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This paper reports on the
development and testing of a
range of garments that conduct
SUHVHQFHLQIRUPDWLRQEHWZHHQ
remotely located people. The
garments detect, process, transmit
DQGUHFHLYHWKHKHDUWEHDWVLJQDO
- electrocardiogram (ECG). They
DUHHQDEOHGZLWK(&*VHQVRUV
VLJQDOSURFHVVLQJHTXLSPHQW
VPDOOYLEUDWLRQPRWRUVDQGUDGLR
transceivers which allow users to
¶IHHO·WKHKHDUWEHDWRIDUHPRWH
IULHQGORYHUUHODWLYHDVYLEUDWLRQ
through their garment. The
prototypes aim to enrich the remote
FRPPXQLFDWLRQVH[SHULHQFHWKURXJK
UHLQWURGXFLQJDQHPERGLHGWDFWLOH
dimension that is present in face-toface communication. A range of user
WHVWLQJWULDOVZLOOEHGLVFXVVHGZKLFK
KDYHEHHQXQGHUWDNHQWRDVVHVV
the impact of the garments at a
conscious and a non-conscious level.
&RQVFLRXVH[SHULHQFHVZHUHJDXJHG
WKURXJKTXDOLWDWLYHWHVWLQJE\ZD\
of unsolicited written responses
while non-conscious physiological
UHDFWLRQVZHUHDVVHVVHGE\UHFRUGLQJ
ECG throughout user-testing periods.
7KLVGDWDKDVEHHQSURFHVVHGXVLQJ
+59 KHDUWUDWHYDULDELOLW\ DQDO\VLV
VRIWZDUH>@UXQQLQJRQ0DW/DE>@
for Windows.

I ntroduction
Mainstream communication modes emphasise
QHWZRUNVSHHGFRQQHFWLRQDFFHVVUHVROXWLRQ
portability, and aesthetic design as primary
to the success of their products. Within this
vision a three by four centimetre screen and
high resolution display are deemed adequate
to emulate the intensities and complexities of
IDFHWRIDFHFRQQHFWLRQZLWKORYHGRQHV7KH\
DOORZXVWR¶EHWKHUHZLWK\RX·IURPZKHUHYHU
ZHPLJKWEH<HWLQWHUSHUVRQDOFRPPXQLFDWLRQ
is a massively complex phenomenon. It involves
DSOHWKRUDRIPLFURDFWLYLWLHVZKLFKRFFXUDW
a physical, physiological, and psychological
OHYHODOORZLQJXVWRUHFRJQLVHDWDFHOOXODUVFDOH
intention, motive and emotional authenticity.
Our conscious and non-conscious involvement in
spatially collocated communication is substantial
due to these myriad channels of real-time
bi-directional information transfer. While
contemporary communications technologies have
the capacity to mediate our relationships, they
fall short of encouraging the richness of spatially
co-present interaction.
The research discussed in this paper investigates
the potential expansion of remote connection
ZKHQHOHFWURQLFDOO\HQKDQFHGDSSDUHOLV
incorporated into the communications mix. This
research has generated a range of biosignal
sensing garments that have been in development
and testing since June 2004. The prototypes
investigate remote empathy through the
real-time exchange of heartbeat. A range of
quantitative and qualitative experiments have
been designed to test the effectiveness of the
prototypes. Preliminary results suggest that
users have strong conscious and non-conscious
UHDFWLRQVWRWKHH[SHULHQFHRIZHDULQJWKH
HOHFWURQLFJDUPHQWV7KHSDSHUZLOOGHVFULEHWKH
prototype development, testing methodologies,
data processing techniques, and preliminary
ÀQGLQJVRIWKHXVHUWHVWLQJWULDOV
2EMHFWLYHV
The research aimed to develop electronically
enhanced garments that facilitated the type
RILPSOLFLWXQGHUVWDQGLQJEHWZHHQUHPRWHO\
located individuals, as occurs in face-to-face
communication. Inspired by remote presence
research the prototypes foreground ideas of
action at a distance and aim to enrich remote
connection through the real time transference
of biosignal information. Enacting change in
DUHPRWHORFDWLRQDOORZVRXUSUHVHQFHWREH
registered physically at a distance transcending
spatial and temporal restrictions. Thus, remote
interaction steps beyond a representation of
SUHVHQFHWRZDUGDQHPERGLHGH[SHULHQFH
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of co-presence. Introducing biosignals as the
FRPPXQLFDWLRQODQJXDJHWKURXJKZKLFKWKLV
SUHVHQFHLVH[SUHVVHGTXHVWLRQVRXUERGLHV·
capacity for semantic understanding of like
VLJQDOV7KHKHDUWEHDWLVWKHÀUVWVRXQGWKDW
ZHDUHH[SRVHGWRPHGLDWHGE\DPQLRWLF
ÁXLG:LWKLQWKHFRQWH[WRIWKLVUHVHDUFKWKH
heartbeat is repositioned as an actively extended
communication media. Thus the garments
externalise internal processes to facilitate a
unique sense of empathetic understanding.
Development
:LWKLQWKHVFRSHRIWKLVUHVHDUFK¶(WKHU%HDW·D
UDQJHRIHOHFWURQLFDOO\HQDEOHGJDUPHQWVZHUH
developed to facilitate an embodied sense of
remote presence. The methodology employed
ZLWKLQWKHUHVHDUFKSURMHFWZDVWKUHHIROGWKH
GHYHORSPHQWRIDFRQFHSWXDOIUDPHZRUNWKDWGUHZ
IURPDUDQJHRIUHOHYDQWÀHOGVWKHFUHDWLRQRID
range of prototypes inspired by this theoretical
basis; and the evaluation of these prototypes
through qualitative and quantitative means.
Ether Beat
encompasses a
range of compatible
garments that
sense, process,
transmit and receive
the heartbeat
ZDYHOHQJWK (&* 
The collection is
PDGHXSRIWZR
sets of garments
comprising: a singlet
¶8QGHU%HDW· ,PDJH
Image 1
1) that houses the
(&*HOHFWURGHVDQG
ZKLFKFRQQHFWVWRHLWKHURIWKHRXWHUJDUPHQWV
¶(WKHU6FDUI·DVFDUI ,PDJH RU¶(WKHU%HDW·
DEORXVH7KHXQGHUJDUPHQWVDUHHQDEOHGZLWK
(&*VHQVRUVZKLOHWKHRXWHUJDUPHQWVKRXVH
signal processing equipment, small vibration
motors, and radio transceivers. The sensation
SURYLGHGE\WKHJDUPHQWVLVRIZHDULQJWKH
heartbeat of your remote friend/lover/relative
as vibration through your garment. The garments
XWLOLVHVLPSOHWHFKQRORJLHVZKLFKKDYHEHHQ
¶UHMLJJHG·WRVXLWWKHSURWRW\SHFRPELQHGZLWK
VSHFLÀFDOO\GHVLJQHGSURFHVVLQJHTXLSPHQW)URP
a design perspective, the garments have been
drafted from the initial stages using traditional
FRQVWUXFWLRQWHFKQLTXHVLQQRQWUDGLWLRQDOZD\V
WRDFFRPPRGDWHHOHFWURQLFSDWKZD\VSURFHVVLQJ
HTXLSPHQWDQGEDWWHU\SRZHU7KHFKDOOHQJH
has been to utilise the structure of the requisite
technologies to inform the development of the

apparel, rather
WKDQUHWURÀWWLQJDQ
existing garment. In
this foregrounding
of the physical
properties of
technology, including
the structural boning
FDSDELOLWLHVRIZLULQJ
DQGWKHZHLJKWRI
the vibration motors,
QHZRSSRUWXQLWLHVIRU
garment design arise.
Image 2

The Ether Beat outer garments are essentially
WKH¶EUDLQ·DQG¶KHDUW·RIWKHV\VWHP7KH
garments house signal processing equipment,
radio transceivers and small vibration motors.
The electrical current detected by electrodes
in the Under Beat garment is processed
DQGFRQYHUWHGLQWRDVTXDUHZDYHVLJQDOE\
equipment housed in the Ether Beat outer
JDUPHQWDQGWUDQVPLWWHGYLD)0UDGLRZDYH
WRWKHSDUWQHUGHYLFH:KHQWKHZDYHIRUPLV
UHFHLYHGE\WKHUHPRWHJDUPHQWLWLVDPSOLÀHG
and used to pulse the four 6 volt vibration
motors situated over the left chest, simulating
the remote heartbeat. The garments have
EHHQGHYHORSHGLQFROODERUDWLRQZLWKDIDVKLRQ
designer utilising traditional pattern making
and construction techniques in connection
ZLWK'PRGHOOLQJSURFHVVHV7KHLUGHVLJQ
aim is to create garments that derive their
structural stability from the electronics that they
house. The use of highly transparent materials
consciously juxtaposes the materiality and the
IXQFWLRQDOLW\RIWKHJDUPHQWV,QWKLVZD\WKH
projects suggest the potential for articles of
clothing that are both aesthetically engaging
DQGLPEXHGZLWKFRPPXQLFDWLRQVIXQFWLRQDOLW\
The materiality actively questions the idea
that the success of an electronic garment be
FRQWLQJHQWVROHO\RQWHFKQLFDOLVVXHVZHDUDELOLW\
ZDVKDELOLW\DQGFRVW5DWKHUWKHSURMHFWVDUH
VLWXDWHGEHWZHHQDUWWHFKQRORJ\DQGGHVLJQDQG
aim to raise questions about futuristic ephemeral
ZD\VRIFRQQHFWLQJZLWKRWKHUV
User Testing
User testing of the prototypes took several
different forms and ran over a number of
months. Testing aimed to assess the impact
of the projects at a conscious and a nonconscious level. The conscious experience
ZDVHYDOXDWHGWKURXJKTXDOLWDWLYHDVVHVVPHQW
SULPDULO\ZULWWHQUHVSRQVHV1RQFRQVFLRXV
SK\VLRORJLFDOUHDFWLRQVZHUHHYDOXDWHGWKURXJK
(&*UHDGLQJVWDNHQWKURXJKRXWXVHUWHVWLQJ
periods. This data has been processed using HRV
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>@>@ KHDUWUDWHYDULDELOLW\ DQDO\VLVVRIWZDUH
UXQQLQJRQ0DW/DE>@IRU:LQGRZV7KHLQLWLDO
URXQGRIWHVWLQJIRUWKHZHDUDEOHDSSDUDWXV·
involved a situated methodology located in
DJDOOHU\VHWWLQJ6XEVHTXHQWWHVWLQJZDV
conducted in laboratory conditions.
7KHÀUVWURXQGRIXVHUWHVWLQJWRRNSODFHLQDQ
exhibition environment. Members of the public
ZHUHLQYLWHGWRLQWHUDFWZLWKWKHSURWRW\SHV
and record their feelings about the experience
RQVPDOOFDUGV7KH\ZHUHLQIRUPHGWKDW
WKHSURWRW\SHZDVYLEUDWLQJLQUHVSRQVHWRD
heartbeat being synthetically generated by an
(&*PDFKLQHZKLFKZDVORFDWHGRQWKHRSSRVLWH
ZDOORIWKHJDOOHU\7KHUHVSRQVHVDUHYHU\
broad, some highly emotional in content
ZKLOHRWKHUVIRFXVRQWHFKQLFDOGHWDLOV7KH
UHVSRQVHVURXJKO\IHOOLQWRÀYHFDWHJRULHVWDFWLOH
PHPRU\FXHVORRNLQJRXWZDUGVORRNLQJLQZDUGV
affective, and technical responses.
:LWKLQWKHÀUVWUDQJHRIUHVSRQVHV¶WDFWLOH
PHPRU\FXHV·XVHUVZHUHUHPLQLVFHQWRI
childhood memories. The memories recollected
ZHUHKLJKO\WDFWLOHLQQDWXUHDQGLQFOXGHGVXFK
responses as: “Smoothly took me back to a
V\PEROLFPHPRU\RIIUHHLQJDVSDUURZIURPRXU
chicken fence…a memory of feeling for one of
WKHÀUVWWLPHVWKHGLIIHUHQFHDQGPDJLFRIOLYLQJ
beings.” Within the second group of responses,
looking beyond the self, users relayed a sense of
ORRNLQJRXWZDUGEH\RQGWKHVHOI)RULQVWDQFH
“Quite an unusual experience. Makes one
XQGHUVWDQGWKHFRQQHFWLQJWKUHDGEHWZHHQXV
all and the fragility of the thing keeping us alive
LQWKLVZRUOGµ7KHWKLUGJURXSRIXVHUUHDFWLRQV
DUHFRQFHUQHGZLWKLQWURVSHFWLRQ7KHVHDUH
particularly interesting as they suggest that
WKURXJKLQWHUDFWLRQZLWKWKHWHFKQRORJ\ZKLFKLV
designed to encourage interpersonal connection,
WKHXVHU·VDWWHQWLRQLVWXUQHGLQZDUGVWRWKH
intrapersonal. Such responses included: “I
WKRXJKWLWZDVP\RZQKHDUWEHDWDWÀUVWDQG
it made me a bit stressed - I think I actually
picked up (speed) and tried to match it.” The
IRXUWKJURXSRIUHVSRQVHVZKLFKZHUHSULPDULO\
DIIHFWLYHUHÁHFWHGSXUHO\RQWKHLQWHQVHO\
emotionally impact that the interaction inspired.
,UUHVSHFWLYHRIWKHNQRZOHGJHWKDWWKHKHDUWEHDW
ZDVV\QWKHWLFDOO\JHQHUDWHGWKHHPRWLRQV
HOLFLWHGDUHTXLWHSRZHUIXO7KH\LQFOXGH
VXFKIHHGEDFNDV´,WZDVTXLWHDQH[WUHPH
sensation…and you kind of feel a bit emotional
VRPHKRZ«TXLWHSRZHUIXO«DELWRYHUZKHOPLQJµ
The last group of responses focused on the
WHFKQLFDODVSHFWVRIWKHZRUN6HYHUDOUHÁHFWRQ
the physical intensity of the experience
ZKLOHRWKHUVEULQJXSWKHELRQLFQDWXUHRIWKH

prototypes. They included such responses as:
´&ORFNZRUNRUELRQLFWKHPHVDOVRFRPHWRPLQGµ
The second round of user testing for the Ether
%HDWJDUPHQWVZDVXQGHUWDNHQLQODERUDWRU\
FRQGLWLRQV7KHDLPRIWKLVSKDVHZDVWRHVWDEOLVK
ZKHWKHULQWHUDFWLRQZLWKWKHJDUPHQWVZRXOG
cause a physiological change in users. The studies
hoped to demonstrate that by communicating in
DQRQFRQVFLRXVZD\WKURXJKWKHDJHQF\RIWKH
JDUPHQWVDFKDQJHLQWKHXVHU·V(&*UHDGLQJV
ZRXOGEHUHJLVWHUHG7KLVSKDVHRIWHVWLQJZDV
XQGHUWDNHQLQFROODERUDWLRQZLWKDQH[SHUWLQWKH
ÀHOGRIELRVLJQDOHQJLQHHULQJ:KLOVWWKHUHVXOWV
of the testing can be examined in highly technical
ZD\VWKHLQYHVWLJDWLRQIRFXVHGRQORFDWLQJ
general trends that suggested physiological
UHVSRQVHVWRWKHSURWRW\SHVXQGHUUHYLHZ
Detection of emotions from somatic states is a
highly contested area of research that requires
H[WHQVLYHWHVWLQJDQGVSHFLÀFNQRZOHGJH>@
The physiological component of this research
VRXJKWWRGHWHFWFKDQJHVFRQVLVWHQWZLWKWKHXVH
of the prototypes but not distinguish particular
HPRWLRQDOVWDWHVZLWKLQWKHGDWD
Testing for non-conscious user reactions to the
prototypes involved measuring and recording
WKH(&*VLJQDORIWKHVHQGHUDQGUHFHLYHUGXULQJ
LQWHUDFWLRQVHVVLRQVDQGSURFHVVLQJWKLVGDWDZLWK
+59DQDO\VLVVRIWZDUH7KHXVHUVZHUHFRQQHFWHG
WRDSRUWDEOH(&*PDFKLQHYLDWKUHHHOHFWURGHV
ZKLFKJHQHUDWHGUHDOWLPHGLVSOD\VRIWKHWZR
KHDUWEHDWV7KHLQGLYLGXDOZKRVHKHDUWEHDWZDV
EHLQJ¶VHQW·ZDVZHDULQJDJDUPHQWWKDWVHQVHG
WKHLU(&*VLJQDODQGWUDQVPLWWHGWKLVYLD)0
UDGLRZDYHWRWKHUHFHLYLQJGHYLFH7KHVLJQDO
ZDVWKHQIHOWE\WKH¶UHFHLYHU·DVDKHDUWEHDW
vibration through their garment.
7KHUDZGDWDZDVDQDO\VHGXVLQJIUHHDFFHVV+HDUW
5DWH9DULDELOLW\ +59 >@VRIWZDUHGHYHORSHGE\
1LVNHQHQHWDO>@UXQRQ0DWODE>@IRU:LQGRZV
+59EDVLFDOO\PHDVXUHVWKHYDULDWLRQVEHWZHHQ
successive heartbeats. The smaller the deviation
LQWKH55LQWHUYDOV GLVWDQFHEHWZHHQHDFK¶EHDW· 
WKHORZHUWKH+59ÀJXUH+HDUWUDWHDFWLYLW\
is controlled by the Autonomic nervous system
$16 ZKLFKUHJXODWHVLQYROXQWDU\RUJDQIXQFWLRQ
The ANS is broken into the sympathetic nervous
V\VWHPZKLFKFDXVHVKHDUWUDWHWRLQFUHDVHDQG
WKHSDUDV\PSDWKHWLFQHUYRXVV\VWHPZKLFKFDXVHV
heart rate to decrease. Rainville et. al. suggest
that “rapid changes in heart rate are mediated by
SDUDV\PSDWKHWLFDFWLYLW\ZKLOHVORZFKDQJHVFDQ
result from either sympathetic or parasympathetic
activity.” [4] For the purposes of this research the
IROORZLQJIRXUUHDGLQJVZHUHDVVHVVHG)UHTXHQF\
UDWLRFKDQJHVLQSRZHUVSHFWUDOGHQVLW\55
interval change; and mean heart rate per minute.
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:LWKLQWKHTXDQWLWDWLYHDQDO\VLVWKHUHZHUHVRPH
suggestive data trends. Firstly, in all four cases
WKH0HDQ+5IROORZHGWKHSDWWHUQRILQFUHDVLQJ
ZKHQWKHXVHUÀUVWLQWHUDFWHGZLWKWKHSURWRW\SH
then decreasing in subsequent sessions. In all
FDVHVWKHUHFHLYHU·V0HDQ+5ZDVORZHULQWKH
ÀQDOFRQWUROVHVVLRQWKDQLQWKHRULJLQDOVHVVLRQ
These results suggest that there are palpable
impacts of utilising the prototypes yet require
further testing and data analysis to corroborate
WKHVHÀQGLQJVDQGDVFHUWDLQLPSOLFDWLRQVRIVXFK
technologies for enhancing remote connection.
7KHÀQDOURXQGRITXDOLWDWLYHWHVWLQJZDV
designed to establish responses to the prototypes
RYHUORQJHUWLPHSHULRGV,QWKLVZD\WKHQRYHOW\
IDFWRURILQWHUDFWLQJZLWKWKHJDUPHQWVVWDUWHG
WRGLVVLSDWHDQGDOORZHGXVHUVWRUHOD[LQWRWKH
UK\WKPRIWKHUHFHLYHGKHDUWEHDW8VHUVZHUH
DVNHGWRZULWHDERXWWKHLUH[SHULHQFHVDIWHU
ZHDULQJWKHSURWRW\SHJDUPHQWVIRUDWHQPLQXWH
VHVVLRQ7KHUHVSRQVHVVXJJHVWHGWKDWZKLOH
some users found the experience meditative in
nature others had a slightly anxious reaction to
the implicitly foreign experience. An example
RIWKLVPLOGDQ[LRXVQHVVZDVUHFRUGHGE\DXVHU
ZKRZDVUHFHLYLQJWKHUHDOWLPHKHDUWEHDWRID
FORVHIULHQGVKHZURWH´6OHHS\DQ[LRXVLQSDUWV
at feeling the heartbeat. Kind of lulls you into
GHHSHUUHFHVVHVRI\RXUPLQGQRWUHDOO\ÁDVKHV
\RXGRQ·WDOZD\VUHDOLVHZKDW\RXDUHWKLQNLQJ
DQGDUHWKHQGUDZQEDFNWRWKHKHDUWEHDWDQG
there is a buzzing feeling of anxiety before
lulling you again into a kind of sleepy state.
Remember childhood moments of laying on my
IDWKHU·VFKHVWQH[WWRORYHUV$ZDUPWKEXW
PRUHRYHUZKHOPLQJDQ[LRXVQHVVµ
Conclusions
The creation of prototypes has raised many
issues, above and beyond theoretical concerns.
Such issues include the critical role of
collaboration in developing multidisciplinary
projects; the importance of design, in tandem
ZLWKXVDELOLW\DQGIXQFWLRQDOLW\LQWKH
GHYHORSPHQWRIZHDUDEOHHOHFWURQLFVDQGWKH
need for adequate user testing models to assess
WKHVXFFHVVRIZHDUDEOHSURMHFWV7KURXJK
reframing biosignals as active communications
modalities the act of control becomes eminent
²KRZGRHVRQHFRQWURORQH·VKHDUWEHDWWR
WUDQVPLWWKHDSSURSULDWHPHVVDJH"
The user testing has provided preliminary data
for considering the effectiveness of the projects.
The initial testing session generated interesting
IHHGEDFNZLWKPDQ\UHVSRQVHVLQGLFDWLQJVWURQJ
HPRWLRQDOUHDFWLRQVWRWKHZRUN7KHVHFRQGVHW
RIXVHUWULDOVZKLFKPHDVXUHGWKH(&*VLJQDOVRI
XVHUVZKLOHLQWHUDFWLQJZLWKWKHSURWRW\SHV

suggested certain emergent patterns in the
physiological responses of participants. In
order to provide enough information for greater
JHQHUDOLVDWLRQRIUHVXOWVIXWXUHWHVWVZRXOG
EHQHÀWIURPKDYLQJODUJHUVDPSOHJURXSVORQJHU
trials, and possibly investigation of different
methods of signal processing.
The development of the Ether Beat range of
JDUPHQWVKDVLOOXPLQDWHGDUDQJHRIDUHDVZKHUH
WKHWHFKQRORJ\DQGWHVWLQJFRXOGEHUHÀQHG
With regard to the prototype design
alternatives to radio frequency such as Bluetooth
are being investigated to facilitate truly remote
experiences. Similarly, there are a range of
FKDQJHVZLWKLQWKHXVHUWHVWLQJSURFHVVWKDWDUH
being investigated to garner a broader range of
results. Within the realm of user testing larger
sample groups and longer trials in truly remote
circumstances are required to establish the
effectiveness of the prototypes as peripheral
DZDUHQHVVPHGLD
$FNQRZOHGJHPHQWV
7KHUHVXOWVZHUHDQDO\VHGZLWK+59$QDO\VLV
6RIWZDUHIRUZLQGRZVGHYHORSHGE\7KH
Biomedical Signal Analysis Group, Department of
Applied Physics, University of Kuopio, Finland.
5HIHUHQFHV
>@7KH+59DQDO\VLVVRIWZDUHIRU:LQGRZVLV
developed by The Biomedical Signal Analysis
Group, Department of Applied Physics, University
of Kuopio, Finland. Available from http://venda.
XNXÀUHVHDUFKELRVLJQDO
>@0DWODELVDELRVLJQDODQDO\VLVVRIWZDUHDQG
UHJLVWHUHGWUDGHPDUNRIWKH0DWKZRUNV,QF
KWWSZZZPDWKZRUNVFRP
[3] Niskanen, Juha-Pekka, Tarvainen, Mika P.,
Ranta-aho, Perttu O., and Karjalainen, Pasi A.,
´6RIWZDUHIRUDGYDQFHG+59DQDO\VLVµ&RPSXWHU
Methods and Programs in Biomedicine, 76, 2004,
pp. 73-81.
[4] Rainville, P., Bechara, A., Naqvi, N., Damasio,
$5´%DVLFHPRWLRQVDUHDVVRFLDWHGZLWKGLVWLQFW
patterns of cardiorespiratory activity.” Int J
Psychophysiol. 2006 Jan 23; [Epub ahead of print]

Keywords

Wearable Technology, Social Cohesion,
HRV Analysis, Augmented Communication,
Biosignal Transmission.

069

