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ABSTRACT

During ourwork with communitymicro nancegroupsin ru-
ral India, we found that paperplaysa crucial role in mary
local information practices. However, paperbasedrecord-
keepingcanbeinef cient, sowe needto link paperwith the
e xibility of moderninformationtools. A mobile phonecan
be the perfectbridging device. Herewe presenthe CAM
mobiledocumenprocessingystemjn whichacamerghone
is usedasanimagecaptureanddataentry device. Our sys-
temis ableto procesgpaperformscontainingCamsShelpro-
grams- embeddedhstructionghataredecodedrom anelec-
tronic image. By combiningl) paper 2) audio, 3) numeric
dataentry, 4) narratvescriptedexecutionand5) asynchronous
connectvity, we have synthesizeaur experiencanto a sys-
tem that we believe is well-suitedfor an importantset of
usersandapplicationdn the developingworld.

Keywords: rural developmentpaperuserinterface,docu-
mentprocessingyisualcodesliteracy

INTRODUCTION

Recentlywe have seena growing interestin the topic of the
digital divide- betweerpeoplethattake advantageof modern
digital toolsandinformationservicedor personabr profes-
sionalpurposesandthosethatdo not. This hasgivenriseto

the optimistic notionthatif digitally disenfranchisegheople
canadoptinformationtechnologiesn asustainablevay, they

canachieze mary developmenbbjectives,particularlyin ru-

ral areasof the developingworld. Termedinformationand
CommunicationTechnologies (ICTs) for Developmentthis
vision carriesa broadand pressingmandate- allowing bil-

lions of peopleaccesdo servicesasimportantandvariedas
healthcare ,education,nancial andgovernmentakervices.

During ourwork with communitymicro nancegroupsin ru-
ral India, we found that paperplaysa crucial role in mary
local informationpracticeq15]. It is usedubiquitouslyasa
methodof datastorage gxchangeandestablishmenof trust
betweertwo transactingparties.lt is amediumthatthelocal
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Figure 1: Paper-based information processes are
ubiquitous in the developing world.

peopleown andtrust,andprovidesagreateisensef security
thanrentedor borrovedappliancesBasedontheseobsena-
tions,we concludethatpapermustberetainedasanintegral
partof thisinformationecology

However, the introductionof sometechnologyis desirable.
Not only are purely paperbasedprocessesnef cient, but
they do not easilylend themselesto certainkinds of anal-
ysis. This canbe a seriousimpedimentto informationman-
agementn developingcountries particularlyin the govern-
ment, nancial andhealthsectors.

Themobilephonehasbeenshavn to bethemostlikely mod-
erndigital tool to supporteconomiadevelopmentn develop-
ing nations[16]. The growth of mobile phoneusein China,
India and Africa resembleshe growth of the Internetin the
developedworld in the 1990s. As shavn in the exampleof
GrameerPhond1], if amobilephoneis sharedy agroupof
peoplet canbeaffordedby eventhe poorestcommunities.

Sofarmobilephoneshave primarily only beenusedfor com-

municationsn developingcountries. Recentimprovements
in mobile phonefunctionality andprocessingpower make it

a compellingdevice for piggy-backingotherkinds of infor-

mation servicesto areasthusfar untouchedoy information
technology



In this paperwe introducemobile documenprocessingsa

way to provide informationservicedo thedevelopingworld.

In our systema camera-equippethobile phoneis usedfor

imagecaptureanddataentry. Documentinteractionis spec-
i ed usingCamShell a document-embeddgatogramming
languagehatallows developerdo addinteractive audio,data
entry, validation,processingandnetworking instructionsto

otherwiseinertpaperdocuments.

THE CAM USER INTERFACE

In contrasto othertangibleU! programmingoolkits [2, 9],
CAM is notanAPI for softwaredevelopergo build different
physicaluserinterfacesandapplications.CAM is morelike
the World Wide Web, in thatit unitesa userinterface,a pro-
gramminglanguageanda delivery mechanisnfor accessing
networkedinformationservicesLik e theweb,ourgoalis to
allow mary differentserviceso be developedanddeployed
usingacommoninfrastructure.

SinceCAM usesstandardnternettransporiprotocolsfor de-
livery (HTTPandSMTP),we focusontheuserinterfaceand
theprogramminganguagehatdrivesthe userinteraction.

CamBrowser

The CAM client applicationis calledthe CamBravser and
hascurrentlybeenimplementedor Nokia Series60 camera
phones. CamBravseris designedto processspecially de-
signedCamForm documentgseeFigure2). CamFrmscon-
tain visual codes- two-dimensionaldataglyphs containing
up to 76-bitsof datathatcanbe decodedrom a cameram-

age[18]. Visualcodessene asreferencedo the interactve

contentembeddedvithin CamForms.

Otherresearchersave presented rich setof interactions
madepossibleby tilting, rotatingandtranslatinghe phones
cameraelative to anindividual visualcode[19]. Howeverit
alsohasbeenobsenedthatmostof thesenteractionsarenot
accessibleo novice userg[22]. In CAM we have simpli ed
the interactionto two primitives. The usercanscancodes
from low-resolutionimagegakenin realtime, or click codes
by taking a high-resolutionmageusingthe joystick button.
Ourfocuswasondesigningasimpleandintuitiveinteraction
modelwith well-de ned affordancedetweeractions.

CamShell

CamsShelis the programmindanguagehatis usedto de ne
interactionwith visual codesembeddedn the form. There
is onevisual codein every CamForm that senesasa form
identi er. Thiscodehasa 0 asthelowest-ordebit. Thenext
4 bitsidentify theform to the CamBravserapplication.This
informationis usedto load the form descriptionschema an
XML le containingmetadataaboutthe form and the un-
derlyingdataelementgincludingany default or pre-&isting
values). Theremainingbits specifythe protocolthatshould
beusedto loadtheschemale (currentlyHTTR, bluetoothor
thelocal lesystem),andtherequiredinformationto nd the
schemganetwork addres®r a le name).

Visual codeswith a lowest-orderbit of 1 areaction codes
Eachactioncodeinvokesa separateallbackfunctionwhen
it is clicked or scanned Thesecallbacksare mappedto a
setof codeentry points speci ed as XML elementsin the

form descriptionschema. The XML elementscontainthe
executablecodethatshouldbeinvokedwhenthe callbackis
activated.Theexecutablecodeitselfis writtenusingasimple
scriptedprogramminglanguagencluding supportfor func-
tion calls,control o w, arithmeticandbasicdatatype$21].

The mappingto the appropriatecallbackis provided by the
next 7 bits of the action code. Static datais containedin

the remainingbits, which is sentto the callbackfunctionas
a parameter Thereis a default functionthatis calledwhen
aformis rst loaded. Thisis usedto performary required
initial processingntheform.

CamShellprovidesan API for accessinghe mobile phones
functionality- includingthe phonesuserinterface ,network-
ing andtelepholy features Listed below arethe mainfunc-
tionscurrentlyincludedin this API:

User Dialogs - Theseinstructionslaunchvarioususerdi-
alogsto collectdata,getcon rmation or corvey amessage
to the user Eachdialog canbe associatedavith audioand
graphicalprompts. Audio feedbackhasbeenfound very
usefulby potentialusers.

HTTP Post, Get - Theseinstructionsare usedto make
HTTP requestsisingthe phones built-in connectvity.
SMS, MMS, Email - Theseinstructionstransmitasyn-
chronousnetwork messages.In the caseof MMS and
Email the currentform imagecanbeattached.
PhonecCall - Thisinstructionis usedto make a phonecall
to aparticularnumber

Applications - Thesenstructionsareusedto launchother
applicationssuchasthe Web or WAP browser

Eachcallbackfunctioncancontainany numberof sequential
actions,someof which maybe executedconditionally Con-
ditionals are useful when performingform validation. An
examplecallbackfunctionis givenbelow.

<function name="u_click" params="paraml1">
seq = input_int("Please input Form ID");
if (seq) return false;
uri = "http://abc.com/reload.php?"
."'seq=".seq;
return  http_get(uri);
</function>
CamForms

Althoughthereis nothingin the speci cationof visualcodes
or CamShellthat dictateshow CamForms should be orga-
nized,thereis a corventionthatwe have beendevelopingto

build a consistenandunderstandablmetaphoffor users.

An exampleCamFormis shovn in Figure2. This CamForm
is organizednto thefollowing threesections:

Header - Theheadeicontaingheform identi er codeand
other codescontainingstatic data (for exampleidentify-

ing the sequencenumberof a particularform instance).
Headercodesneedto be clicked only onceat the begin-

ning of aform interaction.A defaultform actioncanalso
be includedin the headerthattriggersall of the required
dataentrytasks.Thisis usefulfor formsthathave asingle
executionpath.



Figure 2: An example CamForm, showing the three
sections the user can interact with.

Body - Thebodycontaingnput codesthatarelike HTML

input tags. Theseare co-locatedwith form elds, and
are usedto transcribedatafrom the documentusing the
phoneskeypad.To editaform eld theusermustclick on
theinputcode which bringsup aneditabledialogwindow.

Whena setof inputcodesds clickedtogetheiin oneimage,
their respectie dialogsare displayedin sequenceWhen
the CamBravser scansa visual code, the value returned
by the associatedcancallbackfunctionis shovn on the
screenThisis usuallythevalueof the eld.

Buttons - Buttonsarecodesdenti ed by text and/oricons
that allow the userto performvariousactions. Someex-

ampleactionsinclude submittingthe form datato a web
sener, reloadingthedatafrom anonlinesourceor voiding
the currentlystoreddatafor theform.

USABILITY EVALUATION

We conductedaninitial evaluationof a prior versionof this
system[14] with micro nance staf and groupmembersn

rural Tamil Nadu. This helpedus identify the basicusabil-
ity issuesmary of which have beenrecti ed in the current
design.Theusers'responseo the systemwasvery positive,
particularlywhencomparedo our earlierexperiencedesign-
ing aPCinterfacefor a similar userpopulation[15].

We arenow conductinga moredetailedevaluationfor simple
dataentry tasksusingboth CAM anda web-basednterface
on a PC. We are makingthis comparisorbecausehe alter

native to CAM is that datais collectedon paperformsin

the eld andenteredusinga PC at the branchofce. The
eld staf wastetime in travelling to the branchof ce for

this task. This reduceghe numberof clientssenedby each
staf (abenchmarkfor ef ciency in the micro nanceindus-
try), andtakestime away from othertaskssuchasrecruiting
new clientsand developingthe capacitiesof existing ones.
Thereis alsoa delaybetweenvhenthe datais collectedand
whenit is availablefor reference.

A mobileinterfaceis preferredbecausét would allow eld

staf to enterdataasit is generatedh the context of theirreg-
ular documentatioractiities. Clientswould alsogain con-
dence by observingthis process particularly when hear
ing the audio con rmation that their transactionhas been
recorded.Earlier efforts to automateamicro nance datacol-
lectionusinghandhelddevicesfacedproblemsin ef ciency
andcost. If we candemonstratehat CAM hascomparable
ef ciency, accurag andlearnabilityto a PC-basedystem,
without a signi cant increasen overall cost, it could have
importantrami cations for the micro nanceindustry

Currentmobile dataentry interfacesare known to be inef-
cient anddif cult to learn. Much of this dif culty is due
to the limited screenspaceof mobile devices,which makes
navigation betweendifferenttasksand data elds dif cult.
Our systemaddressethis issueby expandingnavigationto
thephysicaldomainof paperdocuments.

APPLICATIONS

We hypothesizethat thesebene ts can also carry over to
othersimilar paperbasedapplicationdomainsin the devel-
oping world. We have metwith banks,private companies,
NGOsandgovernmentabhgencieshathave expressednter-
estin usingthe CAM frameawork. Listed belov aresomeof
theotherapplicationghatwe areexploring:

Salesand Distrib ution Tracking - CAM canbe usedto
track salesanddistribution of inventoryoverawide area.
Mobile Cash Register- CAM canbe usedasanimpro-
visedcashregisterfor rural provision shops.

Health Data Collection - CAM can be usedto collect
healthinformationfrom underseredruralpopulationsThis
datacould be usefulfor primary healthclinics, NGOsand
governmenfgencies.

Transaction Processing- CAM can be usedto securely
processremote nancial transactions.This would allow
for theestablishmentf low-costhuman-mediatetdanking
proxies.Severallndianbanksareexploring this methodof
servicedelivery usingalternate¢echnologiesincludingPC
kiosksandsmartcard$13].

Rural GIS - CAM can be usedin conjunctionwith a
location-sensingechnologysuchasGPSor PlaceLal{10]
to populateGeographicinformation Systems,useful for
thegovernmentndothercivil serviceorganizations.

RELATED WORK

Otherresearcherbave commentedn theimportanceof pa-
perin workplacesettings[20, 12], and soughtto improve
coordinationbetweenpaperand digital media[6, 4, 8, 3.
Companieshave extendedtheseefforts to develop commer
cial documentprocessingsystemsthat recognizestructure
andtext from scannecpaperforms andintegratewith back
end datasourceg5]. None of thesesystemshave useda
mobile phoneas the primary image captureand dataentry
device, andnoneprovide a generalpurposenetworked pro-
grammingervironmentfor specifyinguserinteractionand
clientprocessing.

The Mobile Sener Toolkit describedby Toye et al. [22] is
a visual-tagbasedsystemthat allows mobile devicesto ac-
cesssite-speci cinformationservices. The MST transmits
individual Ul eventsdirectly to an applicationrunning on



a bluetooth-connectedener. CAM handlesall userinter-
actionon the phoneitself - messageso the sener contain
dataelementsonly. CAM canalsowork of ine and send
messagessynchronouslysing standardnternetprotocols
(HTTP and SMTP). Thesefeaturesmake it more suitable
for accessingemoteinformationserviceswithout accesgo
othernearbydevicesandonly limited connectvity.

The Cooltonn project[7] at HP LabsusesRFID, barcodes
andandothersensingechnologies$o retrievespeci c HTML
documents. The visual code widget library developedby
Rohs[17] includesa declaratve Ul speci cationthat links
visual codeswith a rich setof dataentry widgets. Neither
of thesesystemssupportnarrative interfacesconsistingof
sequencesf actionsand conditionalexecution. Mobile Ul
designerdiave recognizedhat sequentiakxecutionis more
suitablefor deviceswith limited screerspace11].

CONCLUSION

In this paperwe have describeda mobile interactionframe-
work for bringing information servicesto the developing
world. By combiningl) paper 2) audio,3) numericdataen-
try, 4) narrative scriptedexecutionand5) asynchronouson-
nectvity via the mediumof anincreasinglyubiquitousmo-
bile device (the mobile phone) we have synthesizeaur ob-
senationsinto a usableandlocally harmonioussystemthat
we believe is well-suitedfor animportantset of usersand
applicationdn the developingworld.
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