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Abstract

This paper ramines the pailels in the deelopment of
the watt and the weable computent discusses how the
locations whee the wath was worn on the body has
changed orer time examines a variety of user interfaces
for watthes, and looks at how the watafected cultual
concepts of time and time disciplirighe wath long ayo
encounteed many of the major issues camfting wear-
able computing todayrhe lessons for wealnle computing
are that the physical weability will be determined as
mud by fashion as by human anatqrhat the user inter-
face will gadually become simplified as people become
mote acquainted with computgrand finally that the cul-
tural impact will be a bvadening of the definition of infor-
mation, a ationalization of epresenting information, and
an increasing syneronization of pesonal eents.

1. Introduction

concepts of diciengy, performance, and produdgty, the
driving intellectual forces of the industrialvi@ution, are
meaningless [5]. & speak of “embedded computérs,
computers within lager systems that users do not think of
as computers, Ut embedded clocks aree: more com-
mon, in the form of timers in household appliances, in
manufcturing equipmentyven in computers themsels.

With all of these similarities between timedping and
computing in general, it is important tgaenine the simi-
larities in the particular wearable aspects of each technol-
ogy. The two fields already hee close ties, as the first
mass-produced wearable computers were probably wrist-
watches in the mid-1989'which had address book and
calendar functions [1]. Finallyhe watch is so widespread
and so &miliar to us that it is easy toverlook the lessons
that can be learned from the course of itsettgpment.
This paper will gie a history of seeral areas of the del-
opment of the atch and xamine the parallels between its
development and the gelopment of the wearable com-

Three of the major issues for wearable computing arepyter concentrating on wearabilitinterface, and societal

placement on the bogdyser interfice, and potential impact

impact. From these parallels the paper concludes that the

on society There is broad speculation on all three fronts, prysical wearability will be a function ofihion as well as

puters is uncharted territgryith mary options to be

gradually become less of a problem as people become

explored. But perhaps wearable computers are not asnore acquainted with computers, and finally that the soci-
ground-breaking a technology as is commonly supposedeta| impact will be a broadening of the concept of informa-

History has already gen us anample of a technology
that evolved plysically from immobile to portable to wear-
able, that emplged a \ariety of user intedces, and that
revolutionized cultural conceptionsirie-keeping.

tion because of the verpresence of the wearable
computer

The remainder of the paper igjanized as follavs. Sec-
tion 2 will examine the wearability of theatch, discussing

Before amining the wearable aspects of both comput- the parts of the body on whictatches hee been wrn and

ing and time-keping, it is wrthwhile to note the similari-

how these hee changed through the ages. Then Section 3

ties in their eerall developments. Where the computer is | cover the user inteaice of the \atch, presentingx@m-

the key machine of the information velution, enabling a

ples of visual, audio, and haptic representations of time.

vast collection, sorting, and analysis of data, the claa& W gsection 4 will discuss the societal impact aitehes and

the key machine of the industrial velution, alloving the
accurate determination of wer and engy, which in turn

their role in changing our cultusehotions of and attitudes
toward time. Section 5 gés the conclusions to be dma

allowed the engineering of steam engines and othefrom the parallels between thevetopment of the watch
machinery which we commonly associate with the indus- gnq the wearable computer

trial revolution [9]. Wthout accurate timedeping, the



Figure 1. Example of a musk-ball watch.
After [2].

2. Wear ability of the watch

The first aspect of atches this paper will study is their
wearability where on the body thehave been wrn.

Figure 2. Nineteenth century Japanese belted-
mounted watch. The watch is on the left; the
pouch for carrying it is on the right. After [5].

18005, the pockt watch disappeared from weand the
cases became less decorated. Whatthes disappeared
into the wvaistcoat, the also became Iger, reversing a

Watches are the most common form of wearable technol4rend tavard further miniaturization in mesmwatches. The

ogy today specifically the wristatch. But the wristatch

is the latest of mgngenerations of wearable timedping.

It became the most popular form in the years ¥alhgy
World War |, when it found dvor with soldiers in the
trenches who alued being able todep their hands free
when checking the time. &dring a vatch on the wrist
seems the most natural location to usynlut it was not
always so. The first atches were carried in the hand, hung
from a belt around the aist, or vorn about the neck [2].
Then for seeral centuries the poekwatch vas the pre-
dominate form. It ws only in the twentieth century that the
wristwatch became populaalthough it had been irxist-
ence for at least a century [3] and the necessag} td
miniaturization had beervailable for @en longer

Throughout the history of theatch, one sees that its
size and form as well as the location in which éswworn
was drven by fshion. The earliest atches date from
about 1500-1520 and wereom around the neck [2].
These were called “musk-ballatches, after the spherical
metal perfume containers that earlatehmalers fit the
clockworks into, shan in Figure 1. As atches became
more popular watchmalers bgan designing their van
cases instead of using the widelgw musk balls. The
“pocket” watch became common in the 16§0although
due to its size it as rarely carried in a poektut was still
worn about the neck lkthe musk-ball atches or hung
from a belt. At first poolt watch cases were ornateytb
with the increasing popularity of theaigtcoat in the

pockets of the wistcoat allaved a lager watch to be car-

ried than could be carried in other pieces of clothing, and a
larger watch tended to be more accurate, less delicate, less
expensve, and consequently more desirable.

What was desirable for mesi'watches \&s not neces-
sarily desirable for wmens. While the men carried
watches in their aistcoats, wmen vore watches pinned
to their clothing lik brooches. One of the forces in the
miniaturization of time piecesag the desire of @men to
reduce the weight of aiches, because héer watches tore
delicate &brics [8]. Vwmen were the first to commonly
wear wristvatches, bginning probably in the late 18G0’
when a London saddler introduced ateh on a leather
strap [4]. Until World War I, the wristvatch was considered
to be a feminine accouterment. But when the blood- and
mud-spattered soldiers of the European trenches returned
sporting wristvatches, thg became popular among men as
well.

Outside of Europe, the placement of thatehh was
quite diferent. In Japan, forxample, vatches were arn
in a pouch hanging from a belt around thaist; with the
pouch slotted so that thade of the atch could be seen
without remeing it from the pouch, as stvo in Figure 2.
Because Japanese clothing had no etsckthe pookt
watch neer developed. And for reasons to be discussed
later, the Japaneseaiches were not small enough to be
worn elsavhere.



hundred years before this locatiomswvidely acceptable,
and only came into ogue with men due to romantic
notions of varfare and masculinityThat mag of the first
wearable computers were belt- and back-mounted is not
solely due to their weight and size: Most were designed on
college campuses, home of thenfy- and back-pack. Li
Figure 3. A watch mounted in the hilt of a the early vatch malkrs, who fit their clock arks into the
sword, circa 1600. After [2]. common musk balls, the early wearable computddeérs
fit their designs into commomghion accessories. Shoulder
and neck-mounted wearables are compaglgtirare per-

Another interesting aspect of size and miniaturization is haps because theresemble purses, shoulder bags, and
that watches became bigger whenyti®ecame more accu- o ciaces too closeljost wearable computer users are

rate, lut not because the impr@d mechanisms were more men, who from years of societal traininguid be appre-

difficult to fabricate. The first atches were meant to be hensie about appearing to befahinate. The wtch is
wound daily which was not an undueubden since the 1 for adornment and status as well as for utility; there is

kept time so poorly that thealso had to be set dailBut 1, 1ea50n to suspect that the wearable computer willye an
with improvements in the atch mechanism, aiches it ony

became better and better aeking time. \&tch makrs

began using lager springs as the atches became more .

accurate, so that theatches wuld run for longer periods 3. User interface

of time between windings. So the trendvémd smaller The second major aspect of thateh this paper will

watches wis not monotonic. Lik the wearable computer examine for parallels with wearable computing is the user

people were willing to pay for increased performance with interface. While the watch makrs eperimented with

increased size and weight. where on the body theaich was worn, the also eperi-
mented with hav the time vas comeyed to the wearer

So far we hae discussed where on the bodgtehes  Most of these intesices were visual,ub the vatch malers

were typically vorn, kut there are xamples of watches  also created haptic and audio inéeds. Queen Elizabesh’

meant to be located eighere. These were usually baubles, finger ring, with its scratching alarm, isvabusly a haptic

gadgets collected by the well-to-do, includingtehes fit-  interface. A more common haptic intack became popu-

ted to finger rings, dy chains, and serds. The first knon lar in the mid-160G: raised bttons on each hour so that

example of a watch fitted to a finger ring dates from 1542 the time could be read in the dark. Baillie relates a quote

[4], and later gamples are quite sophisticated: King from a fellov in 1644 who wuld undoubtedly ha seen

Geoge lll was gven a finger ring a half inch in diameter in  the adantages of a vibrating pageres a beeping one:

1764 [12], and a Frenchatchmaler kuilt a ring watch

with a calendar in 1779. But one of the more interesting  --it smacks too much of the business man to look at

ring watches \as one of Queen Elizabeshlts alarm con- your watch in company; it is impolite to your hosts

sisted of a small needle that scratched her finger [5]. Other ~ Pecause itlooks as if you had another engagement

examples of miniature atches include chatelaineatehes, ?hne(;vgferev'er};tnzggni kgggﬂ'ﬁs’zst:;;simz'r?gF;'tvit::fesr’_

where the watches were mounted on thevgded ley rings '

. . . sation. That is why one should adopt the new kind of
of ladies [11], and wtches fitted to the hilts of daggers and watch in which the hour and half hour marks are raised

swords [2][5]. An eample of a hilt-mounted aich is enough to enable one to feel them with the finger and
shavn in Figure 3. If a sard seems a useless place for a so tell the time without having to take out the watch and
watch, one must remember thatanare at the time look at it. [2]

depended on the coordinated vements of hundreds of

soldiers spreadver lage areas; if a commander veal the The *“striking watch” mentioned ab@ is a repeater

men in his chaye too earlythe battle might be lost. In this watch, which indicates the time with a series of tonesy The
light a watch on a sard is no more useless than a com- were probably first made for use by the blindt became
puter on an automatic rifle. popular with the general population in an age with no elec-
tric lights and no matches. The first repeatatcves indi-
This history of where on the bodyatches hee been  cated only the nearest houut at the height of their
worn shavs the first major lesson for wearable computing. popularity examples could be found which indicated the
Wearability will be a function ofdshion as well as a func- nearest minute [7] Furthermore, because of the interrup_
tion of anatomyThe vatch vas small enough and igen-  tion caused by their chimes in compartater repeater
sive enough to hee been wrn on the wrist for welleer a  \atches were made so that the caseld vibrate instead



a. b.

C.

Figure 4: Variety of visual interfaces: (a) sun-and-moon, (b) differential, and (c) wandering hour.
The time on the sun-and-moon dial (a) is 3:37 in the afternoon, because the sun is pointing to the
lll. The time on the differential dial (b) is 5:25. The time on the wandering hour dial (c) is 3:33.
After [2].

of having the chimes rung [5]. One could then check the hour as in thexamples of Figure 4. As time passed, only

time surreptitiously as with a vatch ha&ing raised hour
marks.

While haptic and audio intex€es were common, the
most usual intedce vas visual. A wariety of visual repre-

every fifteen minutes were numbered, and then no minutes
were numbered, while each houasvstill marled. It was

not until the twentieth century thaiatches were sold with

no numbers on theimtes whatsaer, as people became
more Bmiliar with time and the concepts of hours and min-

sentations were tried, especially after minute hands becamgtes [5].

widely available. Figure 4 shw several forms that were in
vogue at arious times. Figure 4a shis a sun-and-moon

This history of the atch interbce shws the second

watch face, where the hour is indicated by a sun or a moormajor lesson for wearable computing. The irgteef will
to distinguish between day and night, and the minutes argyradually become less of a problem as people become

indicated along the outer dial. Figure 4bwha diferen-

more acquainted with computers. While the information to

tial watch face. The lone hand indicates the minute on thebe coweyed by the wearable computer is moreedse

fixed outer dial and the hour on the rotating inner dial.
Finally, Figure 4c shes a wvandering hour atch faice. The
hour visible in the small circle points to the minutes.
Although each of thesexamples is from about 1700,
watches in these styles were common feerc50 years

than that coveyed by a vatch, both sets of #izes share a
common dificulty in corveying it: The ability of the user
to understand the format of the information. When the user
understands the format, more of the irdeef can be
devoted to the information itself. FinaJlanother lesson to

after the minute hand became the norm. Some of the alterbe dravn from this history of the atch interace is that

nate forms of representing the time were partly embellish-

ments, attempts to dérentiate products in aast marlkt,
but they are also a sign that theatehmalers feared that the
wearers wuld not be able to read theiratehes. Egn
when the vatch face settled den to the tvo hands sweep-
ing concentric circles that we ammfiliar with, there is\a-
dence that the atchmalers were cautious about the
wearers ability to tell time. When minute hands first
became aailable, most watches had the minutes numbered

in large Arabic numerals and the hours in smaller Roman

numerals. Eery five minutes were numbered, aneey

watch malkrs eperimented with haptic and audio inter-
faces long before wearable computer designers, often for
similar reasons, and that these irdedfs became less popu-
lar because of changes in other technologies and in societal
norms.

4. Cultural impact
The third aspect to study for parallels between the

watch and the wearable computer is the cultural impact.

That people wuld be un&miliar with time measurement
seems odd to us as we near the end of the twentieth cen-



tury. But until only a fev centuries ago, time as lept by clock taver, but the vatch was an eer-present reminder of
the sun and the stars rather than by time pieces. The time dhe passing of time.

the day vas measured with “temporal hours”, wherein each o . )

period of daylight \as considered to be 12 hours and each ~ This is the third lesson for wearable computing. Where
period of night vas considered to be 12 hours [2]. At the Watches created a dichotomy of “my” timersus “com-
latitude of northern Europe, these houasied between 40 ~ Pary” time, wearable computers will set up a dichotomy of
and 80 minutes \@r the course of the year [7]. When ‘MYy" information versus “compayt information. As peo-
clocks and \atches were first introduced, noteey one  Ple become moreafiliar with computers, the will
understood the “constant hours” that the clocistkThe broaden their concept of “informatiérinformation will
situation today is mersed: Most people fia nawer een ~ NO longer be just the data a person entersaak wdata
heard of temporal hours, ancbwid probably hee diffi- from measurements; information will become aspects of
culty setting their schedules with them. Our dagibe their lives that the currently consider un-quantifiable, un-

when the hands of the clock are in a particular arrange-COmputerizable. A & years ago a persanschedule as
ment, whether the sun has risen or not. carried in a small bindebut now it's a document on her

laptop or PIA. Similarly with an address book. Photo-

The watchmalers were clearly &cted by the cultural  graphs, those pictures of memories people once collected
transition from temporal to constant hours. Earbtahes in shoe bogs and photo albms, will be takn digitally
were sold with “vatch papers” bearing equations of time, and stored digitallyThough some might be printed onto
instructions on hwe to set the wtch by a sun dial so that paper most will be lept on CD-ROM’'s and hard dves.
the watch would shev noon at mid-daySome vatches  While we currently think of the photograph as the medium,
were @en sold with small sun dials to aid in this setting. the photographic papesoon we will think of it as its form
The monk Gerbert arked out a schedule of the length of alone, independent of the medium upon which it is pre-
day and night for each day of the year aagegnstructions  sented. The desktop computer has already started this
to monasteries on khoto set their \ater clocks to shw change of thinking, it the wearable computedue to its
proper temporal hours for each day of the y&ae belt- being eerpresent, will carry the change into areas

mounted Japaneseateh mentioned pwéously had me- unavailable to the desktop.
able numbers on itsa€e so that it could shotemporal i } _ )
hours. Periodically the numbersould be shifted by the By having the time with them, on their person, people

user so that theatch read the appropriate time in temporal Were able to monitor and synchronize their actions in a

hours. (That the Japanese did notedep vatches as small ~ Way that vas not preiously possible. Likwise, wearable

as their European counterparts until after the late $300° computers will create a melevel of synchronization, a

when constant hours were introduced bgsmers, is  Synchronization of information in addition to synchroniza-

perhaps due to the limitation of\iag to mave the num-  tion of time. The wearable computéke the vatch before

bers on the atch face.) it, will change the pace of society due to this increasing
synchronization.

While the time pieces werefatted by the cultural atti-
tudes tavard time, those attitudes were in turfeafed by 5. Conclusions
the time pieces. The aent of the clock teer gave rise to

fights betweendctory avners and their arkers aer con- after centuries of delopment, Warable computers are

trol of the clocks [6]. The wrkers beli@ed that unscrupu- currently in the position of theatch in the 1608: A bau-
lous avners set their clocks ahead in the morning and backble for the wealth, educated fg. At the samé time it

in the @ening. When ttches became fafdable for the appears to be poised on the brink of widespread utility and

workers, the wners could no longer easily cheat their acceptance vaaiting onlv the first wearable computesh-
workers. But the watches also made thevkers conscious ion fffd ' g only P

of time outside the shop, causingnkers to oganize and

schedule their personal time more stricipd creating a As with the vatch, wearability will not be determined
dichotomy between what Landes calls “my” time and py size and weight alone. This paper hasashthat the
“‘compary” time [5]. The 16th and 17th centuriesasthe  popular fishions of the day will lily be a determining
first maxims about asting time. The notions offefiency factor in acceptable weight, size, and fomotér When
and productiity introduced in the wrkplace spread into  he design criteria for a wearable computer is to “fit in a
the personal life. The ach, not the house clock or the poclet? it should be specified whether the petis on an
clock taver, was the agent of the spread of these notions.qtfice worker's husiness suit or a mecharmictoreralls.
One vas often out of sight of a clock or out of earshot of a shoyld our society ajn develop a taste for the aist coat,

While the watch is a commonplace to us, it is only so



then wearable computers can bgdarthan those of today = human anatomyAs for the user inteatce, it will become
which must fit into a hip or shirt poek On the other hand, less of a problem as people become more acquainted with
if the masses delop a taste for ycra big/cle shorts and  computers. User inteaates nav should stire not just for
shirts, the wearable computer willdgato become consid-  usability, but for ease of future simplification. The cultural

erably smaller impact will be a broadening of the definition of informa-
] ] tion, a rationalization of representing information, and an
This paper has also skio that watchmalers eperi- increasing synchronization of personatets. If we do not

mented with a ariety of modes for the user intack long  |earn the lessons about wearabjlisger interdce, and cul-

before wearable computer designers. Haptic and audigyra| impact apparent in thedgopment of the watch, we
interfaces for watches were probably initially intended for || repeat them, time and time aig.

use by the handicappedjttbecame popular with the gen-
eral public as well because of lack of light at night and Acknowledgments
because of social proprietifter changes in other technol-

ogy (i.e., electric lights) and societal norms, these inter- Francine Gemperle, LeMonté Green, and Karen
faces became less popular O’Kane were kind enough to prde feedback on drafts of

this paper
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