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ABSTRACT

We report on the development of a method for obsgand recording the uses of mobile communications
‘on the move’, based on the combination of contelented recordings made with user-worn camera
glasses with mobile screen capture data. We shawth@ allows the temporal organization of gaze
switches (to and away from the mobile screen) toliserved and documented, thus providing crucial
empirical information to understand how users atifjumanage mobile communication as well as other
activities in everyday multi-activity settings. Yéport on the findings of an empirical study of stplaone
use in transport situations. Being oriented towardslti-activity appears as a particular form of
attunement to the potential sequential implicatesof events occurring both in the navigation abihe
communication applications or the mobility enviremt) i.e. as possible occasions to switch the
orientation of one’s gaze from one activity-releivaeld of activity to another.

Keywords:
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INTRODUCTION

The development of increasingly powerful smartptsohas led to an increasing use of mobile Internet
and social media on the move [20]. However, thalystof mobile uses presents some specific
methodological difficulties. The adoption of Intetrapplications has been studied over extendedgseri
by quantitative mining of connection logs [31]. Wéhsuch methods are very powerful in terms of the
scale at which the analysis can be conducted, ledge about the actual situations of use is poohasd

to be inferred indirectly. Qualitative interviewsdsd methods, such as self-reports [11], are rialterms

of context awareness and user experience, butaifeeslso post-hoc narratives with at best onlyosdo

relationship with the fine details of the actualiations in which smartphones are used.

Video recordings made with portable devices entitdalevelopment of promising methods because they
may ‘follow’ the user and record his visual expede. This constitutes a powerful way to obtain rety
occurring data regarding how smartphone users neamadpile applications in a way that is sensitive to
the context of use and to the other activities ttimgght be involved in at the time. Cameras thabfel
users along their mobility paths have been usedsuml anthropology, where the analyst ‘shadows an
visually records the person’s engagement in plaoesorally records her comments to produce a self-
centered visual tour [26], and this method has lbéssn applied to the ethnography of the uses oflenob
phones in urban mobility settings [33]. Multimodaderaction analysis has focused on car situat{ans
mobility context in which it is easier to ‘followisers by putting cameras in the car [19, 22]). Some
this work has explicitly looked at the way car @seright collaboratively manage phone-related events
[4, 9] or GPS-based information [2]. However, sgetups are not adapted to other mobile settings. Th
most flexibly portable video recording devices #ese that are carried or worn by the users themasel

Their wearability ensures the possibility of follmg the users in all sorts of contexts.

There again, different recording methods provideed#nt empirical data and support different typés
analytical claims. When the camera is worn onlytentorso of the user, it aims to provide a viewhaf
context and a general sense of the user’s bodigputitmuch access to what he might actually be gazin
at or attending to. When the video recording islpozd from the user’s head, stronger claims arallysu
made about capturing, more or less accuratelyusiee’s visual experience ‘in action’, at the cokt o
transforming him into a kind of ‘cyborg’, as in 8&Mann’s famous experiments. Oculometric methods
are most precise because they record eye moveraedt§ixation patterns [32]. They have also been

applied to the use of mobile phones [3] and eveaside the laboratory [29], but oculometric deviegs



not easily portable and may be cumbersome to ‘enwid”, particularly for the study of naturally-
occurring activities. Another approach is to askuiser to wear a single camera on his head, athtdre
subject’s forehead [25] or on specially fitted gkes, sometimes described in literature as ‘vidassgls’,

‘subcams’ or ‘camera glasses’ [16].

Camera glasses have been claimed to enable thgstit@mkecord the evolution of the subject’s visual
field in a situation and capture something of hibjsctive perspective [17]. They have been used by
several groups to study mobile phone uses in riagetangs [5, 21, 27], either alone or coupledom
data analysis [24, 33]. But when camera glassewaoe used, they rarely provide a resolution ef th
mobile phone screen good enough to grasp the @etils of mobile use. It is therefore useful to
complement this context-aware device with a scoagrture recording, for the latter will provide pesc

and independent access to the user’s activity emtbbile terminal [28]. Since we are interestefiria-
grained data about how users manage the joint désm@rmobile communication and mobility, we have
decided to combine here the recording producedabyeca glasses with the mobile screen video capture

apparatus.

The use of complex video methods to record molsigsinas been criticized as being too time-consuming
and heavy-handed while providing little new in terofi traditional usability concerns [15]. Suchicrgm

is apt when these methods are compared to labgra¢gearch concerns, but it fails to tackle the
effectiveness of such methods to highlight usabiitoblems that are actual user concerns. These
problems are tightly tied to the particulars of tieal life situation of use, as is the case whangus
smartphones in public settings. In this paper wik aim to show precisely how the contextual data
provided by our dual recording system can docuntfemtanalysis on the manner in which sequential
aspects orient users towards the ongoing situalibase data equally help to identify some local and
situation-specific user concerns, while carefullgiding hyperbolic claims that we would gain acciss
the user’s subjective experience, or that whatatinyst can ‘see’ through the camera glasses v&leo

actually what the user ‘sees’.

The paper therefore makes four distinctive andrlimt&ed contributions, moving all the way from
observation to design, and through the constructibmelevant phenomena and testable analytical

concerns.

a) It describes a method for recording simultaneousbpile screen activity through a video capture
system combined with camera glasses to provideatathe involvement of the mobile user with the

larger environment.



b) It applies this method to a sample of mobile urltammuters, and it shows that the crucial
analytically-relevant phenomenon this method sp=dly makes empirically observable is the
temporal organization of gaze switches, i.e. thg th@ mobile user’'s gaze moves towards or away
from the mobile phone. By combining the data frdme tamera glasses and the screen capture
recordings, gaze switches can be documented airdotteurrence linked to that of various events
happening in the mobile interface or the largaragibn. Such data can therefore inform us on how
users orient to contingencies relevant to mobilamoinication as well as to other relevant streams of
activity (such as mobility) on a ‘moment by momesis.

c) It shows how such knowledge about the sequenti&nméng of users’ visual involvements opens up
to a revision of key phenomena for understandiegtiganization of behavior in mobile contexts the
precise definition of which has proved difficultcamvhich have also proved difficult to pinpoint
empirically, such as multi-activity. We will show iparticular that with respect to the sequential
organization of visual involvements, an orientatimwards multi-activity may be defined and
observed as a conduct in which events recognizablbeeaks in one stream of activity (either with th
mobile terminal or with respect to mobility concgrrare seized as transition-relevant, that is as
opportunity to switch one’s attention from one damaf activity to the other. Conversely, in this
sequential perspective, being absorbed in an actil appear as a tendency to ignore the tramsiti
relevance of such occurrences. Because this isrigadpl observable, it opens new research
perspectives on multi-tasking.

d) Finally, we show how this is may be useful to theéltldommunity, by allowing to think of interfaces
specifically in terms of their sequential implicats, that is the way they provide a lot (or little)
opportunities for the user in terms of transiti@terant points, and which we call here their “tegtu
Designing for multi-activity settings might thereéofavor “rough” interfaces, the use of which will
experience many potential transition points she hiigse as sequential resources to switch

involvements.

Recent announcements from the mobile industry baggested that the next generations of smartphones
would have eye-tracking capacities, and might ngdae switches functional [3]. The meaning of gaze
switches will then constitute a crucial usabilisgue, and the method and line of investigation gseg

here will acquire an increased relevance, foratvates a way to grasp empirically the situated nmgan

of gaze switches.



METHODOLOGY

Analyzing the uses of mobile communication ternsnad everyday settings requires synchronized
empirical data regarding both the use of the maieMce and the off-screen involvements and actwit

of the users. What we have done is to combine pimame screen captures with the recordings of the
contexts of use produced by user-worn camera glagsecapture the screen-based activity, we hase us
a feature of Android-based smartphones that allavaudio and video connection. We have therefore
coupled the smartphone with a light portable A/¢areler (Figure 1), a method initially developed to
study mobile video telephony [23].

When the system is on, it provides a recordingnefachanging mobile phone screen as the user pesform
various actions upon it, in the form of a videe fiSuch an approach does not work with iPhonesueét,
the situation might change since future versioessanounced to be connectable to TV monitors forega

applications.

Figure 1. A simple portable set-up to record the adio-video flux on Android-based smartphones

While such a portable set-up may provide rich dedailata on the ‘natural’ uses of smartphones en th
move, it provides very little information on thetaal contexts of use. We have asked users to vemae@
glasses with a small camera in the middle of thecgeto obtain a video recording of the users’ diag
environments that can be synchronized to the mal@iece screen capture data. Camera glasses have
been used by various authors to gain a ‘subjegiese’ of actors performing various activities [1¥}hat

was interesting to us was that the whole recordpygaratus was portable and could be used to atbidan

on the uses of smartphones in mobility settings.
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Figure 2. In all images the screen capture appeam the left, and the camera glasses recording on

the right (both have been synchronized). In both irages the user is sitting and using the smartphone

in his lap, which is partly (a) or not at all (b) vsible.

However, the temptation for the analyst is to labkvhat the camera glasses record as the actsuslvi
perception of his environment. Yet what you getas what he sees. Because of various constrainss, i
often a rather crude approximation of human pereepFirst, the recording field is only about 4@dees
wide for standard commercial camera glasses, whiotuch narrower than the human field of vision. So
the camera glasses data will not show what isavi&ilin the peripheral visual field of the humahjsats.
Secondly, the visual focal axis of the recordingssally higher than that of the subject. The@nisngle
between them that may vary, among other thingd) thi¢ geometrical shape of the subject’s face and
with the way the glasses are placed on the nosg&lfwhay change at two different moments). A
consequence of this is that when different subjatgecording with camera glasses at the moment th
are sitting and looking at their smartphones, #mrding may feature the phone screen only partiall
(Figure 2a) or not at all (Figure 2b) in the videgording. In spite of all this, camera glasseseasy
enough to use and wear to remain an attractive oddti gather naturalistic observations on the move,

provided we can somehow circumvent some of thesigaliions.

Although what you get is not what the subject ‘sagd the data has to be treated with care innladyais,
camera glasses may still be used, albeit with aegegf caution. First, the analyst is helped bysimall

size of the smartphone screen. To look at the gimane, the user needs to orient his gaze in arrathe
precise direction, which can be reconstructed enahalysis and confirmed by the screen capture data
(which shows what action he is currently involvacdn the mobile interface), even if the smartphisne
not actually visible on the video data. Howeveregwlthe user looks away from the phone, it may becom

more difficult to infer what he might be lookingfabm the video glasses only (sometimes inferecees
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be made). Hence, what camera glasses applied tostee of smartphones on the move make visible
(together with synchronized smartphone screen daugy are gaze switches, that is, when the useis lo
towards or away from their smartphones. Such gadtcles are interpretable as switches between
attending to the smartphone (which we may furttomudnent from the screen capture) and attending to
other meaningful domains in the environment. Suata therefore provide a rich source of information

on the way smartphone users may manage multiptdvemnents in actual public settings.

We will focus here on the joint management by usarsthe move of mobile social networking
applications and everyday mobilities (and more gpatly automobilities), in order to demonstratest
potential of our research method. We will gathepiital data on gaze switches towards and away from
the smartphone, and we will analyze their temppadierning. Our research question will then be “Why
this gaze switch now?” a) to show that there amescecognizable and understandable patterns in the
temporal placement of gaze switches; b) to showgheh patterns inform us on the way the temporal
organization of the different relevant activities ased as resources in their ‘simultaneous’ manage

c) to draw some implications from this for the dmsbf technologies and applications that might be

particularly fitted to multi-activity settings.

FIELDWORK

We have recruited 10 users of mobile social netmgrlapplications, which accepted to wear camera
glasses and record their mobile phone activitiesxduheir daily commuting for a period rangingria
week up to ten days. All of them signed a bindingten argument providing us with the rights to tise
data for scientific purposes, and under conditiohanonymization. It is important also to note ttae
French law allows video recording in public pladest forbids any publication of such data withdu t
written authorization of the people who appearthie subway setting the latter is not possible, thisl
means we cannot show the contextual data in a wayhich someone would be recognizable, which
constrains our use of such data. Two of them useid ¢ars and the rest used public transportafibis
provided us with twenty five hours of recordingdteh retrieving the apparatus and the recordings, w
synchronized the camera glasses recordings witbctieen capture data to produce the kind of spléen
images shown in figure 2 and throughout this papleis was our raw material for the analysis. Wenthe
scanned it to constitute collections of gaze swiiglevents. In five instances we showed one sdatH

to the user to elicit their own interpretation of i



At first glance, such data appear overwhelmintpéndense that a few minutes will provide many imsta

of gaze switching. Moreover so many contingenciay be subtly conducive to gaze switching that it is
not possible at this stage to treat them systeaibtiffor instance with coding procedures). It isne
fruitful to look at sequences which display recagihle sequential patterns (such as around projectab
pauses) and try to build a solid analytical fraiface our aim here is to show exactly what kind of
research perspective on multi-tasking our apprqaovides, we will focus here on a single case to
illustrate the possible contributions of such walcar-driving case, which also circumvents sominef
ethical constraints the subway material bringsh#analysis), and use the data related to othes ase
settings (those taken in the subway, and in sorsenees some data taken at home) as background
resources to buttress our arguments, or to showdiitevent settings may be contrasted with respeat

particular point.

In order to highlight the potential of our methadki limited space, we will limit ourselves to thealysis

of car-driving cases and use the data obtainedbfigtransportation as a way to enrich our finding

FINDINGS

OBSERVING THE MANAGEMENT OF JOINT ACTIVITIES: MOBIL E COMMUNICATION
AND TRANSPORT

Using smartphones on the move involves the momgmdment joint management of mobile
communication and transportation. By using our eiogli data on the occurrence and placement of gaze
switches, we can understand some important aspsctthe temporal organization of multiple

involvements and shed some new light on the acalj§i elusive concept of multi-activity.

Gaze switches and the temporal organization of mufile involvements

In the example we will develop here, the smartphaoger is a woman who connects to Facebook while
driving. In the first set of data, she gets to dlrght, stops (Figure 3a), looks down towards laprand
away from the road, places her smartphone on thimdmwheel and launches the connection to Facebook
S0 as to check her list of recent posts on her {Fajure 3b). Such conduct is illegal in Francd,tbis is

not the point here. What will interest us is rattie® way she practically manages a dual orientation
towards driving and using the Facebook application.



b) (

Figure 3: a) Arriving at a red light behind the stgoping traffic; b) Taking such an occurrence as an
opportunity to gaze down, put the phone on the dring wheel and launch the Facebook applicatian

A red light is a constitutive feature of traffic megement that is deceptively simple and familiaacts

as an instruction for drivers to stop for a timattmay be roughly anticipated by drivers with erfoug
experience. It does not act by itself. As the spgmedp studied by Science and Technology Studiels [18
the red light is the surface of emergence of aelangd heterogeneous network, an assemblage ofepeopl
and artifacts ‘delegating’ their agency to theficdfght while remaining at a distance. It is tinistworked
infrastructure that is ‘agentive’ in the way a teght recognizably and forcefully instructs us tos As

a visual and semiotic cue which ‘blackboxes’ themoeked infrastructure to which it is co-extensities

red light projects a predictable pause for theaurding traffic and therefore offers a relevanhsidon
point in the driving activity. It affords a recogable and convenient slot for doing something siseh

as picking up one’s smartphone.

Figure 4: A typical visual display for the circular progress bar.

Such an artifact-mediated temporal patterning afople of activity and inactivity is not restricted
driving. It is, for example, very common with mabitlevices to intervene on the interface, and get a
‘circular progress bar icon’ (Figure 4), indicatitaythe user that the system is doing somethingtlaaid

until it is done, it is not responsive to the usettions. The progress bar does not ‘instructntiobile



phone user to stop as the red light does becaissgrdunded in another assemblage of human arefialat
resources. However, like the red light, it projeatpause in the smartphone activity. It works as a
‘prospective indexical’ [8], signaling that somepextable delay is to be experienced before theatege
action is accomplished and the interface becontesable again. It somehow ‘points’ towards theifet

moment in time in which this might happen.

For instance, three minutes and two traffic lighfter the first one, our mobile Facebook user dritce
another red light at which she looks down at heargpmone again. That she has left it on the whigel a
along displays her orientation towards multi-adyivit is a way to construct an environment patcky
conducive to this, making it easy to gaze swiftlylee mobile terminal and away while driving. Aigh
new red light, she composes and sends a ‘happgybiyt message to a Facebook friend. When she sends

it, she gets the ‘progress circular bar’ icon (Fegba and 4).

Figure 5: a) Sending a message and getting the aitar progress bar; b) the right hand goes to the
right to engage a gear; c) the gaze moves up to loat the road and ‘discover’ that the light is stil

red; d) she immediately gazes down at the smartphen
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Her right hand moves towards the right to engagea. She takes that smartphone-related pause as an
opportunity to engage a gear, an action the préggraharacter of which shows evidence of her re-
orientation towards the traffic about to resume.aiMi significant here is the way expectable pauses

the smartphone activity are also treated as sdats-tlirect attention towards driving (even thodghing

is not yet relevant). Then she looks ahead todhd (Figure 5c) and sees that the light is stdl fEhis
shows that her engaging the gear was not relatedytdraffic event but indeed to the pause progecte

the mobile communication activity. Characteristigafinding the traffic still at the stop is takexs an
opportunity to gaze down at the smartphone agagu(€ 5d), rather than continue on monitoring the

road.

Such a pattern of systematic gaze switching aeptegl pauses in one stream of activity was a rexurr
pattern throughout our corpus. When our smartphusees were in the subway (a kind of mobility which
is not as attention-consuming as driving), gazdches away from the mobile phone usually occurred
around the moments at which the train was entenitagthe station or leaving it, whether they weseng
their smartphones or not. Such a placement probdisjglays an orientation towards monitoring the
progress of the train and the conduct of othergragss coming and going. When they were using their
smartphones as well, whenever the circular prograssppeared, they treated the projected pause as
occasion to gaze away from the phone and to tiredravironment, whether near a station or not, even

nothing was happening in the wagon at the time.

These observations show that the way we recogmifding activities as occasioning and projecting
moments of activity or inactivity is a key resournghe management of joint activities. More getigra

it provides us with an original way to empiricafjyasp what the experience of multi-activity is atbde
can thus pin down an elusive concept which is Wgualderstood either in its commonsensical defomniti
of doing two things at the same time (which atree{fgrained level is almost never the case) or @s th
limiting case of such an extreme fragmentatiorasks that switches between activities are so frecpse

to become indistinguishable [14]. With our data, ve® say that an orientation towards multi-activity
becomes manifest when projectable pauses (andopossgier events) in a given stream of activity are
systematically oriented to as opportunities to gazay towards another domain of the environment,
relevant to another activity. In that sense, mobadeebooking and driving, or even mobile Facebapkin
and taking the subway, are experienced as mulirifgctn our corpus. Conversely, being absorbed or
engrossed in an activity can be glossed as a tegderignore projected pauses in the ongoing agtivi

and remain focused upon it. Mobile Facebooking @owch at home may be engrossing in that sense.
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Using our recording apparatus to test a user inditaation, we could observe that while eventthim
environment occurred which might trigger his gazawvgay from the smartphone, many such potentially

relevant transition points were ignored in thapess.

Let us note finally that the orientation towardsltactivity in that sense is usually displayedthe
organization of the body and the environment. Lieguthe connected smartphone on the wheel when
driving, or on one’s lap when riding the subwaye avays to create an embodied spatial-material
arrangement particularly conducive to swift andjfrent gaze switches between the smartphone and the

mobility-relevant visual domain.

Temporal mismatches in multiple streams of activity

An orientation towards multi-activity (in our casapbile communication and transportation) makes the
normal ‘messiness’ of urban environment a condtrama a resource. Urban environments have been
described as ‘messy’ to account for the way theyaisscrossed with heterogeneous socio-technical
infrastructures and occupied by urban denizens kéhwe been thrown together there and must behave
accountably with respect to one another [1]. Sucaksgimess involves bringing heterogeneity and
contingent eventfulness to the everyday urban éxpes. One consequence of this is that for a user
engaged in different activity systems, there isgason for a relevant transition point in one gigetivity

to occur at the exact moment another stream ofigctiemands action. Different activities will geaty
project different temporal expectations and misimadc sequential opportunities. We have seen an
example of such routine temporal mismatches iptheious section. The driver at the red light wdikets
advantage of the pause in mobile screen activigy aEnding a message (Figure 5b) finds the tradfint

still red when she looks up (Figure 5c) so she doaddwn at her mobile phone again (Figure 5d). Being
competent at jointly managing the demands of malmlamunication and mobility (and more generally
any kind of multi-activity) shows one’s capacityhandle and minimize the potential consequences of
temporal mismatches, so as to perform all relegativities reasonably well with respect to the dedsa

of the situation.
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Figure 6: a) The driver is scanning down her list b Facebook posts. The sudden motion of
surrounding cars is detectable in data through theside window though not visible in the picture; b)
she eventually looks down, and a large opening iow visible before her car, materializing the
delayed character of her response; c) the black carn the right jumps’ into the gap, before she

eventually starts to move her car forward again.

Such phenomena occur at a micro level in the dethilhe way the ongoing situation unfolds. Thegof
elicit responsive conduct, which is not reflexivedathought about. This is the reason why video
recordings of naturally occurring situations sushhae ones we are providing here are requiredawighe
better understanding based on observation. Faariost let us return to our mobile Facebook user who
had just come to a traffic light and used this mpportunity to launch Facebook on her smartphone
(Figure 3). When the traffic resumes at the grégin,| her gaze can be seen to remain on her snwemgph
for a lapse of time and not immediately raised talsahe street ahead, even though cars visibleen t
camera glasses (and even more so in her periphisiah) have started to move (Figure 6a). That her

response is noticeably ‘delayed’ is not just thalgst’'s opinion since independent evidence of tais
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be found in the data itself: a driver in the nlexte takes advantage of the gap in front of a izated by

her delayed response in order to change lanesaader ‘slot’ in the line (Figures 6b and c).

The materialization of such a delay shows how uaisgartphone while driving may have consequences
on the driving performance, even if in a minor fashhere. Can we get one step further and provide a
more precise interpretation of the reasons for sudklay? This is where the screen capture date@xom
in useful. At the moment the light turned greee,dniver was in the midst of a scan of her lisfatebook
posts: she was scrolling down with her finger, frili® most recent (at the top) to older ones furdogyn

on the touchscreen. It is impossible to say, onbt@s of the empirical evidence alone, whetheratr
she was looking for a specific post (goal-orieraetivity) or just waiting for some post on her listcatch

her attention (environment-driven activity). Whagevhe case, what is significant is that the viaral
pragmatic structure of the list does not offer ologly recognizable relevant transition points, the
occurrence of which could be taken as an oppostuaigaze away and reorganize one’s involvements.
One may just scan down on and on until an attergadohing post has been attained, without therlist
itself affording any generic and eventful asperitythe case of a significant event happening detsif

the screen, which is at that moment the focus @iibual attention (such as a light turning gredrgre

is a fair chance that the user might remain absbioéhe scanning activity for an extra moment tigto

the sheer inertia of focused attention, even thahgke ‘outside’ events are demanding some kind of
response. Hence the kind of delay we observed wieetraffic actually resumed.

Our research methodology not only allows us to nkesthe way users manage multiple and temporally
heterogeneous involvements (here with respect tbiled@ommunication and mobility), but it also
provides us here with another grip on the concédptolti-activity. Situations of multi-activity are
situations in which users are attuned to the p@teséquential implicativeness of events (as diseds
above). Yet they are also situations in which teraponismatches in the occurrence (or projected
occurrences) of meaningful events are expectedcturp to be recognizable as such, and to be
consequential with respect to the joint accomplishiof the relevant activities. In our example,die&y

in the resumption of driving is materialized by thap’ in the line of traffic in front of the obsexd driver.

It is made consequential by the conduct of theedron her right who immediately ‘fills’ the spadéhe
expectability of such a sequence is perceptibklénfact it is not noticed or topicalized. It iedted as
unremarkable. Even such a routine occurrence pesvavidence for the claim that using a smartphone
while driving is a form of multi-activity that isgtentially consequential in line with social angdé

concerns.
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We do not claim here that all mismatches and disoreies in the occurrence of relevance transitoontp

are necessarily detrimental to the accomplishmétiterelevant activities. We have mentioned above
how at a further traffic light the occurrence gfause in the mobile communication (the delay rdl&de

the sending of a message) provided the occasiothéosame driver to engage a gear before the light
turned green, thus displaying her orientation tasanulti-activity (i.e. systematically treating g&s in

one activity as opportunities to switch one’s garnel/or involvements. The accomplishment of such
preparatory action is potentially useful and cettainot disturbing with respect to the impending
resumption of traffic. The actual meaning and digance of temporal mismatches in the occurrence of
relevant transition points cannot therefore berdefa priori. Such meaning is constructed locally; it is
situated and contingent to the details of the wihgl situation. Being a competent user of Facelmok
the move relies on being able to manage the coesegs of such potential mismatches as smoothly as
possible.

THE ‘TEXTURE’ OF MOBILE INTERFACES

We have repeatedly seen here how some eventsiveragjream of activity were treated as sequemtiall
implicative in multi-activity situations, i.e. regoized as potentially relevant transition pointad a
occasions to gaze away and perhaps reshape ona\saments. That they actually trigger such a respo

is related to the situation as a whole and is @arly sensitive to the design of the environmditite
treatment of the red light-green light change i dibove example is sensitive to the finer detdith®
way the driver is involved in mobile Facebookingdaparticularly the way the navigation of the mebil
Facebook application might provide (or not) recagbie occasions for disengagement from the mobile
screen. We have for instance argued that scanminglanost) unlimited list of posts afforded few
opportunities for gazing away, similar posts foliogzone another in the navigation until one catches
user’s attention and is treated as salient. Orother hand, and particularly in multi-activity segs,
projected pauses such as the circular progresthbbappears when one sends a message were treated

almost systematically as occasions to gaze awayjghas sequentially implicative.

Navigation-mediated events occurring during the afsenobile applications may be quite subtle. The
empirical methodology we propose here proves qoteerful in unveiling some fine-grained interface-
mediated embodied conduct in real life situatiéfms.instance, our argument that scanning dowrt aflis

Facebook posts with one finger is ‘smooth’ hasémbanced when we analyze the data more closely.
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The driver at the red light starts with the mosterg posts and scans down rather slowly with Her le
index (Figure 7a). After a few posts, she rearrarigg hand so as to scan now with her left thunit, w

a larger span scan-down movement (Figure 7b). Wireecorrelate this observation to the screen capture
data, we see that this change in the hand arrangeoeurs at the moment her finger gets to thesttiam
between today’s posts and yesterday’s posts. Tiffetehce is marked linguistically in the interface
design, the categories of which distinguish thetpo$ the day, labeled as having “arrived X houns (
minutes) ago” and those of the day before, labaketihrrived yesterday at ...” This lexical shift, rito
hours to days, introduces a minute spatial-semalmontinuity as one scans down the list of pdsts.
the course of scanning down the list, the passmgndof this spatial boundary occasions a minute
transition, a potential temporal event that mightdnored. What our data shows is that in thisasibm

itis not. It is marked as meaningful and noticediy the change in the scanning finger on the tscrelen.

(b)

Figure 7: a) The user scans down the list of postgith her left index finger (top image) until she

reaches the last post of the day and the first ored the day before; b) At this juncture she removes

her index and starts to scan with her left thumb.

Such embodied conduct is non-reflexive and finahyed to the details of the interface through thg wa
design features may occasion meaningful eventstuatens of use, which may acquire sequential
relevance. Making the change in temporal descspior the incoming Facebook posts is treated as an
“affordance” [6, 7, 13], i.e. as a relational faawvhich is as much in the interface as in the tabed
user, and through the mediation of which some mfilexive embodied conduct is “afforded”. In multi-
activity settings, such occurrences may or mayhaot sequential implicativeness. For instance,ewnhil

projected pauses are almost always sequentiallijdative, the scanning event indexed by the chamge
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finger is not, at least in the situation descrilbb&dve. It was not treated as an occasion to gaag.dw
might have been in other circumstances (for ingaint had occurred at the moment the traffic rasd),
for the meaning of such ‘events’ and their seqantiplications depend very much on the moment they

occur and their placement within temporal orgamzes of each relevant activity.

We could describe such affordance-like featuresasposing the ‘pragmatic texture’ of interfaces.
Interfaces may be described as more or less pramaiyatrugged’ according to the way in which they
might occasion such occurrences and perceptibl@eiat responses to them. In multi-activity settings
we can speak more specifically of the ‘sequengigure’ of interfaces to account for the way theyvude
opportunities for sequentially implicative evertisat is events that are treated as occasions togeha
one’s focus of attention and involvement. We havews1 how the navigation in an interface projects
many moments of pause and how it can be describbdwang a ‘rugged sequential’ structure. Thisas n
limited to mobile applications. The traffic envimoent can be considered ‘rugged’ in the urban
environment according to the number of red ligat$ing as instructions to drivers to stop for aslapse

of time, one encounters.

The sequential ‘ruggedness’ of the activity envinemt plays a considerable role in multi-activity
settings, where users are particularly alert atuhat to the potential sequential implications \éres
occasioned by their actions in all streams of r@h\activity. The more ‘rugged’ the environmeng th
more occasions it provides for such switches iregad attention. The more frequent such opporasjiti
the smaller and less frequent the possible timerglmncies that will appear contingently, when the
projected pauses in one stream of activity arg¢eraporally fitted to the demands in others. Fotanse,

if navigating the mobile interface projects oneogruzable pause every second, delays in the resampt
of driving at a traffic light change might not eeckone second. What we suggest here is that tinesiney

of projected pauses defines a rough upper limpassible response delays with respect to the pigessi

demands of other engagements.

Our research methodology is therefore particulaniyortant for the analysis of smartphones on theemo
since it provides empirical evidence at a finegedi level of the occasions in which, in a naturally
occurring user situation, smartphone users wilspend’ to features in the interface design. This
retrospectively reveals the ‘pragmatic texture'ttod interface, i.e. the features in the design thay
occasion meaningful events in the course of a gaativity, with possible sequential implicationshi3
has significant consequences for design, sincgdesin significantly shape the sequential textfite®

interfaces.
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IMPLICATIONS FOR DESIGN

First, our research methodology is in itself a pduleresource for design. It allows us to obsereeyv
subtle interface-mediated embodied conduct, of whigers are mostly unaware and therefore unable to
talk about in surveys. Most crucially, such data ba obtained in real life situations with smartp&o
users on the move. It can thus inform designertherway such interface-mediated embodied conduct

may be sensitive to the actual situation of use.

Secondly, our observations have highlighted theontamce of the temporal organization of activiaesl
their sequential implicativeness (that is, thefeohg potentially relevant transition points toatlvith
something else) for jointly managing mobile comneation and mobility, and more generally in
situations of multi-activity. We have proposed &l this the sequential texture of activities, tbah be
deeply altered by design. In current versionsFdeebook wall of posts has a relatively smoothpiates
structure with respect to finger-mediated scanminga touch screen (with the exception of the subtle
‘bump’ made by the transition from the day’s pdstshose of the day before). One may scan from the
top to the bottom almost continuously with the sdamel of gesture. One could imagine designing the
same function with a more sequentially discontiraf@el. For instance, messages could arrive bykshun
of two or three on the touch screen and an iconldvbe pressed to get the next batch to appeahidn t
second version, a more ‘rugged’ environment woelgtovided for scanning down the list of posts,ahhi
would offer many more potential transition poirdsgeize away or direct one’s attention towards atoth

domain of activity while scanning the list.

This opens up the possibility of designing spealficfor mobile settings and the kind of multi-tasd
which occurs then, not only by adapting the lool &el of the interface to the rhythm of the adyivi
[12], but also with respect to the sequential progeeg of the interface, i.e. to try to increaseninenber of
potentially relevant transition points in the acgdishment of a given activity. For instance, it imidpe
imagined that the ‘rugged’ version of the list mfidee is safer at a red light, since it would miizienthe
potential temporal mismatch between the green lggtdt the resumption of traffic. However, mobile
design better adapted to the mobility context wquitthably also come at the expense of user frinadt
(more likely to be associated with the design dadgonatically ‘smooth’ interfaces). So ‘ruggedness’
should be reserved for specific situations. Pemgasimart environments might offer a way to getitast

of both worlds. For instance, in a smart traffizieonment, the smartphone application might be &thb

to detect the demands of the surrounding traffigasion (such as the current state of the closafict
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light) so that some form of transition point coddd ‘created’ in the smartphone activity when such
demands become pressing. Or there could be ‘smawith‘rugged’ versions of the mobile interface
simultaneously available, the system switchingh®gecond when conditions require it. In this wag o

might combine a concern for safety and adequady regpect to the mobility context with a concem fo
user-friendly design, which is bound to dominatemre ‘ordinary’ and less attention-demanding

situations.

We have also shown how projected pauses in a stoéactivity tended to be systematically treated as
opportunities to gaze away in multi-activity segsnand therefore constituted important resourcéisen
management of joint activities. Yet environmeniag that project pauses may vary with respecteo th
degree of information they project about the padiseg index. Red lights index a pause in traffiat ib

is only habituation that tells drivers how longstipiause might be. Circular progress bars indexuagpa
but do not let the viewer anticipate their lendthis differs from linear progress bars where a @urs
moves at a certain speed towards its extremity.eMabtlety can be introduced in the design of msgr
bars to refine the temporal anticipations of tlaidience [10]. Based on our findings, cues desigoed
let the viewer better anticipate the end of a pgusgcted in a stream of activity are better sbitemulti-

activity settings.

CONCLUSIONS

To solve the complex problem of observing the wfesmobile communication on the move, we have
developed a portable recording apparatus, baséaeocombination of light camera glasses (worn ey th
user) and the capture and recording of his mobkiiminhal activity as it appears on the mobile desice
screen. We have shown how such a recording apgaaitiwed the observation of a key phenomenon,
i.e gaze switches to and away from the mobile pHane how these are timed with respect to other

perceptible events in the situation).

We have tested this research methodology on a saofiphobile users commuting between home and
work. The observation of gaze switches appears @ fmowerful resource in understanding how usgrs tr
to manage and juggle the contingent demands oflenobmmunication and mobility. Based on the way
users treated projected pauses in the mobile comeation or transport activity, we have been able to

propose an original and user-centered definitiowlwdt it means for a person to be engaged in atsitu
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of multi-activity: an orientation towards systencatly treating projected pauses in one stream figc
as an opportunity to re-direct one’s gaze and atteriowards another stream of activity and vicd an
versa. In that respect, mobile communication raadport situation is definitely experienced agiation

of multi-activity.

Events triggering a gaze switch in this way cardéscribed as being sequentially implicative: they a
treated as possible slots for reshaping one’s tatteland involvements in a sequential way. However,
their occurrence (or non-occurrence) is conditiobgdvhat happens in one stream of activity and not
necessarily adjusted to the timing and demandsefother relevant activities. Temporal mismatches
occur all the time. We have discussed one exampliepth: a driver scanning down her list of incognin
Facebook posts (which did not afford recognizataladition points) recognizably ‘lagged’ when thghti
turned green. The management of such temporal rtébesis a central feature in the competent hagdlin

of multi-activity situations.

The way in which navigating activity environmentsjgcts possible transition-relevant points, anaemo
generally any kind of event, therefore plays anartgnt part in the management of multi-activity
situations. Examining the way our driver was natiitg her list of Facebook posts in more detail, we
have been able to show more subtle phenomenaasugithange in the scanning finger from the thumb
to the index, which did not appear to be orienteds sequentially implicative, in the sense thatgi$ not
seized by the user as a possible transition pomgézing away from the mobile phone to monitor the

environment.

We have eventually introduced two different notiofsexture to capture the propensity of interfaimes
generate or project response-eliciting occurreircd®e course of their use. The ‘pragmatic textofean
interface describes the way the interface desidhmare or less afford interface-mediated eventd an
responses as itis navigated. The ‘sequentialted@acounts for the propensity of the interfacgeaerate
events with sequential implicativeness. An integfaan be described as 'rugged’ (vs. smooth) when it
frequently (vs. rarely) generates events of a gityge. Textures are relational in the sense thia, |
affordances, they are as much a feature of thentdafy design as something relative to a user or a
community of users. For instance, in multi-actistuations, users display a heightened awareri¢ke 0
sequential ‘ruggedness’ of their environments. Basig specifically for multi-activity environments
where safety concerns are critical might therefok®lve increasing the ‘ruggedness’ of the mobile

interfaces to augment the frequency of possiblesttian points and minimize temporal mismatches in
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the demands of the varied activities the usergaged in, even if such a design rationale mightugainst

more conventional design strategies centered anferdliness.
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