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ABSTRACT

Peope are performing increasindy complicatedadions on
the web, suchas auomaed purchasesinvolving multiple
sites. Web senices will only increase the conplexity of
theseinteradions. Things often go wrong, however, andit

canbedif cult to diagnosea problemin acompex process.

Information mustbeintegratedfrom multiple sitesbefore re-
lations among processesanddatacan be visualizedandun-
derstood. Oncethe souceof aproblemhasheendiagnosed
it canbetediausto explain it to somene else,ard dif cult
to review the steps of the diagnosis later.

We presenta web interfaceagen, Woodstein,that monitors

useractiors on theweb ard retrievesrelatedinformation to

asenble an integratedview of a transactio. It marages
userhypothesesduring diagnosis by caguring users' judg-

merts of the corectressof dataand procesgs. Thesehy-

pathesesanbe sharedwith others,suchascustanersenice

representéives,or savedfor later We will seethis featuein

the context of diaghosing problemson theweh, and discuss

its broade applicahlity for dehugging systensin geneal.

INTRODUCTION

Thestate of consunerinterfacesfor e-commerceis atacross-
roads.MostAmerlicanshave accessto thewebandmary are
familiar with the corvenierce of latenight barking andthe
thrill of last-nminute bidding. On the horizon is the advent
of web senices,curertly being explored ard devel oped for

business-to-businessinteractiors, butinevitably to have a di-

rectin u en@ on consumers interfacesfor purchases and

online trarsactiors. And yet maost work in e-canmercein-

terfacesfor consumers—iwth in researchard in the devel-

opmert of web sites—hasheenfocusedon what happens
leadirg up to a transactio: how to provide appopriate ard

compelling recommerdations,how oftento serd promations
andupdaes by emailand othe meansand soon. Interfaces
for supporting customers after a tramnsadion have received

little attentian and promising new trends lik e “custoner self-
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senice” arebasedn surprisingly old-fashionedtechndogy
like site-sgeci ¢ searting[6].

The issue of what happers when something goeswrong in
e-commerce corcerrs vendors particdarly becawse of the
posshility of losing customers. A recentstudy found that
aftera bad custaner service expetience 80% of customers
would be lesslikely to buy from the online vendor again[3].
And customes are contactirg support—neaty half (44%)
of online buyershave madea support contactin the pastsix
monthg[2].

Verdorswill continueto work to redicethesenumbers,both
to build thevalue of thar brardsand limit theimpactof cus-
tomer senice on their bottom lines But we canexpectthe
need for customer sewice to reman, just aswe canexpect
thenewestsoftware with gred features to alwayshave afew
bugs. The questionthenbeconesto how to make the bestof
abadsituation

Although the reasms for contactirg custoner servie vary,

soneissues are more commonthanothers. Justover a quar

ter of all contads aredue to a delayeddelivery of a product
or sewvice and amothe quarterarise becawse of a billing or

pricing issu¢2]. Anyone who has mace more than a few

purchasesonline is familiar with these types of problems.
Looking atyour credt cardtransactions history, you wonder
about thatone orderyou never receved Or you purchased
sonething then discovered that you receved less, or paid

more, than you expected Diagnosing ard resolving these

problems and other canbe an ordeal in itself. It helps to

be organized and save order con r mation pages,aswell as
all the emails back-ard-forth with averdor—for every order
you've ever placed. Then once you realizether's a prob-

lem with a patticular orderand try to g ure out whatwent
wrong, there'sevenmore bookkeeping for documertationof

conversations with customer senice, product codes andse-
rial numbers, ard soon.

It is expeliencedlik e thesethat make consumers wary when
initiating purchasesn the rst place. Indeed themore com-
plex a product or senice is, the greaterthe quality of cus-
tomer service will in ue ncethe decision[2], with n ancial
senicesandairline andhatel resevationsbeng the transac-
tions of most corcem. Importantly, thesearealsothe trans-
actinsthat are likely to spanmultiple sites,creatirg greater
potentialconplications. Consicerwhathappenswhenthere's



amiscommunication among multiple sitesoverthe course of
atransaction Then it's the usets problem to resolve. The
userhasto go back and compare each stepof wha each
vendor did with whatit should have done. The user must
asenble a conmplete histay of the entire transactia, then
retun and both se&k amens from the paty at faultandre-
solve thingswith everyone else.

We seetheseasthe area that verdors shauld redly be fo-
cusingon whendeveloping new consuner-fadng techrolo-
gies. Web transactios are becomng increasinglycomplex
and canrot be sweces$ully handled with technques devel-
oped back when we weretold that “operators are standing
by". Fortunately, we see anopportunity for software agents,
working on theweb,to provide advancedhelpfor consumers
in diagnosingard resohing theirown problems, truly ful Il-
ing the potential of customer selfsenice. An agern canre-
trieve information abaut an online trarsadion andvisualize
its entire history, evenacrass multiple sites. In particular, it
canshow the ow of paymentsor items asthey passfrom
one siteto ancther. It canevenbe of hdp while diaghasing
the source of a problem by hdping the usergereratea hy-
pothesisabaut the cause All of this helps users‘debug” the
steps that a vendbr took or thatthey took, or evenjust their
own mental models of a process.

More importantly, we seethis techique for amatating ob-
jects with user judgmentsas beng more broadly apgica-
ble. This appoach cen help with currert problens in e-
commerce transactiors, but alsowith monitoring procesgs
on the web in geneal. It could help programners during
delugging and even help endusers diagnosing problems in
systemsin gereral.

In the red of this paper we will discuss a software agen,
Woodsteirt with these featues. Woodstein monitors user
actiors on the web and retrievesrelatedinformation to as-
semble an integratedview of a transaction We will seeits
datahistory view, in which it preserts the history of atrans-
actionfrom the perspetive of the transactiondatasuchas
prices ard quantitiesof stock We will alsoseethe agent
work at an even more abstractlevel, in supporting the an
notation of objectsin its data-hstory view, including trans-
actiondaa, to help usersmanage their hypotheseswhile di-

agrosinga problem We will seehow these hypaothesescan
be sharedaswell as just saved for later refererce. We will

nish by sketching out thebroaderposshilities suggestedy
useranrotationsfor problemdiagnosis

OVERVIEW OF WOODSTEIN

Woodsteinis a softwareagen thatworks with a user's web
browserto arswer questiors like “How did thatdataget that
value?” “Why did that happen?” and“What's happening
now?”. It monitors a user's actiors on the web to crede a
recad of the users overall process For exanple, by watch

INamedafter Bob Woodward and Carl Bernsteinthe Washington
Postreporterswho unaveredthe Watergatescanal. Whentheir
edtor, Ben Bradlee,wantedto know what they had discovered,
he'd stand at the door of his of ce and yell “Woodstein!" into the
newsroam to cdl themin.

ing the userbrowse an online retailerand add items to a
shmping cart, it recaynizestha the useris making a pur-
chas. Later, whenthe user is looking at ancther page re-
latedto the process Woodsteinmodi es theinformationin
thepagesothatit canbedirectly inspeded. Within theuser's
credit cad transactiors history page, a singe chage canbe
examired. The history of the overdl purchase processcan
be retieved and reviewed, making it converient to under-
standthe context of the daa, such ashow the chargeamount
wascompued.

Woodsteinworks by matchirg ausersactionsto the stefs of
anabstractmodel for the process Through this recoqition,
it knows to look for more information about the processon
otherwebpagsandwebsites even if theusernever visited
them By watching the userselecta credt cad ard shipper
for a purchase Woodstein knows to go to the sites of the
bank and shipperto gathermore informationabout the statis
of the purchase,including whetter it hasbeen paid for ard
ddivered.

Woodstein cdlects and preselts information abaut a user's
daa itemsand processes.A dataitem canbe simplesuch
asprices,addresgsor dates,or it canbe compasite suchas
an entiretransadion recad or order. A processis either a
useraction such asloadng a pageor clicking alink, or a
web site readion suc as creatirg a new order. It is then
ableto explain the context ard histoly of processesnd data
described in pages such ashow the items appeaed in the
sh@ping cartt page. It answes questiors abaut the histay
ard current statusof theoverdl processaswell ashow data
in the processwasset.

Sucessfully diagnosinga problem requres an understaral-

ing of the causalrelatiors within a system. Woodstein pro-

videsa“data-hstory” view to show thehistory of how adata
item was computed and creded. The usercanrevisit previ-

ous pagesin its history within this auomdically geneated
audit trail. For apurchasetheusercanjumpfromthecharge
amaurt in the credt ca trarsactions pageto a saved copy

of the order conrmatio n pagein which the purchase price
appeas.

If the userfeelsthat a processor dataitem looks incomect,
the judgment canbe recrded through the object's context-
sensitve menu Woodsteinthenhelpstheuserin diaghosing
thesourceof the problem, evenif it is justthe usetsincormrect
understanding of the process—which is why we spe& of an
object aslooking incorrect. Through the processof elimi-
naion, it makesfurther amatations andthen suggestsother
objectsto examine. With these“effective” amatations that
trigger behavior by the agen, uses save their intermediate
judgmentsand have arecod of their processof diagnosis
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Figure 1. Viewing a stock purchase transaction
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Figure 2. Inspeding the purchased stock

AN EXAMPLE OF HOW WOODSTEIN MANAGES A USER'S

HYPOTHESIS

Woodsteinis supportfor visualizingauser' sactiorsandman-
aging userhypothesescanbe seen with an example. Con
sider anemployeeat Yoyodyne whoiis errolled in his com
pary's stockpurchase plan Ead pay period Yoyodyne sets
asde a portion of his paycheck and once a year, usesthis
money to purchasea block of Yoyodyne shaeswith its bro-
ker, SN-AFU. He hassetup hisaccaint at SN-AFU to auto
maticallytrarsferthe sharesto his broker, Selwell.

Theemployeeis browsingonthewebanddecicesto review
Yoyodyne's sharepurchasesat SN-AFU. He noticesthat the
number of shaesmastrecently purchasedseemdower than
usud at 250, rather thanover 400 (Figure 1).

The empoyee wantsto intera¢ with the shares directly to

seetheirhistoly. Whenandyzing this page, Woodsteinadded
its logo that overlays the battom right of the page. Theem

ployee tumns on Woodstein's inspector by clicking on the
logo. Woadsteinconverts all of the objectsit recoquized
while analyzing the pageto buttons (Figure 2). Whenthe
usermovesthe mouseinto a button, Woodstein darkensthe
button and updates the browserwindow's status bar to indi-

catewhat will clicking will do. This explaration also pro-

videsthe actual nameof the button's process or dataitem.

Theenployeewartsto know how the number of sharespur-
chasedvassetand pressesiown on its button, revealinga
meru. He selects’How wasthis set?” (Figure 3).
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Figure 3. Asking how the stock was purchased
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Figure 4. Viewing how the stock was purchased

Woodstein opers a pop-up window shaving the history of
the shareswith English descrigions of the processs ard
daainvolved (Figure 4). This window is the “data-history”
view and it shows how the dataitem “sharesat SN-AFU”
was set. The top frame, in grey, arswers the emgoyee's
guestionby indicating that the shaesresultedfrom the pro-
cess'SN-AFU set sharesat SN-AFU”. Eachdataitemis set
astheresult of aprocessPracesgstake dataitemsasinputs
ard set a dataitem asthe result. The bottom frame shavs
how the process took the number of sharespurchasedasits
input and setthe numbe of sharesat SN-AFU asits output.

Woodstein createdthis recad by matchirg the Yoyodyne's
original corcree steps in exercisingthe emgoyee’s stock
purchaseplanwith its abstracprocess model for the action.
After Yoyodyne purchasedhe stockat SN-AFU, Woodstein
knew to look at both web sitesand match the stock trans-
action. In this view, Woodstein preserts the information it
gatheed from the sitesinvolved in the purchese, reveding
the rst few steps bad of the history of the shares.

Pracesgs ard dataitems are baoth presentedas buttons in
Woodstein'sinspe¢ion mode, but processbuttonsarerounded
while databuttons are rectamgular®. All buttons for thesame
daaitemor process are equivalert aciossdifferentviews, so
interactingwith anobject's buttonin the pageis the sane as
interactingwith it in the data-history view. Woodstein pro-
videsmultiple views to show the differen relations anong
theprocesseand data.For instancea pageshaws theorigi-
nd context of processesnddataitems, but the data-histay
view shows haow they arecausally related. Each dataitemis
setasthe resultof a process. Pracessegake daa itemsas
inputsand seta daaitem as the result.

2As is standad in data- ow diagrams.
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Returning to the scerario, the enployeethinks that “shares
at SN-AFU” looks incorrect. He pressesdown on its but-
tonin the datahistory view ard selects' This looks Wrong”
(Figure 5). The button turnsredto indicateit hasbeenamo-
tatedas looking incorrect. Woodstein thenmarks the objeds
usedto computethe daaitem, both the process that creaed
it, “SN-AFU setsharesat SN-AFU”, ard that process'in-
put, “sharespurchased”, yellow to indicatethat they may be
incorrect (Figure 6).

In respaseto the enmployee noting the incormrectressof the
dataitem, Woodsteinopensa pop-up window to guide him
through the restof the process of diagnosing the problem
(Figure 7). It put the objectsit maikedon the list of objeds
for him to examire.

In addtion to auomatically idertifying objeds for the user
to examine next, Woodstein also peforms the processof
eliminaion to help the useridentify the saurce of the prob-
lem. If the output of a processlooks wrong, but all of the
inputslook right then sonething musthave gonewrong with
theprocess Similarly, if the output lookswrong but the pro-
cessitself andall but oneiif its inputs look right, then the
problem mustresice with theremairing input.

The next stepis to deternine the correctress of the process
thatsetthe shaes “SN-AFU setshares at SN-AFU”. Mov-
ing the mouse over the button for the process updatesthe
dehugging trail window which providesthe enployeewith
some guidarce. If the problem looks like it startedbefore
the process the proces shauld be marked ascorred. The
empoyee natesthat the input shae quartity wasalso 250,
so he marksthe processas correct (Figure 8). Woodstein,
in turn, narows the problem to the input and updatesthe
datahistory view with bath new anrotations (Figure 9).

The enployee still doesnt know why so few shareswere
purchased, though, sohecontinues.He clicks onthetriangle

Debugging Trail - Mozilla =3

Debugging Trail Undo |

You set SHARES AT SN AFU: 250 to INCORRECT _ Complain |

800

History
Tracing error from symptom atl shares at sn afu: 250
MNext Step

Also check whether these look right

shares purchased: 250 I

SN-AFU set shares atsn afu: 250 L
Y

Debugging Help

How to judge whether SN-AFU SET SHARES AT SN AFU: 250 looks

successful:

If it looks like the problem started before the process SN-AFU SET

SHARES AT SN AFU: 250, then mark it as successful. If it looks like the

problem started with SN-AFU SET SHARES AT SN AFU: 250, mark it as [

unsuccessful. el
-

m B @ Ej @4 | Click to select process:...

Figure 7. Viewing the recad of the diagnosis

Symptom - Result
| shares at sn afu: 250

Input Generating Process
shares purchased: 250 | SN-AFU set shares at sn afu: 2501 )
Why did this happen?

How did this happen?
This looks Successful

This laoks 1 Al |
i

[ =3 ©F £J @3 | Click o note that process: SN-AFU set shares at sn afu: 250" looks successtal

A ] ]

i

b
5
N

Figure 8: Noting that the stock purchaselooks succes$ul

Process Input Process Symptom - Generated E

Result
shares purchased: 250 SN-AFU set shares at sn afu: 250 x shares at sn afu: 250
=]
LI 4]
W 4 &F £ &2 | process “SN-AFU set shares at sn afu: 250° is already selected S

Figure 9: Viewing how the quantity of stock to purchase
looks wrong

Process Input
share purchase budget: $5000.00 | Process Generate
Process Input { Yoyodyne set shares purchased: 250 Y shares|
share price: $20.00
=
=
[ i A
M B & E) G | Frocess: "Yoyodyne set shares purchased: 250" is already selected == g

Figure 10: Viewing how the number of stock to purchase
was computed



)

8086

Saved Page for Yoyodyne set shares purchased: 250 - Mozilla =]

Saved Page for YOYODYNE SET SHARES PURCHASED: 250 Focus E
Page where YovoDYNE SET SHARES PURCHASED: 250 happened Back e
SPP/Change  As a participant in Yoyodyne's Stock Purchase Plan (SPP), Stock Benefits |
Contribution provides this summary of important information about your SPP purchase.
Percentage Subsc
My Stock Subscription Period: Beginning Date - August 24, 2001 ”
* Account Ending Date - August 28, 2002 = Prid
vel
- SPP Overview US Dollar o
- SPP Plan < = = = =
Pre Previous Period Carry Forward Contribution ! $0 | '= ponl
SPP Price Current Period Contribution ) $8000 | | .9 %
» 2 IS e
History Total Contribution | $8000 1
- SPP Q&A Grant Date Value on August 24, 2001 $30 | | Direct 47
N Slzz::‘;mn Purchase Date Value on August 28, 2002 §25 In the Ul
+ Stock Purchase Purchase Price ) $20
The O
Blan { 80% |of the lower of Grant Date or Purchase Date Value) T
{Number of Shares x 250 | | outside
Cost of Shares | $5000
= Your si
Remaining Balance $3000 represe)
Unless you selected QUICKSale, electronic share transfer, or physical Z
cartificate ac vour SPP distrihution elactinn vour sharas of ¥n Jnd‘inn s hut
i1
M B & E] G | Frocess: "Yoyodyne set shares purchased: 250" is already selected == e

Figure 11: Viewing the saved page for the computation
of the number of stock to purchase

next to the “sharespurchaset] dataitem to openits history,
scrolls the history into view, and clicks on the the proces
thatsetthe dataitem (Figure 10).

Theprocesgha resultedn sharesbeing purchasedvas"Y oy-
odyne setsharespurchased’. Clicking on a processor data
item causesit to becme selectedand its button to appear
presedin. Theshaesat SN-AFU werepreviously seleded
becaisethe enployee asked how they were set. Now the
processfor Yoyodyne settirg shaes purchasedis selected
When an object is selected Woodstein opers its “saved
page” view with pageit saved for the object. The pageis
eitherthe page the userinteractel with directly, or a page
theagentretrievedwith the rst appeararce of the dataitem
oradescrigion of the process In this casetheview feaures
thesavedcopy of aretrieved pagewith the number of shares
Yoyodyne interdedto purchese (Figure 11). It is accessible
through the “Number of Shaes’ label, which standsfor the
processhatset the numberof shaes.

As in otherviews Woodsteinpresetts the dataitems and pro-
cesssitis trackng aspassbly anrotatedbuttonswithin the
saved page. Justasin ary other of Woodstein’s views, the
usercaninteractwith ary of thesebuttons to accesshe his-
tory of his dataandthe processeshey were involvedin.

The employee looks in the data-hstory view and seesthe
inputsto Yoyodyne settingthe number of shaespurchased
Yoyodyne usedhe sharepurchasebudget and the shareprice
in computing the number of shares. Within the saved pacg,
he canseesome of the history for the shareprice. Yoyodyne
statedwith two prices,the price at the beginning of the pe-
riod andthe price atthe end of the period. Thenit took 80%
of the lower of the value,which reaulted in the share price
of $20. So far, that looks right, ard the pricesof the shares
thenselveslook right to theemgdoyeesohemarksthem He
looks over the restof the saved page andnotices sonething
unusual. His total cortribution this yearwas$8000, which
looks correct, but for sonme reasononly $5000 was usedto

Figure 12: Viewing how the budget for the stock to pur-
chaselookswrong

Figure 13; Viewing how the IRS limit limited the share
purchase budget

purchaseshaes It looks like this may be the problem, so
he goesbackto the daa-histay view to seethe history of
the budget, and how it wascomputedusing his total cortri-
bution. He clicks openthe shae purchase budgetdataitem
(Figure 13).

He seeghat Yoyodyne set the budget, ard this process took
histotal contribution and an IRS limit asinputs. It lookslike
limit may betheproblem. Heclicksonit to selectit, opening
the saved pace that explains it in more detail (Figure 14).

It looks like thisis in factthe source of the problemheran
into. This obscue andnewly-introduced pdlicy limited the
amaunt that could be spenton his stok. With Woodstein,
the emgoyee wasableto easilydiagnose this problem ard

seethatit wasactually a problem with his own understaral-

ing of the stockpurchase plan policies. He wasable to see
the history of how SN-AFU's transfe process ard Yoyo-

dyné's purchaseprocessinteractedwith his own datato cre-
atetheresulton his SN-AFU accownt page. By tracirg the
histoly of thestockthrough thedata-hstory view, heavoided
having to look up the history of theseprocesse®n eachin-

dividual site's pages. Tracing backinto the history enalted
him to seetheexact pdlicy thatcausedhe unexpectedresut

ard, with the saved pace view, he wasakle to seethe expla-

naion of the policy on Yoyodyne's site buried deep within

its helppages.

The enployeeis happy to have identi ed the source of his
problem. Now he warts to nd out if ther's an altemate
programhecanerroll without the restriction. He goesto the
debugging-trail view ard clicks on the“Complain” buttonto
geneateanemal (Figure 15).

Within the email's useredtable area he asksfor more in-
formation. The CSRwho receavesthis will be able to under-
standthe exactcortext of the request basedon the paththe
empoyeetook.



Figure 14. Viewing the saved pagefor the IRSlimit

Figure 15. Complaining about the IRS limit

Figure 16. Viewing a stock transfer transaction

Figure 17. Viewing how stock was transferred

We cansee how bere cial Woodsteinhasbeenby looking at
the stes the userwould have to gothroughto nd the same
information without Woodstein. He would have seenthe
problem symptom at Yoyodyne's broker, SN-AFU. The next

stepwould have beento visit Yoyodyn€esinterral pages. He

would login, nd the sectionfor his stockpurchaseplanac-
count, andload the purchase history page showing how the
stockwaspurchased, if it wasavailalde atall. At tha point

he would have to go back and carefully read the hdp for

the stock purchase planin orderto nd the single sertence
describing the IRS limit. Alternately he coud cdl Yoyo-

dynésinterral support. After waiting on hold andproviding

informationidentifying himself, he would talk with a CSR
and, after both have traced through the processof the share
purchase he would eventually learn abaut the limit.

We canseehow Woodsteinis recads of a user's exploration
ard diagrosis are helpful by continuing with the exanple
after time has elaped. A few months later, the enployee
is browsing the web and loads his transactionhistory for
his broker, Sellwell. He seesthe autanatic trarsfer from
SN-AFU and remanbe's that therewas sanething unusual
about it. He now wantsto be reminded what the problem
was(Figure 16).

He inspectshe transactio, loadsthe data-history view and
seeghathe hadinspectedthe transfered stockwhenit was
still at SN-AFU (Figure 17).

In this exanple, we have seenhow Woodsteinpresentshe
completehistory of the purchasedstock, even whenit ap-

pearson multiple sites.Furthermore, we sav how it recads
the user's interactionwith Woodsteins histoty recad itself.

The usercanmake useof the interactionrecord to, for in-

stance faniliarize somene elsewith the identi ed souce
a problem. Later, Woodstein supports reviewing interadion

history when othe pagesrelated to the processare visited.

From usertestingwe have found that even rst-time usersof

Woodstein canperform asimde diagnosis likewe saw in the
beginning of this example, in whichthehistory of somedata
is accessedrd the usertracesbackto aparticuar policy that
affectedit, in about5 minutes

EVALUATION

We testedthe Woodstein's integrated view and compaint
generatorwith 16 sibjects[12]. We hypathesizedthat sub-
jects who usedone of Woodsteins views would be more
succasfu in diagnosis anddiagnose problemsmore rapidly.
The eight subjectsin the contra group diagnosed problens
spreadacrass multiple pagesof multiple websites thensim-
ply conplainedabout the relevart dataitem or process. The
eight suwbjectsin the experimentalgroup usedone of Wood-
stein's views, its process-history view, to see anoverall his-
tory of the sters of the processin identifying the dataitem
or processto complain about. Woodstein's process-histoy
view differsfrom its data-hstay view, presered eatier, by
shaving the entireprocessspaming multiple sitesasa pro-
cessreemuch like thetreeview of a le browser.

Participants were told how the use the system and saw it



denonstrated. This took 5 minutesfor contra group ard
20 minutes for the experimental group. They then spent
abait 10 minutes taking a “quiz” considing of using the
ager to select a particdar dataitem andcomplain abot it.
For the experimental group, this required acceséng a saved
page through one of Woosteins histay views. Patticiparts
thenhad 20 minutesto solve a “test” problem involving a
simulatedusets dataand anorgarizatioris policies. In this
problem, each paticipart played the role of a stucentwho
is unale to graduatefrom his educdiond institution andat-
temgs to identify the exad reasorandpdlicy involved The
expetimentd group used one of Woodsteins histay views,
while the control group just used pageson theweb site.

All participantsin the experimenal group of the userstudy

were suc@ssfu in diagnosing the test problem, taking an
averageof 5 minutes. Only two paticiparts in the control

group were successfll requring anaverageof sixtea min-

utes. In addition, at the end of the expeimert session we
asled participants in the experimental group to rate differ-

ent aspectsof their expeiiences with the agent and whetter
they'd useit for problems they might encounter. Interest-
ingly, half would have usedthe agert to diagnosea problem
if they knew it were to take longer than 5 minuteson the
phone. Of the remaining four, threewould usethe agert if

they knew a phoneresoldion would take 15 minutes.

Re ectingthedif cu Ity of managng information albout credit
card purchases half of the participantsin the experimental
group said they “strongly agree”® thatthey'd like to have an

agert like this oneto helpin visualizing and managng their

credt cad tramnsadions. Two saidthey “agre€ they'd like

to have it, ard the remainng two paticiparts discissedthe

weaknesseshey percavedin the agent laterin a freefrom

section. One notedthe potential for privacy problemsard

the other prefered a more interactive processfor conplain-

ing. Though aCSR is interactve, no CSRis alle to provide

all perspectvesof atransactio involving multiple verdors,

asWoadsteincan. The agert could be exterdedto support

anintereaction with a CSR, however.

In fact,one of the original mativations for Woodstein is the
stateof currert support involving limited, text-based media
including phone conversationsard emal. Evena perfectin-
teractian with custoner sewvice by phonestill lacks theben
e ts of aweb-basednterface In orderto resolve aproblem,
a customer must be sure to call during the hours support is
offered, and have ablock of uninterruptedtime. Theweb, on
the other hand, is alwaysavailableard if someinformation
is notimmedately at hand, a decisionor invegigation can
be postponed. Furthemore, it is often easierto understarml
complex information whenit is presenedgraphicdl y[7]. All

of the advartagesof a slick web site's presertation are lost
whenthe custanerhasto hearhis optionsor receive instruc-
tions over the phone In fact,all of the advartagesof a dig-
ital formatare lost. With both the useranda CSRusingan
agen like Woodstein, both could highlight and talk abaut

®Participarts expressedheir level of agreenentwith a 7-point Lik-
ert scde: 1=stragly disagree 2=disagre, 3=sanewhatdisagree,
4=neural, 5=sanewha agee, 6=agree,7=strorgly disagee

daaitemsand processesand evenhypatheticd posshiliites
ard future everts.

MANAGING HYPOTHESES WHEN DIAGNOSING PROB-

LEMS IN SYSTEMS

We seethe possbility of useramotation as more broady
applicalde beyond just e-canmerceon the web. Computer
usesinterad with systens everyday andoften run into prob-
lems. Whena problem is repetableor paticulady signi -
cart, ausermay serd abugreportin aninforma way. Sane
systemslike Bugzlla[8], have beendevelopedfor autamat-
ically maragng uses' bug reports. Further, some apgica-
tions, like Mozilla[9], “close the loop” ard auomatically
sendabug report whenerroneausbetavior is detectedsuch
aswhen the program crashes. Theseapgications often al-
low usersto provide sone free-form information about what
they were doing whenthe problem occured, but they don't
support user diagnosisin general. Unlike a developer, how-
ever, a user is in the perfed position to diagnose hard-to-
nd bugs involving congu ration details. Further, we sus-
pect that mary userswould be interested taking a few mo-
mertsto diagnoseacon g urationproblem with their operat-
ing system thenhave to reinstallthe ertire systemard all of
their applications.In fact,oftenuses have to do exactly that
ard reassmble the history of whatthey installedto idertify
aconict. Of course, perfectly developed softwarewith no
bugswould beideal,but otherfactas governtheadoption of
new software Regardess a higher-level way of maraging
hypothesedduring diagnosiswould be helpful.

RELATED WORK

A conparion papef13] discussesWoaodsteins basichehav-
ior without objectanrotation andhypothesismanagenent. It
explains more fully how Woodstein tracks useractions ard
it presentdNoodstein's other views.

No existing systemthat we are aware of directly attacls
the problem of end userdebugging of electionic commerce
trarsactiors or Webinteractiors.

Program Slices

A programslice isakin to the notion in businesf an“audit
trail”. Audit trails are usedto track the history of arecad
and show all of the processing it hasundergone. Program
slicing in particular is a software engneeing techique for
focusingonly on the partsof a programthat affect the value
of aparticuar variable[14]. It is hdpful for delbugging, when
a programmer knows a variable has the wrong value ard
wantsto know how it wascomputed

Pragram slicetoolstypically highlight thelinesof code mod-
ulesor | esin aslice[l]. Thisis useful for progranmers, for
whom the saurce code is the primary represetation of the
program Within the doman of web actions, however, we
don't expectthe abstracmodelsto be particdarly meaning-
ful to endusers. Rather than presenting the abstractdescip-
tion of the process Woodsteingereratesxplanatiasof the
process' actualcorcreteexecutian.

Sonetods presenslicesviacortrol- o w graphsor program



depencercy graphs[5]. Woodsteinpresentshe program de-
perderciesin the datahistory view, andthe programexecu
tion treein the process history view.

End-User Debugging

Someresearhers have focusedon how to bettersupport end
usersand novice programmers in detugging. In what she
calls “end-usersoftware engineering”, Margaret Burmettin
paticular hasfocused on creatingvisualizatiors to sugport
endusersin debugging spreadshets [10].

Capturin g User Annotations

Little reseach has focusedon capuring useranrotations,
andlessstill on what we call “effective” anrotations with a
semartic mearing for the systemthat marages the amotated
objects

Trellis is a systemthat supprts useramaotation of objeds
in an apdications interfacd4]. Annctatiors in Trellis are
typically used to indicatethe original cortext of someinfor-
mation, allowing users to refer backto this cortext.

Third Voice is a system for managng user anrotations of
webpages,al owing usersto seepageson theweboverlayed
with the commentsof otherusers]1].

CONCLUSION

We have presentedNVoodstein,a web interfaceagentfor en
abling erd-usergo visualizeand understandheir actions on
theweh Further, Woodstein hd ps useramaragetheir judge-
merts of the comrectress of thar dataand processesnd di-
agrosethe soucesof problemsthey run into. We saw an
exampe of how this record of a users judgements canbe
usefd bothto sharewith others,including customersenice,
aswell asfor future refererce.
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