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ARTICLE INFO ABSTRACT

Keywords:
Story completion method

There are many design techniques to support the co-design of tangible technologies. However, few of these
design methods allow the involvement of users at scale and across diverse geographic locations. While popular
SCM in psychology, the story completion method (SCM) has only recently started to be adopted within the HCI
TUI, community. We explore whether SCM can generate meaningful design insights from large, diverse study
ED:nfiI:)rT;ot leisg populations for the design of Tangible User Interfaces (TUIs). Based on the results of two questionnaire
Privacy management studies using SCM, we conclude that the method can be used to generate meaningful design insights. Drawing

on a systematic review of 870 TUI papers, we then contextualise the strengths and weaknesses of SCM
against commonly used design methods, before reflecting on our experience of using the method across two
distinct domains. We discuss the advantages of the method (particularly in terms of the scale and diversity
of participation) and the challenges (particularly around constructing meaningful story stems, and developing
the correct level of scaffolding to support creativity). We conclude that SCM is particularly suitable to be used
in the early stages of the design process to understand the socio-cultural context of deployment.

of Covid-19 restrictions (Price et al., 2020). This motivated an interest
in logging emotion and wellbeing, as well as an interest in preserving
privacy in smart home environments. Given the limitations imposed
by the pandemic, we had to consider alternative design approaches,
particularly approaches used during the ‘fuzzy front-end’ of design,
which Smit et al. (2022) describe as the stage where ‘“‘designers aim

1. Introduction

Designing interactive tangible devices and user experiences is hard.
A diverse range of design methods have been developed to support and
scaffold the design process (Shaer and Hornecker, 2010). As a research
team, we are strong proponents of the principles of co-design, given the
practical and moral benefits (Carroll and Rosson, 2007; Gooch et al.,
2018). However, during the Covid-19 pandemic, face-to-face work-
shops and co-design sessions were not practical. While subsequent work
has detailed experiences of developing mechanisms for supporting re-
mote co-design, particularly DTE (designerly tele-experiences) (Bertran
et al.,, 2022), the onset of the pandemic dramatically shifted design
practices. Such a shift has other benefits, particularly in terms of

to move from ambiguity and uncertainty to more concrete and focused
design goals (Kaasinen et al., 2014) by means of collecting and sharing
inspiration, knowledge and opportunities (Kwiatkowska et al., 2015),
defining goals (Varsaluoma et al., 2015), generating ideas and devel-
oping initial concepts (Herstatt and Verworn, 2004)”. Given the global

sustainable design, designing for global populations, and the sustained
shift to online and hybrid interactions.

During the pandemic, the authors were working on a Covid-19
project (called ‘SERVICE’) focused on developing socio-technical sys-
tems to mitigate the rise in loneliness amongst older adults as a result
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nature of the pandemic, we also had an interest in exploring design
methods that support engagement with a large number of diverse
participants at a distance, to gather input and experiences from across
the world.
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Our primary research question is whether the story completion
method (SCM) is a suitable design technique for developing tangible
technologies. Little used amongst the HCI community, SCM, which
strongly overlaps with Design Fiction, involves participants completing
stories based on the start of an open-ended scenario proposed by
the research team. The stories can then be analysed to identify key
concerns expressed across the stories. As a method, it is “less de-
manding of time and resources than established face-to-face interactive
methods” (Clarke et al., 2017) and supports input from a reasonably
large number of participants (Wood et al., 2017).

In pursuing this question, our first contribution is two distinct
questionnaire studies making use of SCM. The first study was designed
to explore whether SCM has any value in the design of Tangible User
Interfaces (TUIs) for logging emotions. Building on the methodological
lessons learnt from this study, the second study examined the value of
SCM in designing privacy management TUIs. These studies demonstrate
the value SCM has in the design process.

Our second contribution is a systematic literature review of 870
papers involving tangible technology. To contextualise the method in
the broad array of available design techniques, we present an analysis
of 256 instantiations of design techniques identified from these papers,
and alongside our reflections, consider how SCM may add to designers’
toolkits of design approaches.

Our final contribution is in our reflections on the challenges and
benefits SCM provides, and is meant to help other designers to contex-
tualise and learn from our experiences. We discuss the advantages of
the method (particularly in terms of the scale and diversity of participa-
tion) and the challenges (particularly around constructing meaningful
story stems, and developing the correct level of scaffolding to support
creativity).

The paper is structured as follows. In Section 2 we present back-
ground literature related to design fiction, and the use of SCM in HCL
Sections 3 and 4 present the two exemplar SCM studies, with Section 5
presenting a combined discussion of the findings from these studies.
Section 6 outlines our systematic literature review of 870 papers, which
is then used to contextualise our reflections on using SCM as a design
method. We conclude that SCM is a design method the community
should be using more, and that it is particularly suitable for use in
the early stages of the design process to understand the socio-cultural
context of deployment.

2. Background

The HCI community has used fiction as a tool for design in many
different ways. Fiction can be useful in helping inspire and inform
design (Blythe, 2014; Tanenbaum, 2014), as well as exploring the
effects that systems may have on society (Lindley et al., 2017), without
having to be constrained by the practicalities involved in developing
realistic prototypes, or engineering specific contexts of use.

The most iconic fiction approach in the HCI community is design
fiction (Bleecker, 2009; Dunne and Raby, 2013). While it has become
a ubiquitous method, both within and beyond HCI, the heterogeneous
approaches to design fiction make it challenging to provide a definition
or scope the diverse contributions that can be made (Baumer et al.,
2020).

Relying only on “a prototype that exists within a story world” (Lind-
ley and Coulton, 2015), Design Fiction provides flexibility, whilst en-
couraging rich reflection on potential design directions. Various forms
of Design Fiction include the imaginary abstracts of fiction papers about
prototypes that do not exist (Blythe, 2014), as well as diverse media
- including text, video, objects and graphics — being used to package
design fictions (Markussen and Knutz, 2013). These fictions can be used
in workshop settings to elicit feedback from users (e.g. Buskermolen
and Terken (2012) and Dindler and Iversen (2007)). Nabil and Kirk use
the format of a fictional IKEA-like product catalogue to present a series
of design fictions to examine the embedding of interactive elements into
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home décor. Through their design fiction research, they both inspire
other designers, and raise questions regarding the social implications
of such products (Nabil and Kirk, 2021).

Luria and Candy present a case-study of using Ethnographic Experi-
ential Futures (Luria and Candy, 2022). Using interviews with experts
they develop three “letters from the future” — a form of design fiction.
Shared with 15 Human-Robot Interaction or Human—Agent Interaction
researchers across the USA, an anonymised questionnaire was used to
capture reflections on the provocative ethical aspects embedded within
the fictions. Their analysis of the responses led Luira and Candy to
conclude that the technique offers a simple and engaging technique
for supporting experts to explore potential ethical dilemmas early on.
This focus on ethical issues and social justice is also present in Wong’s
investigation on using design fiction to explore how UX professionals
at large companies engage with values and ethical issues in their
work (Wong, 2021).

Moving beyond expert practitioners, Riiller discusses the develop-
ment of fictional narratives as a starting point of developing activities
that “explore participatory speculative design and touch-sensitive tech-
nology to bypass illiteracy” in Morocco (Riiller, 2022). As part of
a long-term engagement with remote populations in the High Atlas
region of Morocco, the authors argue that their experiences of using the
design fictions to scaffold discussions with remote communities proved
to be a successful approach in scaffolding the co-design process (Riiller
et al., 2022).

Traditionally, design researchers have authored design fictions.
Ambe et al. move beyond this, to structure group workshops where
users ‘co-designed’ fictional stories “about the trend towards tracking
and monitoring older people” (Ambe et al., 2019). The authors all
belonged to a creative writing group, which may have supported their
narrative skills, but the results demonstrated the value in involving
users in the story writing process.

Harrington and Dillahunt take a similar approach, using co-design
workshops to co-write design fictions with six young adults from the
South Side of Chicago, 5 of whom were young Black or African Amer-
ican women (Harrington and Dillahunt, 2021). The main method-
ological question focussed on how design fictions might “elicit new
ideas that speak to Chicago youth’s concepts of a post- pandemic
utopian reality”. Integrated into six 2-hour workshops, the generated
fictions elicited “radical visions and social, political, and cultural di-
mensions that are valuable to equitable design and innovation”. While
the method has a clear contribution, the effort involved is suited to
deep engagement, rather than a shallow but broad considerations for
design.

2.1. Story completion method in HCI

One method of utilising fiction which draws on a more participatory
approach and which can work at scale, at a distance, is the Story Com-
pletion Method (SCM). An established method in psychology (Clarke
et al., 2017; Kitzinger and Powell, 1995), widely used as a useful
tool for exploratory work, SCM is a method that is slowly growing
in popularity within the HCI community. It is primarily being used
in areas where social discomfort encourages indirect measure (Clarke
et al.,, 2017; Kitzinger and Powell, 1995), including virtual reality
pornography (Wood et al., 2017), sex robots (Troiano et al., 2020), and
post-Covid uses of technology (Troiano et al., 2021). It has also been
used for speculative and fictional design (e.g. voice assistants Cambre
et al., 2020, and smart device privacy controls Prange et al., 2021).

The Story Completion Method involves participants “writing stories
about hypothetical scenarios created by the researcher, through re-
sponding to a stimulus” (Clarke et al., 2019). This stimulus is commonly
called the ‘stem’, a short start to an open ended narrative, to which the
participant provides the detail and finishes the story.

As a worked example from Wood et al. (2017), the story stem reads:
“Jack starts up his new virtual reality headset and positions it carefully over
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his head. He isn’t quite sure what to expect. He’s about to have his very first
virtual reality porn experience...”. With an example participant response
reading: “He realises this is a dark path to social exclusion so takes it off
and goes back to his life”.

As the fiction is not developed by the designer as a provocation (as
in Design Fiction Cambre et al., 2020), but by end-users, the method
is predominately used as a means of data gathering by designers to
understand lived experiences, and to generate ideas that act as design
inspiration.

There are different aspects of the design process that the resulting
stories can support; these approaches closely mirror those that have
been identified with the use of fictions in the design process (Tanen-
baum, 2014; Blythe, 2014). The first approach is in interpreting the
stories in terms of “envisioning not just the technical aspects of an
invention, but also the possible social, political, and personal con-
sequences and outcomes of a world with that technology” (Tanen-
baum, 2014). This is the approach that has been predominantly used
by Troiano across much of their use of SCM in HCI areas (Wood
et al., 2017; Troiano et al., 2020, 2021); arguing that the method
produces results that can identify insights and stimulate discussion
“about the social, cultural and ethical implications of existing and
emerging technologies” (Wood et al., 2017).

The second approach argues that interpreting the stories can pro-
duce “inspiration and motivation for design by exploring possible
design requirements within a fictional scenario” (Tanenbaum, 2014).
Prange et al. take this approach when considering the design char-
acteristics for useable authentication in smart homes, arguing that
by encouraging users to imagine scenarios that are not limited by
current technology, their participants identified design concerns (such
as using multiple profiles to support shared use, or mechanisms for
access control) that are important design requirements (Prange et al.,
2021). In reflecting on their experience of using SCM, Prange et al.
argue that the method was useful in supporting the identification of
early design considerations.

Similar results are reported by Cambre et al. in their focus on
voice assistants (Cambre et al., 2020). In addition to revealing concerns
around the current design of voice assistants, the thematic analysis
applied to the stories helped identify characteristics of the technol-
ogy, and raise questions for what that means for the design of voice
assistants.

These examples demonstrate the potential value that SCM might
have in designing TUIs, and we draw on the methodological contri-
butions of this body of work when detailing the methods used in both
of the studies presented. However, there are limitations of the current
literature that are worth noting. Much of the work has heavily recruited
participants who have creative writing skills (e.g. Wood et al. (2017),
Troiano et al. (2020) and Troiano et al. (2021)) and there is a lack
of evidence about the effectiveness of SCM with participants who do
not identify as creative writers. Furthermore, while the literature is
extremely useful in being transparent over the development of study
materials, there is a need to understand how much scaffolding support
needs to be provided to make SCM effective with participants who have
no specific interest in creative writing, particularly when developing
TUIs which may be an unknown technology to a general audience.
These are both methodological challenges that we address across the
two studies.

3. Study 1: Understanding affective tangible devices using SCM

Our first use of SCM was to explore whether the method could help
the design of a future technology that allows the user to monitor their
feelings. Loneliness, wellbeing, and emotions can be stigmatised and
difficult for some people to discuss (Harkin et al., 2023; Barreto et al.,
2022), making SCM appear to be an ideal choice for exploring ideas and
design futures related to TUIs for logging emotion, given its suitability
in areas of social discomfort (Clarke et al., 2017; Kitzinger and Powell,
1995). The literature has also demonstrated that tangible devices can
be effective in recording emotions (Gooch et al., 2020, 2022; Sarzotti,
2018).
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3.1. Method

Through a questionnaire study, we asked participants to complete
two SCM stems related to the logging of emotion. We then analysed
the stories for key design considerations, and in doing so examined the
value of SCM as a design method for developing TUIs. In the following
sections we outline the design of the story stems, the study procedure,
the recruited participants, and the analysis technique used to review
the resulting stories.

3.1.1. Crafting the story stems

The success of using SCM is based on having well-designed stems.
The stem has to orient the participant to the topic under consideration
(mood logging) and engage them, without being overly prescriptive,
while leaving details open to imagination (Clarke et al., 2019; Cambre
et al., 2020).

As we were keen to stimulate thinking beyond a screen-based
scenario, we decided to use two different years — 2030 and 2050.
This provides participants with an opportunity to imagine nearer-term
devices (2030) and more blue-sky creative devices in the far-future
(2050). This temporal distance has been used successfully in SCM
studies in HCI, in terms of stimulating the creativity of participants and
avoiding constraining thoughts regarding existing technology (Cambre
et al., 2020).

Following best practice, our stems had to fulfil a number of criteria
including:

» Using common English language names not associated with par-
ticular class or race (Clarke et al., 2019; Cambre et al., 2020). We
chose to use Sam and Jamie.

» Keeping the stems similar lengths, starting and ending with the
same sentence (Cambre et al., 2020).

» Maximising ambiguity to encourage creativity (Troiano et al.,
2020).

With these criteria in mind, we crafted the following two story
stems:

« It is the year 2030. Sam get home from work and finds that the new
tangible mood logging system she had ordered has arrived. Before
setting it up, she reads the manual to understand what the system can
do. The system is designed to... [stem 1]

« It is the year 2050. Jamie is a technology genius, and is about
to launch her new mood logging system to the public. At the press
announcement, she describes how the system works. This new mood
logging system works by... [stem 2]

3.1.2. Procedure
We created a questionnaire based on the Google Forms service,
consisting of six main sections:

1. The gathering of informed consent.

2. Familiarising participants with tangible user interfaces. We pro-
vided participants with a short description of TUIs, before asking
them to watch five selected videos from YouTube.!-?:%45, These
videos were selected to demonstrate a range of different forms
of TUIs, ranging from wearables to physical logging tools, from
shape changing displays to tool kits demonstrating social in-
teraction and interactive manipulations. The first four are 30-s
clips from the ACM SIGCHI channel; the fifth is from the MIT

1 https://www.youtube.com/watch?v=sZ0HHn-NBuc.
2 https://www.youtube.com/watch?v=TK-8-_obj4Y.

3 https://www.youtube.com/watch?v=NujCd3QTDOY
4 https://www.youtube.com/watch?v=jyuM8k3UPzk.
5 https://www.youtube.com/watch?v=ouP9xNujkNo.


https://www.youtube.com/watch?v=sZ0HHn-NBuc
https://www.youtube.com/watch?v=TK-8-_obj4Y
https://www.youtube.com/watch?v=NujCd3QTDOY
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Tangible Media Group and lasts three minutes 40. These videos
were selected due to a lack of short publicly available videos
demonstrating commercial systems to a general audience.

3. Participants were asked to describe one of the TUIs, in order to
ensure they had watched at least one of the videos.

4. Participants were asked to complete story stem 1.

5. To show participants an example tangible device in the area of
emotion logging, an image of the Emotion Clock from Gooch
et al. (2020) was shown, along with a description: The Emotion
Clock (shown below) is an example of a simple tangible mood logging
system. The wooden clock has eight emotive words positioned around
the clock face. A user selects an emotion by rotating the clock hand
to the word describing the emotion they want to convey. They then
push a button to record the emotion they have selected.

6. Participants were asked to complete story stem 2.

7. Wrap up questions asked what other prompts would have been
helpful, what prompts would have provided a clearer description
of TUIs, and how familiar participants were with TUIs.

When completing the story stems, participants were provided with
the instructions: ‘Spend 10 min completing the story below. There are no
right or wrong answers; and the more creative your story, the better — feel
free to let your imagination run wild. We encourage you to describe how the
mood logging technology works, and to introduce additional characters or
context to make the story work’. These instructions were adapted from
prior work on story completion (Cambre et al., 2020; Braun et al.,
2017).

After completing their story, participants were asked “Consider the
story you just wrote. Would you like to live in this future?”” on a five-point
Likert item question from ‘Definitely’ to ‘Definitely Not’. Once they had
answered, they were asked to explain their choice through an open text
field. Participants were also asked ‘What inspired your story?’.

3.1.3. Participants

While previous SCM work in HCI has focussed on recruiting partic-
ipants from creative writing communities (Wood et al., 2017; Troiano
et al., 2020), we wanted to explore whether the method could be
used outside of this specialist demographic. Participants were recruited
through the Prolific.® questionnaire service. Participants were paid 4.50
GBP (6.00 USD) for completing the study, which took around 30 min.
All demographic data was recorded by participants in their Prolific
profile. While we did not screen out experts in design or tangible
technologies, we neither solicited their recruitment, nor recruited any
across either of the two studies. Two pilot participants completed the
questionnaire to ensure that the questions would generate meaningful
stories. Their responses were meaningful, so no changes were made to
the questionnaire prior to running the study.

The study was approved by our University’s ethics review board,
who reviewed all of the study materials. The first page of the question-
naire collected consent from participants. Participants agreed that their
participation was voluntary and that they could leave the questionnaire
at any time, without giving any reason. As that data was collected
anonymously, participants had to agree that they understood that any
data they had submitted was anonymous, and therefore could not be
removed. They also provided consent that any submitted data may be
used for academic publication but only in a form which cannot identify
the individual.

52 participants were recruited, between the ages of 18 and 71.
When recruiting the participants, we filtered on three criteria: (1) that
participants were in the correct age-range, (2) that participants had
fluent English and (3) that participants had not completed any previous
studies related to emotion logging run by the research team through
Prolific.

6 www.prolific.co.
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We structured our recruitment such that each version of the ques-
tionnaire would be completed from people across the age spectrum,
with 10 participants each in the age ranges of 18-30, 31-40, 41-50,
51-60 and 60+. Due to an administrative error, 12 participants were
recruited in the 18-30 range.

24 of our participants were male, 27 were female, and 1 did not
specify a gender. 13 participants were born and lived in Portugal, with
12 born and living in South Africa. The remaining participants were
born in, or lived in, 16 different countries across the six populated
continents. This was a convenience sample, based on who responded
through the Prolific platform. Based on their questionnaire responses,
39 participants were not familiar with TUIs, eight were somewhat
familiar (including seeing them in films), and five were moderately to
very familiar with the technology.

We argue that this participant pool represents a somewhat diverse
set of participants, across age, gender, geographical location, and expe-
rience with technology. Information on the demographic profile of all
of the members of Prolific are available (Prolific, 2023).

3.1.4. Analysis

There are a variety of approaches to analyse the collected stories,
as outlined in Clarke et al. (2019). We have chosen to explore the
data using a thematic analysis approach, in line with previous work
in HCI (Kitzinger and Powell, 1995; Wood et al., 2017).

Our analytical approach follows previous work in taking a social
constructionist approach (Clarke et al., 2019; Wood et al., 2017). As
participants are providing endings to hypothetical scenarios, they are
offering fictional accounts of third parties; we argue that such accounts
are informed by experiences and socio-cultural values. Therefore, like
Cambre et al. we “read the narratives as works of fiction, and consider
the themes within them as speculations that can inform and inspire
future design in this space” (Cambre et al., 2020).

The analysis was led by the first author, in discussion with the
other authors. Given that our interest was in whether any design
insights could be extracted from the stories, there was little concern
in developing a consensus view, and more focus on understanding
whether a given designer could extract value.

The stories went through three rounds of iterative coding by the first
author. After a familiarisation read-through, during the second reading
the coder identified 32 distinct codes, clustered into four high-level
themes. The analysis was guided by an interest in identifying design
insights related to the development of TUIs for logging emotions.

In a third reading, looking for convergence, these themes were
reduced to two key themes, the nature of the technology, and design
properties. In reporting the results, we include extracts from the com-
pleted stories to illustrate our findings, indicating the story stem the
extract was in response to, and the participant ID of the author.

Given the number of respondents, a systematic analysis of the
impact of age, geographic location, familiarity with TUIs or story length
is not feasible due to the number of confounding factors. A final pass
over the data did not identify any clear relationships between these
demographic criteria and any element of the analysis.

3.2. Results

Of the 104 completed stories, the average story length was 70
words, with the stories ranging between 3 and 304 words. In analysing
the stories, we are first going to discuss the nature of the technologies
described by participants, before moving on to outline the key design
properties we identified from the stories.
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3.2.1. Nature of the technology

20 of the stories were off-topic, such as “The system is designed to...
Cook food, body massage, put orders and play any type of music” [stem
1, P41]. 14 of these off-topic stories were from the first stem, six from
the second stem. Four participants had written off-topic stories for both
stems.

Of the remaining stories, 31 discussed the technology in a generic
fashion, where it was challenging to determine the nature of the
technology being described: “The system is designed to... register the mood
that the person is in. After analysing it will come up with activities to improve
your mood and will even call some of your preferred contacts to see if they
are available to do such activity with you” [stem 1, P47]. A chi-square
test of independence showed that there was no significant association
between familiarity with tangible technology and a story being off-
topic, generic or including tangible technology (stem 1 72 p = .35; stem
2 7> p =.48).

This left 51 stories which discuss some form of tangible tech-
nology. Wearable devices were strongly represented (20), alongside
brain/computer interfaces (13) and smart home systems (6).

3.2.2. Design properties

The first design property was the nature by which logging occurred.
In 13 of the stories — all of them using a tangible technology — the
recording was completed automatically through recording some phys-
ical phenomenon inherent to the human body, be that pulse, gaze,
heart-rate or brain waves: “detecting the mood of the user by measuring
their temperature and pulse rate through the touch of their hand when it is
placed on a small platform that is part of the system.” [stem 2, P25]

This contrasts against the five stories which included an element
of manual self-logging, where users actively made a decision to record
an element of their affective state: “The system is designed to... measure
fluctuations in people’s mood and improve their well-being by creating
suggestions and reports based on the logged responses. The system includes
a soft, sponge-like response handle and based on each mood indicated
by different colors, the responders should squeeze the handle based on
the intensity of the respective mood state/emotion.” [stem 1, P6]. This
dichotomy between automatic or manual logging is prevalent in the
literature, and thus interesting that it would be so clear in the narratives
our participants constructed.

A similar debate runs through the literature in terms of whether
logging systems should support self-reflection, or promote some form
of behaviour change. 32 of the narratives included some form of
behaviour change, whether that was through a set of suggestions,
changing physical properties, or providing a behavioural analysis. None
of the stories contained any identifiable reference to self-reflection.

The literature of emotion tracking highlights the need to understand
the dynamics of how people would be prepared to share their emotion
data (Gooch et al., 2020, 2022), particularly with whom, under what
conditions and to what benefit. This was one of the most diverse design
properties, with seven options across nine stories, including sharing
with no-one for privacy reasons: “This new mood logging system works
by... a neural chip that we can connect to our head by a special adapter. It
runs only local in our head and can not be access by anyone or anything
from the internet but can be read by special adapter connected to our
computer.” [stem 2, P10]

While other sharing options included sharing with medical staff,
anyone the user chooses moment-by-moment, selected individuals, or
with family: “.. Sam notices that the mood enhancer has a family mode,
this allows for a personalized mood logging system plan for each member
of the family as the mood logger is able to identify individuals...” [stem 1,
P33]

With the most open sharing option being sharing through a public
display: “This new mood logging system works by... Picking up on the
wearers heart rate temperature and brain waves to tell their moods. Much
like the old fashioned mood rings, the wearer mood flashes up on the badge
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for all to see.” [stem 2, P28]. This diversity of narratives certainly
provides designers with various routes for inspiration.

The penultimate design property is the feedback mechanism, the
means of showing users the emotions and moods they had logged.
Colour was heavily used, with eight of the stories building on the
cultural associations between colour and emotion, to integrate elements
of colour either into the collection or display of the story participants’
moods: “... these will be transferred to computer software which will convert
the information into visual kaleidoscope type patterns each having it’s own
colour scheme and conveying a certain mood or feeling...” [stem 2, P44]

Five stories discussed broader feedback approaches, using a vari-
ety of tangible approaches. An innovative approach tightly coupled
tangible input and output together, an approach which we had not
previously considered: “This new mood logging system works by... giving
hugs or stroking. There is a teddy bear and you can hug or stroke it either
briefly or long, gently or strongly. The system responds to the power and
length of your hugs.” [stem 2, P31]

The final design insight came from two stories, which discussed di-
vorcing the technology completely from objects in the world, allowing
users to choose how to integrate the technology into their daily lives:
“This new mood logging system works by... Wearing any piece of clothing
with the recently developed sensing technology. It can be your shoes, a shirt,
even underwear...” [stem 2, P37]

3.2.3. SCM feedback

In the wrap-up section of the questionnaire, we asked our partic-
ipants how the study materials could have better supported them in
writing imaginative stories about tangible devices. Participants were
keen to have the stems provide greater scaffolding. Participants argued
that providing character background and motivation, the purpose of the
technology, more structure and some guidance on the story audience,
would have helped the development of their stories. 15 participants
would have liked to have seen more videos. 38 of our participants
had suggestions for providing a clearer introduction to TUIs. Nine
requested clearer textual prompts, and 16 participants requested videos
of emotion logging TUIs.

Given the propensity of TUI design methods to utilise prompts (see
Table 2 in Section 6), we were anticipating our participants to feedback
that completing the stories would have been easier had they had greater
exposure to actual TUI devices. Surprisingly, only five participants
asked for a demo or “actual direct interaction with such devices”
[P18], suggesting both that the prompting material was sufficient to
scaffold the stories, and that it was possible for our participants to write
meaningful stories without hands-on interaction with TUIs.

4. Study 2: Understanding privacy management tangible devices
using SCM

The stories from the first study were informative, but we wanted
to see if providing more scaffolding to users would result in higher-
quality stories. A large percentage of the respondents from study 1 had
requested some form of improvement to the scaffolding provided.

We decided to select a second topic area such that our findings
demonstrate the applicability of SCM to a wide range of tangible
interaction areas. Given our context within the SERVICE project (Price
et al.,, 2020), we had an interest in exploring privacy management
systems in smart home environments.

The research team has long argued that existing GUI-based pri-
vacy management tools can often feel physically interruptive, socially
disruptive, time consuming and cumbersome. We argue that tangible
technologies provide a suitable alternative for smart environments
given their responsiveness, and ability to integrate into daily life (Mehta
et al., 2021b, 2023, 2021a). However, to date, there are few reports
of successful field deployments of tangible privacy management tools,
presenting a gap in understanding of the most suitable design for such
tools, and how they might integrate into daily life. Exploring the design
of privacy tools using SCM would assist in addressing this gap.
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4.1. Method

The overall method for study 2 was based on the method from
study 1, with adjustments made to increase the level of scaffolding
provided to participants. The study was approved by our University’s
ethics review board.

4.1.1. Story stems

Following the same guidelines in study 1, we generated two story
stems based on location tracking and financial management; areas
of current concern within privacy management (Mehta et al., 2021b;
Maaf3, 2011). We also minimised the use of personal pronouns in the
story stems, ensuring that the characters had no clear gender (Clarke
et al., 2019; Cambre et al., 2020).

* It’s the year 2030. Sam is careful with their money, and has many
different accounts to maximise the benefits they receive from different
banks. Sam is concerned about financial fraud, and having money
stolen. An online announcement catches Sam’s eye, as a revolutionary
privacy management tool — PrivacyManager — is announced. This new
privacy management system works by... [stem 3]

« It’s the year 2050. As a busy estate agent, Robin is frequently on the
move. Enjoying the flexibility of their job, they often complete personal
tasks in-between seeing clients. Having just dropped a parcel off at
the post office, Robin’s PrivacyManager system highlights a potential
privacy breach, with their location being tracked by an unknown
person. The PrivacyManager system... [stem 4]

4.1.2. Procedure
We again created a questionnaire based on the Google Forms ser-
vice, consisting of seven main sections:

1. The gathering of informed consent.

2. Familiarising participants with tangible user interfaces. We used
the same description and three of the same videos as in study 1.
We replaced two of the videos’-® with examples that we believed
would better introduce TUI devices to our participants.’>*°.

3. Participants were asked to describe one of the TUIs, in order to
ensure they had watched at least one of the videos. We used this
to filter out responses which had not engaged with the study.

4. We provided material to describe privacy, and how tangible

devices have been developed to assist with privacy management.
This drew on the Privacy Itch and Scratch tool (Mehta et al.,
2016). Having read the description, participants were asked to
outline the itch and scratch tool. The description was:
With the massive expansion of computing devices, especially in public
spaces, it had been difficult for people to keep track of their privacy.
Think about the different devices that hold personal information
about you — smartphones, tablets, laptops, smart home technology,
voice assistants, CCTV cameras. Managing who has access to that
information is extremely difficult. Privacy management tools try to
make that process easier.

Given the immediacy of potential privacy breaches, tangible devices
have been used a lot. For example, the privacy itch and scratch device
is a wearable band (see below). When a privacy breach is detected
— for example an unexpected credit charge is made — the heating
elements near the wrist warm up. Different privacy breaches result in
different actions, with the band also containing a range of vibration
motors. Depending on what the user wants to do about the breach —
stop it, allow it, or pause it for further consideration — they “scratch”
a different area of the band.

7 https://www.youtube.com/watch?v=TK-8-_obj4Y.

8 https://www.youtube.com/watch?v=jyuM8k3UPzk.
9 https://www.youtube.com/watch?v=dD5BQIVNrYE.
10 https://www.youtube.com/watch?v=6ImauNvPTSY.
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5. Participants were asked to complete story stem 3, with the same
instructions as in study 1.

6. Metaphor is an important element of many tangible privacy
management tools (e.g. Mehta et al. (2021a)). To provide users
with more scaffolding, before completing the second story, we
provided a short description of the importance of metaphor in
digital systems, before listing three examples:

« Virtual walls which can be made transparent, translucent,
and opaque to provide different access to different peo-
ple (Kapadia et al., 2007)

+ Radiation badges, which darken as more privacy is lost
(Gisch et al., 2007)

+ Eyes which grow in size based on how many people have
access to your location (Schlegel et al., 2011)

7. Participants were asked to complete story stem 4. Wanting to
provide more specific guidance, we decided to add an additional
constraint:

In this story, we would like you to make sure the technology is
embedded in EYEWEAR and it uses SMELL to provide information
to the characters.

Where the set of objects and interaction modalities were selected
from a framework for developing tangible privacy management
tools (Mehta et al., 2021b). We recruited 10 participants for each
of the following five pairs:

« Jewellery/Temperature
» Eyewear/Smell

« Jacket/Roughness

+ Shoe/Weight

+ Umbrella/Vibration.

8. We used the same wrap up questions as in study 1.

4.1.3. Participants

Participants were recruited through the Prolific.'! questionnaire
service. Participants were paid 7.00 GBP (9.00 USD) for completing the
study, which took around 40 min. All demographic data was recorded
by participants in their Prolific profile.

We recruited 50 participants, between the ages of 18 and 45. A
further 12 submissions were rejected, as they did not correctly describe
one of the tangible systems presented in the introductory video or
the itch and scratch tool. When recruiting the participants, we filtered
on two criteria: (1) that participants had fluent English and (2) that
participants had not completed any previous study run by the research
team on Prolific.

Twenty-five of our participants were male, and 25 were female.
14 participants were born and lived in South Africa, with 13 born
and living in Portugal. The remaining participants were born in, or
lived in, 15 different countries across Europe, Africa, Asia and South
America. This was a convenience sample, based on who responded
through the Prolific platform (Prolific, 2023). Based on their ques-
tionnaire responses, 34 participants were not familiar with TUIs, nine
were somewhat familiar, and seven were moderately to very familiar
with the technology. We argue that this participant pool represents a
somewhat diverse set of participants, across age, gender, geographical
location, and experience with technology.

11 www.prolific.co.
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4.1.4. Analysis

We followed the same broad analysis approach as in the first study.
The stories went through three rounds of iterative coding by the first
author. After a familiarisation read-through, the coder identified 42
distinct codes, clustered into four high-level themes. In reporting the
results, we include extracts from the completed stories to illustrate our
findings, indicating the story stem the extract was in response to, and
the participant ID of the author.

Given the number of respondents, a systematic analysis of the
impact of age, geographic location, familiarity with TUIs or story length
is not feasible due to the number of confounding factors. However,
specific stories — where the impact of cultural diversity is clear — are
highlighted.

4.2. Results

Of the 100 completed stories, the average story length was 91
words, with the stories ranging between 14 and 340 words. There was
no observable difference in the story lengths between the non-prompted
stem (stem 3) and the prompted stem (stem 4).

In analysing the stories, we are first going to consider the de-
signs developed, discussing the inclusion of tangible technology in the
participant-generated stories from stem 3, before moving on to outline
the key design properties we identified from stem 3. We then move
on to consider results related to the method itself, particularly the
impact of prompts on the stories from stem 4, and the design properties
embedded within these stories. We end the results section by outlining
our participant feedback on how to provide a clearer understanding of
tangible devices, and what prompts would have supported the story
writing process.

4.2.1. Inclusion of tangible technology

One participant provided nonsense stories which were uninter-
pretable. Across the two stems, 27 stories did not include tangible
technology, focusing instead on software systems. Five participants
provided stories with no tangible aspect across both stems.

Sixteen stories from the first stem did not include a tangible aspect,
with the focus being on software systems. These stories included seven
current software solutions (including cold wallets, VPNs and some Al),
with one story discussing the block chain, and another covering an Al
solution.

Eleven stories from the second stem did not include a tangible
aspect, with the focus being on software systems. These stories also cov-
ered location tracking (3 stories), facial recognition (1), and 1 account
of the consequences of having the PrivacyManager system hacked.
These were evenly distributed across the different prompts participants
received (jewellery/heat(3), eyewear/smell(2), jacket/roughness (1),
shoe/weight(1), umbrella/vibrate(3)).

A chi-square test of independence showed that there was no signif-
icant association between familiarity with tangible technology and a
story discussing tangible technology (stem 3 7> p = .60; stem 4 7% p
= .21). However, 8 of these non-tangible stories did highlight socio-
cultural factors relating to how such technology would integrate into
daily life. Given the factors discussed, these stories may be indicative of
cultural diversity. For example, seven of the stories — written by indi-
viduals in Portugal, Hungary and South Africa — indicate an acceptance
of the benefits of close surveillance: “.. makes use of analysing your
phones data. The privacy Manger system can detect who is viewing your cell
phones data such as cell phone history, location and messages. The system
can highlight people who potentially tracing your movements by the use of
your cellphone. The system detects which IP address is interacting with your
private data the most.” [stem 3, P8]

This acceptance of close surveillance was not identified as a story
element in any other contribution. The final story was contributed by
a participant from Zimbabwe, a country which has — alongside many
others across the globe — faced economic concerns in recent history.
This may explain why their story focused on concerns relating to bank
fraud: “.. detecting any fraud in the banks. It is an electronic software
where Sam can enter info on his banks...” [stem 3, P46]
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4.2.2. Design properties

Of the remaining 33 stories for the first stem, a wide variety
of systems were proposed. While seven of the stories were heavily
based on the itch and scratch device participants had been intro-
duced to, there was also a great deal of creativity. Almost all involved
an augmented object, with the range covering some form of jew-
ellery (smartwatch/watch, bracelet, necklace, ring), clothing (shoes,
wristband, armband, glasses/sunglasses/contact lenses, belt), day-to-
day objects (bank cards, headphones) and implants (neural interface,
thumb chip). The interaction modalities were more constrained, al-
though covering vibration, colour, sound, HUD, pressure, holograms,
shape-changing objects, heat, electric shocks and the neural interface.
Only 20 of the stories included an input method, with this predom-
inantly focussing on touching the device (11), using eye gaze (2) or
manipulating the device (1). Six stories discussed using a smartphone
as a companion for the device, recognising that while the TUI would be
well-placed for notification, a GUI would be more suited for complex
information input/output actions: “a vibrating insole, that warns the user
about movements in their bank account. This is customisable: the user can
choose the pattern of vibration, the intensity of vibration and the amount
of times they want the insole to vibrate. Then, the device sends all the
information to a smartphone app, where the user can have access to what
is happening and choose the course of action...” [stem 4, P2]

Hybrid Privacy Management: three of the participants identified an
alternative to focussing on a single augmented object, proposing a
hybrid system. In such systems, the software is separated from the
interaction, allowing a range of devices — glasses, rings, clothing — to be
used as privacy management tools, while sharing the same underlying
privacy rules. This is an area of current research with TUIs (e.g. Mehta
et al. (2021a)): “[a] small chip which can be placed in almost everything.
It can be in a signet ring, smartphone case, under a smartwatch, and even
under the skin. When privacy is breached chip starts to generate small
impulses that are easy to sense and recognise...” [stem 4, P39]

Design innovations: Four of the stories contained innovative design
considerations which extended the thinking of the research team:

1. User needs, and the accessibility of the tangible system: “it’s an
inclusive way because it can be used by people who can'’t see... by
people who can’t hear... and by people who have low sensibility and
can’t feel...” [stem 3, P11]

2. The social aspects of who else the PrivacyManager contacted
when breaches are detected, taking privacy management beyond
an individual system and opening up the rich design space of
multi-user privacy management.

3. The role of preventative measures in securing privacy, and how
a positive reinforcement mechanism could encourage users to be
more proactive and less reactive: “always on top of his problems,
and even managed to do some preventative measures, which the
device also rewards” [stem 3, P44]

4. Raising the question as to why users should trust the pri-
vacy management system. While the proposed solution is for a
government-sponsored solution, this is unlikely to satisfy those
people concerned about the insight that governments may then
have of the individual: “an application made by the government of
the country, developed by the best developers in the country and the
best cyber security company in the world” [stem 3, P26]

4.2.3. Story prompts

The inclusion of prompts for the second story stems provides a
different focus for the analysis, given that 28 of the 38 TUI-related
stories used both prompts (object/modality). We use these prompts to
organise similar results across the resulting stories.

For the six jewellery/heat stories, these generally followed the
format of “Is a necklace that instantly gets cold or decreases temperature
whenever it detects a privacy breach” [stem 4, P6]. Three of the stories
discussed using a laptop/phone to delve into finer-grain information,
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and an additional story mentioned a speech interface as the input
technique.

The eight eyewear/smell stories followed a similar structure of
a breach being detected and then reflected in the smell. The more
interesting elements are related to the selection of the smell, with a
relative degree of consensus that breaches related to ‘bad’ smells (fire,
burning, citrus, manure, fish and faeces) while returning to pleasant
smells (fresh, ocean, citrus, lavender) when no breach is detected.
Allowing the user to customise the smell by their own preference was
also identified as a meaningful design element, be that focussing on
an individual (“emits an unusual smell combining manure and aftershave,
which immediately brings a certain well-dressed farmer to Robin’s mind...
block [Robin’s] location from his shady arch nemesis” [stem 4, P17]) or
the nature of the breach (“Robin has elected to use the smell of pine to
denote location” [stem 4, P20]).

Five of the eight stories prompted by the jacket/roughness pair do
not use ‘rough’ as the output modality (potentially highlighting it as
a poor tactile medium), with cold, weight, colour & vibration, electric
shock and heat being used instead. Those that do use the phrase do not
expand or elaborate on what ‘roughness’ means in the context of their
story, or how it is used by the characters.

Of the nine stories based on the shoe/weight prompt, three did
not use shoes, but smartwatches (with colour and vibration), while an
additional two did not use weight, instead discussing colour/vibration
or height. The remaining stories focussed heavily on the physical
implementation of the shoes, ranging from spraying the shoes with a
special liquid which could increase weight, to interacting with the shoes
through combinations of touches, or through a smartphone.

Finally, the umbrella/vibrate stories, where six of the seven stories
used a similar template. The remaining story did not discuss a specific
object, but used sound and colour as the output modalities. Interest-
ingly, this was the only story prompt which led to discussions of hybrid
privacy management, with the umbrella used as an example object,
with others - such as bracelets — also discussed in the same story.

Outside of the specific prompted stories, the only characteristic that
was identified was a focus on law enforcement, discussed in seven
of the 38 stories: “the smell will grow in potency and after 5 min the
authorities will be alerted and your location will be sent to them” [stem 4,
P16]. This lack of unprompted characteristics indicates that too many
prompts were provided for the second stem, limiting creativity.

4.2.4. SCM feedback

The wrap-up section of the questionnaire was the same as study
1. The answers were extremely similar; participants were keen to
have had the stems provide greater scaffolding. Eighteen participants
commented that providing character background and motivation, more
details of the technology, and greater context of the privacy breach,
would have helped the development of their stories. Similarly, 12
participants requested clearer instructions and explanations of tan-
gible devices (including of the example videos) to support a better
understanding of tangible technology.

As with study 1, we had deliberately avoided providing too many
details of existing privacy management TUIs, as we did not want to
influence the nature of the stories our participants would write. Exam-
ples were requested for both understanding TUIs (3) and for writing
stories (4), with participants also requesting real-world examples of
TUIs beyond research prototypes (6). We will return to this in the
discussion where we reflect on the construction of our story stems.

5. Combined study discussion

Prior to running the studies, we had no preconceived ideas as
to the value SCM may have in the design of TUIs. We argue that
our findings demonstrate that the method does have something to
offer, enabling diverse and large-scale engagement with participants
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Table 1
Summary of identified design characteristics from the two studies.
Study 1 Study 2

Design characteristics Design characteristics

Manual/automatic logging

Data sharing preferences

Diverse input/output mechanisms
Tightly coupled input/output
Divorcing the technology from objects
in the world

Accessibility concerns

Data sharing preferences

Diverse input/output mechanisms
Questions of trust in the technology
Hybrid technology

Preventative measures to ensure privacy

which is particularly helpful in the early stages of design in terms of
understanding the socio-cultural context of deployment.

Many of the stories collected considered socio-cultural factors re-
lating to how such technology would integrate into daily life. One of
the benefits that SCM brings is the ability to recruit participants across
a wide demographic — particularly geographic diversity. While our
data is not substantial enough to make conclusive claims, some of the
stories written in the second study provided some evidence of cultural
diversity. Similarly, the discussion of trust in the privacy management
system in study 2 provided a range of socio-cultural perspectives that
somewhat reflected cultural norms. Given the potential for technologies
to be deployed globally, utilising design methods which allow designers
to engage with diverse cultural settings easily is a clear benefit. This
broadly integrates with the arguments made in the few previous HCI
uses of the method (Cambre et al., 2020).

Our analysis of the stories also demonstrate the usefulness of the
method in identifying possible design requirements, with diverse design
characteristics identified across both studies (see Table 1). Some of
these design characteristics are unsurprising, and would likely have
been generated by any team of designers thinking about the context of
use. However, as active researchers in these two domains, it is notable
that some of these characteristics extended our thinking. For example,
the concept of tightly coupling the tangible input and output for the
emotion logging tool was an approach which we had not previously
considered. Nor had we considered the use case of multi-user privacy
management tools, and how such systems would need to determine the
appropriate action when a breach had occurred.

Other design characteristics referred to concepts which are currently
under exploration. For example, hybrid privacy management tools
were suggested, where the software is separated from the interaction,
allowing a range of devices — glasses, rings, clothing — to be used as
privacy management tools, while sharing the same underlying privacy
rules. This is an area of current research within the domain of privacy
management TUIs (e.g. Mehta et al. (2021a)).

We argue that both the socio-cultural insights and the design char-
acteristics have value in the design process. While SCM produces
complete designs (presented as stories), this is not where its true
value lies. Rather, SCM’s value is in enabling designers to engage
with a diverse population, in a manner that scales easily, to identify
interesting design characteristics not limited by existing technology.
These characteristics can then be taken forward by the designer into
a realistic construction of technology, or assessment of how technology
should integrate into our social and political lives.

Such a translation step is not unusual in co-design methods, given
the need to provide technical expertise on what is viable; the difference
with SCM over more traditional co-design workshops is in how the
different methods utilise the designer at different stages. The wide
range of design characteristics identified — several of which had not oc-
curred to the authors, who are active TUI researchers in both domains
— highlights the value of the method in identifying interesting design
characteristics. As such, we believe that our studies have demonstrated
the value SCM has in the design process of developing TUISs, as an early
scoping activity, engaging widely with diverse populations.
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Table 2
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Summary analysis of the identified design methods. Not all data is easily processed for this summary and is therefore excluded. This
includes cases such as the numbers of participants described in terms of the number of classes involved, or where the geographic spread is

undeterminable.

Design Number of Number of Geographic F2F/ Prototypes used
method papers participants diversity online by number
by number of papers
of papers
Workshop 103 Mean = 17.4 65 single location 78 F2F 43 prototypes
Median = 12 7 single country 16 online
9 diverse 5 both
Interview 70 Mean = 12.8 30 single location 17 F2F 7 prototypes
Median = 12 13 single country 27 online
10 diverse 8 both
Observation 18 Mean = 36.8 17 single location 14 F2F 4 prototypes
Median = 15 1 single country 4 online
Survey 17 Mean = 36.8 2 single location 2 F2F 1 prototype
Median = 15 6 single country 13 online
3 diverse
Ethnography 14 Mean = 10.3 11 single location 9 F2F 4 prototypes
Median = 10 1 single country 3 online
1 diverse 1 both
Elicitation 12 Mean = 35.0 7 single location 10 F2F 7 prototypes
studies Median = 19 1 single country 2 online
Wizard 4 Mean = 16.5 3 single location 4 F2F 4 prototypes
of Oz Median = 11.5
Probe 4 Mean = 7 1 single location 1 F2F 1 prototype
Median = 5 1 single country 2 online
Diary 3 Mean = 12 1 single location 1 F2F 1 prototype
Study Median = 12 1 single country 1 both
Bodystorming 2 Mean = 8 2 single location 2 F2F
Median = 8
Gameplay 2 Mean = 7.5 1 single location 1 F2F 2 prototypes
Median = 7.5
Brainstorming 1 12 1 location F2F
Artist 1 3 1 location F2F
engagement
Bulletin 1 13 Online
board analysis
Card Sort 1 22 Diverse Online
Delphi 1 6 Diverse Online
questioning
Design 1 7 1 location F2F
session
Design fiction 1 6 1 location Online
feedback
Total 256 Mean = 32.8 144 single location 142 F2F 73 prototypes
Median = 12 31 single country 71 online
25 diverse 15 both
Our SCM studies 2 Mean = 51 Diverse Online

6. Systematic literature review discussion

Design is a broad practice that utilises many different techniques. To
illustrate how the Story Completion Method compares against ‘typical’
design methods used in the development of tangible technology, the
first author conducted a systematic literature review. Our area of inter-
est was scoped to design methods used during the ‘fuzzy front-end’ of
design, which Smit et al. (2022) describe as the stage where “designers
aim to move from ambiguity and uncertainty to more concrete and
focused design goals (Kaasinen et al., 2014) by means of collecting and
sharing inspiration, knowledge and opportunities (Kwiatkowska et al.,
2015), defining goals (Varsaluoma et al., 2015), generating ideas and
developing initial concepts (Herstatt and Verworn, 2004)”. We draw
on this analysis in Section 7 when focussing on our reflections on the

challenges and benefits SCM provides. Guided by relevant systematic
reviews (Li et al., 2022; Beneteau, 2020; Kim et al., 2023; Stefanidi
et al., 2023), our process was three-stage; an identification phase, a
screening phase, and an analysis stage.

6.0.1. Identification phase

We first identified the date range we were interested in. Given
we were motivated to explore SCM by the disruption to our standard
design practices by Covid-19, we selected the data range of 2020-
2023, to capture research conducted pre- and post-pandemic. For the
conferences, this provides four proceedings. The search for the journals
was completed over May and June 2023. In order to keep the number
of papers reviewed viable, we decided to only consider full papers.

We selected four main venues to examine: TEI, CHI, IJHCS and
TOCHI. Given the remit of TEI, we examined all of the full papers
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published in our date range. We searched the other three venues using
the search string “tangible” on the ACM Digital Library (filtering by
venue), and the IJHCS section of Science Direct. This resulted in 870
papers being identified as needing to be screened. While this is unlikely
to have identified all relevant papers, it provides a sufficient large set
to be indicative of the design methods commonly used.

6.0.2. Screening phase

All 870 papers identified were written in English. Given the search
term used, we were not surprised to have to filter a significant number
of papers which used the phrase ‘tangible’ without discussing tangible
technology. The first author reviewed the title and abstract of all 870
papers. If the paper appeared to not involve a tangible technology, the
methods section was also reviewed. 260 papers were excluded for not
including any tangible technology.

Our criteria for inclusion was that the paper clearly articulated at
least one design method with users outside of the research team. For
the purposes of this review, field trials and other evaluations — while
important to the design process — were excluded, given their focus on
improving a developed artefact, rather than embedding user voices into
the early development of the artefact.

Educational studies — with students receiving course credit — along-
side studies focussing on teaching interaction design students about
tangible systems were deemed out of scope. Art installations engaging
with an audience were also scoped out given the specific nature of the
techniques used. We also excluded pilots within papers, as these rarely
contained sufficient detail on the design method being utilised.

Papers that we excluded varied immensely, with common exclusions
covering theory/opinion pieces, auto-ethnography, body sensing, de-
sign tools, experiments, expert design, meta-reviews, retrospectives and
technology development. In total, 681 papers were excluded, with 189
papers identified as containing at least one design technique involving
users and a tangible technology.

6.0.3. Analysis phase
For each design method within a paper, we recorded:

* DOI

Design Method

Number of participants

Geographic spread of participants

Whether the method was used face-to-face or online

The use of prototypes or physical materials

Any identified strengths or weaknesses in the methods, limitations
or conclusion sections of the paper

As 50 papers utilised more than 1 design technique, this results in
an identified 256 different instantiations of a design technique. Our
completed data set is made available as supplementary material to this
paper.

Table 2 provides a summary analysis of these 256 instantiations
of design techniques. In doing so, we also situate our use of SCM
with regards to existing design techniques, highlighting the distinctions
between the different methods. We found no use of SCM amongst the
papers we analysed.

Before moving on to the reported strengths and weaknesses of these
methods, Table 2 highlights a number of important considerations.
The first is clear; despite a wide-range of design techniques, the work
we analysed coalesced around two main design methods; workshops
and interviews. While these techniques support a deep engagement
with participants, they mitigate against recruiting a large and diverse
number of participants due to the effort involved. We would argue that
there is a place for wide and shallow engagement, and SCM provides
an additional method, alongside observational, survey and elicitation
studies.
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Table 3

Summary analysis of the identified strengths and weaknesses of the design techniques,

excluding surveys.
Strength/
Weakness

Number of
papers

Issues with bias in
sample selection

21 interview papers
13 workshop papers
5 observation papers
4 elicitation papers
1 ethnography paper
1 diary study

Engage diverse
stakeholders

3 interview papers

Inclusivity 9 workshop papers
1 ethnography paper

2 observation papers

Deep insight 3 workshop papers

1 ethnography paper

Strengths
Weaknesses

18 papers
45 papers

Across all of the studies, there are clearly identifiable trends, with a
focus on recruiting relatively modest numbers of participants, typically
in a single location or country. Around % of the reported studies
engaged participants face-to-face, and a significant proportion — 29%
— made use of a prototype device. These figures stand in stark contrast
with our use of SCM, which engaged more people, across a diverse
geographic area in an online manner without prototypes.

There is nothing wrong with these facets of the commonly use
design techniques, and much of our own design practice follows these
norms. However, we need to continue to question whether this is
best serving our purposes, and whether we should be more aware of
alternative methods in our toolbox of design techniques.

Table 3 provides a summary analysis of the strengths and weak-
nesses noted across the 256 instantiations of design techniques.

The first notable insight is how few papers report on methodological
strengths and weaknesses. This may be related to the field expecting
tacit knowledge regarding the strengths and weaknesses of certain
methods; and the majority of papers offering design artefacts rather
than methods as the typical contribution. However, this does not cap-
ture the strengths and weaknesses experienced within specific studies.
For example, while there is an issue with bias in sample selection for
interviews due to the size of study populations, there was no discussion
in any of the papers reviewed regarding participants who went off-
topic or were not forthcoming. One of the contributions we make
regarding SCM is to make this tacit knowledge explicit, by highlighting
the challenges and benefits of our experience in using the method.

With interviews and workshops being the preeminent methods,
unsurprisingly the only weakness identified was sample selection, in-
cluding limited cultural diversity, the generalisability of the population,
the demographic profile of participants, and the sample size. Given
how we deployed SCM as an online questionnaire, unsurprisingly the
strengths and weaknesses of surveys align with our experiences. We
argue that it is a good method for soliciting interesting initial evidence
and providing breadth over depth (zum Hoff et al., 2022), but is a
light-weight method unlikely to capture the full richness of peoples’
perspectives, experiences or reflections (Scott et al., 2023; Luria and
Candy, 2022).

7. Reflections on using SCM

Our reflections on using the Story Completion Method draw on our
two empirical studies and the systematic literature review. They coa-
lesce around 4 key themes; scale and diversity; the construction of story
stems; the effort involved in using the method; and the practicalities of
online distribution.
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7.0.1. Scale and diversity

The story completion method supports engagement at a larger
scale and with a more diverse population than typically recruited by
the majority of other design techniques. By integrating SCM into an
easy to distribute questionnaire, we recruited participants from around
the globe, covering a wide age-range, with variations in careers and
expertise in TUIs. Given the strong relationship between diversity and
creativity, having design processes that easily support diversity is of
clear benefit to the community.

The method was also successful at taking us as researchers beyond
our lived experiences, to consider both the utopian and dystopian
aspects of envisaged technology (Mancini et al., 2010). Despite having
working in privacy for many years, because of the WEIRD (Western,
Educated, Industrialised, Rich, and Democratic) nature of the design
team, we had simply had not considered the risks involved in some
envisaged privacy technology — whether that is elements of safety,
the perceived acceptability of surveillance, or concerns over trust.
While not necessarily relevant to the direct design artefact, this data
provides a broader perspective with regards to the implications of
the technology, and the potential impact on communities not directly
engaged in the design process.

7.0.2. Construction of story stems

Construction of the story stems is challenging. Despite following the
advice of previous researchers, and piloting the questionnaires with
participants, the stems differed in how successful the resulting stories
were in generating meaningful design input. In the first study, the first
stem was not as good as the second stem in gathering design ideas,
while the stories in study 2 were more influenced by the prompts in
the study materials. Of course it is difficult to distinguish the impact
of the study topic on the quality of the design ideas generated, but it
is reasonable to assume that the level of scaffolding provided had a
significant influence.

Providing the object/modality prompt for stem 2 limited creativity
and design ideas, rather than acting as inspiration. Participants fo-
cussed on developing a narrative involving the prompts at the expense
of exploring other design ideas. While suitable if exploring a mid-stage
design, this proves less useful for early blue-sky thinking.

Overall our results indicate that providing the appropriate level of
scaffolding supports creativity; while too little (as per study 1) and
too much (prompts for stem 4) can be limiting. We would strongly
encourage researchers interested in using SCM to extensively pilot their
story stems, to ensure that the authored stories will generate useful
data. We believe that as further work continues to utilise the method
in the design of TUIs, further guidelines and best practice will be
established by the community.

7.0.3. Study effort

The authors have used a range of design methods across diverse
projects including workshops (Mehta et al., 2021a), ethnography
(Gooch et al., 2018), elicitation (Gooch et al., 2020), surveys (Kelly
and Gooch, 2012), diary studies (Gooch and Watts, 2014) and inter-
views (Gooch et al., 2016). This experience allows us to reflect on how
our use of SCM compares against other techniques we have previous
utilised.

Compared to these other techniques, we found the time the research
team invested in deploying SCM was lower, particularly as compared
to workshops and interviews. This is perhaps unsurprising, given the
recognition that workshops are extremely time consuming and effortful
for research teams (Superti Pantoja et al., 2020). While developing
the prompts and story stems was effortful, it was broadly compara-
ble to developing the prompts or interview protocols for workshops,
interviews, or diary studies. Similarly, we found the overall analysis
time for 50 SCM stories to be somewhat similar to what we would
typically experience when analysing 10 hour-long interviews. Where
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the research team saved significant time is in recruiting participants,
and conducting the workshop or interview.

There is a broader question regarding the overall time and effort in-
vested; 10 min for 50 participants is over 8 h. A comparable investment
of time in interviewing participants, or conducting observations, would
reveal much deeper insights into practice. However, this does come at
the cost of scale and diversity, and therefore designers need to consider
which design techniques they are using for which purposes.

7.0.4. Practicdlities of online distribution

We deployed SCM through a paid-for online questionnaire service,
and our experiences reflect this. Our results — and arguments regarding
scale and diversity — would be very different, had we tried to deploy it
as a face-to-face survey. Unsurprisingly then, many of the challenges in
terms of receiving meaningful stories are consistent with experiences
with other crowd-sourcing sites. Around half of the stories in study
1 did not involve TUIs; and through the use of questions to validate
responses in study 2 we increased the number of relevant stories
to 75%. This is consistent with return rates on using crowdsourcing
platforms (Downs et al., 2010).

There are methods for improving the quality of responses through
crowdsourcing platforms, if designers require a guaranteed length of
story, or for stories to cover a particular set of criteria. One of the most
successful techniques is simply to filter out inappropriate responses,
and do not process payment for them (Downs et al., 2010).

We would argue that designers need to be cautious in making such
a decision, as the value of the story may not be apparent until the
analysis has been conducted. For example, in the second study, the
stems were better at prompting reflection into social context, even if
those stories did not include elements of tangible technology. Such data
can stimulate design thinking, even if — strictly speaking — it did not
meet our specified criteria. As such, we would also argue that story
length or story relevance are not necessarily good indicators as to the
quality of the data in terms of providing insights into facets relevant to
design practices.

Specific to working with tangibles is the issue of how to inform
an non-expert audience about their capabilities without being able to
physically demonstrate some examples. We achieved this by selecting
a series of videos, which we acknowledge were designed for an expert
rather than general audience.

Our findings suggest that our participants could interpret the gen-
eral properties of TUIs from the videos and apply them in interesting
ways to other domains, given that none of the stories were direct copies
of design properties from the video prompts. While it would impact the
cost/benefit/effort ratio of using the method, other design teams could
consider developing their own custom videos to introduce participants
to the capabilities of TUIs within the domain of interest.

8. Further work

While our use of the method is tightly interlinked with the domains
we were working in, our account provides a rich account of our expe-
riences. However, we are clear that further investigations are needed
to better understand the relationship between the use of the method
(such as story stem construction) and the domain under investigation.

As a method that is beginning to be used by the HCI and TUI com-
munities, there are a host of directions for further work, particularly
exploring the boundaries of how to generate meaningful data from the
method, and establishing best practices for these communities. Avenues
for exploration include developing an understanding of which domains
or aspects of TUI development SCM would best support, through to
different formulations of using the method. As identified by one of our
participants, there is great value in group writing and adapting the
method such that users ‘co-designed’ fictional stories (as in Ambe et al.
(2019)) could lead to interesting results.
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One direction which we would be particularly interested in, is
exploring releasing completed stories as a resource for others to use
to inspire design, similar to how studies commonly provide access
to their data sets. We cannot do so with our stories, as we did not
seek permission from our participants for this form of data sharing.
However, this is something we would encourage others to do in the
future, to allow the community to explore whether there is value in
sharing such data.

Other clear directions include working with users with different
kinds of expertise (design experts; creative writing experts; non ex-
perts) to understand the vagaries of the method and how to best
utilise to inform design practice. Similarly, exploring the elements of
the design process it is most suited for — device development, social
context, ethical implications — is necessary. We would also argue that
the implications for inclusion are not yet well understood, and the
scale and diversity of being able to involve non-WEIRD (Western, Ed-
ucated, Industrialised, Rich, and Democratic) participants easily could
dramatically change design practice.

9. Conclusion

Our focus has been on exploring whether the story completion
method has any value as a design method in the development of TUIs.
Contextualised by our interest in emotion logging and privacy manage-
ment, we present two distinct questionnaire studies, and analyse the
resulting stories.

Paraphrasing Bertran et al. SCM “is not necessarily better or worse
than existing methods, nor it seeks to displace or substitute them.
Instead, it combines many of their strengths to tackle the emergent
challenge of supporting early [design] in remote settings” (Bertran
et al.,, 2022). It allows designers to draw on important aspects from
existing methods to provide a focus on large-scale engagement on the
“fuzzy front-end” of design with a diverse population in topic areas
which may give rise to social discomfort.

It is clear from our analysis that SCM does have a role in the design
of TUIs, particularly in the early stages of the design process. There
are clear benefits in harnessing the creativity of diverse populations:
SCM is ideally placed to explore a diverse range of domains. We argue
that our findings demonstrate that the method does have something
to offer, enabling diverse and large-scale engagement with participants
which is particularly helpful in the early stages of design in terms of
understanding the socio-cultural context of deployment.
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