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ABSTRACT 
This paper addresses a design exploration focusing on 
interactive jewelry conducted with newcome LGBT+ 
immigrants in Sweden, leading to a necklace named PoWo 
that is “powered” by the spoken word through a mobile 
application that reacts to customizable keywords triggering 
LED-lights in the necklace. Interactive jewelry is in this 
paper viewed as a medium with a simultaneous relation to 
wearer and spectator thus affording use on the themes of 
symbolism, emotion, body and communication. These 
themes are demonstrated through specific use scenarios of 
the necklace relating to the participants of the design 
exploration e.g. addressing consent, societal issues, meeting 
situations and expressions of love and sexuality.  

The potential of speech based interactive jewelry is 
investigated in this paper e.g. finding speech recognition in 
LED-jewelry to act as an amplifier of spoken words, actions 
and meaning; and as a visible extension of the smartphone 
and human body. In addition use qualities of visibility, 
ambiguity, continuity and fluency are discussed in relation 
to speech based LED-jewelry. 
Author keywords 
Interactive jewelry, speech recognition, wearable 
computing, affective computing, LGBT+, migration, LED-
lights. 
INTRODUCTION 
Jewelry is one of the oldest type of archaeological artifact 
with 100,000-year-old beads made from Nassarius shells 
thought to be the oldest known jewelry [21]. Accordingly it 
seems like humans have an equally rooted need to express 
themselves through jewelry as the need of creating tools for 
completing tasks. In our computational era the need for 
expression has not diminished, even though the first waves 
of HCI focused on managing tasks efficiently rather than 
creating pleasurable experiences and means of expression 
[13]. However areas such as Affective Computing [13] and 
Wearable Computing [15] are today addressing jewelry 
from an interaction design perspective. 

Adding a computational layer to jewelry entails the 
possibility to collect data (sense), process these data 
(compute) and react based on that (actuate) [24]. Further 
interactive jewelry is a unique medium through its 
relationship with the body — the body here seen as the site 
of our sense of self and the border between ourselves and 
the society. Accordingly a visible jewelry piece will always 
have two touch points: the relation to the wearer and the 
relation to the spectator. In this analysis Newcome LGBT+ 
(Lesbian, gay, bisexual, transgender. The ”+” is used to 
recognize a broader spectrum of gender and sexuality) 
immigrants are an interesting group as their private 
emotions and relations to the body suddenly becomes a 
public issue for the authorities in the asylum process e.g. 
when trying to ”prove” sexual orientation. Accordingly the 
experiences of newcome LGBT+ persons can be embodied 
in jewelry's affordance of being both private and public at 
the same time, while relating to the body. Further, due to the 
increased number of asylum seekers that have migrated to  
Sweden lately, the topic has received greater attention. 

Accordingly, this study is important as immigrants are an 
exposed group — especially individuals who identify 
themselves within the LGBT+ spectra; as they may 
experience layers of oppression from the community they 
left, the community they have moved to and also through 
internalized oppression [12]. 

Another issue related to newcome LGBT+ immigrants is 
language, as learning a new language is often a 
consequence of migration. Coinciding, speech is one of the 
most natural forms of communication and information 
processing that humans possess. Accordingly this modality 
is interesting in relation to interactive jewelry — especially 
in a multilingual target group — as natural interaction could 
be desired in an artifact so closely related to the body. 
However, as natural speech is for humans, speech is one of 
the most difficult modalities to be understood by machines, 
why the HCI community has not embraced this modality as 
a central focus of research [16], even though big efforts and 
progresses are made in the technical aspects of speech 
recognition. Recent commercial advances in speech 
recognition by e.g. Apple's Siri, Amazon's Alexa and 
Google's Web Speech has however renewed the interest in 
HCI research involving speech recognition e.g. finding that 
many applications do not require 100% accuracy of 
processing speech to be useful  [2]. Consequently this paper 
is contributing with knowledge on how speech recognition 
technology can be used and experienced in relation to the 
growing field of wearables and interactive jewelry by 
showing and analyzing use scenarios of PoWo, a speech 
recognition necklace developed based on a cultural probe 
study with newcome LGBT+ participants. The goal is to 
provide answers on how speech recognition in jewelry can 
be used in symbolic and playful to more useful ways. The 
use scenarios will be presented under the themes of 
symbolism, emotion, body and communication in order to 
clarify various directions speech recognition in jewelry may 
take. Based on the presented use scenarios a discussion on 
design qualities arising in this form of interaction will be 
carried out. 

Historically jewelry has moved the positions of what's 
technically possible [22] e.g. through new processing of 
materials and development of mechanics. Other domains 
will thus benefit from new approaches to materials, design 
qualities and technologies developed in the research of 
interactive jewelry. In relation to speech recognition, the 
more playful or ambiguous use scenarios explored in this 
project may function as a laboratory for other context that 
requires greater accuracy from speech recognition 
technology. 
BACKGROUND 
Technological innovation has been the dominant concern 
for research on wearables [22]. As technological 
components have grown smaller there is however a greater 
possibility to address aesthetics in wearable technology. 
Despite this wearables have received criticisms for 
unfashionable aesthetics and gadgetry that do not 
necessarily consider consumer preferences and desires [19]. 
For example commercial wearables seem to conform 



mostly in “futuristic” or “sporty” appearance, focusing on 
functionality. Accordingly unsatisfactory matching of user 
preferences and expressions in wearables is one reason for 
wearables not being adapted in a broader extent; thus a 
wider span of aesthetics in wearables needs to be addressed. 
This could be achieved through shifting focus from 
“gadgets” to jewelry in order to allow richer aesthetic and 
affective experiences.  

However, “aesthetics” is not the only quality jewelry entail. 
To clarify interactive jewelry's role in HCI  Versteg et.al.   
[24] identifies five reasons why humans create jewelry: 1) 
Adornment: a need to decorate the human body 2) 
Protection: talismanic safeguard from any threat 3) 
Prosperity: keeping one's valuables close, while also 
showing them to the world 4) Identity: expressing identity, 
social status and believes 5) Memento: remembering one's 
background, friends and relatives. To this list should be 
added that jewelry may also be functional e.g. to fix 
clothing or hair in place or display the time. Further 
Versteeg et al. [24] suggests some possible design 
directions for interactive jewelry. 1) Draw inspiration from 
interaction with non-computational jewelry 2) Use 
relatively simple technology with high experiential 
qualities, instead of using state-of-the-art technology 3) 
Favor abstract and poetic data representation 4) Store data 
uniquely on the digital jewel. An evaluation of these 
suggestions in relation to speech recognition in jewelry will 
be carried out in the discussion of this paper.  

A further approach for understanding interactive jewelry is 
through three coexistent functions of a jewelry piece. The 
sociofunction considers manifestations of social factors 
such as status, the technofunction addresses what the jewel 
will do and the ideofunction considers what message the 
jewel will send, involving ideological symbolism [22]. In 
what follows concrete examples of interactive jewelry in 
HCI will be described.  

The tangible apps bracelet, where different tasks can be 
executed through beads on a bracelet e.g. monitoring 
physical activity or notifying incoming messages, is a great 
example on how inspiration from interaction with non 
computational jewelry can be used to create a useful 
interactive artifact [10]. However this project is not 
explicitly exploring symbolic meaning or expressivity, 
accordingly only covering one part of what interactive 
jewelry may be. In addition contemporary commercial 
interactive jewelry can be found that has this task oriented 
approach e.g. Ringly (ringly.com), a ring made of stone 
connected to ones smartphone that can notify incoming 
messages and ac t i v i t y mon i to r ing ; and Lea f 
(bellabeat.com), a sleep, activity and reproductive health 
monitor made in precious metal that e.g. helps you to cope 
with stress through built-in breathing exercises. 

In contrast to the examples above, interactive jewelry with  
mainly personal value and meaning have been created [22]. 
In these concepts the computation is a layer for adding 
ambiguous meaning to a personal jewelry concept e.g 
through a necklace in organic materials that triggers 

ambiguous video recordings in the environment when the 
wearer is close to specific locations; and a jewelry piece 
where sound recordings could be stored in a limited amount 
of porcelain clasps. These recordings could not be 
overwritten, duplicated or deleted, which change the 
meaning compared to a conventional sound recording 
device. A further example on intimate interactive jewelry is 
United-pulse, a device that creates remote intimacy using 
two rings [23]. Each ring can measure the wearer's 
heartbeat and send it to the partner's ring. Thereby artificial 
corporeality is created between the couple. 

Another jewelry piece addressing sound is Memento, an 
interactive locket for individual reminiscence [17]. Sound 
can be stored in the locket through opening the front and 
played back in low volume through opening the more 
intimate back of the locket. The recorded sound fragments 
are virtually positioned around the chain based on how 
often they are played, accessible by pulling the chain 
through the loophole in the pendant. In addition, a 
commercial wearable addressing sound and memory is 
Kapture (kapture-audio.com) a bracelet connected to ones 
smartphone that continuously records audio from its 
surroundings and saves the last 60 seconds of audio if 
pressed, which enables interesting or funny conversations to 
be saved just after they occurred.  

Lastly a perspective of crafting practices including physical 
and computational materials have been taken on interactive 
jewelry [20]. This research explores the material qualities of 
interactive jewelry claiming that the materials used should 
be precious, unique, symbolic or lasting in some way. 
Artifacts of the research are e.g. a copper and silver button 
that is both embedded in clothes as an ordinary button and 
functions as an input sensor; and a wooden hair needle with 
interactive light based on the wearers movement.  

Drawing on the presented previous research the aim of this 
project was to create a jewelry piece with a strong focus on 
symbolic, functional and material aspects, relating to the 
target group.   
The target group – RFSL Newcomers 
This study has been conducted with members of RFSL 
Newcomers which is a subgroup of RFSL, a Swedish 
organization working for LGBT+ rights. RFSL Newcomers 
is a network for and with asylum seekers, undocumented, 
and newcome LGBT+ people. The members come from all 
parts of the world and have often fled persecution in their 
homeland on the basis of sexual orientation, gender identity 
or gender expression. The organization uses the word 
“newcomer” instead of what in other context is referred to 
as “refugee,” “migrant” or “immigrant”. In this paper the 
word “newcomer” will be used for describing individuals 
who have migrated to a new country within the recent 
years. 
Jewelry in relation to migration and LGBT+ issues 
Jewelry's sociofunction [22] of showing identity has a 
special role in relation to LGBT+ persons. The history of 
homosexuality being illegal and/or discredited in western 
society has led to dress codes and items, such as a specific 



type or color of accessory that could be used to secretly 
signal sexual orientation [8]. A further such symbol is e.g. a 
ring in the ear claimed to suggest male homosexuality. 
Further jewelry could be viewed as strong markers of 
gender expression and identity, in which case jewelry may 
have a great role in gender transitioning or drag.  

There are several examples of (non computational) 
contemporary jewelry addressing memories, loss and 
connections to other people, places and experiences [22]; of 
which some are taking a perspective of newcome persons. 
For example a group of newcome females shared aspects of 
their pasts to develop an understanding of what belonging 
meant to each person, leading to the symbolic piece of 
jewelry The Meeting of Hearts and Hands [1]. 

Further, staying in touch with one's homeland is an aspect 
addressed in papers about newcomers in HCI [14]. These 
papers focus on social media and direct forms of 
communication through messaging or video. In contrast, 
Wallace [22] presents an interactive jewelry piece that 
connects an individual with her country of origin in a more 
ambiguous way. For example events in the individuals' 
native land in Greek Cyprus triggers a sensor that makes the 
jewelry piece in London change physical shape, enabling a 
more contemplative connection to the homeland. To create 
this personal jewelry piece Wallace uses the method cultural 
probes.  
METHOD – CULTURAL PROBES 
To gain the empathy needed for an iterative research-
through-design process, cultural probes have been used in 
this project. For cultural probes a package of material is 
designed which encourages the participants to gather data 
from their life on specific points of interest. As with other 
probes, the purpose of cultural probes is to gather data over 
a period of time, which allows deeper understanding of the 
participants [11]. Further cultural probes as a design 
research method has gained prominence for being 
particularly suited to conduct research on sensitive topics 
and personal contexts [7] why it is suitable for this project, 
as both the asylum process and issues regarding gender and 
sexuality are personal and should be treated with care.  

!  
Figure 1. The probe material as packed in folders given to the 

participants. 

The purpose of the cultural probes in this project was to 
gain general empathy for the participants' and issues 
important to them, along with participants thoughts on the 
specific themes of loss, communication, preciousness and 
jewelry. At this stage of the design process the research 
question was not narrowed down to speech recognition in 
jewelry, instead a broader question of how interactive 
jewelry could be used to lift experiences of marginalized 
groups in society was addressed. Accordingly the probe 
material is quite extensive addressing several different 
issues. As jewelry entails personal qualities a smaller group 
of three individuals participated in the probe study in order 
to focus on personal stories, meaning and expression. All 
three participants identified as gay males and expressed 
consent to participate in the study. Further the participants 
identified as Russian, Kurdish and Afghan. Accordingly the 
participants represent only a small fraction of the target 
group, as the represented nationalities are limited and e.g. 
no other sexuality and gender than gay or male is 
represented. This somewhat reflects the demographics of 
the organization RFL Newcomers where a majority of the 
members identifies as male, however the reason is also 
pragmatic as individuals that showed interest in 
participating in the study happened to be male. It should 
however be acknowledged that this study mainly addresses 
individual experiences and should not be used to make 
claims on newcome LGBT+ migrants as a group. However 
a broader understanding for RFSL Newcomers have been 
retrieved through the interaction with the organization as a 
whole during the probe study. 

Twelve separate tasks were included in the probe material  
(see fig. 1). Some of the cultural probes used in this project 
are inspired by stimulus material for creating interactive 
jewelry by Wallace [22] e.g. a prompt of modeling a 
precious item in clay with the purpose to have a fun, tactile 
and intuitive task to contrast tasks that were more 
demanding; and a prompt to mark on an illustration of a 
body where one would/would not wear jewelry (see fig.2), 
with the purpose to investigate how comfortable the 
participants were with wearing jewelry. Tasks were further 
created specifically for this project e.g. a world map, where 
participants were asked to mark on the map where in the 
world they: come from, have been, wish to travel and have 
friends and family (see fig.2). Included was a question to 
describe experiences of traveling or moving in the world. 
The purpose of this probe was to get an ethnical 
background of the participants and gather experiences of 
being a refuge without forcing the subject, along with issues 
regarding distant communications and relations. Further 
five printed images of 100 SEK bills (with size and color 
altered in order to avoid confusion with real bills) 
prompting to write on the backside what one would buy 
with 500 SEK (at the time corresponding to 58 $) was 
included, with the purpose to get to know the participants 
through a more ”pragmatic” question. In addition earphones 
were included with a prompt to describe one's favorite 
sound, with the purpose to address sound as a sensory 
quality. A further example from the probes is a newspaper 
front page for describing a personally important issue to be 



shared with the world, with the purpose to focus on 
narration and expressions of personal experiences.  

One task and its outcome will be described in more detail in 
order to exemplify how the method was used in relation to 
creating interactive jewelry: The “Dictionary” probe 
contained words that are unique for different languages and 
describes specific affective states. The participants were 
asked if their language had a word like this, and what their 
relation to that word in that case was. The purpose was to 
investigate if a symbolic concept could be built around 
emotionally significant words. The results from this task 
(see fig. 3) turned out to be valuable as the participants 
highlighted both language differences and emotional 
significance of specific words. However, for the end result, 
instead of designing jewelry based on a specific word, 
jewelry was designed that allows meaning to be entailed 
from any word that the wearer wishes.  

! !  
Figure 2 . Left: World Map probe.  Right: Body Map probe. 

After the completed probes were handed in discussions 
were carried out with the participants based on the probe 
material. The probes enabled further discussions that might 
not have been brought up otherwise and where crucial to 
gain understanding for the participants. To summarize the 
results of the cultural probe study the participants has a 
great amount of concrete issues that needs to be addressed, 
such as: having somewhere to live, handling the asylum 
process, lack of money (see fig. 3) and learning a new 
language. Practical matters apart, the results from the 
cultural probes study further rose questions around 
engagement, as the participant showed engagement in 
LGBT+ and asylum issues e.g. through online activism and 
organizing manifestations. The participants further 
expressed a wish for others in society to engage in these 
issues. 

Based on the gained empathy from the probe study and the 
complementing interviews several different jewelry 
concepts were ideated, presented and evaluated in an 
iterative design process before developing the final speech 
recognition concept. Only relevant parts of the probe results 
have thus been used to create the specific concept of PoWo 
and use scenarios relating to it. Here could be noted that 
Wallace [22] used the cultural probe method to create 
personal jewelry pieces for each individual. In contrast I 
have merged the individual responses to create a more 
general piece of jewelry, that however affords individual 
meaning and use e.g. based on answers from the probe 
material. In the analysis it will be accounted for when use 

scenarios are inspired by the results of the probe study or 
ideated by participants during the user tests.  !!!

!  
Figure 3. Results from the cultural probes. Top: a word 

describing an emotion in the ”Dictionary” probe. Bottom: An 
answer illustrating the very limited financial mobility of the 

participants 

POWO – THE SPEECH RECOGNITION NECKLACE 
PoWo is a necklace and mobile application “powered” by 
the spoken word. When the application recognizes a 
keyword it sends a bluetooth signal to the necklace that 
triggers the LED-lights of the jewel. The keywords and the 
lights are customizable by the user, thus PoWo could be 
given various meanings and use depending on the user and 
situation.  

The final design suggestion draws on the aesthetics of 
chokers which is a contemporary fashion trend (see fig. 4). 
The necklace consists of a unique polished quartz crystal 
with 12 flat individually programmable RGB LED-lights 
mounted underneath. The lamps are connected to a leather 
coated rechargeable battery and processor in the back by 
conductive thread creating a closed circuit inside a leather 
band. In order to communicate with the mobile application 
a bluetooth antenna is connected to the processor. Further 
the rechargeable battery on the right end is connected to a 
magnetic USB that serves for charging the necklace and as 
a locking mechanism, as the left end contains a female USB 
port. The locking mechanism does not afford adjusting the 
size of the necklace. To address this issue PoWo would 
come in the sizes of Extra Small, Small, Medium, Large 
and Extra Large in order to fit most persons. A power 
button is located on the battery for turning the necklace on 
and off. 

The concept above has been developed and tested through 
several working prototypes. The processors used for the 
different prototypes are Micro:bit and LilyPad Simblee 
BLE Board connected to external batteries. The lights used 



in the prototypes are a NeoPixel Ring - 12 x 5050 RGB 
LED.  

To activate the web based application prototype, audio 
recording in the browser Google Chrome for Android has to 
be allowed. Subsequently, when the record button of the 
application is pressed (see fig. 5) speech is recorded 
through the phone's internal microphone and sent to the 
external API Google Web Speech, which continuously 
returns a string of recognized speech converted to text. The 
javascript of PoWo-web-app constantly searches this string 
of growing text for the defined keywords. If a keyword is 
found this is displayed on the screen and the record button 
changes its appearance to green, indicating that a match was 
found. Simultaneously a bluetooth signal is sent to the 
jewelry triggering the keyword-specific light pattern (see 
fig. 6). If the application does not recognize a word within 
10 seconds it will stop listening and the record button has to 
be pressed again for further recording. The application will 
also stop recording if it recognizes a longer break in the 
speech.   

!  
Figure 4. Presentation picture of the speech recognition 

necklace PoWo. 

In a broader context PoWo could be viewed as a 
proxcessory. Proxessories are wearable computing 
consisting of sensors, actuators, and wireless com-
munication that share data with other devices, forming a 
purpose bigger than the entities themselves [3]. Accordingly 
PoWo is a proxcessory as it actuates a computed signal 
triggered by the sensors  (microphone) of the smartphone. 
USER REACTIONS 
Subsequently the three participants separately were 
presented the final interactive prototype, through a free 
setup where the participant could get the necklace to react 
on predefined words created by me as a designer based on 
the cultural probe study. Parts of these sessions were filmed 
for later analysis and use in a presentation video. During the 
process the participants suggested additional ways to use 
PoWo as they grew familiar with the technology. In a 
further session accounted for in this paper, one of the 
participants partner participated in a specific study setup, 
due to the nature of a particular concept tested. 

The used speech recognition API was not functioning with 
bluetooth prototyping environments, thus the tests were 
carried out in a Wizard of Oz setup where the speech 
recognition application was functioning but the lights in the 
necklace were triggered manually through a chord by an 
external person. The participants were told that the cord 
was used for ”measuring data for the study” and where only 
after retrieving their experience and ideas on possible use of 
the necklace told that there never was a bluetooth 
connection. It should further be noted that the main purpose 
of the prototype presentation has been to find meaningful 
use of the speech recognition necklace through triggering 
ideation in the participants by presenting an interactive 
prototype, along with highlighting use qualities in the 
interaction for later analysis. 

!  
Figure 5. The application interfaces. Left: The application is 

listening for a keyword. Right: The application has recognized 
the keyword ”Yes”. The white button leads to a menu for 
customizing words or sentences to be recognized by the 

application. 

ANALYZING USE OF POWO 
In the project several use scenarios for PoWo where found 
based on the cultural probe study and presentation of the 
prototype to the participants. In what follows the most 
illustrative use scenarios of PoWo drawn from the 
participants will be presented in relation to themes of 
symbolism, emotion, body and communication. The aim for 
this paper is to provide a variety of examples of use in order 
to show how speech recognition can be used to create 
meaning in interactive jewelry, ranging from symbolic and 
playful to more useful concepts. Some scenarios presented 
are thus fully working, and accounted for along with 
experiences from real use, while some scenarios are not yet 
technically available, instead provided with a discussion on 
why the scenarios are relevant to develop further based on 
the experiences of the participants. 
Symbolism – “Words have power” 
Viewed as a contemporary jewelry piece it is free for the 
user to assign any or none symbolic meaning to PoWo. 
However jewelry has the potential to act as a metaphor, 
translator, and facilitator of human communication and 



could accordingly be seen as mediating objects, in addition 
to just being adornment [22]. Further it is through the 
interaction with a piece of jewelry that its sensorial qualities 
become apparent [16]. Accordingly it is in the interaction 
that symbolic meaning — the ideofunction [22] — could be 
found in PoWo. The tagline “words have power” draws on 
the interaction mechanism of spoken words triggering lights 
in the necklace, symbolically “powering” the jewel. 
Through this interaction the necklace literally invites you to 
raise your voice, symbolically addressing questions of ”who 
have power and what voices are heard?” — issues the probe 
study showed as important for a marginalized group like 
newcome LGBT+ persons. This symbolism in the 
interaction is one of the qualities that shifts PoWo from 
being a “gadget” to a jewelry piece. 

A further property differentiating interactive jewelry from 
“gadgets” is the choice of material which should be 
precious, unique, symbolic or lasting in some way [20]. The 
necklace contains a quartz stone which literally functions as 
the jewel of the jewelry, thus connecting to a thousand year 
long jewelry tradition. The impurities and color variations 
of the quartz crystal further makes the necklace unique as it 
could not be reproduced in the same manner as if the 
material was e.g. glass or plastic — something the 
participants claimed added value to the artifact even though 
it was still on a prototype level. As a more ambiguous layer 
of symbolism, it could be noted that quartz in spiritual 
belief is given the characteristics of power, energy and 
clarity. Words that could act as a metaphor for what the 
jewel aims to do e.g. empowering the wearer and clarifying 
communication.  

!  
Figure 6. The application indicates green for recognizing a 

keyword.  The jewelry displays a rainbow pattern triggered by 
a received signal from the smartphone. 

As the target group speaks several different languages and 
are currently learning a new language a further aspect of 
“words have power” is the more concrete issue of language 
diversity and differences. The necklace could thus be a 
symbol for communicating over language barriers. Google 
Web Speech supports several languages such as English, 
Arabic and Swedish. However some of the participants 
native languages such as Kurdish and Dari were not 

supported. This raises an additional issue of power in 
relation to computational technology: What groups of 
people are getting access to the latest innovations in 
interaction design and who are we designing for? 
Emotion – “Power of Love”  
As jewelry affords several layers of meaning and use, PoWo 
is not only a necklace with conceptual symbolic meaning, it 
can also be personally adapted. In this chapter three cases 
of expressing love through the necklace will be accounted 
for. Concepts such as affinity or memento are here viewed 
as aspects of love.  

PoWo has been used by a couple in a scenario addressing 
the necklace as a form of creating affinity through play, 
where one partner decided a secret word connected to their 
relationship that would trigger lights in the jewel. 
Subsequently the other partner tried to guess the word 
through uttering different words to the application. In this 
specific use case the partner who decided the keyword 
ended up giving clues in order for the other partner to guess 
the right word faster. Thus the necklace became an 
incentive to play a game that could also be played without 
the necklace. However the necklace augmented the 
experience e.g. through the couple claiming that the lights 
in the necklace became a ”sort of reward of its own” for 
guessing the right word.  

The participant who was guessing the secret word in the 
jewel further stated that he would wear the necklace at 
special occasions e.g. at a party or when actively using the 
necklace, but not on a regular basis, as he thought the 
necklace was ”too expressive” for everyday life. In contrast 
my thought as a designer was that the participant would 
wear the necklace over a longer period of time symbolically 
carrying a part of his relation around his neck, even though 
he necessarily had not guessed the secret word yet. The 
feeling of knowing that something precious was embedded 
in the necklace should be enough to make it emotionally 
significant. However in this specific case the participant did 
not use the necklace long term for memento. Nevertheless 
the participant claimed that knowing that there was a secret 
word in the necklace made him feel like the necklace was 
”charged [with meaning]” a statement that illustrates the 
possibility of speech recognition to add meaning in an 
artifact. Lastly the participant felt that it would have been 
easier to come up with words in his native language, thus 
trying out the scenario in English created a distance in the 
experience.  

In relation to romantic relationships one participant 
suggested that the necklace could react on certain words 
that a couple have decided should be avoided because they 
cause unnecessary provocation in a discussion. This 
concept would raise awareness on how you communicate in 
conflict situations in close relations. The participant further 
suggested that the necklace should react on the intonation 
of the speech for example indicating when stating “I am not 
angry” in an angry tone. Recognizing intonation is however 
beyond the scope of this paper. 



In the cultural probes one participant described a special 
word in his native language reminding him of his mother 
back home, meaning approximately “I love you forever, I 
cannot forget you” (see fig. 3). This word was later used to 
trigger the lights of the necklace. The concept addresses 
questions of missing and love, aiming to create a physical 
representation in the necklace of a very abstract feeling/
word. This shows how the necklace can be used for 
memento: remembering one's background, friends and 
relatives. As the participant had decided the keyword 
himself he felt it was emotionally significant to utter the 
word and watch it “power” the jewel. In order to perceive 
the lights the participant held the necklace in his hand 
instead of wearing it around his neck.   
Body – “Harness your power” 
Jewelry is ”wanting of a wearer” [24]. Without a finger, a 
ring is an object with a hole. This illustrates jewelry's 
unique position as a medium through its relationship with 
the body. The body could here be seen as the site of our 
experiences, of our sense of self and the border between 
ourselves and the environment [22]. Accordingly interactive 
jewelry affords a medium for intimate and affective 
interactions and expressions. This is e.g. demonstrated 
through two use scenarios of PoWo, where the necklace 
becomes an extension of one's body. In these scenarios a 
continuous speech recognition is predicted.  

Relating to experiences retrieved from the probe study on 
sexual harassment, the necklace may address issues of 
consent. The clearest example is a use case where the jewel 
shines green when the wearer utters “yes” and shines red 
when the wearer utters “no” (see fig. 7) e.g. used to 
emphasize if one is allowed to be touched or not. It could 
be argued that expressing verbal consent or non-consent 
should be enough, nevertheless sexual harassment and rape 
unfortunately occur. Hence emphasizing a spoken statement 
could create symbolic awareness of the importance to 
obtain clear consent. A further variant of the consent 
concept is suggested by one of the participants through the 
use of “safe words” common in many sexual practices. The 
necklace would in this case react on the predefined safe 
word, amplifying the message of taking a break. An 
extreme use case can here be imagined where the safe word 
is communicated to a deaf person through the lights of the 
jewel thus allowing human interactions that would have 
been hard otherwise.   

Further one participant suggested a use where calling his 
partner's name in a darkroom would trigger the lights of the 
partners necklace, allowing him to be found. Light can here 
be used to locate a physical body in the local environment, 
using speech as a trigger.  

!
Figure 7. Closeup of a prototype displaying red lights after the 

participant have uttered ”no” to the application.  

Communication – ”Power of understanding” 
All use scenarios of the neckless demonstrated above have 
included some sort of communication. However the 
necklace can be used for more structured communication 
purposes as will be demonstrated in the following case of 
use.  

30% of Swedish LGBT+ persons do not trust the police, 
prosecutors and social services [18]. If native LGBT+ 
Swedes do not feel completely safe with the authorities, the 
statements of newcome LGBT+ persons feeling insecure or 
unsafe in the asylum process are understandable. For 
example one participant of the project claimed that officers 
or interpreters in the asylum process sometimes lacked 
knowledge on words related to LGBT+ issues, such as  
correct pronouns or terms for sexual orientation, so the 
authorities took his statement wrong and later in the process 
claimed that he was contradicting himself when in fact — 
according to the participant — it was the authorities notes 
that were incorrect because of misunderstandings. 

To address this issue the following concept was developed: 
The jewel can listen for certain keywords that are connected 
to LGBT+ issues in a variety of languages. When the 
application is running, the jewel lights up discretely calling 
for attention whenever these keywords appear in a 
discussion. The jewel is not replacing a translator, neither is 
it guaranteeing a safe process. Instead it calls for attention 
when sensitive subjects are addressed. Through this care 
can be taken that everyone really understands the meaning 
of what is said and that e.g. inappropriate expressions are 
paid attention, as offensive words regarding LGBT+ issues 
could be given a certain light signal.  

This concept was not tested due to practical constraints. For 
example the concept requires continuous speech 
recognition. Further the asylum process is a sensitive 
environment to conduct user tests in, particularly with an 
experimental technology. However the concept illustrates 
how a speech recognition necklace has potential to act as a 
facilitator in meeting situations. In addition participants of 
the project have suggested other similar use in e.g. work or 
school situations, which further indicates the possible use of 
this technology in communication with others, such as in 
meetings with authorities. 



ANALYZING THE QUALITIES OF SPEECH BASED 
INTERACTIVE LED-JEWELRY 
Drawing on the examples of use above and the participants 
interaction with the final prototype some more general 
design qualities in relation to speech recognition in LED-
jewelry will be presented and analyzed. 
Visibility & Extension 
Speech is created in the throat, thus the placement of PoWo 
close to the throat has a certain logic in it, making the lights 
of the necklace a visible extension of the vocal cord. 
However, as the necklace is placed tight around the neck, 
the wearer cannot directly see the lights, why (s)he relies 
mostly on the phone for feedback of the recognized speech. 
In contrast the spectator primary gets feedback from the 
jewel as the mobile screen is not visible for the spectator in 
most use cases. Accordingly the necklace becomes a visible 
extension of the mobile screen that is usually not visible for 
a spectator, addressing one of the core characteristics of 
jewelry — to be expressive. For an alone user it could be 
enough to just utter words to the application and see them 
recognized on the screen, even though the light output in 
the necklace adds an extra layer to the experience. However 
it is in relation to an audience the necklace really becomes 
meaningful, through being a visible extension and output of 
computing made in the smartphone.  
Amplification  
A common denominator of the described use scenarios of 
PoWo is the potential of speech recognition in jewelry to 
act as an amplifier of spoken words, actions and meaning. 
The amplification could be literal e.g. through the uttering 
of ”yes” or ”no” amplified by green and red lights, or the 
location of a person amplified through light visible on 
distance. In these scenarios light is the amplifying medium 
as it affords visibility and uses vision as a complementary 
sense to hearing. However the amplification could also be 
symbolic e.g. through the message ”raise your voice” 
amplified in the physical manifestation of the necklace and 
the interaction with it. 
Ambiguity  
Even though contemporary speech recognition technology  
is fully functional it does not recognize every single word in 
every single situation. However through an ambiguous 
representation of the recognition the user may have a higher 
tendency to be “forgiving” towards the technology, as the 
system only gives feedback when a keyword is found. Thus 
there are no concrete evidence if something goes wrong in 
the recognition of the speech as whole, except if the system 
does not recognize the specific keyword uttered. This is a 
finding that supports the claim [2] that speech recognition 
does not require 100% accuracy to be useful . 
Continuity & Fluency  
Slow reaction times for the application to recognize a 
keyword are found to create a less fluent user experience. 
This issue can however be somewhat circumvented through 
displaying the recognized word on the mobile screen, as 
this allows users to keep track of what word was recognized 
even if the reaction comes several seconds after uttering the 
keyword; and through giving to specific words specific 

light combinations that the user is aware of. Further it is 
found that longer recordings entails slower reaction times 
with the technology that was used. Accordingly the uttering 
of a single keyword to the application is a quite fluent 
experience, while the recording of several sentences or 
dialogue ads up to increasingly slow reaction times. 
Currently, concepts requiring uttering of a specific word at 
a specific time such as ”guessing the secret word” are the 
most fluent. However a continuous recording of speech 
opens up for experiences fluent in other aspects as all tactile 
commands are eliminated, making the necklace a 
background agent instead of something needing active 
attention. 
DISCUSSION 
While a continuous speech recognition system could be 
possible, it is still beyond the publicly available. However 
research shows how continuous speech recognition could 
be prototyped for e.g. using a GoPro camera as a necklace 
and manual speech recognition of the recordings [5]. In this 
research several use scenarios of the technology are 
described e.g. ambiguous representations of speech 
recognition is pointed out as a good solution, which support 
the design outcome of this project. However privacy 
problems with continuous speech recognition are found in 
many of the described concepts, as continuous recording 
may be viewed as a form of surveillance [5]. In the concept 
of PoWo the ambiguous presentation of recognized speech 
and the fact that recordings are not saved are circumventing 
this issue, something a wearable of this kind would have to 
take in consideration in the future. 

In what follows a discussion will be carried out based on  
suggestions made by Versteeg et al. [24] on design 
directions for interactive jewelry. Firstly they suggest to 
draw inspiration from interaction with non-computational 
jewelry. Uttering affirmations to an amulet or necklace is 
practiced in many religious or non-religious contexts. The 
affirmation can come in the form of a positive phrase, word, 
saying, scripture, poem, mantra or lyric. Accordingly 
speech recognition could be viewed as a layer added to this 
already existing practice of amplifying spoken words by 
giving them meaning in relation to jewelry. To 
conceptualize the necklace is charged with meaning 
through deciding specific keywords. Subsequently this 
meaning can be amplified through powering the necklace 
by uttering the word aloud.  

Further it is suggested to use relatively simple technology 
with high experiential qualities, instead of using state-of-
the-art technology [24]. Speech recognition is a simple 
communication modality but an advanced technology, 
which creates an ambivalence in how the necklace is 
experienced. On one hand, speech recognition is not fully 
developed. On the other hand, speech is a natural way to 
communicate and express feelings. This creates a 
dissonance in the experience when focus shifts from the 
actual use to technical aspects such as restarting the speech 
recognition application or slow reaction times. However, 
despite the current technological constraints speech as a 



modality in relation to jewelry is demonstrated to create 
several positive user experiences.  

The suggestion of favoring abstract and poetic data 
representation in interactive jewelry [24] is followed in this 
project e.g. through showing the possibilities and benefits 
of using colored lights as an output medium, something that 
is in line with previous research showing that colored lights 
are suitable for expressing various emotional or ambiguous 
meanings and messages [9]. Further it is shown how a 
novel technology can be used to create a concept with 
symbolic meaning and that this shifts an artifact from being 
a “gadget” to a jewelry piece. To conclude the discussion on 
design directions the final suggestion made by Versteeg et 
al. to store data uniquely on the interactive jewel [24] has 
not been directly addressed in this project, as an adaptable 
necklace could give a broader answer to the investigated 
research theme compared to a non adaptable. However an 
interesting study could be conducted developing personal 
necklaces that could only recognize one or a specific set of 
words. Would for example the meaning of the concept 
where the user guesses a secret word be different if there 
was only one keyword embedded in the artifact that could 
never be changed?  

If the conceptual value of the project is set aside, there 
seems to be a lack of a clear driving force to actually own 
the necklace, as some participants claimed that they liked 
the concept but would never actually buy the necklace 
because they did not find it ”useful” and viewed it more as 
a ”toy” — especially as continuous speech recognition is 
not yet possible which limits the actual use of the necklace. 
This illustrates what may happen when adding a 
computational layer to a jewelry piece. Suddenly the 
participant expected the artifact to be useful, claiming that 
emotional, aesthetic or symbolic values were not enough to 
wear the jewelry, which are normally reasons to wear non-
computational jewelry. This may be due to aesthetic 
preference towards the specific necklace presented in this 
project. However questions are raised about where the line 
is drawn between a useful ”gadget” and a playful and 
expressive jewelry piece? May these qualities coexist in the 
same artifact? Would the playful uses of PoWo have been 
appreciated more, if no useful scenarios had been presented 
to the participants? These questions remain open, but for 
participants in this project emotional, aesthetic or symbolic 
value was not enough to want to invest in the necklace. An 
explanation to this could be retrieved from the probe study 
that found the participants to have very limited finances, 
which could indicate that usefulness is prioritized over 
playfulness in financially strained situations. 

However one driving force exists that makes adults buy 
toys in a global industry worth $15 billion a year [6] — sex. 
Accordingly many use scenarios of PoWo suggested by the 
participants has revolved around issues regarding 
relationships or sexuality. The demographic of the 
participants may be one reason for this, as they have needed 
to reflect around issues regarding love and sexuality due to 
their life situation. However jewelry's close relation to the 
body further affords designing for these issues. This area 

received most interest by the participants and should 
accordingly be investigated further, especially as issues 
regarding sexuality and romance are somewhat 
marginalized topics in the HCI research community [4]. For 
example a design inquiry has been carried out within this 
project trying different placement and embodiments of the 
LED-Jewelry. It was found that the concept of the necklace 
could easily be adapted in leather harnesses, worn as 
fashion and in more sexualized contexts. Developing this 
area would expand the use of speech recognition and 
wearable LED-lights. In contrast, in relation to e.g. the 
asylum process a jewelry piece could be developed that was 
less expressive with a more neutral placement. As the 
necklace PoWo is shown to provide a range of meaning and 
use, a further step would accordingly be to design pieces 
which are more niched towards specific use scenarios. 

In addition continuous speech recognition should further be 
explored in relation to wearables, as the design process 
indicates that continuous recording is an area where real 
benefits of the necklace could be found for example during 
meeting situations or sexual activity. Further it would be 
interesting to investigate how speech recognition in jewelry 
would be experienced if speech was directly recorded and 
recognized by the jewelry, eliminating the connection to the 
smartphone. To facilitate the creation of meaningful use of 
speech recognition the field would benefit from  developing 
a speech recognition API that functions over several 
browsers and operating systems, enabling more robust 
prototypes that could be used in real life situations. Lastly, 
to broaden the understanding of how speech recognition 
could create meaning in interactive jewelry, the same type 
of study as described in this paper could be conducted with 
a different target group.  
CONCLUSIONS  
Interactive jewelry is demonstrated to afford use on the 
themes of symbolism, emotion, body and communication 
through describing use of PoWo in relation to newcome 
LGBT+ persons e.g. addressing consent, societal issues, 
meeting situations, and expressions of love and sexuality. 
Viewed as a medium with a simultaneous relation to wearer 
and spectator the symbolical value of the necklace is mainly 
directed to a larger audience of ”society” aiming to raise 
awareness on the situation of newcome LGBT+ persons. In 
contrast the emotional, bodily and communicational uses 
are focused on improving the wearers' everyday life in 
relation to more specific spectators such as romantic 
partners or officials. Further it is shown how existing 
speech recognition technology can be meaningful in 
interactive jewelry for example through the concept 
”guessing the secret word”. Additionally a great potential in 
developing continuous speech recognition is demonstrated 
through showing several possible use scenarios of this 
technology e.g. in relation to meetings with authorities and 
sexual relations. Further design qualities important for 
speech recognition in LED-jewelry such as visibility, 
extension, ambiguity, continuity and fluency are described 
and discussed. The main design quality found is the 



potential of speech recognition in LED-jewelry to act as an 
amplifier of spoken words, actions and meaning. 
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