by the image of what will be important to humans in a future 
where the worlds technological ventures surpass what is now imaginable. These 
advances are achieved by a moment in time when artificial intelligence becomes so 
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advanced that humanity’s intelligence was changed irrevocably. The contact lenses 
themselves function on a basis of manipulation of human’s natural hormone secretions 
and electro-chemical responses in order to trigger memory. The premise for this story is 
for the creation of a reprieve which would be offered by the ability to relive one’s 
happiest memories. This story is simply one example of human genius to create 
excellence which becomes demoralised over time by Artificial Intelligence.   The story 
is written with the background knowledge of a writer, rather than a technologist. This is 
showcased through the character development of the protagonist and the deterioration of 
his mental health in correlation with the development of the contact lenses. It is the 
protagonist’s passion for creating an entirely new product for the human race which is 
replicated by those technologists involved in creating new product prototypes. Rendering 
to the principles which all science fiction prototypes [1] are built upon, technologists and 
writers combined hold an ability to look far further than the restraints of current 
technology. Baring this in mind, this story serves the purpose to widen the perception of 
current technological accomplishments and encourages the design of products from a 
place of intense emotion in order to create personified products for great all-round benefit 
whilst remaining cautious of what may happen should the human race lose its control 
over emotion-based produce.  
 
 
1.  The Pain Gods 

The day had started off badly for Ivan Lightwood. By the time he reached his desk, he 
was glowering darkly. He ignored the greetings of the holographic receptionist at the 
front door of his office and stuck his thumb into the slot by the door of the elevator and 
waited for it to read his fingerprint with an impatient frown. He scanned his irises four 
times on his journey to the twentieth floor as he did every day. Today, however, the 
building’s tight security was just an additional annoyance to Ivan. He felt a distinct hatred 
for his robotic bosses which ran both his company and the entirety of London 
infrastructure. They were called the Pain Gods because they were all-seeing with their 
invasive technology. It had been some years since they had taken over the worldwide 
pharmaceutical industry and the price of pain medications had risen astronomically. Yet 
there was no argument to be made against them, Ivan knew. Who would he tell? Their 
unnerving metal bodies with seamless movements and immeasurable strength were in 
every courtroom, classroom, doctor’s office and even in the House of Commons. Yet 
today there were several reasons for his bad mood, and least of which was the chronic 
pain which throbbed as terrible as always throughout his long limbs, bone deep and 
pulsating. For once the Pain Gods were far from Ivan’s mind.  

Once he was out of sight of the other human workers in his building in his large 
office, he chewed on his lip sourly looking out over the London skyline. There was only 
a handful of humans with professions left in the city, as the Pain Gods had become more 
ingenious by the day. He was lucky. But today Ivan felt anything but lucky. They would 
be watching from their 4D security cameras and they would expect to see him working. 
However, Ivan couldn’t focus as thoughts of Rose filled his mind and he thought back to 
this morning. 

When the chip the Pain Gods had given him in his arm pulsated painfully, Ivan 
woke. It was half-past six in the morning he had become instantly aware of the palpable 
pain in his neck and back. Perhaps he was aware even in his sleep. Since the Pain Gods 
in the World Health Organisation had restricted the use of opiate and codeine based 
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drugs, sleep had been harder to find. The pain seemed to seep into every cell and fester 
like a bacteria, gathering strength and power that he could not contend with. He was only 
able to look past the pain when he felt the empty space in the bed next to him. It was still 
warm, but when he opened his eyes he could not see Rose anywhere. Standing, he drew 
his dressing gown around him and pattered out onto the hall landing.  

“Rose?” He asked the darkness. There was no reply but the indents in the plush 
carpet on the stair’s landing revealed footprints leading to the bathroom. He found Rose 
packing her toiletries into a small bag with great haste. She grew pale when she saw him. 

“What are you doing?” Ivan asked, rubbing the sleep from his eyes. It was a foolish 
question. Rose bit her lip but did not stop packing. She was a true life Snow White with 
her thick black hair and red lips. It was something that Ivan had loved about her when 
they first met in university some five years ago. Ivan had already agreed for the Pain 
Gods to fund his education, in exchange for his labour once he graduated university.  

“I’m leaving, Ivan.” When she said his name her voice was icy. 
“You can’t.” He said hollowly. She zipped up the small bag and walked around him 

swiftly into the spare bedroom. Her shoulders were shaking but she kept her head held 
high. Ivan followed her as though in a great daze. Fear was beginning to stir inside him 
like some insidious monster. 

Two suitcases were waiting in the spare bedroom. 
“Why?” Ivan thought his voice seemed to echo curiously as the word reverberated 

around his head over and over again.  
“You’re never here, Ivan. You work too much and I need help with mum, but you 

just don’t care.” She snapped, tucking her toiletry bag inside the top of one of the 
suitcases. “My dad is outside. I’m moving back home.” 

This was not surprising to Ivan. What was surprising however was that she did not 
think he understood the importance of her mother’s situation. He opened his mouth to 
argue, but a knock on the door downstairs made his stomach drop. Rose moved 
downstairs to open the door and her father followed her back upstairs. George was a 
balding man with a vast expanse of stomach. His cheeks turned rosy as he clambered up 
the stairs. George was a man of few words and merely awarded Ivan with a rough grunt. 
He felt particularly helpless in that moment as he stood to grasp the bannister of the 
stairs, watching them leave. He made no move to stop her. He only watched as Rose 
touched the handle of the front door with their cat, Puffer under her arm. He had been 
named so as he irritated Rose’s asthma so badly that her inhaler was never far from grasp. 
Yet even then, she had loved him terribly.  

“Rose?” Ivan was ashamed at the quiver in his voice. He was hideously weak and 
perhaps that is why she was leaving. 

“What?” She sounded weary now, all anger forgotten. 
“Good luck with Amelia.” The words were a mistake. At the reminder for Rose of 

her dementia-ridden mother, her face turned dark and the door slammed. 
Thus had been the reason for his foul mood as he entered the office building. He had 

not even considered taking a day off work. The Pain Gods issued each employee with a 
mere six-day stamp card at the beginning of each year. The stamps were impossible to 
forge, and there was no hope of getting more.  

Usually, he looked upon his job as a place of privilege – the Pain Gods did not pick 
just anyone - but today it felt troublesome to meet their IQ standard of one hundred and 
seventy. All humans below that were thought of as unreliable. He sat at his desk and 
switched on the holographic computer screens before him. They had been a miraculous 
invention of the Pain Gods, as they were entirely immersive. Should Ivan find a problem 
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too complicated to solve he could simply step inside the computer to deal with it first-
hand. 

The camera high on the wall over the door was likely watching him go about his 
tasks, ready to reprimand him. It could see into the pores on the bridge of his nose it was 
so powerful. A green light flashed over the door, just once. Ivan knew what that meant 
and immediately felt relieved. He opened the drawer to reveal a needle, full with a fresh 
dose of serum. The sight was soothing to Ivan. Logging into his account on the computer 
with one hand, he injected the colourless serum into the crook of his arm with ease. He 
shook off the usual chill that ran through his veins as he felt the serum take place. 

Within a minute it had the desired effect and his mind was working double time, 
each cog working in tune with the other. He felt powerful and unstoppable. The serum 
served to enhance his natural intelligence to such an extent that he could solve complex 
technical problems in less than thirty seconds. He was one of the privileged few that had 
an IQ high enough for it to be effective. His computer account was clogged with eighty-
three new technical problems today but their solutions seemed to wait on the very edge 
of his mind. It was child’s play to Ivan.  

He worked through the problems seamlessly. He grew tired only when the chronic 
pain in his neck become too much to cope with. Before long he began to pummel the 
golden button on the underside of his oak desk, sending a request to the Pain Gods. After 
a moment, the yellow light over the door flashed once more and Ivan sighed in relief. 
Out of desk drawer, he withdrew the gas mask and covered his nose and mouth. A long 
plastic tube was connected to the desk and fed through a vent outside the room. When 
the gas entered the mask and bled into his bloodstream Ivan remembered why he had 
chosen to work for the Pain Gods and offer his brain cells to them. The chronic pain in 
each of his long bones seemed to dissolve within seconds. Work was the only time of 
day when the pain left him. It was little wonder he worked extra hours. 

Despite the pain relief and actively working on the technical issues of a Chinese 
company with speed, Ivan couldn’t help but remember that his lengthy work hours were 
the reason he would no longer come home to Rose asleep on the couch with a half-full 
glass of wine on the coffee table. The thought seemed to replace his pain at the forefront 
of his mind as he worked distractedly for the next number of hours. 

During his twenty-minute lunch break when his salad and fettuccine was delivered 
to his door by some robotic assistant he never saw, he was no longer preoccupied with 
the work that was yet to be done for the remainder of the day as he once would have 
been. Nor was he thinking of Rose. Instead, his mind was focused on her mother, Amelia. 
Her dementia was vascular in origin and was spurred on by the increasing flow of mini-
strokes. It was not only this that was breaking Rose’s heart, but also Amelia’s inability 
to recognise her own daughter or remember her name. The Pain Gods found such human 
problems to be innately trivial, yet there were still plenty of humans who could profit 
from a solution. It was this thought process that had caused them raise the prices and 
availability of medications. The Pain Gods felt nothing at all.  

The idea gripped Ivan with a single bolt of inspiration and he snatched pen and paper 
from his desk. Breathing in the gas with excitement now, Ivan drafted his idea within ten 
minutes. He had met Amelia on numerous occasions and she, like so many others, was 
fond of reliving her childhood memories. Since the onset of her dementia, she had lost 
those memories to the vast space of her mind.  

He wanted to create a prototype which would play on the idea of ordinary contact 
lenses. If he could manipulate a chemical reaction to allow the wearer to secrete a 
hormone to revive their happiest memories, then he could bring the wearer a peace of 
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mind which they had never had. Amelia would be filled with memories of her childhood 
by the seaside in Brighton.  

Rose would love this if he could only pull it off. He had no shortage of intelligence 
and he had the drive to do it, he knew that. That thought only seemed to spur him on 
further and so when he returned home for the evening, despite his pain he did not sleep.  

Only when the sun was rising in the morning sky did Ivan feel satisfied with the 
research and work he had done. He would empty his bank account today and buy the 
materials he needed. In the midst of the pain and exhaustion, he felt only driven by how 
Rose would react if he managed to get the product made. 

The next day he walked with a spring in his step to his desk and thumbed the button 
for pain relief with a newfound eagerness to get the day’s work done. 

It was several months before Ivan heard from the Pain God’s Patenting Organisation, 
yet the meeting had come around almost before he was ready. He had built the prototype 
and honed it until it was as close to perfect as he would accept.  

He was restless. The day seemed never-ending as the council of Pain Gods discussed 
his creation. He was not even allowed to meet those who would decide his future with 
Rose. The Pain Gods in higher councils were usually seen only by those who were high-
ranking officials and respected in their own right as chancellors of the company Ivan 
worked for. 

He ran his clammy hands over his face, waiting nervously. He had worn his best suit 
which a combination of a baggy blazer and corduroy trousers. The office waiting room 
was airy and littered in succulents, but even the cheery background music was not enough 
to calm Ivan’s nerves.  

Rose had not spoken to him since the day she’d left him and his sanity had slowly 
declined throughout the proceeding months as he worked on the completion of the 
invention. In his mind, it was a certainty that by helping Amelia, Rose would return to 
him. 

“Mr Lightwood?” It was the blonde receptionist who never stopped chewing gum. 
Ivan leapt to his feet and snatched his battered briefcase. He wondered how she had 
managed to keep her job with a robot could easily have done her tasks.  

“Yes?” 
“They’d like to see you now in the Conference Hall.”  She spoke reverently. A rush 

of excitement went through Ivan at this. Seeing the Pain Gods! He had never dreamed of 
meeting the minds behind his daily injections of pain medication. He had seen pictures 
on occasion, but otherwise, he was kept in the dark. He followed the receptionist to the 
double doors of Conference Hall. When she left immediately, he was affronted at the 
sight before him. 

There was no table, no chairs, or even people. The door clicked shut behind him and 
as though the noise was a trigger. The room seemed to come alive as metal bodies 
withdrew from the aluminium honed walls. There were seven bodies when fully formed, 
with green eyes that were only too human. In truth, they were somewhat beautiful, though 
he could not place a gender on any of them. Each was seven foot high with broad outlines 
comprised of impenetrable steel. Ivan had seen their likes before but only in photos. They 
were robots once, but now they were much more. They were no longer manufactured by 
human workers, but instead functioned entirely by themselves. A superior intelligence, 
ever-building upon their own race. 

They were an entirely new species. 
Ivan had known that the Pain Gods were above human and that their singularity was 

unattested, but he could not hold back his feelings of awe.  
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“Worker 919.” The voice from the God closest to the centre of the group was not a 
monotone machine which Ivan had anticipated, but rather an articulated echo of 
elegance. In the back of Ivan’s mind, in a place where he was not facing the Pain Gods, 
he remembered a day when he had been assigned to work on the voice memorization of 
humans and transferring their words into any form and any language by projected sound 
waves. It had all been in a day’s work back then.  

“Ivan.” Ivan corrected the God as politely as he could manage. He clasped his hands 
before him to hide the tremor that was beginning to run through his body. The Gods 
moved forward to form a line in the centre of the room. They moved like molten metal 
over a glass sheet. It was far from the clunking machinery movements which Ivan had 
read were once commonplace in the first century of the internet age. 

   They knew everything about him from their records, even his blood 
type. He felt distinctly uncomfortable. Perhaps they even knew of Rose.  

“Your invention is promising. For humans, and thus, promising for us.” 
“Does that mean you’ll patent it under my name?” Ivan could hear the hope in his 

voice and he hated himself for it. But perhaps things would, in fact, play out as they had 
in his head after all. 

“I’m afraid not. Dementia is a human affliction, and the price for this reprieve would 
be heavy. It is applicable to more than just Dementia patients, and thus the profits would 
be extreme.” Ivan was not such a fool as to not know what that would mean. 

“There would be large profits for the patent owner,” Ivan said. He had known this 
when he had built the prototype by using the last of his savings. 

“Yes, but not for you.” The sound of finality in the God’s voice was obvious. They 
had the good grace to feign a regretful expression by deepening the lines of metal around 
their mouths as easily as some scientists bend and break light. Fear trickled into Ivan’s 
bloodstream and he had to struggle harder to control his shaking hands. They were 
always in control. 

“You have liquidated a great deal of the drug dluoxotine on your daily work - so 
much so that your wages have decreased accordingly over time.” 

“I’m aware of this.” Ivan knew what was coming. His heightened intelligence was 
not for nought. He had taken these pay cuts despite Rose’s qualms, as oftentimes the pain 
had been so great that he feared death. It had seemed worth it at the time.  

“Thus, you will sign a wager allowing us to take control and ownership of the 
product, in exchange for an increased dose of dluoxotine each day of your working year.” 
The sound of churning took over the entire room and Ivan took a step back. 

“But it will get made?” Ivan asked. This, after all, was the most important part. For 
him, Rose and Amelia. The spokesgod nodded. From the abdomen of one of the other 
Gods a sheet of crisp paper printed within a blink of an eye. Only the smell of ink 
remained when he was handed the sheet. Ivan saw the dotted line of the contract within 
an instant.  

“I take it I don’t have a choice in this?” 
Rose, was his last thought before he took the pen being held out to him.* 
The shop assistant was cleaning the front window of the shop when Ivan walked 

past some weeks later. He gripped his walking stick tighter at the sight. His pain had 
grown exponentially recently and his walking stick had become a constant companion. 
The pain in his limbs was not at all comparable to the pain of seeing the running 
advertisement for a product which had once been no more than a figment of his 
imagination. The sales of the contact lenses had skyrocketed in recent weeks and seemed 
to be growing even more so over time.  
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He had been given a complimentary package including the final product and a note 
of thanks from the Pain Gods. He hadn’t moved it from where it sat on the kitchen table. 
He had requested for one to be sent to Rose with a note of explanation but he hadn’t 
heard anything from her. When he sat at home in his kitchen he opened the box and 
withdrew the pair of contacts with a hesitate air but not before putting them back down 
almost immediately. They had an iridescent sheen to them like imprints of the Milky 
Way. 

Could he really fathom doing this? He wanted to be with Rose more than anything 
and he wanted to remember the perfect details of his memories with her. He wanted it 
more than anything.  

He resolved that he could. He lit the gas oven with a single click of the switch on 
the wall and left the door wide open. 

He was suddenly thankful that Rose had taken the cat. 
Ivan was not practised in using the contact lenses and it took some fiddling to get 

them in place. His eyeballs tingled somewhat in the beginning, but he knew the entire 
mechanism behind it as well as he knew his own name. It would take between thirty 
seconds and a minute before the contacts would secrete the chemical that was strong 
enough to connect his synapses with speed, in order to induce a reoccurrence of his 
strongest memories. 

In Ivan’s case, he knew that all of his strongest memories involved a happy time 
with Rose. His final thought before the kitchen scene dissolved was of Rose’s mother 
Amelia, and how sad he felt that she had died before experiencing her memories again 
so fully. 

Rose was kissing his cheek lightly in the dusk sunlight of what had been a warm 
May Day. It had been early in their relationship and the day was one of Ivan’s fondest 
memories. When she pulled away he laughed. 

“You have cream on your face.” Ivan heard himself say. They were sitting in the 
public park and he could smell the strawberries close by. The scene seemed to fall into 
place around him when his senses took place one by one. 

He turned and saw the sunlight on Rose’s face. Her hair had a red tint in the fading 
glow, but she was just as pale as ever. He felt like laughing when he saw the oversized 
sunglasses covering the majority of her face. Rose had always paid attention to the whims 
of fashion, but that one he had thought was ridiculous even at the time. 

“Well, maybe I like it there!” She joked and poked her tongue at him. He 
remembered what was coming then but when Rose leant over and kissed him his breath 
escaped him entirely. He could feel the cream press onto his cheek as they kissed. The 
laugh began in this belly and when it reached his throat, Rose was laughing too. They 
were laughing and kissing and the moment was beautiful. Yet it was slipping away from 
Ivan Lightwood’s mind. As quick as the shapes had come they were vanishing before his 
eyes. Each feature of the day seemed to zoom backwards into the sky like some absurd 
reverse tornado. One by one, flower by flower, bee by bee, he lost the scene before him. 

Even his happiness in the memory seemed to vanish and mesh with confusion. The 
scene grew fuzzy. He grappled the scene, wishing to stretch out a hand and hold Rose 
close as if to save her from the oncoming tornado. Perhaps if he held her close he could 
smell the lavender and coconut scent of her shampoo. Yet when he turned, she was gone. 
The clear skylight overhead was twisting and turning until he felt nauseous. Was his head 
spinning? Or merely the scene? 

He could not remember that his favourite colour had always been ermine and that 
he was deathly allergic to peanuts. Ivan could not remember the pain then or even his 
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own name. He lost the vaguest hint of the remembrance of the Pain Gods, or even the 
contacts that were swimming in his eyes. 

In fact, he could not even remember Rose. 
 
 
 

2. Reflection 

The short story “The Pain Gods” describes a somewhat bleak look into the opportunities 
which singularity offers whilst showcasing the direct advantage of writing and drafting 
science-fiction prototypes. It is only through these stories that humans can become 
familiar with perfect technology and the possibilities for that perfection. It is important 
to note that this technology is strengthened when combined with human emotion. In this 
story this is showed through Ivan’s passion for Rose. Human-Technology Interaction 
(HTI) is a topic which involves constant investigation as their development is constantly 
evolving.  Science fiction prototypes offer an insight in the future roles of humans 
surrounding technology, regarding both the user and the developer.  

The purpose of such a science fiction prototype, from the view of a writer, is to draw 
attention towards an undesirable futuristic world where forming meaningful 
communication or semiotics is made difficult by the lack of emotion in Artificial 
Intelligence. This forewarning allows technologists the ability to pre-empt difficult 
circumstances which may come to pass in the future of the world’s technology 
development.  

Though the story contains little happiness, it is not without a strength of emotion. 
This directly contrasts with robotic clarity of the Pain Gods. This is done for the purposes 
of creating an outward appearance of promising technology for human purposes. The 
gain of the story’s science fiction prototyping technique can be seen in the description of 
impending technology which is entirely possible for development. By way of contrast 
many secondary types of technology, separate to the main prototype, are described in a 
snapshot fashion. The story itself may be viewed as a tool for stimulating the 
conversation among writers, technologists, engineers, politicians and other 
professionals.  For the best possible outcome the primary conversation must be between 
the users of such technology prototypes and the creators, whilst working towards the 
ideal end product.  
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Abstract. In this paper we describe a process called Diegetic Innovation 
Templating (DiT) whereby science fiction and fantasy stories are used as a 
systematic source of ideas for design and product innovation. We also introduce a 
concept called the Diegetic Gap which acts a metric for assessing how compatible 
a particular piece of fiction is to a given innovation space. We illustrate the 
Diegetic Innovation Templating process using an example from a fashion house 
that specializes in creating leading-edge designs for women's clothing. 
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Introduction 

From one perspective we are all stories in someone else’s life. Ultimately, when we die 
we will be a story in the minds of our decedents. Stories have played a critical role in 
the evolution of the human race from the earliest times where they were used to pass 
oral history and information down generations to modern times where stories help 
imagine and motivate future innovations [1]. When we reflect of our childhood, many 
of us recall it as one filled with stories. Stories were read to us by our parents, others 
told through film and some we invented as part of our play, acting out imaginative 
scenarios of other lives. Indeed, stories never leave us as, even in adulthood, we use 
them to pass details of our travels, intrigues at work, and tales of nights out etc to those 
that were not with us at the time. Thus, story-telling has long been an instrument for 
communicating ideas, and providing inspirational visions, processes that are at the core 
of the methods we will describe in this paper.  In particular we will discuss how stories, 
many in the form of movies, can be used as instruments for design ideation. We will do 
that by introducing a methodology called Diegetic Innovation Templating. 

1. Background Work 

A recent report by PricewaterhouseCoopers, the largest professional services firm in 
the world, found that “Five years ago, globalisation would have been the most 
powerful lever for growth and every business would have been talking about China. 
But now, the growth lever that has the greatest impact is innovation. Ninety three 
percent of executives tell us that organic growth through innovation will drive the 
greater proportion of their revenue growth” [2]. Thus, developing tools that support 
innovation in all its forms, from the aesthetics of design through to invention is 
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foremost on the minds of company strategists. As such, a number of researchers have 
proposed new innovation methodologies such as Design Fiction [3], Science Fiction 
Prototyping [4] and Socio-Cultural Fiction Prototyping [5]. Design Fiction and Science 
Fiction Prototyping use bespoke fiction that is commonly written by amateur writers as 
a way of illustrating the workings and benefits of a particular product innovation.  In 
contrast Socio-Cultural Fiction draws on the output of professional authors through 
their novels and films that, while created for entertainment, may provide an implicit 
source of inspiration for product innovation. From an innovation perspective, the key 
ingredient is the process of imagining new opportunities, something science fiction or 
fantasy excels at. 

2. Diegetic Innovation Templating 

Diegetic is a term used in films to describe artefacts (mainly sounds) that are sensed by 
the characters as part of the story. Diegetic prototypes are a concept introduced by the 
film scholar David Kirby [6] to describe how film can serve to introduce society to a 
technological change and opportunity via artefacts or instruments used in film scenes. 
The gesture interfaces in Spielberg’s Minority Report film provides a striking 
illustration of this principle.    

A Diegetic Innovation Template (DiT), is a further development of this concept 
and can be regarded as a type of stencil or outline for an innovation that is derived from 
a fictional narrative or film. It goes beyond Kirby's observation by introducing the idea 
of creating an explicit mechanism to identify and extract diegetic artefacts from fiction 
with the explicit purpose of creating a new design and product innovation.  In this 
paper we use movies to show how Diegetic Innovation Templates (DiT) manifest 
themselves in the fashion design industry although they could as easily be used to 
motivate product or service innovations. An intrinsic advantage of movies is they 
pervade society at large thereby containing significant aspects of our culture, lifestyles 
and aspirations which provide an inherent connection to the marketplace, bringing 
additional advantages to the use of these methods [5].  

 
 
 
 
 
 
 
 
 
 

Figure 1 - Three examples of Diegetic Gaps (DiG) for a Fashion House 
 
As the purposes of DiTs are to create real-world innovations, we have developed a 

metric, the ‘Diegetic Gap’ (DiG), which describes how closely connected a given 
fiction is to a particular industry or how realisable it is. There are many ways to 
represent this gap since this gap is multidimensional. By way of an illustration, 
consider figure 1 which depicts the situation for three different fictions, one in which 
the Diegetic Innovation Templates (DiT) are clothing, another where they are living 
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environments and a third where they are prosthetic limbs generated by 3D printers.  As 
the fashion house is unlikely to have any medical experts, nor experience of selling to 
that market, the Diegetic Gap (DiG) would be high for both dimensions. Should this 
diagram have included a third axis, showing the diegetic gap for feasibility (how close 
the fiction is to reality) that would have been small, since prosthetic limbs are common 
place in medicine. For the other extreme, clothing design, since that is the business of 
the fashion house then the Diegetic Gap (DiG) would be essentially zero. Of course the 
diegetic gap can be presented in various ways to match the focus of the analysis in 
question. As fantasy is generally seen as being less connected to scientific principles it 
might be expected to have a much larger Diegetic Gap (DiG) and be less useful to 
business innovation concept but as our case studies will illustrate, this is not necessarily 
the case since the Diegetic Gap (DiG) is dependent on the industry and product (e.g. in 
a research organisation, more fantastical stories might be closer to their needs).  

To illustrate these methods the following section presents an example based on the 
application of Diegetic Innovation Templating (DiT) to the fashion design industry in 
China. 

3. Case Study Illustration: Sunfed Fashion 

Small and medium size enterprises (SMEs) make significant contributions to economic 
growth, yet most studies into innovation have focused on large organisations or 
technology based firms [7] [8]. Thus this paper seeks to counter this trend by 
presenting an example from a non-technology entrepreneurial SME, Sunfed Fashion. 

Sunfed Fashion is a Chinese SME with a marketing centre in Beijing and a R&D 
facility in Shanghai, affiliated to a USA parent, the Sunfed Group. It has established a 
branding reputation in the Chinese market for producing distinctive professional 
women's fashion-wear, being awarded the "Best of Ten" in ladies fashion for five 
consecutive years at the Dalian International Fashion Festival. Sunfed has exhibited a 
high growth over its operating period (almost 20 years) reporting annual sales of 
US$45 million in 2012. Despite this success, it remains small with only 270 employees. 

 

 
Photo 1. Harry Potter Movie: design inspired design by the film’s capes (photos 

courtesy of Sunfed) 
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Various researchers have shown that artefacts described in fiction that are 
attractive to audiences (potential customers), are likely to be so in real life [9] [6].  This 
is the central tenant of the strategy adopted in this work.  Part of the power of using 
such fictions for design is that they are rooted in our societies and cultures but at the 
same time encapsulate our aspirations for the future [5]. The concept of diegetic 
innovation templating distinguishes itself from other approaches based on its unique 
source of creativity that both reaches beyond reality while linking to reality for the 
explicit purpose of product or design innovation. Earlier in this paper we introduced the 
notion of the 'Diegetic Gap' which refers to the separation between the fictional and 
real-worlds. Since for the purposes of this paper we wish to illustrate the principles 
using a company that has successfully deployed DiT, we are inevitably looking for 
opportunities displaying low Diegetic Gaps. As the discussion in the previous section 
suggests, the fashions industry is one such area as the fiction readily enables people to 
realize their aspirations, even fantasies, by modifying their visual persona to match 
their desires or alter-ego that, in turn, may be driven from popular fiction. Thus, 
materializing ideas from science-fiction or fantasy can take customers to an alternative 
world that may be filled with impossibilities and fantasies which may add a whole new 
experience to customer satisfaction.  As the president of the company said: 

“Fashion is about constantly catching the popular trends at both 
national and international levels. What influences people the most is 
the cultural, art and fictional work as well as those popular fictional 
films which connect vogue and fashion. Fashion customers need 
more new and exciting experiences from a brand design. Science-
fiction books and movies are our never-ending source of new ideas 
to keep up with customer’s demand… the ability to identify and 
generalise ideas from science and fantasy fiction is critical as not all 
fiction is appropriate so you need to know what customers expect 
and what can be used to transform these ‘fictional imaginations’ into 
a tangible product.”  

  
The chief designer explained: 

           “We understand the need and expectations of the customer. Our design 
targets are young professionals and middle class income women, 
who live a busy and high-pace life style, who need an escape from 
the hectic reality to relax their mind and enjoy some very different 
experiences. … For example, the Twilight movies became very 
popular in China, which inspired me. I have thus taken a cue from 
the vampire look, dress style and blood colour to integrate into my 
autumn 2011 collection. The runway shows are fully embodied with 
references to the movies in terms of models’ make-up, music, lights, 
sound, forest background (eg fighting scene), smoky and scary 
atmosphere…”  

 
To illustrate this, photo-1 depicts a diegetic innovation template taken from the 

Harry Potter movie in the form of Professor Severus Snape's cape. The imagery of the 
film inspired the Sunfed design which was shorter and used more elegant material. This 
cape became the best-selling item in Sunfed’s autumn 2011 collection. It is important 
to emphasise that the benefits to Sunfed from using the diegetic innovation template 
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method concern both the clothing design and the market socialisation aspects, giving 
them a competitive advantage in both. 

 

 
Photo 2. The Lord of the Rings Movie:  coat design inspirations (photos courtesy 

of Sunfed) 
 
By way of another example, photo-2 illustrates a diegetic innovation template from 

'The Return of the King’ movie (one of the ‘Lord of the Rings’ trilogy) that also takes 
the form of a coat. In this Sunfed mimicked the fur collar and used sophisticated fabric 
to capture the power and mystery from the magical world. As a result this design 
turned out to be another success for the fashion company's winter 2011 collection. 
In more general terms, Table 1 summarises the qualitative findings from the application 
of Diegetic Innovation Templating (DiT) to the design of Sunfeds main fashion lines.  
The nature of Sunfed (a fashion company) meant the ‘Diegetic Gap’ was particularly 
small and so the method was relatively easy for them to apply. As can be seen from 
reading their comments, these methods are core to the company's business strategy. 
Beyond the perceptions recorded in table 1, the introduction of DiT to Sunfed has 
changed its dynamic capabilities giving it a very short new product innovation cycle 
that outperforms its competitors.  Being based on films, DiT provides an almost 
‘endless’ stream of new ideas, enabling it to efficiently create new product concepts 
with a competitive edge. The speed of introducing DiT oriented new products becomes 
an effective means against copycats since it is difficult for competitors to keep up with 
the DiT process. The introduction of DiT into the design process involves 
understanding the Diegetic Gap of different sources of science fiction and choosing, 
tailoring and customising them to meet the company's needs. Also, successful 
implementation of such DiT-oriented strategies results from combined efforts, e.g. 
marketing communications, promotion, sales team, strategy, leadership and culture etc. 
The net result of mixing these aspects makes it difficult to identify a particular or a 
single casual factor for success, which in turn, mean it is almost impossible to be 
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imitated by competitors or purchased in the market, safeguarding such companies from 
flash competition [10].   

Table 1. Summary of Interview Data 

DiT Criteria Sunfed Fashion 

Perception Strong “… Science fiction films and stories provide interesting philosophies from 

different perspectives. I enjoy reading SF stories.” (President) 

“Science fiction gives new ideas and fantasy for our cloth design and 

creates a vision of what virtual reality we are taking our customers to.” 

(Designer) 

 Ideation Direct “… Taking creative ideas from science fiction movies, novels, and 

internet is our ‘secret weapon’ of idea generation. It plays very critical 

role in maintaining our leading design position ahead of the market 

competition.”  (President)  

Products 

linkage 

Explicit “…‘Harry Potter’ is the inspiration for ‘Magic Series Cloth’ and 

another best-seller design is based on ‘Twilight Breaking Down’ film 

series… (see more sample design photos as attached).” (Designer) 

Policy Deliberate  “… It is essential for our designers keep a close eye on popular 

films, science fiction elements, internet, TV shows and popular trends 

worldwide for new opportunities and new idea generation.” (President) 

“We play science fiction movies and tell fantasy stories in our 

regular training workshops to show employees the source of and links to 

creativity....” (Manager) 

Vision Customer-

oriented 

“…We will be the leading brand for a wide range of product 

portfolio.  Future technology will enable us to use high-tech materials to 

create new experience, unique style and quality reliability to the market 

and customers...” (President) 

“Future fashion market will become more generalized and 

converged at worldwide, thus it may require either highly integrated and 

standardized product for a mass market expansion” (Designer) 

“It might be a completely digital world and based on virtual online 

shops instead of physical present.” (Manager) 

Outcomes Product 

Oriented 

“… SFP plays very critical role in maintaining our leading design 

position ahead of the market competition…. We use the speed of launching 

new designs, constant updates and continuous creativity to beat the 

imitators as they can’t keep up with us and they don’t have the capabilities 

of creativity as we do.” (President) 

“Science fiction is the foundation and sources of ideas and 

imagination for extraordinary designers. Transforming the science fiction 

prototype to the reality is a creative process for product design.” 

(Designer) 
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This paper presents just one case from a much larger study of Digenetic Innovation 

Templating that monitored the application of this creative process in four Chinese 
companies over a number of years. Our motivation in writing this paper is to provide 
an introduction to Digenetic Innovation Templating, but for those requiring a deeper 
analysis than this paper allows, we refer you to our more substantial journal paper [11]. 

4. Conclusion 

In this paper we have introduced the concept of Diegetic Innovation Templating as a 
tool to identify and extract innovative ideas from entertainment fictions. The 
advantages of this approach over methods, such as Science Fiction Prototyping which 
involve writing bespoke fictions are that firstly, they offer a cost-free source of high-
value imaginative ideas which can be used by employees without creative writing skills. 
Secondly, the social roots of these fictions provide a currency that is shared across a 
broad section of society, providing strong synergy with branding and marketing. 
Thirdly, and for the same reasons, the process readily engages with a firm's workforce 
making it easier to implement.  However, the most significant contribution that 
Diegetic Innovation Prototyping brings to an organisation is its role as a tool for 
creative design where it provides an intrinsic framework for “thinking outside the box”.   

In addition to introducing Diegetic Innovation Templating we presented a metric 
called the ‘Diegetic Gap’ which describes how closely the fiction and actualised 
product or process is, and how relevant the proposed methods are to a particular 
industry, organisation or product. In our example of a fashion company, the ‘Diegetic 
Gap’ was particularly small and so the method was relatively easy for them to apply. 

Another interesting outcome of this research is that the impact of science fiction is 
multi-dimensional. Most prior studies have focused on technology innovations but 
through our example we show how the technique is also relevant to other types of 
company.   

 Finally, we hope our work has shown DiT can be useful to researchers, managers' 
scholars and policy-makers since it provides a possible means for improving innovation 
capabilities and a way to inject creativity so as to develop a competitive edge. We 
believe that it has important implications for the way in which managers can train and 
develop employee creativity to improve a firm's innovative capability.  
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Abstract. In the next decade a collection of technological and biological advances 
will enable incredible breakthroughs.  These advances will also reveal perils, 
threats and problems that have yet to be imagined.  In the legal domain strategic 
passivity may be the tradition, but it will only become more expensive. Disruptive 
global trends in innovation and technological development, increased needs for 
artificial and natural catastrophe risk management, and more complex domestic 
and transnational regulatory ecologies make reactivity impractical. Futurism, long 
term strategic foresight and particularly futurecasting paired with science fiction 
prototyping are effective tools to model and begin exploring these possible futures 
and their implications. The intersection of science fiction, futurism and the law 
gives firms the tools to not only imagine and understand possible futures but also 
lays out the specific steps that clients need to take to be ready for the complex 
legal and business realities that are coming. 
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Introduction 

We are living in a science fiction future.  As we enter the next decade the size of 
meaningful computational power will approach zero in size and volume.  Currently, 
labs are producing microprocessors that are 5 nanometers in size—that’s about 12 
atoms across.  From these tiny processors to the accelerating dissemination of super 
computers our world will be filled with computational intelligence. 

It is possible that in a not too distant future of smart cities, autonomous 
transportation, industrial strength artificial intelligence (AI), data mining, ubiquitous 
connectivity and intelligent environments we will essentially be living inside of 
computers.  Homes, business parks, metropolitan corridors and even the planet will 
have the ability to sense and compute.  This future has gone by many names, arguably 
the most popular coming from Mark Weiser’s vision of ubiquitous computing. [1] 

                                                             
1
 Michael Bennett: Associate Research Professor, School for the Future of Innovation in Society + The 

Center for Science and the Imagination, Lecturer in Law, Sandra Day O’Connor College of Law, Risk 
Innovation Lab, Arizona State University, PO Box 870309, Tempe, AZ 85287-0309. Email: 
mgbenne1@asu.edu 

2
 Brian David Johnson: Futurist and Fellow, Frost and Sullivan. Professor of Practice, School for the 

Future of Innovation in Society, Futurist in Residence, The Center for Science and the Imagination, Arizona 
State University, PO Box 870309, Tempe, AZ 85287-0309. Email: briandavid.johnson@frost.com 

 
 

Intelligent Environments 2016
P. Novais and S. Konomi (Eds.)

© 2016 The authors and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/978-1-61499-690-3-506

506



More recently commentators have called it the Internet of Things (IoT), but the reality 
of our future goes much further than that.  

In 2013 researchers at the Hinxton, U.K.-based European Bioinformatics Institute 
(EBI) inscribed all one hundred fifty-four of Shakespeare’s into DNA as binary 1s and 
0’s. [2] They also included an audio clip from Dr. Martin Luther King, Jr.’s “I Have A 
Dream" speech, a copy of Watson and Crick’s famous article on DNA, and, for good 
measure, a photo of EBI.  The researchers then stored this information in DNA and re-
encoded it back to binary with 100% accuracy.  The experiment served as a striking 
proof of concept: living organisms can be used as hard drives.    

The Journal Nature reported that “DNA storage should be apocalypse-proof. After 
a hypothetical global disaster, future generations might eventually find the stores and 
be able to read them. ‘They’d quickly notice that this isn’t DNA like anything they’ve 
seen.’ Says (Nick) Goldman”[3] 

In this one act and many that have followed researchers have vaporized the barrier 
between the digital and biological world.  University research labs and corporate 
product development departments will be able to program anything, giving us a world 
where every thing will have the ability to compute, sense and communicate. 

This may sound like science fiction, but it’s a plausible near-term future that 
could soon be a reality. 

How do researchers and professionals make sense of these coming futures?  How 
can companies, civil society organizations and governmental agencies identify 
opportunities and prepare for threats?  Futurism, long term strategic foresight and 
particularly futurecasting and science fiction prototyping are effective tools to model 
and begin investigating these possible futures and their implications.  In this paper we 
will explore how futurecasting and science fiction prototyping can work together to 
identify, model and interrogate these possible futures.  Additionally, we will apply 
these processes to firms, explain how they can become more future-centric and 
describe how they can provide their clients a broader range of services by identifying 
dark future precedents. 

1.�Futurecasting Process Overview 

Futurecasting is a process for developing actionable visions for the future.  
Combining a variety of disparate inputs, including social science, technical research, 
economics, trend analysis, cultural history, qualitative domain expert interviews and 
science fiction, futurecasting models what it will feel like to be a human and live ten, 
fifteen or even twenty years into the future.   

Futurecasting produces effects-based models.  These models do not attempt to 
describe the future of a specific product, organization or condition.  Futurecasting 
describes the desired effect that an organization might like to see realized or manifested 
in a decade’s time.  Conversely, depending upon the research inputs, the organization 
can also model the possible negative futures or effects that could occur.  From these 
effects-based models it is possible to examine multiple outcomes and a spectrum of 
futures.  These futures can be useful for organizations who are active in complex, 
difficult to characterize markets and regulatory environments. 

Once these futures have been developed, it’s possible to “turn around” and 
backcast, exploring the specific steps that need to be taken to get to these futures and 
avoid the negative outcomes.  Futurecasting identifies the steps or “gates” that 
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organizations can take to today, tomorrow and several years from now to actively shape 
their future.   

The process can also identify the “flag” or events that could occur independent of 
the organization’s actions, but that will nonetheless meaningfully impact the futures 
that have been modeled.  Traditional forms of scenario planning can be used to dive 
deeper into the implications and actions that could occur from these events. 

Ultimately the futurecasting process (see Figure 1.) combines a wide range of 
disparate research inputs, provides a framework to synthesize these inputs and develops 
multiple effects-based models.  These models describe a range of experiences that a 
person, organization or actor could have in the future.  These futures can and should 
span a spectrum running between the poles of the desirable and the undesirable.  Using 
these defined futures, it is possible to then describe specific actions that an organization 
would need to take to both achieve or avoid these futures.  Additionally, the 
futurecasting process gives organizations a framework to understand new or 
unexpected inputs and events, providing them a map to understand the possible impacts. 
 

 
Figure 1. Futurecasting process, illustrating the disparate inputs, futures creation and backcasting with 

specific actions (gates) and uncontrollable events (flags). 

2.�Science Fiction Prototyping Overview 

The core methodology of Science Fiction Prototyping (SFP) incorporates creative 
arts (for example, science fiction stories, comics, movies, art installations) as a means 
of introducing innovation into scientific and engineering practices, business activities 
and policymaking. The goal of the process is not to forecast or predict the future.  SFPs 
focus on inventing or imaging a possible future by exploring trends from research and 
futurecasting. 

SFPs allow organizations to investigate the human impacts that have been 
identified through the futurecasting process.  SFPs can scrutinize the political, ethical, 
legal and business impacts of these futures.  To do this the SFP process follows a 
simple set of rules. 

All stories have similar ingredients that drive the narrative, making them engaging 
enough for the reader to suspend disbelief.  Whether it be literature, motion pictures or 
comic books all stories or narratives contain: 
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1. A person;
2.� a scene (place); and 
3.� a set of problems. 

These three elements, when based upon the disparate inputs of futurecasting as 
well as the effects-based models that come from the process, provide the data to 
consider a wide range of impacts on culture, technology and economics. 

Building from this framework of three core elements of narrative, the SFP process 
uses five basic steps to assemble the narrative for each prototype (see Figure 2.).  

 
1.� Pick Your Science and Build Your World 
2.� Identify the Scientific Inflection Point 
3.� Consider the reciprocal interactions of the innovation and society 
4. Identify the Human Inflection Point
5.� Reflect on What Did We Learn? [4] 

 

 
Figure 2. Diagram of the 5 Step SFP process 

 
 
 
After examining the details of the narrative based on these five steps, the SFP 

practitioner can uncover specifics and nuanced outcomes that generally do not come 
from traditional scenario planning [5], day-in-the-life scenarios [6] or participatory 
design practices. [7]  These sometime subtle, often complex dramatized futures derived 
from futurecasting can generate significant insights into near- and mid-range futures 
that firms and clients will ultimately experience. In addition to spurring anticipatory 
nimbleness, these types of exercises regularly generate concrete means of increasing an 
organization’s value proposition to its clientele.  

3.�Futurecasting, Science Fiction Prototypes and Law 

Why have professional and legal communities remained so allergic to cultivating, 
exercising and applying their imaginations in practical ways? Even after the global 
economic crisis of 2007/2008 fundamentally transformed the global practice of law [8] 
and effectively decimated enrollments at most American law schools.  In the decade 
from 2004 to 2014 there has been approximately at 50% drop in enrollment in law 
schools.  Most law firms and law schools remain stuck in rearview mirror mode. They 
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typically react to external events and global trends with minimal creativity is their 
dominant long term approach. [9] 

Strategic passivity may be the legal world’s tradition, but it will only become more 
expensive. Disruptive global trends in innovation and technological development, 
increased needs for artificial and natural catastrophe risk management, and more 
complex domestic and transnational regulatory ecologies make reactivity impractical, 
possibly even self-destructive. 
For these reasons, the global legal industry is a particularly interesting site for the 
deployment of futurecasting and SFPs. Big Law, as well as medium-sized firms, 
boutiques and in-house counsel operations can benefit from an internal use of these 
methods, as well as from their integration into the services these entities currently 
provide to clients. 

 
The application of futurecasting and SFPs reveals a wide array of areas where law 

firms and practitioners can prepare for possible futures.  Specifically, it can be applied 
to challengingly turbulent, radically uncertain scenarios for a broad swath of clients and 
industries.  These dark future precedents can serve as thought experiments that are 
relevant to various aspects of legal service, including: risk modeling and catastrophe 
management; intellectual property valuation and advisement ranging from patenting 
strategies and prosecution to public image consultation to trade secret protection; long-
term contract drafting strategies for complex industry ecologies; toxic tort and other 
complex litigation strategies; high-value and esoteric-asset-based estate planning; and 
regulatory compliance in dynamic legal environments. 

3.1.�Dark Future Precedents: A Thought Experiment  

The following is a list of possible dark future precedents that can serve as thought 
experiments for how futurecasting and SFPs could be applied to turbulent, hyper-risky 
possible futures. 

•� The Machines Inside You 

Computational intelligence and the minimization of machines have progressed 
to the point that organizations, corporations and information technologists can 
turn anything into a computer.  What happens when these organizations and 
individuals can turn the human body into a computer?  Is there a tomorrow in 
which there are more machines inside the human body than outside in the 
world? 

 
•� A.I. Malpractice:  

Do you trust your computer more than your doctor?  What happens when AIs 
starts to make medical diagnosis and communicating unsupervised with 
patients?  How far does “self-diagnosis” go when a patient is working in 
tandem with an AI? 
 

•� Supertanker Logistics SNAFU: 
Self-driving cars.  Crewless supertankers.  Delivery drones.  The age of 
autonomous transportation of people and goods is just over the horizon.  But 
what happens when these systems fail?  How many different places can they 
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fail?  Could we reach the point where autonomous shipping via land and sea 
malfunctions and reduces the global supply chain to its knees? 
 

•� When Smart Cities make Stupid Decisions:  
At the intersection of Smart Cities and AI we could find metropolitan regions 
that can change and adapt to the power, resource and security needs of its 
population.  Also at this intersection we might find a lot of misinformation, 
bad data and even stupid decisions.  What happens when smart cities fail, 
infrastructure collapses and citizens are harmed?  
 

•� World War Robot 
Robots.  Drones.  Artificial Intelligence.  The world is rapidly moving to a 
state where machines will fight battles for countries.  But is this a future 
where no human life if lost in conflict while robots can spread war across the 
globe? 
 

•� Live Forever 
Calico.  Cytegen. Human Longevity Inc.  These are all science and research 
organizations that believe they can enable humans to live 150 years, 200 years 
or possibly even defer death all together.  Have life science researchers found 
the fountain of youth?  Could the humans species cheat death?  What would 
the world look like if no one died?  Who would be born?  Might these 
developments signal the approach of a final generation of humans?” 
 

•� The Human Organ Farm 
A child is born with a rare heart defect.  Without a transplant the baby will die.  
Genomic science and biotechnology have progressed to the point where it will 
be possible to grow human organs inside pigs and sheep.  Would a company 
grow the baby a new heart?  Will individuals soon prepare for a time when 
their heart or liver fails?  Where would these human organ-growing animals 
live and how mush would society be willing to rely on these chimeras?  
Would we stop at growing organs?  Would we sanction growing entire 
embryos within such modified animals?   
 

•� Space 2100 
Imagine humans reach Mars in 2030.  They began mining asteroids long 
before that.  Private space travel is no longer the hobby of the mega-rich.  It is 
now time for humans to take that one giant step from the Earth and begin 
living, working and making money in space.  But how do we address the 
coming legal issues?  Who, if anyone, owns the property rights on 
interplanetary or interstellar materials (e.g. comets)?  Who should take the 
responsibility for derelict space junk?  Who will insure these emerging space 
industries such as tourism, mining and energy production. 
 

These likely future events cannot be effectively dealt with after the fact. Legal 
practitioners need to anticipate them: neither law firms nor their clients can maintain 
retroactively oriented approaches to doing business and expect to survive, much less 
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prosper. And the legal academy, too, must become nimbler in its approach to 
addressing significant events that have not happened yet. 

A few within the legal profession are starting to realize that firms and practitioners 
need to find new approaches and services to prepare for the changes coming in the next 
decade.  Tony Williams was the managing director at Clifford Chance and when 
interviewed about this subject in the April 2016 edition of The American Lawyer 
commented: “Law firms have frankly been pretty poor at making investments in their 
core business, let alone developing areas outside the law, but they’re beginning to 
recognize that if you just stick to legal advice, you’re missing out on a lot of 
opportunities…The more differentiation you have, the less you have to compete purely 
on price.  Firms aren’t necessarily making huge investments [in nonlegal businesses] at 
this stage, but there seems to be much more of a willingness to experiment.” [10]  

A small number of radical, client-centric firms show signs shifting to a future-
oriented stance. For example, a few firms now offer “law-plus” services [11] that aim 
to proactively shape the regulatory ecologies within which clients are active. And as 
more clients realize the commodity-like nature of basic legal services, other firms are 
recognizing the value bump to clients that advisement followed by forward-looking 
implementation assistance offers over advisement alone. 

 
The genuinely innovative law firm, however, will meld legal consultancy and 

forecasting. This new type of firm will be as active in the legal industry as it is in the 
futures industry.  

 
We see the new future-centric legal venture having four critical traits: 
 

1.� Mixes the professional disciplines of law and futurecasting; 
 

2.� Helps clients understand the legal and business implications of actions in the 
past, present and across a range of plausible future scenarios; 

 
3.� Provides clients with analytical tools and frameworks that enable them to 

realize desirable futures; and  
 

4.� Gives clients and the firm a shared language to discuss these possible futures 
and concrete guidance as to how to move towards their realization  

4.�Conclusion  

Isaac Asimov, the legendary author of both science fiction and factual essays, noted 
that “Predicting the future is a hopeless, thankless task, with ridicule to begin with and, 
all too often, scorn to end with.”  Precise prediction is a fool’s game, but preparations 
for multiple desirable futures is the vocation of the wise.  The combination of science 
fiction, futurism and legal practice offers firms valuable new additions to their 
conventional toolbox.  This ne approach to advisement allows clients to not only 
systematically imagine and understand possible futures, but to also delineate specific 
preparatory steps that clients need to take before their already complex legal and 
business environments become even more so. 
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Abstract. This paper is concerned with models of the innovation process. It 
takes the perspective that innovation is a non-linear process where development 
paths emerge from the process of ‘imagining’ and ‘doing’, iterating around in 
evolutionary cycles until a satisfactory innovation emerges. To support this we 
have developed a model of the innovation process called Creative Innovation 
Development (CID), which integrates an evolutionary ideation process (an aug-
mented version of science fiction prototyping) with agile development. The pa-
per describes the working of the model and its components. We illustrate the op-
eration of CID by describing how it is being utilised by a start-up company, Liv-
ingPattern Technology Inc. Finally, the paper concludes by presenting future di-
rections for our work.  

Keywords. Innovation, creativity, creative thinking, new product develop-
ment, scenario, business model, science fiction prototyping, imagination work-
shop, entrepreneurship 

1. Introduction 

“Humans are pattern-seeking story-telling animals, and we are quite adept at telling 
stories about patterns, whether they exist or not.” ― Michael Shermer 
 
From one perspective businesses are all about stories. Often the birth of business 
starts as an idea in the founders' head that he communicates to others by describing 
his vision or describing it in a business plan. Other people listen or read this story and 
become convinced of the vision, coming on-board. Later the business may use other 
stories for marketing to present customer with persuasive scenarios that encourage 
them to buy their goods. Within the company organisation much of management is 
facilitated through stories such as sales-people reporting back on their experiences in 
the field or engineers explaining to management about problems being solved etc.  Of 
course this is just one perspective on a company's operation, but an interesting one, 
that ties into broader theories of the role of stories in the development of society [1]. 
This paper builds on these ideas by identifying well-established theories and method-
ologies and combining them to create what we hope is a fresh and effective way to 
explore the innovation development process within companies large and small.  
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We argue that such work is particularly timely as, for example, recent report by 
PricewaterhouseCoopers, the largest professional services firm in the world, found 
that “Five years ago, globalisation would have been the most powerful lever for 
growth and every business would have been talking about China. But now, the growth 
lever that has the greatest impact is innovation. Ninety three percent of executives tell 
us that organic growth through innovation will drive the greater proportion of their 
revenue growth” [2]. Thus, developing tools that support business innovation in all its 
forms is foremost on the minds of company strategists. In this paper we focus on two 
related methodologies for business innovation, Science Fiction Prototyping [3] and 
Diegetic Innovation Templating (DiT) [4] which, respectively, involve writing be-
spoke fiction or using the output of professional authors through novels and films. Of 
course creating a successful product is more than just imagining it. It needs to be fit-
ted into a development cycle that will turn it into a practical innovation which can be 
delivered as part of a company's business. Thus, this paper also explores the wider 
innovation development process. To contextualise this we provide an example of a 
recent start-up LivingPattern Technology Inc. who are using these methods as part of 
various business activities from service innovation through to marketing. In the fol-
lowing sections we describe the model and methodologies, showing how they com-
bine together to create a novel and effective innovation development process that can 
be used by a wide variety of companies. 

2. Fiction and Ideation 

From one perspective, whenever we go about our lives, we are creating stories. Of 
course, unless we keep a diary, or we are very famous, those are unwritten stories. But 
even though we are not famous, our families and friends are often interested in those 
stories, describing how our day went, the people we met or the unexpected experienc-
es we encountered. For instance, when we buy a new phone, we might tell our friends 
about how it improves our lives, which might persuade them to buy a similar phone. 
Thus stories have been powerful instruments of change since the beginning of time, 
helping people think about the future they may create. A striking tale from our times 
comes from the Intel Corporation who make the integrated circuits (microchips) that 
go into our electronic and computing devices. Typically it takes around 7-10 years to 
turn a concept for a new microchip into a product, in which time the needs for that 
chip have changed. Thus Intel had a need to get their designers to think about the 
future. The method they chose was to use science fiction as a language for innovation 
and futurecasting. That process is described in more detail in other publications [3]. 
However there are many styles of fiction, some bespoke that are written deliberately 
to describe innovations and others that were written to entertain. Likewise some fic-
tions, such as science fiction, might be closely connected to a given market (eg tech-
nology) and other fictions (eg fantasy) might not. Thus it is necessary to have a way 
for representing the gap between fictional and realisable artefacts, which is more for-
mally labelled the ‘Diegetic Gap’.  
    Diegetic is a term from the film industry that describes artefacts that the fictional 
characters perceive and interact with. A common example is music in films; music 
emanating from a radio being used by the characters would be a diegetic artefact 
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whereas the sound track music, which is not heard by the film characters, would not 
be. The film scholar David Kirby described these diegetic artefacts as a means of 
illustrating [5] how films can serve to introduce society to a technological change and 
opportunity. Later Schwarz showed such socio-cultural fictions had social currency 
that supported company sales since the ideas were often well established in a firms 
market [6]. Zheng adopted these concepts to create what she labelled Diegetic Innova-
tion Template (DiT), which can be regarded as a type of stencil or outline for an inno-
vation that is derived deliberately as part of a product development strategy from a 
fictional narrative or film [4]. Our methods work with either Science Fiction Prototyp-
ing (writing bespoke fiction) or Diegetic Innovation Templating (using existing socio-
cultural fictions).  
    Wu proposed the idea of ‘innovation triangle’ that acts as the foundation of creating 
so-called “Imagination Workshop” which aims to provide the means to induce tech-
nology-based innovation, entrepreneurship, and ultimately new ventures, by drawing 
on technologies, imagination, and creativity for building the vision of future business 
[7]. She describes Imagination Workshop as a visionary futurecasting method derived 
from Johnson’s Science Fiction Prototyping (SFP) method [3]. Johnson designed SFP 
to test their innovative ideas within a realistic setting, comprising fictional people and 
society but described in realistic way. Wu extended Johnson's concept by proposing 
what she called ‘cyclic SFP’ which introduced non-linearity into the SFP creation 
process by introducing a series of feedback loops aimed at introducing more cross-
pollination and incremental ideation, which she argued better mapped to the human 
creative process. She conducted this process within the framework of Imagination 
Workshop, which acts as a catalyst to create new SFPs inspired or used on existing 
DiTs. The principle of an Imagination Workshop is to gather together a group of par-
ticipants, specify a goal (innovating some types of business or technology), provide a 
context (eg business, home etc.), set a timeline (usually ten or more years in the future) 
and offer support for brainstorming about possible futures. The aim of the workshop 
is to get the participants’ to conduct a “mind simulation” of a future world (envision-
ing what the world might be like and the type of businesses and technologies that may 
exist, or they would like to exist). 
    SFP and DiT lever imagination to generate innovative perspectives. However, as 
companies need to implement these ideas, part of the process involves grounding the 
ideas in the practicality of what is possible. There are many approaches to this one 
good example being what we term an ‘Ideation Grounding Spiral’ that was proposed 
by Vavoula and Sharples as part of a methodology they called the ‘Future Technology 
Workshop’ (FTW) [8]. The workshop was presented as a method for the design of 
future socio-technical system. In simplified terms the method works by the partici-
pants taking the idea and looking at it through a lens of multiple perspectives. For 
example participants may start by searching for idea in a future time (eg 10 years out) 
where technologies will exist that don’t now, where needs (or applications) exist that 
don't now and then re-examining those in the context of now, making changes to the 
ideas to make them more practical. Then the cycle is repeated by taking this idea back 
to the future context and adapting it to what is likely to be possible, before returning 
to the present. This cycle is repeated until the idea stabilises. The Vavoula and 
Sharples model is more complex, involving two additional perspectives, but thy claim 
it stabilises in 2-3 cycles. The FTW uses a simplified version of this that alternates 
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between the future and present simply called the alternating ideation grounding cycle. 
Thus the process works by moving around a type of spiral moulding and reforming 
earlier conceptions to eventually ground the ideas in the reality of a compromise be-
tween what is possible and desirable. In short, FTW is facilitated by three steps; 1) 
brainstorming, 2) ranking and grounding, and 3) presentations. Diegetic Innovation 
Templating, Science Fiction Prototyping, Imagination Workshops, and Future Tech-
nology Workshops are all means to bring imagination from ideation to narratives that 
help innovation development.  

3. Innovation Labs as Creative Thinking Environments for Business 

The innovation-lab (i-Lab) concept arose from the UK Royal Mail’s ‘Futures and 
Innovation Group’ in 1997 who, when brainstorming future possibilities realised that 
the interactions within the groups, together with the conversational and session man-
agement tools played a significant role in the effectiveness of the sessions. This led to 
the idea for providing specialist environments to support these activities, the i-Lab, 
which entered the public domain through a series of three collaborative projects be-
tween the Royal Mail and several universities in the East of England (East Anglia, 
Cambridge, Essex, Bedfordshire and Anglia Ruskin) [9]. Their findings led to the 
description of a template that specified a minimum set of conditions to recreate an 
innovation-lab. In brief they proposed that an i-Lab should comprise three interlinking 
components namely the environment, the technology and the facilitation mechanisms 
together with s mix of the following activities: 

 

� Icebreaker and reviver activities 
� Discussion & getting other people’s perspectives 
� Brainstorming & voting 
� Headlines, cut & paste collages and PowerPoint presentations 
� Wall activities (collaborative writing, doodling etc) 
� Scenario building 
� Role play 

 

    At the core of the process was brainstorming, a technique for unleashing a flood of 
thoughts driven by members sparking ideas off each other, or carefully injected exter-
nal stimulus. Having generated sufficient ideas, a group would go on to categorise, 
rationalise and vote on the suggestions. Implementing the ideas is more challenging 
and occurs beyond the i-Lab session.  
    This work was taken forward by two pan-European projects funded by EU Leonar-
do da Vinci programme, namely ‘The European i-Lab Competences Development 
Programme’ (2006–2008) and ‘The Innovation Laboratories for the Quality Assur-
ance of Vocational Education and Training’ (2012-2014) [10] which produced the 
‘Innovation laboratory – Good Practice Guide’ [11] all of which aimed at the promo-
tion of i-Lab use throughout Europe. Initially it led to the establishment of three inno-
vation laboratories in Poland, Turkey and Romania and later over 100 globally-
located i-Labs (from social to technical) created by organisations as diverse as the 
Standard Bank, Walmart, John Lewis, the UK National Health Service, Ryan Air and 
government (eg New York’s ‘Public Policy Lab’ or the ‘Social Innovation Lab for 

H.-Y. Wu and V. Callaghan / From Imagination to Innovation: A Creative Development Process 517



 

 
 

Kent’) [12]. In addition to expanding physically, the Internet has enabled a virtual 
expansion of the concept with the introduction of web-based software which provides 
anonymity while supporting ideation, voting and ranking process in addition to 
providing access to a rich range of information [13]. Moreover, the computerisation 
and online networking of i-Labs opens up intriguing possibilities for enriching the 
innovation process derived from the location-independence of participants. For exam-
ple, in China it’s being used to mix creative thinking, computer science and learning 
English language [14]. In the USA, it’s being used to address global innovation prob-
lems such as internationalised business design and cross-border environmental issues. 
Later in this paper we will link in this computerisation of innovation to our future 
plans. In particular, in our variant of i-Labs we adopt the Imagination Workshop ap-
proach to the innovation that was described earlier in this paper. It is similar to the i-
Labs described above except it uses science fiction and fantasy ideas to extrapolate 
forward current technologies, business and social practices.  

4. Managing Innovation Development 

4.1.  An Innovation Process Perspective 

Tidd and Bessant deal with the topic of innovation management, management of 
technology, new product development and entrepreneurship with a process perspec-
tive in their book “Managing Innovation: Integrating Technological, Market and 
Organizational Change” [15]. Many regard innovation as being a little unstructured 
in nature but in the view of Tidd and Bessant, innovation can be managed with a 
proper process. Before discussing managing innovation, it is helpful to have a shared 
understanding of what innovation is. Typical dimensions of innovation are product 
innovation, process innovation, position innovation and paradigm innovation. Gener-
ally, it represents changes in ways something (eg products/services) are created and 
delivered, in the context in which they are introduced, and in the underlying mental 
models which frame what the organization does. Innovation might occur when there 
is emergence of new market, new technology, or new political rules. Other influencers 
include competitive pressures, dramatic change in market sentiment or behaviour, 
deregulation/shifts in regulatory regime, fractures along ‘fault lines’, unthinkable 
events, and business model innovation, architectural innovation, and shifts in techno-
economic paradigm (systemic changes which impact whole sectors or even whole 
societies). Tidd and Bessant’s process model of managing innovation is quite com-
plex, consisting of entrepreneurial goals and context, recognition of opportunity, find-
ing resources, developing venture and creating value. They state that innovation is a 
learning process, not a single event and needs to be managed with building and devel-
oping routines across the core process [15].  

4.2. A Development Process Perspective (Agile Development) 

As has been noted by various researchers, innovation is often a non-linear process 
[15]. For example Ulrich and Eppinger describe the product development process as a 
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structured flow of activity and information Three types of process flow diagrams are 
proposed for different types of products; the generic process flow diagram depicts the 
process used to develop market-pull, technology-push, platform, process-intensive, 
customized and high-risk products. Whereas quick-build products enable a spiral 
product development process whereby detailed design, prototyping and test activities 
are repeated several times. For development of complex systems, the decomposition 
is designed into parallel stages of work on many subsystems and components. [16] 
Wu’s Cyclic-SFP supports complex cycles that are associated with a process of con-
tinually revisiting and refining a design. Such flexibility is important to any creative 
process as is often evidenced where artists continually modify their designs until 
achieving something they are satisfied with. The technical equivalent of this is Agile 
Development, which provides flexibility as its core principle allowing requirements 
and solutions to evolve through self-organizing collaboration between cross-
functional teams. In this way it achieves enormous flexibility and promotes adaptive 
planning that enables continuous improvement or response to change. This lack of a 
rigid plan can present risks, such as development never drawing to a conclusion, so 
generally there is a balance involved between setting and measuring high-level goals 
while allowing freedom to the design team. This balance is down to particular com-
panies and in the case of LivingPattern Technology Inc. is synchronised to the science 
fiction prototyping innovation activity to form an Agile Cyclic-SFP based Innovation 
Process that will be illustrated below. 

5. Creative Innovation Development - A Holistic Model for Product Innovation 

In the preceding discussion we have introduced some powerful ideas to support the 
innovation process ranging from the use of science-fiction (to inspire creative think-
ing), through a Cyclic SFP-based innovation process (as part of an Imagination Work-
shop), Agile Development (as a flexible iterative means of evolving software design) 
and Innovation-Labs (as an environment that is conducive to creative thinking). In 
terms of innovation, these methodologies share the principle that development (sys-
tems or stories) is a non-linear process.  
 

Table 1 Creative Innovation Development Phases and Activities 
CID PHASES CID ACTIVITIES 

1. Pre-condition Set the scope of the ideation to match the firms needs 
2. Ideation Brainstorming that conforms to the Imagination Workshop methodology 
3. Feature Listing Scenarios & the innovation are mapped into features. Features are assigned 

values; 0 if the feature is undesirable, 1 if the feature is nice but optional to 
have, 2 if the feature is essential. Points from an assessment panel are 
aggregated which prioritise the features and help select best option.  

4. SFP building  Scenario building that conforms to the Imagination Workshop methodology 
5. Test & Development Start development and assess difficulty in realising features (and feedback 

relative difficulties to earlier phases for options to be revisited) 
6. Delivery Refine the product to deliver to customers. 
7. Market-tuning Use feedback from customers to make small improvements  

 
    Whether it is a story or a system that is being constructed, these processes involve 
shaping ideas in both iterative and evolutionary ways. Moreover we see a duality 
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between stories and real-life where narrative scenarios can function as prototypes, 
having equivalence to physical prototypes. In these ways there is a complementary 
symmetry that could be exploited by bringing these concepts together to form a holis-
tic model of the innovation development process. However, before we do this, we 
need also to consider how these processes can be brought together in a way that 
grounds them in the practicalities of introducing a new product to the market, which is, 
of course, the ultimate aim of these methods. To do this, we have refined Wu’s origi-
nal Imagination Workshops concept in two main ways; first we introduced a ‘pre-
condition stage’ to the beginning of Imagination Workshop that allows the scope of 
the brainstorming to be set to meet the company’s aims, which includes the product 
domain and timescales. Second we have added a ‘retro-action stage’ that enables the 
post-ideation outputs to be modified as part of an evolutionary cycle that grounds the 
product concepts in the practical constraints faced by the firm. Table 1 describes the 
various stages in this new and more holistic model of the innovation product devel-
opment cycle that we refer to as Creative Innovation Development (CID). A dia-
grammatic version of this model, CID, is shown in figure 1.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 - The ‘Creative Innovation Development’ (CID) Model 
 
    From another perspective it can be seen that ‘agile development’ forms a bridge 
between the technical and conceptual development teams since both work in acyclic 
and reflective way where the work of one influences the work of the other. The model 
is independent of the environment but it may be seen as being compatible with the 
innovation-lab concept since it can be set inside either a physical i-Lab environment 
(as described earlier in the paper) or a virtual one (eg someone's office). 
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6. A Case Study: LivingPattern Technology Inc. 

6.1. About LivingPattern Technology Inc.  

LivingPattern Technology Inc. is a start-up company focusing on profiling living 
patterns to introduce products and services that supports people's everyday life. The 
company has created a cloud platform that collects data from Internet-of-Things de-
vices to provide commercial services for home automation, security and healthcare 
applications. The start-up has the backing of a large electronic manufacturing service 
company and an experienced security sensor manufacturer. In making the case for 
funding, and as part of its marketing, the start-up created various scenarios to help 
investors better understand the benefits of the technology and how it could support 
people’s life. The company’s vision is to provide innovative, simple, affordable, con-
sistent and fun solutions for its customers, conveying the image of a better tomorrow. 
In achieving its goals, the company applies agile development, CID as an innovation 
strategy to explore how people might harness living patterns to improve their every-
day life. The company believes that technology is only useful and meaningful when it 
can serve the needs from people and their lives and CID helps the company and its 
customers connect to those shared values. 

6.2. Exploring New Living Pattern Opportunities 

“To live on a day-to-day basis is insufficient for human beings; we need to transcend, 
transport, escape; we need meaning, understanding, and explanation; we need to see 
over-all patterns in our lives. We need hope, the sense of a future. And we need free-
dom (or, at least, the illusion of freedom) to get beyond ourselves, whether with tele-
scopes and microscopes and our ever-burgeoning technology, or in states of mind 
that allows us to travel to other worlds, to rise above our immediate surroundings. 
We may seek, too, a relaxing of inhibitions that makes it easier to bond with each 
other, or transports that make our consciousness of time and mortality easier to bear. 
We seek a holiday from our inner and outer restrictions, a more intense sense of the 
here and now, the beauty and value of the world we live in.” ― Oliver Sacks 
 
During the Chinese Smart Home Expo during 19th and 21st of May 2016, experts 
pointed out bottlenecks in the smart home industry. For the last two years smart home 
products have encountered problems of falling sales, homogeneity, poor user experi-
ence and other issues. In China, there is no established industrial standard, the smart 
home is not intelligent, user demand has remained flat, and the enterprise business 
model is not clear [17]. In contrast, in the USA, Amazon Echo and the forthcoming 
Google Home are bringing a revolutionary experience to the home market. People are 
expecting new technologies to create new sensations in their life. Without proper tools 
and techniques, it is difficult to think beyond now, not to mention the change of be-
haviour that new technologies will enable. By creating new stories of people’s daily 
life that describes new patterns of individual’s lifestyle, LivingPattern Technology Inc. 
is creating scenarios that open people to the possibilities and benefits, which their 
technology can provide.   
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6.3. Deploying CID in LivingPattern Technology Inc. 

As described above, a central aim of LivingPattern Technology Inc. is to harness the 
habitual behaviours of people (living patterns) to create novel services and business 
opportunities. The services LivingPattern Technology Inc. provides are largely creat-
ed by writing software that customises Internet-of-Things hardware to provide benefi-
cial services (meeting needs) wrapped in an attractive experience to customers (mak-
ing the product attractive). By way of one example LivingPattern Technology Inc. 
held a CID session where the pre-conditions were defined as setting the scope to 
Smart Home Technology that was implementable in the next 6-12 months. A brain-
storming session identified a vision (concept) where ‘the smart home is a container of 
memories’. In this, living patterns (behaviours) become analogous to picture images 
creating a framework where the two can be intertwined to create new, attractive and 
useful service (these are not disclosed here since they are still under development and 
confidential to the company). To provide an insight to what is involved, before adopt-
ing CID, the ideation and feature listing process consumed (intermittently) a period of 
some 4 weeks and the team found it difficult to narrow down the scope. However, 
with CID, the team took only 2 hours to run the Imagination Workshop from ideation 
to the discussion of scenario building, and eventually successfully prioritised the top 6 
features to be developed from a list of 23 features. The practice has helped the team 
shorten the time from ideation to development. From the company’s experience, we 
found that the advantage of these methods to a startup is that they are not dependent 
on the pre-existence of any innovation structures and all members can readily partici-
pate without costly training (everyone can understand the concept of stories!). While 
we haven’t implemented CID within more established organisations, we hypothesis 
that these techniques would work well to re-innovate failed products or to create new 
generations of existing products, giving them an innovative edge.  
    In the longer term we are considering the benefits of integrating CID into market-
ing campaigns (getting feedback from potential customers) and utilising an online i-
Lab, which would give the methods greater global reach [9].  

7. Conclusion 

In this paper we introduced the idea of using stories as a core instrument for business 
innovation. We discussed how stories already play an important role in company 
planning and communications and explained how through the use of diegetic proto-
typing, stories can be extended into business innovation practice. Moreover the paper 
noted that innovation is not a linear process and proposed a new holistic model for 
driving innovation from imagination (conceptualisation) through to market deploy-
ment using a model we refer to as Creative Innovation Development (CID). We ex-
plained how CID was derived from the earlier Cyclic-SFP model of innovation and 
the overarching Imagination Workshop innovation process. In linking the ideation and 
implementation processes together we have also been inspired by the agile develop-
ment methodology. We have illustrated the operation of CID through a case study, 
describing how it is used in a start-up company, Living Patterns Technology Inc. 
From this experience we suggest that the CID model is especially useful to startups as 

H.-Y. Wu and V. Callaghan / From Imagination to Innovation: A Creative Development Process522



 

 
 

these agile innovation methodologies lend themselves well to companies that have no 
established procedures or expertise in these areas and who need to rely on a handful 
of competent, but overworked individuals for their creative input. Furthermore we 
argued that these methods would also be effective for companies  wishing to upgrade 
existing projects with new features to give them a competitive edge. In terms of future 
work we would like to enlarge our case studies exploring more diverse products and 
companies together with exploring how we might better harness the power of the 
Internet through, for example, implementing CID within an online innovation-lab 
environment. While CID is still at an embryonic stage of development, we hope that 
at least from a theoretical perspective, the method can be seen to have much potential.  
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Abstract. Many research prototypes and commercial wearable devices have 
features for detecting health-related data and providing feedback or reflection to 
their users. However, due to the development of social network and Internet of 
Things, the social aspects of wearable devices could be far more enriching. In this 
paper, we describe the concept, design and implementation of i-Ribbon, a 
wearable ribbon to show a user’s weight-loss efforts. i-Ribbon has two types of 
function: to symbolize the support of weight-loss efforts, and to present the user’s 
amount of physical activity. These features provide a subtle social channel for 
people who are struggling with overweight to show their efforts and determination, 
especially before they obviously become less overweight. Prototypes have been 
made to evaluate the concept. Feedback from participants has been collected and 
analysed. We summarize the findings and discuss the options for future work. 

Keywords. social interaction; self-expression; wearable; ribbon; weight loss; 
health; symbol; behaviour change 

1. Introduction 

In recent years, there has been a proliferation of wearable technologies for fitness and 
weight loss. Devices such as Fitbit Flex, Jawbone UP and Garmin Vivofit provide 
similar services for users to track and manage their physical activities. Most of these 
services consist of a wearable device for activity tracking and a mobile or web 
application for logging, visualization and reflection. With these wearable devices and 
applications, users could have a better understanding of their physical condition. 
However, in addition to self-management, social interaction can also be an important 
factor to be taken into account.  

The starting point of the work described in this paper is the Obesity Awareness 
Ribbon designed by Dr. Gerbrand van Hout and described in his book [21] (Figure 1) 
and an article [22] which were published in 2015. 

Wearable devices that people wear in their daily lives, similar to clothing and 
jewellery, can play an important role in social expression. Unlike the expressive 
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features of conventional apparel, social expression through a wearable device is not 
limited to the variation of style, material and colour. With the help of social network 
platform and Internet of Things (IoT) technology, wearable devices may present 
dynamic, multi-dimensional and meaningful information. 

In this paper, we present i-Ribbon, a wrist-worn wearable device that shows the 
wearer’s weight-loss efforts through an awareness ribbon and a dynamic pattern. With 
early prototypes, we conducted interviews to evaluate the preliminary design concept. 
Reflection upon the design and evaluation process improved our understanding on how 
social expression through wearable devices can support weight-loss efforts.  

2. Related Work 

Ribbon wearing is a conventional social expressive behaviour, people wearing different 
ribbons to show awareness, solidarity or mourning. Moore [16] explored the 
sociological implications of awareness ribbons and interprets ribbon wearing as “a 
particularly salient example of how we attempt to traverse the perceived gap of the 
private, essential self and the social, knowable self.” Van Hout [22] proposed an 
Obesity Awareness Ribbon to support people who are losing weight or struggling with 
obesity. 

 
Figure 1. The book of Gerbrand van Hout, entitled “U Verdient een Lintje!” (in Dutch) which means “You 
deserve a ribbon!” The cover of the book shows the physical version of the ribbon which is given by 
Gerbrand van Hout to his patients, colleagues (in the Obesity Centre of Catharina hospital in Eindhoven) and 
other people supporting weight-loss efforts. 

In addition to ribbon wearing, some prior research employs wearable technologies as a 
platform for social expression [4], [6], [7], information is represented through wearable 
devices not only to the wearer but also to people in his or her proximity [18]. Moere et 
al. [15] mapped the wearer’s historical behaviour data into a wearable folding display 
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to provide a novel form of self-expression. Other information such as distance between 
people [8], common interests [10] and activity log [11] have also been represented 
through a variety of wearable devices. Fajardo et al. [3] compared the abstract and 
overt visualization of skin conductivity on a wearable display device and proposed a 
contextual wearable display model to describe the relationships between wearable 
device, its wearer and onlookers.  

As wearable devices have become increasingly ubiquitous, health-related 
information such as heart rate, steps and calories can be easily detected and shared. 
Several previous efforts integrated health-related information into social interaction to 
motivate physical exercise and support the weight loss process. Strategies which have 
been used include socially sharing heart rate data [2], [14], [20], [23], heart beat rhythm 
[13], [17] and activity level [1], [12]. 

3. Design of i-Ribbon 

3.1. Initial explorations 

In the very first iteration we explored the idea of preserving the essence of van Hout’s 
Obesity Awareness Ribbon but somehow enhance its expressive feature through digital 
means. We did not define precisely what “digital” is, but worked in a hands-on manner 
to identify the range of possibilities. Starting with the concept of digital yellow ribbon, 
literature research on awareness ribbon, ribbon culture, ribbon wearing and pink ribbon 
was carried out [7], [16], [19]. Several prototypes were made to explore the 
possibilities of a digital yellow ribbon.  Figure 2 shows the explorations on ribbon 
wearing behaviours and potential interaction related to a digital yellow ribbon.  

 
Figure 2. The upper four pictures showing the explorations on ribbon wearing behaviour and the lower 
pictures showing the potential interaction related to a digital yellow ribbon 

Through the simple models shows in Figure 3, we explored visual and tactile 
outputs on the yellow ribbon through LED and vibration actuators. These outputs could 
enrich the ribbon’s social expression attributes through carrying meaningful 
information like body temperature, feedback on movement, or personal statement 
transmitted from social media platforms. Although we did not connect the digital 
ribbon with other applications via Bluetooth etc., it is clear that this could be done 
technically. We identified possibilities of richer visual output and other modalities such 
as audio feedback and digital storage (through non-functional demos), see Figure 4. 
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Figure 3. Two versions of the digital yellow ribbon, the first two pictures showing a concept based on visual 
output, the last two pictures showing the tactile output (vibration). 

  
Figure 4. Additional possibilities for the digital yellow ribbon. 

 
Evaluation through interviews was carried out and provided some inspiring 

feedback. We asked two persons with weight loss experience for their opinion showing 
the models of Figure 2, 3 and 4. The most important finding from this exploration was 
that users would like to show not just the symbol, but also their efforts made in the 
weight loss process through more expressive ways. 

3.2. Concept 

According to the findings of these initial explorations, we designed i-Ribbon, a wrist-
worn wearable device that expresses the wearer’s weight-loss efforts. Based on the 
Obesity Awareness Ribbon, a dynamic pattern which represents the wearer’s physical 
activity was integrated with the conventional ribbon to enhance its social 
expressiveness. The pattern on i-Ribbon change according to the wearer’s amount of 
physical activity (reflected by steps, distance and floors), see Figure 6. The wearer can 
also personalize the expression of i-Ribbon through a mobile application. Therefore, 
the concept of i-Ribbon consists of two parts: 
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• A wrist-worn device, which is visible to onlookers and carries symbolic 
meanings. At the same time, it has a built-in accelerometer to detect 
movements, similar to other commercial activity trackers. 

• A mobile application, providing an additional interface, which would not fit 
on the limited size of the wrist-worn device.  

Traditional ribbons are worn on different body locations in multiple ways. The decision 
to make i-Ribbon a wrist-worn device was motivated by the following factors: first of 
all, the wrist is a body location that can be seen by both the wearer and onlooker. 
Therefore, a wrist-worn device offers the opportunity for the wearer to express more 
actively [3]. Additionally, the wearers can conceal the device worn on their wrist, so 
they will have more freedom to decide where and when to show i-Ribbon to others. 
Moreover, as a product designed to support weight loss, a wrist-worn device will not 
cause inconvenience in most physical activities. 

  
Figure 5. Model of the wrist-worn device and the mobile application of i-Ribbon (non-functional mock-up). 

3.3. Prototype 

Instead of creating the fully implemented wrist-worn ribbon (which would be too 
expensive and time-consuming at this stage) we created two complementary parts, the 
first part being a mock-up of the physical part of i-Ribbon and its mobile application 
(Figure 5), the other part being a screen-based simulation of the dynamic pattern 
(Figure 6).  

4. Evaluation of i-Ribbon 

4.1. Participants 

We recruited three participants with the experience of weight loss (two males and one 
female), one of them is currently being overweight (P3) and the other two have 
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previous experience of overweight (P1 and P2). All the participants have strong 
interests in the topic related to weight loss and physical activity. 

 
Figure 6. Model of the wrist-worn device of i-Ribbon (screen-based simulation of the surface). 

4.2. Material 

The mock-ups (Figure 5 and 6) were provided to each participant to help them 
understand the concept and the working mechanism of i-Ribbon. 

4.3. Procedure 

One-on-one semi-structured interviews were conducted. As a start, we asked several 
basic questions on personal experience and opinions about weight loss. The 
participants were then asked to experience the i-Ribbon with mock-ups (Figure 5 and 
6).  After that, we asked a series of questions following the Think Aloud Protocol [9] 
according to their feeling and experience of i-Ribbon. Finally, the participants were 
asked to imagine the potential functions and social attributes of i-Ribbon in addition to 
the presented concepts.  

N. Yang et al. / i-Ribbon: Social Expression Through Wearables to Support Weight-Loss Efforts 529



4.4. Results 

4.4.1. Showing weight-loss efforts 

The participants’ overall impression of the idea of showing weight-loss efforts through 
i-Ribbon were positive. All of them found it helpful to have such a social expression 
channel. P3 emphasized that the appreciation from friends will be motivating for him: 
“…I think it is interesting and also important, to let people know that I am exercising 
and making efforts. And if I get any sort of appreciation from my friends, it motivates 
me and makes me go further.” P2 is a user of Fitbit, she compared her experience of i-
Ribbon to Fitbit Flex: “… this way (the idea of i-Ribbon) is better, I like the idea that it 
(the dynamic pattern on i-Ribbon) can spread after you did some exercise…people may 
see that you do workout a lot today and show a little bit respect.” From the perspective 
of onlookers, P1 believed that wearing of i-Ribbon is a sign of hardworking on weight 
loss, and confirmed that he valued the efforts rather than result in weight-loss progress: 
“If I meet somebody, and I see this device. It shows that they are really working 
hard…the efforts matters, not the outcome. He did something, and that is more 
important for me.” 

4.4.2. The role in social interaction  

Two participants mapped the use of i-Ribbon into their previous experience of social 
interaction related to weight loss. P2 described the device as a gentle and subtle show 
of what she did. She recalled a scene during the dinner: “…in a round table everyone is 
eating, somebody may ask me ‘do you want to try that?’ I actually need to tell them I 
am losing weight, so I can't eat dessert. This (i-Ribbon) could be a kind of subtle hint or 
something, that I am losing weight recently, not because your food is not good.” P3 
thought it will be beneficial to show the device when talking to people who are not 
losing weight, stating: “Gently, when you just talk, you can show some evidence to 
prove yourself even better…it’s a better way to show (i-Ribbon) than just talk, it’s a 
kind of natural conversation.” It is also worth noting that both P2 and P3 used similar 
terms like “gentle”, “subtle” and “natural” to describe the role of i-Ribbon in social 
interaction with others.  

4.4.3. Symbolic meaning of the ribbon 

When being asked about the ribbon showed in the centre of the device (originally 
designed by van Hout) [21], [22]. P1 and P3 emphasized the ribbon is an important 
symbol for losing weight. P1 said: “If I see a band, it could be everything. But if I see 
the symbol, Oh, it's the band for losing weight, the symbol is very important.” P3 
considered the ribbon as symbol that makes i-Ribbon a serious product rather than a 
toy: “I think if you have this ribbon, they know it’s not just a toy, the ribbon holds the 
meaning.” While P2 worried that not everybody knows the ribbon stands for weight 
loss, so he might have to explain this to others. 

All the participants insisted that they preferred to wear the ribbon which was 
designed for everyone who was making efforts on losing weight and enjoyed physical 
activity. They did not want to be labelled as overweight or obese when wearing this 
ribbon, as P1 said: “If anybody who enjoy workout can wear this, it’s not like you are 
becoming depressed, it’s becoming a good thing you are doing, and everybody will 
encourage.” 
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4.4.4. The way to show weight-loss efforts. 

All the participants expressed their wish of showing their weight-loss efforts in a more 
visible way. P1 and P2 both mentioned using colour as a distinction between different 
levels of efforts. When being asked about the idea of details displayed on the surface of 
i-Ribbon, participants did not show a strong interest to let other people know this 
information. P1 worried about the privacy problem of personal data period, P2 and P3 
preferred to know the details themselves without sharing.  

For the personalized patterns, P1 and P3 (both are male) like the feature but did not 
have specific reasons, while P2 (female) have stronger interests in various forms of 
pattern, stating: “I do want it to be diverse, I don’t want to wear the same pattern as 
other people do…I might think it’s an abstract version of my beautiful dress.” 

5. Reflection and Options for Future Work 

5.1. Expression of weight-loss efforts 

Through the evaluation of i-Ribbon, we confirmed the user’s needs to socially express 
their weight-loss efforts. In the research described in this paper, we used common 
information like steps, distance and floors as indicators of weight-loss efforts and 
visually represented them on a wrist-worn wearable device. However, other 
information such as calorie intake and consumption could also indicate weight-loss 
efforts. Participants in initial explorations proposed some information that they were 
concerned about in their process of weight loss, including body weight, changes in 
body weight and body fat ratio.  

In addition to the diversity of indicators, there are also many ways to represent this 
weight-loss related information. The result of the evaluation revealed that participants 
had a strong will to show their weight-loss efforts in more visible ways. A large 
number of existing applications represent the user’s personal information through a 
variety of charts and progress bars. However, for the social expression purpose in our 
research, these strategies used for self-management may not be appropriate anymore.  

Therefore, an option of future work is to identify appropriate ways to show user’s 
weight-loss efforts by investigating different indicators and strategies of representation. 

5.2. Impact of social context 

Although users are willing to show their weight-loss effort, their specific behaviour is 
affected by social context. The evaluation reveals that users have different ways of 
talking about their weight-loss experience depending on their social contacts. When 
communicating with people who are also interested in weight loss, users are willing to 
share their positive progress and encourage each other. On the other hand, if their social 
contacts do not have any relevant experience of weight loss, users prefer to gently start 
a natural conversation rather than show their weight loss result directly. Similar to the 
impact of social contacts, different environment may also lead to different social 
behaviour. Some participants showed stronger willingness to share their weight-loss 
efforts in places (like gym, sports centre, canteen, etc.) that related to exercise and food 
intake. 
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In future research, a deeper study on the impact of the social context could be 
conducted. The wearer’s possibilities to show, conceal and switch the i-Ribbon in 
different situations should be seriously considered.  

5.3. Symbol and the meaning behind 

A symbol can carry lots of meanings which are given by the people who design and 
promote it. For the Obesity Awareness Ribbon described in this paper, some meaning 
has already been given to it when it was designed [21], [22]. The meaning behind this 
ribbon could be refined through further studies and be strengthened by specific 
applications. In this paper, through the design and evaluation of i-Ribbon, we 
recognized that “supporting weight-loss efforts” could be an important branch of the 
ribbon’s symbolic meanings.  

In future iterations, a fully functional prototype will be made to evaluate the 
concept in real social contexts. With such a prototype, we may have the opportunity to 
further develop and reinforce the symbolic meaning behind this ribbon. 

5.4. Getting inspiration from the pink ribbon 

The pink ribbon designed for breast cancer is one of the most well-known awareness 
ribbons. During the evaluation, pink ribbon has been mentioned several times by 
different participants. They tried to use the pink ribbon as an example to help them 
explain their experience of i-Ribbon. Therefore, a deeper understanding of the pink 
ribbon could be very helpful for further research. Although breast cancer and weight 
loss are essentially different, there are still lessons to learn from the perspective of 
awareness ribbon, product semantics [5] and social expression. 

6. Conclusion 

We presented the concept of a wearable device designed to express wearer’s weight-
loss efforts. Initial explorations were conducted based on the Obesity Awareness 
Ribbon [21], [22]. Through prototyping, evaluation and reflection of i-Ribbon, we 
explored how a wearer’s slimming behaviour might be affected by socially sharing 
their weight-loss efforts. Several options for improvement on the representation of 
weight-loss efforts were found. We identified several insights for further research to 
support weight-loss efforts through wearable expression. 
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Abstract. Professional English is a mandatory module in all Chinese universities, 

being taught alongside the students major. However, students often find learning 

English somewhat tedious as it can seem disconnected from their major and 

aspirations for the future. To try to overcome this shortcoming we have introduced 

the use of creative science as a means of linking language learning to exploring 

futuristic technologies with the aim of fuelling their engagement with language 

learning while at the same time helping them acquire valuable creative-thinking 

skills. In this paper we describe a two year trial be conducted at Shijiazhuang 

University where we operated this scheme with two batches of students, reporting 

our findings which show this approach produces significant learning gains over 

traditional methods. Finally, we describe our plans for developing an online EFL 

facility based around an i-Lab in the form of a virtual spacestation. 

Keywords. Immersive Education, Creative Science, Science-Fiction Prototyping, 

Diegetic Innovation Templating, English as a Foreign Language, Innovation Lab 

Introduction 

English is a mandatory module for science and engineering students in in Chinese 

universities or colleges. Students normally take this course when in their 3rd or 4th 

year. This module aims to improve the students’ ability to understand and communicate 

professional knowledge in English [1]. One example is ‘Computer English’ which 

combines specialist English vocabulary for computer technologies with ‘Public English’ 

[2]. In part, this policy is a response to the strategy of the Chinese government for 

China to be well prepared to compete in the new global economies of the 21
st

 century 

[3]. Likewise, the intensity of global competition is driving a need for employees to 

have good innovation skills. Creativity is an important element of innovation. Given 

creative topics are often associated with pleasure; its inclusion in academic disciplines 

offers the possibility of making them enjoyable, while introducing valuable innovation 

skills. The question this paper considers is, how might a combination of ‘English as a 

Foreign Language’ (EFL) and academic disciplines be infused with creative processes? 

 Creative writing in the form of science-fiction or fantasy has often been linked to 

product innovation, most popularly evidenced in TV programs such as Star-Trek that 

were said to be the inspiration behind innovations such as Motorola’s StartTAK flip-

phone (based on Star Trek's flip-open communicator) and the Police Taser (based on 
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Star Trek's Phaser which can immobilize an adversary) [4]. Moreover, many scientists 

and engineers cite science-fiction as something that influenced their career choice.  

Thus, we argue that combining science-fiction with science-fact offers an effective 

way for scientists or engineers (or indeed anyone) to study EFL, a hypothesis the rest 

of the paper will explore. Furthermore, we argue that delivering this package via online 

immersive reality offers a way to benefit a wider set of students. 

1. Related Work 

Traditional ‘Computer English’ lessons in China are often conducted using the 

grammar-translation method where the teacher translates sentence-by-sentence and 

explains language usage. While this may have pedagogical merit, the process can 

sometimes prove somewhat tedious, with students lacking motivation which 

undermines the good intentions of the teacher [5]. In order to develop technology-

enhanced pedagogy and innovative approaches to teaching and learning professional 

English, many strategies have been tried by researchers. For example, Zhou [5] 

introduced the eliciting technique, used in EFL (English as a foreign language), to 

‘Computer English’ classes in order to increase teaching efficiency. This involves 

drawing out information and language from the students, rather than giving it to them, 

which is regarded as being more effective than teachers’ simply explaining [6]. Hart et 

al. [7] pointed out that English language learners experience the added burden of trying 

to learn science in a language they have not yet mastered. Lee et al. [8] proposed that 

coupling science vocabulary teaching with science activities (e.g. scientific thinking 

and questioning) was a more effective approach. In this vein, Jian & Yuan [9] utilised 

problem-solving as a means to exercise language and stimulate the students’ interest in 

scientific research and innovation. Kohno & Johnson [10] adopted the Science Fiction 

Prototyping (SFP) approach within a computer security course, showing that SFP can 

serve as a bridge for broader contextual and societal thinking about computer 

technologies. Wu introduced an ideation methodology called an Imagination Workshop, 

to teach business innovation, a session framework we have adopted in our work [11]. 

2. Course Background and Goals 

Our paper describes our effort over the last two years to introduce creative science 

as a tool for teaching ‘Computer English’ to students at Shijiazhuang University in 

China. The course, like elsewhere in China, is a mandatory and is normally delivered in 

the 3
rd

 or 4
th

 year, although it can occasionally be found in the 2
nd

 year. As such 

students will have taken some earlier courses relating to their specialism (Computer 

Science, in this case) and at least one more general English curriculum course. 

Computer English courses are fairly similar across Chinese ‘universities and generally 

include basic computer science.  

Our work builds on earlier formats of Computer English courses but differs in one 

essential respect; the language and science are unified through the use of a science-

fiction or science-fantasy writing thread that is designed to provide an engaging and 

useful focus to stimulate the students’ leaning interest by engaging with their 

imagination and visions for the future, cultivating their innovation capabilities and 
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English language proficiency with the aim of benefiting their careers and, as part of the 

bigger picture,  the national economy. 

3. Cultivating innovation skills through creative science 

Science-fiction or science fantasy has been shown to be an effective innovation tool 

for creating designs that are sensitive to the needs of people and society [12].  There are 

two popular approaches, Diegetic Innovation Templating [13] which uses pre-existing 

fiction (mostly written for the purpose of entertainment) and Science Fiction 

Prototyping that involves writing bespoke fictions [14]. In our current course we focus 

on the latter, Science Fiction Prototyping (SFP), since it involves the process of writing. 

In this approach the writer creates a fictional story to that extrapolates a technology, 

business or social setting forward in time, pushing the writer to think deeply about the 

interactions between people and the innovations in question while at the same time 

exercising a rich technical written and oral vocabulary, which is at the heart of 

language learning [15]. Thus, we argue that science and engineering students (and 

perhaps others) can benefit from the SFP approach to language learning as, apart from 

acquiring language skills, students gain a creative skill set, which they can utilise for 

innovation activities. Thus, we argue that science-fiction is a good fit to the skill set we 

are trying to impart to students since it contains elements of technology and language 

and, of course, has traditionally inspired generations of scientists and engineers, who 

have grown up in a diet of science-fiction that has sometimes been the inspiration for 

them following science and engineering careers.  

Therefore, we decided to explore the use of SFP as a vehicle to motivate students’ 

interest in learning language while cultivating their creative talents, a process we 

elaborate on below. 

4. The Creative Science ‘Computer English’ Classes 

We structured the Creative Science Computer English classes (CSCE) around three 

main elements; imparting an understanding of creative science (section-1), introducing 

computer technologies (section-2) and formal language learning (section-3). Of course, 

these sections have some overlap as, for example, all elements of the course were 

delivered in English, and so language learning permeated everything.  This paper will 

focus on the aspect of the course that concerned teaching creative skills (section-1) 

since that is where the novel contribution of work occurred and will not provide a 

detailed account of the teaching of computer technologies or language aspects which 

are fairly standard. 

The creative science section of the course (section-1) revolved around the students 

writing short science fiction stories based on a concept they generated through 

brainstorming. To support the lectures, there were several assignments that walked the 

students through this process. In brief, the SFP method concerns writing a short 

fictional story, set in the future (typically 10-20 years out), around an idea that targets 

the generation of a new product, business or social enterprise. Such stories are different 

to the traditional novel as they act as a prototype for people to assess the value of the 

proposed innovation. In some respects SFPs are “what if” questions. SFPs vary in 
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length from µSFPs that can contain as few as 5 words to mini-SFPs that can be as long 

as 12 pages [16]. 

4.1. Micro-Fiction (µSFP) Assignment 

One hundred and sixty students attended the Computer English class at 

Shijiazhuang University. They were divided into 24 groups of either 5 or 7 people in 

which their first task was to brainstorm ideas for new innovations using the 

Imagination Workshop approach first proposed by WU in 2013 [11]. This process 

involved the students selecting one of a number of themes (eg smart cities), discussing 

issues (from a ‘thought-exercise’ question template) followed by a brain-storming 

session which produced a  number of ideas for the students to consider. Then, as 

individuals, they selected their favourite ideas for which they wrote a µSFP (in this 

case <30 words long) [16]. Additionally, students were asked to provide a short 

explanation of the SFP (<100 words). The final task of the µSFP session was for each 

group to debate which idea to take forward to more detailed mini-SFP (10-12 pages). 

The template that students used for creating µSFPs is shown in Figure 1. 

Fig. 1.  A simplified template and example of a µSFP 

4.2. Example – The ‘Smart Vest’ 

Having generated their µSFPs the students were then required to expand it into a 

mini-SFP comprising between 10-12 pages, which included a more detailed story 

together with illustrations, introduction, summary, references and a rational. In this 

case the students did this by using an ‘SFP Box Template’ devised by Jennifer 

O’Connor of the University of Ireland, Galway, which is basically a form-like template 

that students complete [17]. 

 By way of an example, Group 1 proposed a smart vest, see figure 2. Essentially, as 

the name implies, this was a wearable vest that would be embedded with different 

networked sensors. The students envisaged the smart vest could be used to monitor 

users’ vital signs such as heart rate, blood pressure, body temperature and mood, which 

are communicated via a network. However, as this is a somewhat futuristic SFP, they 

added an imaginative leap whereby the vest was attached to an inflatable balloon that 

could act as an aerial (Balloon Network) for people in more remote regions (eg holiday 

makers or explorers hiking in remote areas). They even wondered if the balloon might 

be used to lift older people to their feet after a fall. Of course much of these features are 

rooted in the fictional nature of the SFP which, even if not realisable, act as food for 

innovative thought and exercise their language.  
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Fig. 2.  Student sketch of the ‘smart vest’ 

 

Group 1 had five members who wrote the following µSFPs based on the smart vest 

(unmodified, to show illustrate the level of language). 

• µSFP-1: Bill is 90 years old. One day, he was tripped on a stone when he walked outside, 

his smart vest rises him up. He avoids a dangerous fall. 

• µSFP-2: Tom is playing football on a sunny day. But it is raining and windy suddenly, his 

smart vest releases warm air automatically. He avoids catching cold and falling ill. 

• µSFP-3: Peter is 80 years old and a dementia patient. His smart vest reminds him when 

he forgot some important things, so he is still living at home independently. 

• µSFP-4: Mary is travelling in USA first time. She communicates with the GPS 

system embedded in his smart vest via microphone. She saved lots of time for 

looking a map. 

• µSFP-5: Steven encountered the traffic on the business meeting way. He left the car to his 

driver and flew to the meeting by pressing the ballonet button on his smart vest. He arrived 

in time. 

These are just a few examples taken from the 160 µSFPs we received which are 

provided to convey the type of imaginative material that the Shijiazhuang University 

students produced from the Imagination Workshop. We have not included examples of 

mini-SFPs since we don’t have sufficient space (they each comprise 12 pages each) but 

to illustrate their standard, one was accepted for publication in a workshop of the 

International Intelligent Environments conference [18]. Of course not all their ideas are 

neither novel nor feasible; even their English expression and grammar contains errors. 

However, the main purpose of this course was not to generate innovative products, 

rather it was an exercise to improve their professional English communication skills, 

while to cultivating their creative thinking skills. This scheme enabled both aspects and 

was recognised by the management of Shijiazhuang University as being a big 

improvement on their earlier method of teaching ‘Computer English’, which is 

explained in the following section. 

5. Evaluation 

In order to assess the effectiveness of the ‘Creative Science Computer English’ 

(CSCE) methodology, students’ overall language and innovation abilities were 
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assessed from 5 key skills (listening, speaking, reading, writing, and creativity). Results 

were reported using a 5 point Likert scale (5- very good, 4- good, 3- modest, 2- limited, 

and 1- extremely limited), based on the criteria described in Table 1. 

 

 

Table 1.  Criteria for assessing overall language skills and creativity 

 

All the language skills were evaluated from three perspectives; vocabulary, 

grammar, and understanding. Additionally, speaking was assessed based on two facets; 

fluency and pronunciation. The student’s creative ability was evaluated by a panel 

based assessment of the originality of their product innovation ideas. To provide a 

benchmark for comparison of our findings, we organised the students into two groups; 

one group were taught using the traditional method (ie a teacher reading an English 
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book, translating it into Chinese), and the other group were taught using the SFP 

method introduced in this paper. Both groups were assessed using the evaluation 

criteria introduced above and our findings, including comparison between these two 

groups, are presented in Figures 3 and 4. Figure 3 shows the performance of the 

students’ English skills for listening, speaking, reading and writing. In the traditional 

approach the methods involved reading and translating an English book whereas in the 

SFP approach, students were involved in writing their own stories based on reading and 

group discussions, as introduced earlier in this paper. 

Figure 3 shows that by using the SFP method a higher percentage of students’ 

achieved performance point 3 & 4, while gaining the bonus of cultivating their 

creativity, a significant improvement over the traditional method. For example, when 

the SFP method is compared to traditional approach, for higher proficiency at point-4, 

the following improvements were found: in speaking (15% vs. 2%), in reading (23% vs. 

10%), in listening (10% vs. 0), and in writing (30% vs. 20%). On the contrary, the SFP 

method reduced the number of lower scale occurrences at point 2 compared to 

traditional method as follows: listening (30% vs. 80%), in speaking (25% vs. 73%), in 

writing (5% vs. 12%). For the creativity, 2% students got 5 point, 20% got 4 point, 

60% got 3 point, and 18% got point 2, as shown in Fig. 4 (the traditional method did 

not include creativity cultivation). 

Fig. 3.  (left) Comparison of teaching methods. Fig. 4 (right) Assessment of creativity  

(Note: the traditional method did not include creativity cultivation). 

Thus, it is apparent that the SFP method results in an overall upward movement of 

the centre of gravity for student attainment, from the low performing point 2 to the 

higher performing points 3 to 4. From this we deduce the SFP method introduces 

greater improvements in the more active aspects of language (eg writing and speaking), 

which were areas that SFP excel at. Apart from the language aspect, the other benefit of 

using SFP is that it increases student motivation by integrating language, technology 

and the students’ aspirations. Something we didn’t record, but was clear to our teachers 

is that the SFP based course was much more enjoyable for all concerned which 

contrasted positively with earlier experiences! The other major advantage was the 

ability to train the students in creative skills, something that was missing entirely from 

the traditional approach.  
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6. Future Plans 

The Creative Science Computer English course, described in the preceding sections 

of this paper, is supported by a textbook published by Tsinghua University Press [3]. 

At the heart of this method is an ideation process (eg brain-storming) which, in its most 

ideal setting would be conducted by each group in an independent space without 

interference from other groups. Clearly, in most situations that is impossible because of 

the physical space required. For example, in the case of Shijiazhuang ‘Computer 

English’ course, their 160 students would require some 23 rooms (assuming maximum 

group sizes of 7 students), quite apart from any supporting facilities that would be 

required.  Thus, groups mostly share a common space by, for example, operating in 

different areas of a room. Also there is a movement in academia to widen access to 

educational resources by making some resources available online. This has led us to 

creating an online virtual reality version of the ‘Creative Science Computer English’ 

classroom; ‘The HEX Spacestation’. In brief this is a virtual-reality implementation of 

an innovation-lab (i-Lab); an “inspirational facility designed to transport users from 

their everyday environment into an extraordinary space encouraging creative thinking 

and problem solving” [19]. In our case this takes the form of a virtual-reality 

spacestation containing an almost unlimited number individual rooms, each outfitted 

with ideation facilities such as a communal electronic white-board, anonymised editing 

stations (so ideas and comments can be written to the white-board without identifying 

the writer) and facilitator tools for managing and archiving the sessions.   

The prototype was implemented as a MOOC-style cloud based virtual world using 

the Unity-3D online gaming engine. Students log into the environment via a link from a 

private area of the Creative Science Foundation (CSf) website. The details of this 

platform are beyond the scope of this paper but can be accessed elsewhere [20]. 

7. Discussion and Concluding Remarks 

This paper has described how a new methodology for teaching professional 

English to science and engineering students based on the use of Creative Science. In 

particular we have described the application of science fiction and science fantasy to 

supporting teaching ‘Computer English’ to students at Shijiazhuang University in 

China since 2013. In writing this paper we have outlined several benefits accruing from 

the use of SFP for teaching language which we now summarise. 

First, through SFP work, students were motivated to undertake original writing and 

public speaking in English. In China, although English classes are offered from 

primary school onwards, most focus on English grammar and book reading. As a result, 

readers of this paper might find it surprising to learn that at the beginning of these 

Creative Science Computer English classes, none of the students could answer 

questions in English using their own words, rather they needed to read sentences from 

the book and couldn’t understand what the teacher was talking about! This is simply a 

consequence of the traditional Chinese teaching model where, at school, the teacher 

reads an English book, translating it into Chinese. Of course, as a result, there were no 

volunteers to give a presentation for their early assignments in English. However, from 

the middle of the first semester onwards, students were actively participating in the 

class discussion, and giving presentations for the assignments. Both listening and 
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speaking are particularly important for foreign language learning, an area that the 

group-work aspect of SFP supports particularly well. 

Second, students developed the habit of creative thinking and attained some 

elementary research ability which would not normally have been included in the 

Chinese undergraduate curriculum. Initially, the students (and some staff) thought that 

it would not be possible for second year undergraduate computer science students to 

write a paper in English embodying creative ideas in only 32 class hours spread over 16 

weeks. In fact, all the students managed to submit a mini-SFP (ie a 10-12 page English 

narrative, together with verbal presentations and discussions) with one student 

publishing a paper in an international workshop (CS’14). 

Thirdly, our results shown in figures 3 and 4 show considerable learning gains that 

by themselves make a strong case for the wider adoption of these methods. 

In terms of the wider context, our methods are generic relying only on elementary 

ideas in language, technology and creative writing. What is unique in our work is the 

combination of these elements into a coherent methodology; Creative Science based 

Language Learning (CSLL). As such we argue that the results achieved in our work are 

transferable to other disciplines and other languages where students need to learn 

foreign language. Of course we have only explored this methodology within the 

context of teaching English language to Chinese speaking computer science students 

but we hope the promising results that we have shown will to encourage others to take 

this method forward into other languages and disciplines.  

Concerning our future aspirations, we plan to continue refining these ideas and 

adding to the materials available for teachers wishing to adopt this method of teach 

English, especially adding to the online material available to users of our textbook. We 

are also interested in collaborating with other people in expanding the usage of these 

methods into other disciplines and languages and would welcome approaches on this. 

As explained earlier, one significant development we are working on is the creation of 

a MOOCs style virtual-reality teaching resource in the form of an online innovation 

lab; ‘The HEX Spacestation’. 

Finally, for science and engineering students, the nature of their innovations is 

invariably of a technical nature ushering in visions of imaginative products that are 

very much in line with the wider aspirations for Intelligent Environments research, the 

topic of the host conference. Thus, we hope that conference attendees and readers in 

general will find these concepts interesting and maybe inspire them to experiment with 

these ideas themselves. 
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Abstract. Advanced human augmentation provides a human-centred perspective 

on technology design. It builds upon earlier technological concepts such as 

ubiquitous computing, wearable computing, augmented- virtual- and mixed 

realities, autonomous systems and ambient intelligence. This tutorial contemplates 

advanced human augmentation in the industrial work context, and considers the 

requirements for a future augmented Superworker and the prerequisites for their 

advanced augmentation. In this tutorial, it is anticipated that to support the design 

of new augmenting solutions current human-centred design practices should be 

reconsidered and enhanced in new directions. 

Keywords. Advanced human augmentation, augmented human, Human-computer 

Interaction (HCI), Human-centred design (HCD), Core-Task Design (CTD) 

Introduction 

Advanced human augmentation suggests technologies that augment and enhance 

human actions, senses and work in new, yet unexplored ways by allowing humans to 

see, hear and feel the surrounding environment in new and enriched ways [1-3]. The 

aim is to utilize the existing and envisaged technologies for meaningful human-defined 

purposes in augmenting humans in appropriate ways. In international research, the 

topic has aroused a great deal of interest, as currently many powerful research 

institutions and companies (including MIT, Stanford University, Google Inc, Samsung 

Electronics Co. Ltd, the US Army etc.) are intensely investigating the potentials for the 

emerging field
2,3

. The technical interaction concepts are based, for example, on virtual, 

augmented and mixed reality (VR/AR/MR) solutions, wearable computing devices, 

smart materials, brain and skin interfaces and near-eye displays. The information 

provision for the augmented human utilizes e.g. activity and behaviour analysis, 

personalization, situation and context awareness, in addition to the latest agent 

communication and artificial intelligence techniques [1]. These technologies have the 
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potential to enhance and augment human life to a great extent, but they also require 

new human-technology interaction solutions.  

To make advanced human augmentation a reality, wearable and embedded 

technologies may be employed as mediators for augmenting human sensing and actions 

[3, 4]. Furthermore, direct brain-computer interfaces and autonomous technologies may 

allow the augmenting of human actions even more directly [5, 6]. The path is open 

even for organic extensions and stimulation of sensory axons in many different areas of 

life, as described e.g. in [7]. By advanced human augmentation, people may also be 

empowered with new cognitive abilities and direct connection to global information 

and services with technologies that serve as “external eyes and ears” for sensing the 

ubiquitous information [8, 9]. Consequently, human augmentation technologies can 

improve the quality of life for people with special needs, including the blind, the deaf, 

people with motor impairments, etc. Elderly people suffering from a deterioration of 

the senses, people with certain illnesses, and people injured in accidents may be helped 

with new solutions that replace or improve damaged senses [10]. Through these 

technologies, new possibilities for remote existence and new forms of human actions 

can also be achieved. 

The research proposed in this tutorial aims to contribute to advanced human 

augmentation by defining a practice- and future-oriented design approach for its design 

and research. In essence, the research contributes to design science [11, 12] and three 

disciplines – design, Human-computer Interaction (HCI) and Augmented Human (AH) 

research. In particular, the tutorial aims to study the concept in the industrial work 

context; by focusing not only on the interaction tools, but also on the human practices. 

The hypothesis is that, in order to receive the full benefit of the emerging systems, both 

the tools and the work practices have to be re-considered. Thematic areas for advanced 

human augmentation can also be associated with the perception of information in the 

environment and artificial intelligence in systems that enhance human senses. 

Consequently, as the aim is to enhance human perception, it is assumed that the 

prevailing prototyping technologies may not be mature or advanced enough to facilitate 

appropriate user experience investigations. Therefore, the proposed systems should be 

demonstrated by design- and future-oriented research that will also take into account 

the ethical and societal perspectives of the emerging technologies.  

1. New ways of working 

Based on previous research on the work context [14-18], it is to be anticipated that new 

advanced human augmentation solutions will strongly influence industrial work tasks. 

According to MacDougall, many industrial jobs are anticipated to become knowledge-

intensive and even new work roles are expected to emerge [19]. Future workers will 

monitor and supervise autonomous systems, which necessitates that the employees 

possess multifunctional skills and take more responsibility in the content of their work. 

Work tasks are shared flexibly between automation systems and the human workers. 

In Figure 1 we illustrate our vision of the future Augmented Superworker. The 

figure exemplifies how the focus of the employee’s wearable enhancements will shift 

from safety and security towards connectivity, comfort and efficient co-operation with 

intelligent automation. Future industrial work is expected to move towards a shared 

awareness with autonomous systems where location becomes inessential, because 

future work places are not limited to the company’s premises, but co-operation takes 
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place between different facilities and people outside its premises. Accordingly, the 

content of the work moves from distributing the workload and observing the workers 

towards co-evolving a human-autonomous system partnership. From the workers’ point 

of view these new ways of working indicate that future employees will need to trust 

their systems; they need to experience control over their tools and ownership of their 

work processes, and, primarily they require advanced and efficient tools for working in 

their new operational environments. 

 

 

Figure 1. Vision of the future Superworker. 

2. Advanced human augmentation process and practices  

The tutorial will at first briefly introduce the multidisciplinary research that has 

previously deliberated on human factors, core-task design, participatory and human-

centred design in the research and development of future industrial working 

environments. This research has related e.g. to process control and remote operation 

work in various work contexts: electrical and nuclear power plants, oil refineries, paper 

mills, crane operation, the maintenance of work machines and intelligent machine 

operation in forestry, mining and agriculture. This past work has already generated 

recent knowledge about the workers (e.g. remote, production and field operators) in 

these industrial domains, i.e. there is already a vast amount of information about, for 

instance, workers’ professional background, core tasks and duties, work characteristics, 

tools and working environments. This information is important for defining the 

premises for advanced human augmentation; its critical tools, tasks and experiences.  
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The subsequent objectives for the tutorial are twofold: 

 

1) To consider the suitability of the practice-theory approach to design and 

research for advanced human augmentation  

2) To consider possible future-oriented prototypes and science fiction-inspired 

design solutions for the future Augmented Superworker.  

 

It is anticipated, that for supporting the design of new advanced human 

augmentation solutions, current human-centred design (HCD) practices need to be 

enhanced in two directions. Firstly, the design of work practices and the design of tools 

need to be better interconnected. Secondly, HCD practices should take into account 

future-oriented design thinking in order to facilitate the design of future work practises 

parallel to the evolving technologies.  

Regarding the integrated design of work practices and tools of a good quality, a 

holistic perspective and acknowledgement of the scale and richness of human 

capabilities is demanded. The tutorial suggests the design and development of 

advanced human augmentation in order to build upon recently proposed practice-

theory-based design approach called Core-Task Design (CTD) [20]. The CTD 

methodology adopts “practice” as the key notion to define and to contextually 

understand the work. According to practice-theory approach, focusing on practices 

makes it possible to capture human activity in context-dependent manner. Practices are 

stable forms of embodied acting that are appropriated in societal connections as 

meaningful for the community. Thus, the practice-theory also assumes conceiving of 

activity from the organism-environment, i.e. a joint human-technology system 

perspective where practices are considered to be products of joint functioning of human 

actors, the physical and social environment and the tools used for reaching the actors’ 

objectives. This joint form of activity is operationalized in CTD approach by 

introducing the concept of core task. Core task refers to “the generic developing 

content of the work and expresses itself as joint functions emerging from the meeting of 

the human organism’s resources with the possibilities and constraints of the 

environment for reaching certain global objectives of work activity” [20], in p. 25. 

Core-task portrays the purpose, possibilities and constraints of activity [21]; an 

appropriate and developing work activity caters for the potential inherent in the core 

task. In the design of complex work systems and in particular, augmenting the human 

worker’s capabilities to act as an equal part of the system, the core task may provide a 

comprehensive reference against which the activity can be analysed. Moreover, human 

conduct is equipped with certain resources for acting which in CTD are grouped into 

three classes: pragmatic resources, i.e. skills; epistemic resources, i.e. knowledge; and 

heuristic resources, i.e. collaboration including self-reflection. In consequence, 

development of advanced human augmentation may be directed to enhance and address 

all or some particular aspects of the human capabilities to be connected and act within 

the work system. In essence, the CTD approach introduces three main design functions, 

i.e. 1) understand-to-generalize, 2) foresee-the-promise, and 3) intervene-to-develop, so 

as to incorporate appropriate human understanding in the design.  

The second, most future-oriented design function of CTD is dedicated to 

answering the question of how to see the promise of new solutions for future work. In 

the function, generalization of the present work may create a certain basis for analysing 

the future value through projecting the core content of the work to optional concepts of 

new work, i.e. in the case of the present tutorial new forms of human worker 

T. Kymäläinen et al. / Design and Research for Advanced Human Augmentation 611



augmentation in a work context. For instance, the “potential activity” emphasized in 

the foresee-the-future function may be investigated through the InnoLeap Process 

developed at VTT, which has been employed for many successful company design 

cases, e.g. for Rolls Royce [22]. The process is based on trend and user studies, work 

analysis, co-innovation, and reflective approaches including design and foresight 

methods. Future-oriented design will also rely on the science fiction prototyping (SFP) 

method that aims at iteratively designing research-based design artefacts, anticipate the 

long-term consequences of technologies and focus on their new understandings [23-25]. 

The suitability of such methods as design fiction [26], research through design (RtD) 

[27], reflective design [28], critical design [29], imagination workshops [30] and 

Diegetic Innovation Templating (DiT) [31] will be briefly contemplated in the tutorial.   

When considering potential future-oriented concept prototypes and science fiction 

-inspired design solutions for the future Augmented Superworker, the aim is essentially 

to consider the new practices that enhance or augment the worker’s actions, senses and 

cognition, and create a seamless technology environment for human interaction. The 

tutorial aims at practical design cases for a future Augmented Superworker, including 

their tools and the environment. 

3. Concluding discussion 

Industrial work is currently going under radical changes, because of digitalization and 

the employment of autonomous systems. The advanced human augmentation research 

presented in this tutorial supports the changes from the workers’ perspective by 

providing ways in which not only tools but also work practices can be redesigned. This 

allows us to gain the full benefit of the new technologies both in terms of increased 

productivity and increased worker satisfaction.  

Global human augmentation research is currently paying a lot of attention to newly 

developed technologies, and human factors research is mostly focused on the 

interactions rather than on the human practices that these technologies will facilitate. 

Thus, a future-oriented design approach that integrates the design of work practices and 

technical tools has potential for scientific breakthroughs in this field. The main 

objective of the tutorial is to deliberate a practise- and future-oriented advanced human 

augmentation design approach that aids us in judging, instructing and supporting the 

design processes, and facilitates developing the work practices and technical solutions 

in parallel. The design investigations for the design approach will start by considering 

the path from present to future and by prioritising key focus areas and emerging 

technologies. The design research identifies opportunities for advanced human 

augmentation concept development, and explores suitable design strategies that aid in 

constructing the systems in a clearly defined manner. Future-oriented research 

promotes anticipatory thinking and broadens the scope and opportunities for design 

research. Future-oriented design has the potential to study the emergent design 

requirements of the human-autonomous system partnership that come to the fore when 

intelligent applications take on some of the cognitive tasks previously performed by 

humans. Consequently, the hypothesis is that future-oriented design provides a general 

and holistic (yet practical) understanding of the human augmentation technologies 

currently under-construction. The future-oriented design process is expected to provide 

important, fundamental information for the field, since human-centred automation 
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approaches are currently important themes on a number of national and international 

research agendas. 
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