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ABSTRACT
Duringourwork with communitymicro�nancegroupsin ru-
ral India, we found that paperplaysa crucial role in many
local information practices. However, paper-basedrecord-
keepingcanbeinef�cient, sowe needto link paperwith the
�e xibility of moderninformationtools. A mobilephonecan
be the perfectbridging device. Herewe presentthe CAM
mobiledocumentprocessingsystem,in whichacameraphone
is usedasan imagecaptureanddataentrydevice. Our sys-
temis ableto processpaperformscontainingCamShellpro-
grams- embeddedinstructionsthataredecodedfromanelec-
tronic image. By combining1) paper, 2) audio,3) numeric
dataentry, 4)narrativescriptedexecutionand5)asynchronous
connectivity, we have synthesizedour experienceinto a sys-
tem that we believe is well-suited for an importantset of
usersandapplicationsin thedevelopingworld.

Keywords: rural development,paperuserinterface,docu-
mentprocessing,visualcodes,literacy

INTRODUCTION
Recentlywe have seena growing interestin thetopic of the
digital divide- betweenpeoplethattakeadvantageof modern
digital toolsandinformationservicesfor personalor profes-
sionalpurposes,andthosethatdo not. This hasgivenriseto
theoptimisticnotionthat if digitally disenfranchisedpeople
canadoptinformationtechnologiesin asustainableway, they
canachievemany developmentobjectives,particularlyin ru-
ral areasof the developingworld. TermedInformationand
CommunicationTechnologies(ICTs) for Development, this
vision carriesa broadandpressingmandate- allowing bil-
lions of peopleaccessto servicesasimportantandvariedas
healthcare,education,�nancial andgovernmentalservices.

Duringourwork with communitymicro�nancegroupsin ru-
ral India, we found that paperplaysa crucial role in many
local informationpractices[15]. It is usedubiquitouslyasa
methodof datastorage,exchangeandestablishmentof trust
betweentwo transactingparties.It is amediumthatthelocal
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Figure 1: Paper­based information processes are
ubiquitous in the developing world.

peopleown andtrust,andprovidesagreatersenseof security
thanrentedor borrowedappliances.Basedontheseobserva-
tions,we concludethatpapermustberetainedasanintegral
partof this informationecology.

However, the introductionof sometechnologyis desirable.
Not only are purely paper-basedprocessesinef�cient, but
they do not easilylend themselvesto certainkinds of anal-
ysis. This canbea seriousimpedimentto informationman-
agementin developingcountries,particularlyin thegovern-
ment,�nancial andhealthsectors.

Themobilephonehasbeenshown to bethemostlikely mod-
erndigital tool to supporteconomicdevelopmentin develop-
ing nations[16]. Thegrowth of mobilephoneusein China,
India andAfrica resemblesthegrowth of the Internetin the
developedworld in the1990s.As shown in theexampleof
GrameenPhone[1], if amobilephoneis sharedbyagroupof
people,it canbeaffordedby eventhepoorestcommunities.

Sofarmobilephoneshaveprimarily only beenusedfor com-
municationsin developingcountries.Recentimprovements
in mobilephonefunctionalityandprocessingpower make it
a compellingdevice for piggy-backingotherkindsof infor-
mationservicesto areasthusfar untouchedby information
technology.



In this paperwe introducemobiledocumentprocessingasa
wayto provideinformationservicesto thedevelopingworld.
In our systema camera-equippedmobile phoneis usedfor
imagecaptureanddataentry. Documentinteractionis spec-
i�ed usingCamShell- a document-embeddedprogramming
languagethatallowsdevelopersto addinteractiveaudio,data
entry, validation,processing,andnetworking instructionsto
otherwiseinertpaperdocuments.

THE CAM USER INTERFACE
In contrastto othertangibleUI programmingtoolkits [2, 9],
CAM is notanAPI for softwaredevelopersto build different
physicaluserinterfacesandapplications.CAM is morelike
theWorld Wide Web,in thatit unitesa userinterface,a pro-
gramminglanguageanda deliverymechanismfor accessing
networkedinformationservices.Like theweb,ourgoalis to
allow many differentservicesto bedevelopedanddeployed
usingacommoninfrastructure.

SinceCAM usesstandardInternettransportprotocolsfor de-
livery(HTTPandSMTP),wefocusontheuserinterfaceand
theprogramminglanguagethatdrivestheuserinteraction.

CamBr owser
The CAM client applicationis calledtheCamBrowser, and
hascurrentlybeenimplementedfor Nokia Series60 camera
phones. CamBrowser is designedto processspeciallyde-
signedCamFormdocuments(seeFigure2). CamFormscon-
tain visual codes- two-dimensionaldataglyphscontaining
up to 76-bitsof datathatcanbedecodedfrom a cameraim-
age[18]. Visualcodesserve asreferencesto the interactive
contentembeddedwithin CamForms.

Other researchershave presenteda rich set of interactions
madepossibleby tilting, rotatingandtranslatingthephone's
camerarelativeto anindividualvisualcode[19]. However it
alsohasbeenobservedthatmostof theseinteractionsarenot
accessibleto novice users[22]. In CAM we have simpli�ed
the interactionto two primitives. The usercanscancodes
from low-resolutionimagestakenin realtime,or click codes
by takinga high-resolutionimageusingthe joystick button.
Ourfocuswasondesigningasimpleandintuitiveinteraction
modelwith well-de�ned affordancesbetweenactions.

CamShell
CamShellis theprogramminglanguagethatis usedto de�ne
interactionwith visual codesembeddedin the form. There
is onevisual codein every CamForm that servesasa form
identi�er. Thiscodehasa0 asthelowest-orderbit. Thenext
4 bits identify theform to theCamBrowserapplication.This
informationis usedto load the form descriptionschema, an
XML �le containingmetadataaboutthe form and the un-
derlyingdataelements(includingany defaultor pre-existing
values).Theremainingbits specifytheprotocolthatshould
beusedto loadtheschema�le (currentlyHTTP, bluetoothor
thelocal �lesystem),andtherequiredinformationto �nd the
schema(anetwork addressor a �le name).

Visual codeswith a lowest-orderbit of 1 areaction codes.
Eachactioncodeinvokesa separatecallbackfunctionwhen
it is clicked or scanned. Thesecallbacksare mappedto a
set of codeentry points speci�ed asXML elementsin the

form descriptionschema. The XML elementscontainthe
executablecodethatshouldbeinvokedwhenthecallbackis
activated.Theexecutablecodeitself is writtenusingasimple
scriptedprogramminglanguageincluding supportfor func-
tion calls,control�o w, arithmeticandbasicdatatypes[21].

The mappingto theappropriatecallbackis providedby the
next 7 bits of the action code. Static datais containedin
theremainingbits, which is sentto thecallbackfunctionas
a parameter. Thereis a default function that is calledwhen
a form is �rst loaded.This is usedto performany required
initial processingon theform.

CamShellprovidesanAPI for accessingthemobilephone's
functionality- includingthephone'suserinterface,network-
ing andtelephony features.Listedbelow arethemain func-
tionscurrentlyincludedin thisAPI:

� User Dialogs - Theseinstructionslaunchvarioususerdi-
alogsto collectdata,getcon�rmationor convey amessage
to theuser. Eachdialogcanbeassociatedwith audioand
graphicalprompts. Audio feedbackhasbeenfound very
usefulby potentialusers.

� HTTP Post, Get - Theseinstructionsare usedto make
HTTP requestsusingthephone'sbuilt-in connectivity.

� SMS, MMS, Email - Theseinstructionstransmit asyn-
chronousnetwork messages.In the caseof MMS and
Email thecurrentform imagecanbeattached.

� PhoneCall - This instructionis usedto makeaphonecall
to aparticularnumber.

� Applications - Theseinstructionsareusedto launchother
applications,suchastheWebor WAP browser.

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

<function name="u_click" params="param1">
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 thespeci�cationof visualcodes
or CamShellthat dictateshow CamForms shouldbe orga-
nized,thereis a conventionthatwe have beendevelopingto
build aconsistentandunderstandablemetaphorfor users.

An exampleCamForm is shown in Figure2. ThisCamForm
is organizedinto thefollowing threesections:

� Header - Theheadercontainstheform identi�er codeand
other codescontainingstatic data(for exampleidentify-
ing the sequencenumberof a particular form instance).
Headercodesneedto be clicked only onceat the begin-
ning of a form interaction.A default form actioncanalso
be includedin the headerthat triggersall of the required
dataentrytasks.This is usefulfor formsthathaveasingle
executionpath.



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

� Body - Thebodycontainsinput codesthatarelike HTML
input tags. Theseare co-locatedwith form �elds, and
are usedto transcribedatafrom the documentusing the
phone'skeypad.To edita form �eld theusermustclick on
theinputcode,whichbringsupaneditabledialogwindow.
Whenasetof inputcodesis clickedtogetherin oneimage,
their respective dialogsaredisplayedin sequence.When
the CamBrowser scansa visual code,the value returned
by the associatedscancallbackfunction is shown on the
screen.This is usuallythevalueof the�eld.

� Buttons - Buttonsarecodesidenti�ed by text and/oricons
that allow the userto performvariousactions. Someex-
ampleactionsincludesubmittingthe form datato a web
server, reloadingthedatafrom anonlinesourceor voiding
thecurrentlystoreddatafor theform.

USABILITY EVALUATION
We conductedan initial evaluationof a prior versionof this
system[14] with micro�nance staff andgroupmembersin
rural Tamil Nadu. This helpedus identify the basicusabil-
ity issues,many of which have beenrecti�ed in the current
design.Theusers'responseto thesystemwasverypositive,
particularlywhencomparedto ourearlierexperiencedesign-
ing aPCinterfacefor asimilar userpopulation[15].

Wearenow conductingamoredetailedevaluationfor simple
dataentry tasksusingbothCAM anda web-basedinterface
on a PC.We aremakingthis comparisonbecausethealter-
native to CAM is that datais collectedon paperforms in
the �eld andenteredusinga PC at the branchof�ce. The
�eld staff wastetime in travelling to the branchof�ce for
this task.This reducesthenumberof clientsservedby each
staff (a benchmarkfor ef�ciency in themicro�nanceindus-
try), andtakestime away from othertaskssuchasrecruiting
new clientsanddevelopingthe capacitiesof existing ones.
Thereis alsoa delaybetweenwhenthedatais collectedand
whenit is availablefor reference.

A mobile interfaceis preferredbecauseit would allow �eld

staff to enterdataasit is generatedin thecontext of theirreg-
ular documentationactivities. Clientswould alsogain con-
�dence by observingthis process,particularly when hear-
ing the audio con�rmation that their transactionhas been
recorded.Earlierefforts to automatemicro�nancedatacol-
lectionusinghandhelddevicesfacedproblemsin ef�ciency
andcost. If we candemonstratethat CAM hascomparable
ef�ciency, accuracy and learnability to a PC-basedsystem,
without a signi�cant increasein overall cost, it could have
importantrami�cationsfor themicro�nanceindustry.

Currentmobile dataentry interfacesareknown to be inef-
�cient anddif�cult to learn. Much of this dif�culty is due
to the limited screenspaceof mobiledevices,which makes
navigation betweendifferent tasksanddata�elds dif�cult.
Our systemaddressesthis issueby expandingnavigation to
thephysicaldomainof paperdocuments.

APPLICATIONS
We hypothesizethat thesebene�ts can also carry over to
othersimilar paper-basedapplicationdomainsin the devel-
oping world. We have met with banks,privatecompanies,
NGOsandgovernmentalagenciesthathave expressedinter-
estin usingtheCAM framework. Listedbelow aresomeof
theotherapplicationsthatweareexploring:

� Salesand Distrib ution Tracking - CAM canbe usedto
tracksalesanddistributionof inventoryovera widearea.

� Mobile Cash Register - CAM canbe usedasan impro-
visedcashregisterfor ruralprovisionshops.

� Health Data Collection - CAM can be usedto collect
healthinformationfromunderservedruralpopulations.This
datacouldbeusefulfor primaryhealthclinics, NGOsand
governmentagencies.

� Transaction Processing- CAM canbe usedto securely
processremote�nancial transactions.This would allow
for theestablishmentof low-costhuman-mediatedbanking
proxies.SeveralIndianbanksareexploring thismethodof
servicedeliveryusingalternatetechnologies,includingPC
kiosksandsmartcards[13].

� Rural GIS - CAM can be used in conjunctionwith a
location-sensingtechnologysuchasGPSor PlaceLab[10]
to populateGeographicInformation Systems,useful for
thegovernmentandothercivil serviceorganizations.

RELATED WORK
Otherresearchershavecommentedon theimportanceof pa-
per in workplacesettings[20, 12], and soughtto improve
coordinationbetweenpaperand digital media[6, 4, 8, 3].
Companieshave extendedtheseefforts to developcommer-
cial documentprocessingsystemsthat recognizestructure
andtext from scannedpaperforms andintegratewith back
end datasources[5]. None of thesesystemshave useda
mobile phoneas the primary imagecaptureanddataentry
device, andnoneprovide a generalpurposenetworkedpro-
grammingenvironmentfor specifyinguser interactionand
clientprocessing.

The Mobile Server Toolkit describedby Toye et al. [22] is
a visual-tagbasedsystemthat allows mobile devicesto ac-
cesssite-speci�c informationservices.The MST transmits
individual UI eventsdirectly to an applicationrunning on



a bluetooth-connectedserver. CAM handlesall userinter-
actionon the phoneitself - messagesto the server contain
dataelementsonly. CAM can also work of�ine and send
messagesasynchronouslyusingstandardInternetprotocols
(HTTP and SMTP). Thesefeaturesmake it more suitable
for accessingremoteinformationserviceswithout accessto
othernearbydevicesandonly limited connectivity.

The Cooltown project [7] at HP LabsusesRFID, barcodes
andandothersensingtechnologiesto retrievespeci�c HTML
documents. The visual code widget library developedby
Rohs[17] includesa declarative UI speci�cation that links
visual codeswith a rich setof dataentry widgets. Neither
of thesesystemssupportnarrative interfacesconsistingof
sequencesof actionsandconditionalexecution. Mobile UI
designershave recognizedthatsequentialexecutionis more
suitablefor deviceswith limited screenspace[11].

CONCLUSION
In this paperwe have describeda mobile interactionframe-
work for bringing information servicesto the developing
world. By combining1) paper, 2) audio,3) numericdataen-
try, 4) narrativescriptedexecutionand5) asynchronouscon-
nectivity via themediumof an increasinglyubiquitousmo-
bile device (themobilephone),we have synthesizedour ob-
servationsinto a usableandlocally harmonioussystemthat
we believe is well-suitedfor an importantsetof usersand
applicationsin thedevelopingworld.

REFERENCES
1. Grameen Phone home page.

http://www.grameenphone.com,March2005.

2. S. Greenberg and C. Fitchett. Phidgets: easydevel-
opmentof physical interfacesthrough physical wid-
gets. In UIST '01: Proceedingsof the 14th annual
ACM symposiumon User interfacesoftware and tech-
nology, pages209–218,New York, NY, USA, 2001.
ACM Press.

3. F. Guimbreti�ere. Paperaugmenteddigital documents.
In UIST '03: Proceedingsof the 16th annual ACM
symposiumon Userinterfacesoftware andtechnology,
pages51–60,New York, NY, USA, 2003.ACM Press.

4. J.M. Heiner, S.E.Hudson,andK. Tanaka.Linking and
messagingfrom real paperin the paperpda. In UIST
'99: Proceedingsof the 12thannualACM symposium
onUserinterfacesoftwareandtechnology, pages179–
186,New York, NY, USA, 1999.ACM Press.

5. IFP success stories, June 2003.
http://www2.clearlake.ibm.com/GOV/ifp/successstories.html.

6. W. Johnson,H. Jellinek, J. Leigh Klotz, R. Rao,and
S. K. Card. Bridging thepaperandelectronicworlds:
the paperuserinterface. In CHI '93: Proceedingsof
theSIGCHIconferenceonHumanfactorsin computing
systems, pages507–512,New York, NY, USA, 1993.
ACM Press.

7. T. Kindberg. Implementingphysicalhyperlinksusing
ubiquitousidenti�er resolution.In WWW'02: Proceed-
ingsof the11thinternationalconferenceonWorld Wide
Web, pages191–199,New York,NY, USA,2002.ACM
Press.

8. S.R. Klemmer, J. Graham,G. J.Wolff, andJ.A. Lan-
day. Bookswith voices:papertranscriptsasa physical
interfaceto oral histories. In CHI '03: Proceedingsof
the SIGCHI conferenceon Humanfactors in comput-
ing systems, pages89–96,New York, NY, USA, 2003.
ACM Press.

9. S.R. Klemmer, J.Li, J. Lin, andJ.A. Landay. Papier-
mache:toolkit supportfor tangibleinput. In CHI '04:
Proceedingsof theSIGCHIconferenceon Humanfac-
tors in computingsystems, pages399–406,New York,
NY, USA, 2004.ACM Press.

10. A. LaMarca,Y. Chawathe,S. Consolvo, J. Hightower,
I. Smith, J. Scott, T. Sohn, J. Howard, J. Hughes,
F. Potter, J. Tabert, P. Powledge, G. Borriello, and
B. Schilit. Place lab: Device positioning using ra-
dio beaconsin the wild. In Proceedingsof PERVA-
SIVE2005,Third InternationalConferenceon Perva-
siveComputing, Munich,Germany, 2005.

11. C. Lindholm, T. Keinonen,andH. Kiljander. Mobile
Usability: How NokiaChangedtheFaceof theMobile
Phone. McGraw-Hill, NY, NY, USA, 2003.

12. W. E. MacKay. Is papersafer?therole of paper�ight
stripsin air traf�c control. ACM Trans.Comput.-Hum.
Interact., 6(4):311–340,1999.

13. T. S. Parikh. Rural micro�nance service deliv-
ery: Gaps, inef�ciencies and emerging solutions.
http://www.cs.washington.edu/homes/tapan/papers/mf-
challenges.pdf,April 2004.

14. T. S. Parikh. Using mobile phonesfor secure,dis-
tributeddocumentprocessingin thedevelopingworld.
IEEEPervasiveComputing, 4(2):74–81,April 2005.

15. T. S. Parikh, K. Ghosh,andA. Chavan. Designstud-
iesfor a �nancial managementsystemfor micro-credit
groupsin rural india. In CUU '03: Proceedingsof the
2003conferenceon Universal usability, pages15–22,
New York, NY, USA, 2003.ACM Press.

16. Therealdigital divide. TheEconomist, Mar. 2005.
17. M. Rohs.Visualcodewidgetsfor marker-basedinterac-

tion. In IWSAWC'05: Proceedingsof the25thIEEEIn-
ternationalConferenceon DistributedComputingSys-
tems– Workshops(ICDCS2005Workshops), Colum-
bus,Ohio,USA, June2005.

18. M. RohsandB. Gfeller. Using camera-equippedmo-
bile phonesfor interactingwith real-world objects. In
A. Ferscha,H. Hoertner, and G. Kotsis, editors,Ad-
vancesin PervasiveComputing, pages265–271.Aus-
trianComputingSociety, Vienna,Austria,2004.

19. M. RohsandP. Zweifel. A conceptualframework for
cameraphone-basedinteractiontechniques. In Per-
vasive2005, Third International Conference, Lecture
Notesin ComputerScience(LNCS)No.3468, Munich,
Germany, May 2005.

20. A. J.SellenandR.H. Harper. TheMythof thePaperless
Of�ce. MIT Press,Cambridge,MA, USA, 2003.

21. Simkin language, May 2005.
http://www.simkin.co.uk/.

22. E.Toye,R.Sharp,A. Madhavapeddy,andD. Scott.Us-
ing smartphonesto accesssite-speci�cservices.IEEE
PervasiveComputing, 4(2):60–66,April 2005.


