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ABSTRACT

As corporations and organizations become more distribeeel-
prises, the use of groupware applications as part of dajayoac-
tivities becomes more prevalent. How to build groupwardiapp
tions so that they work as expected, both as the developecexp
and the community of users expect, is a challenge that musibe
dressed in order for groupware applications to be adaptexuds
of daily business activities. In practice, assumptions erlayl the
developer may not match the expectations of the users.

This paper details a model for collecting a replayable weapsof
online collaboration. This transcript can then be usedudysthe
interaction, through techniques such as ethnographiysisalWe
also present software frameworks that implement this moéal

example of an analysis is presented, as are two exampleper-ex

imental groupware applications that use this model.

Categories and Subject Descriptors
H.5.3 [Information interfaces and presentation (e.g., HCI}: Group
and Organization Interfaces

General Terms
Groupware, Analysis, Transcription, Replay

1. INTRODUCTION

Collaborative processes are not fixed entities. There imatant
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(i.e., groupware [12]) also needs to be studied and improfzed
ternal perspectives of activity, such as video taping a, tm@ome
less useful as the interaction may be distributed and resjiioth
context of a user’s activity and correlation between ussetvities.
Ethnographic analysis has been shown to be effective inttiiy s
of off-line interaction (i.e., not mediated by softwarefdacan be
applied to online behavior given the proper software suppor

Ethnography for off-line collaboration generally captutiee activ-
ity of the users (transcription) and provides a mechanigrfufther
review (replay). Our approach is to provide similar cagtibg for
the analysis of online collaboration by collecting the éttiof the
users as they collaborate into a continuous transcript.ielResf
the transcript is accomplished by a software system thédysphe
transcript in the same context as the transcript was capture

We have built several groupware applications to study boliation
and groupware issues. In each case, the application prodoce-
plete, replayable transcripts. The replay of these trgpiscwere
used for a variety of tasks: as a basis for redesigning aricappl
tion, as part of a research study on online collaboratiodate that
is used for teaching analysis techniques, and as resoutadata
term projects. In addition to developement of several gnaup
applications, we have developed a pair of toolkits: THYMB][1

and SAGE. THYME is used to generate groupware applications

that automatically produce complete, replayable trapseriSAGE
provides the basis for constructing a replay applicatiosthBoolk-

and considerable need to study and evaluate how people work t its have been used to create numerous applications. The THYM
gether and how group work can be improved to better fit a commu- toolkit was also used in an undergraduate HClI class.

nity of users. A number of techniques and approaches have bee
explored in this area, from the understanding of interadtd, dis-
tributed cognition [10], and ethnographic study of an adik use

in group activity [25].

This paper extracts a general model for building groupwppdiea-
tions that automatically produce replayable transcriptss model
supports the transcription of user activity, both “lowdévactivity
such as mouse clicks and “task-level” activity such as chents.
Replay of the application occurs through the basis grougwappli-
cation used to collect the transcript. The model providethous
to enhance the replay of the transcript given the structtirgib-
spectable nature of the transcript, such as searching pestpf
events in the transcript and annotation of interesting @spaf the
transcript. The THYME and SAGE toolkits are an implemeotati
of this model.

A collaborative process that is mediated by a software eafin

The remainder of this paper starts with a simple example of ho
transcription and replay can be used to support the redesign



groupware application. This example shows some of the dapab
ities of the model of transcription and replay. Followingtthour
model is detailed and the implementation is discussed. Some
amples of other applications that use our analysis teclksigue
then described. This paper concludes with a discussiontofefu
work.

2. ANALYSIS OF GROUPWARE

This section provides a simple, concrete illustration & tise of
transcription and replay.

In the Fall of 2002, a Human-Computer Interaction (HCI) slas
held at Brandeis University implemented synchronous gnaup
applications as part of their term projects. These studemst®
given access to the THYME groupware framework and only tyent
eight days of implementation time. The class was dividea! fiotr-
teen teams of 2 - 3 students per team. Despite the short arabunt
implementation time, twelve out of the fourteen teams ss&ftdly
implemented a groupware application that could collediangble
transcripts of use.

One group in this class produced an application calledthkne
ResearchAssistant (ORA). This application allows a more expe-
rienced researcher (such as a librarian) to help anotheareser
locate information on the World Wide Web. This section dstai
an example analysis performed on a transcript collectatyubis
application.

The ORA application contains several common groupware cemp
nents, including a shared whiteboard, a chat room, and &dhar
web browser; see Figure 1. The left side of the screen (see 1) i
the web browser with a shared whiteboard in a transparent ove
lay. The browser is a relaxed WYSIWIS [23] component, in that
the web browser context is synchronized between users,hbut t
scrolling of the web page is not. The right side of the screee @)

is the chat room. The bottom of the screen (see 3) contairtedhe
used to manipulate the shared whiteboard, including thetigabf
artifacts and button to toggle the whiteboard’s display.

From the ORA transcript, there are three types of task evéims
Chat Event, Shared Whiteboard Events (i.e., drawing a nefactr
on the glass pane or manipulating an existing one), and 8N
Browser Events (i.e., entering a new URL, and going forward a
backwards in the history of visited URLS).

From a comparison of the ORA replay application (Figure 2) an
the basis ORA application (Figure 1), it is clear that thegrsha
common lineage. As shown in Figure 2, the center replay windo
is a direct analogue of the ORA client screen, and contaifigidt
ual components that are leveraged from the basis applicatio

The top left object in Figure 2 is the replay controller. lbals ba-
sic playback of a transcript through a VCR-like metaphore Tdp
buttons are recognizable as varing speeds of replay, botafd
and backward, as well as a button to stop the replay. Also & no
is the Event Typdield, which allows the analyst to move forward
or backward in the transcript to the next instance of a spetifie

of event. More detail on how this controller operates is uksed
later in this paper.

2.1 Example Analysis
We performed data collection and analysis on usage of thialini
design of the ORA application. The analysis is used to ditleet

further development of the application, allowing conatuns to be
drawn about how the application is to be used by the end-user.
Based on these conclusions, the development directionsecde-
termined with a large degree of precision and accuracypratipg

to the elicited and observed needs of the community.

In the example analysis shown, two users with the pseudoiigms
andBoh are using the baseline version of ORA. Bob is an ORA
developer and researcher who is assisting Tom in findingrpape
relevant to a specific topic.

Throughout this discussion, we will emphasize how the ataha-
nipulated the replay application fialicizing his actions. Figure 2
shows a segment from this analysis session.

This analysis has three major stages:

1. Initial exploration of a university library, that failsebause
of limitations in the web browser associated with the ORA
application.

2. Transition to another citation database (@ieseerdatabase)
and resynchronization of the user’s common ground

3. Successful competition of the task

The first part of the session starts with the interaction betwTom
and Bob (taken verbatim from the transcript):

Tom Hi. Can you help me to find articles or books on mutual be-
lief? | am particularly interested in representation andual
belief. But first the general concept of mutual belief.

Bob sure. let’s start in the library.

Tom wait what did you just do??

To obtain this dialogue, the analyst stagstayingthe transcript. By
observing the replay, the analyst can see that this exchaorge-
sponds with Bob going to the library website. The page lagdin
gives no feedback to the user who did not initiate going tantae
website. This confusion as to what Bob is doing results inesqu
tion from Tom, which requires a repair.

The analyst continues to observe phaying until the next chat
event It becomes clear that the use of the library does not yield
any results. Bob moves on to the CiteSeer website. Agaimausec

of the lack of feedback to Tom as to what the web browser isgjoin
the following interchange occurs:

Tom are you there? | can’t see what you are doing.

Bob we will search through citeseer for the articles, since the |
brary doesn’t have anything good.

Tom where are you? nothing is happening

Bob we're searching through citeseer for articles that contiaén
words mutual and belief



Once Tom'’s second set of questions have been asked, thestanaly
performs arewind until the previous web browser eveitow the
state of the replay is at the web browser event prior to Tomésg

tion and the analyst can ascertain why Tom would not see a&uy fe
back from Bob’s actions. He continuesstep forward observing

that Bob attempted to use the library website to search fok§o

but the web browser component failed to interact with thaaras
JavaScript on this website. He thelays until the next web browser
eventafter Tom’s last utterance, and can see that Bob switched to
the CiteSeer website.

Through the session, a number of desired features are spdyifi
identified. For example:

Tom can | look at the pdf?
Tom any version of the paper?

Bob unfortunately, there is no PDF viewer built into this apalic
tion. We can add it in a few spirals.

In viewing the activity in the replay tool, a workaround iiti-
fied by Tom. By continuing t@lay until web browser events is
observed that Tom discovers that CiteSeer can display isnafje
papers, which worked sufficiently for this task.

Another request was made, to allow searching for specififestb
matter of papers, which was clearly not within the scope & th
tool, and identified as such during the conversation.

Tom is there a way we can filter for philosophy and not ai papers?
Bob | do not think citeseer has that capability.

Bob | don't think any paper search engine has that capability, cu
rently.

Bob how can you tell that a paper is philosophy, and not Al?

Based on the observations of use, pointing to the web page and
aspects thereof was done frequently, but the drawing tedigh
existed to aid in the referencing of objects in the web page wet
used. Infact, only 8 of 135 events were shared whiteboandteue
this session, as reported by the replay application. Becafilsow
the drawing tools were implemented, in that they requirexhging
the application’s mode of use from browsing to drawing, ithisie
may have been too cumbersome. It may also be that in thiseolla
oration, which had only two users and relatively manageuaigle
pages, the pointing capabilities were not needed. As thikcagipn

is used further and more data is collected, the drawing nmésima
may see more use and will need to be refined.

3. MODEL OF TRANSCRIPTION AND RE-
PLAY

Transcription of the use of the online groupware applicasind the
replay of this transcript enable ethnographic analysian3cription
is the mechanism that records the interaction that the weevis-
a-vis the groupware application. As discussed in this sacthere
are a number of vectors through which the transcription loidipas

of the application can be described. How the transcript liected

influences the available replay options, including the figeind
precision available to the analyst.

Similarly, there are several different properties assediavith the
replay application. Some capabilities depend on the cporeding
properties of the transcript, while others are inherenhareplay
application itself. We will discuss these properties anthpare
requirements for online ethnographic analysis with thepprties
that have been achieved by other efforts.

3.1 Transcription

A transcript is the record of the user’s activity, as medidig the
collaborative system. The way a transcript is collected lvawve
direct influence on the quality and quantity of replay tegieis
available to analyze the system. Our set of identified ptaser
include:

Collection of Online and Off-line Activity Transcripts may encode
online behavior, which is the activity that is directly medi
ated by the software system. They may also encode off-line
behavior, which may be part of the collaboration, but not di-
rectly mediated by the software. Eye tracking, for example,
is usually a collection of off-line behavior, where mouse ac
tions are online behaviors. While off-line behavior can add
value to observation, the quality of the online behavior col
lection is most important for our analysis techniques.

Type of Online Information Encoded There are two types of on-
line information that a transcript can encode:

User Interface events (Ul) Ul events include direct manip-
ulation events in the user interface, such as mouse clicks
and key presses.

Task Events Task event information refers to interaction that
is mediated by the groupware application. Where user
interface events depict the users activities at the level of
point-and-click, task events depicts the users activities
at the level of plans and communication. The level of
event structure is important because it enables the ana-
lyst to review and replay the transcript in terms of the
semantics of the domain.

Online Completeness A complete transcript contains information
sufficient to re-create the state of the application at angrgi
point in time. A transcript can be complete with respect to
user interface events or task events. A transcript thatris co
plete with respect to user interface events is not necégsari
complete with regards to task events, and visa versa. For
example, a transcript can encode the sequence of keys that
were tapped, but that information is not sufficient to rdijab
reconstruct whether the user’s task was planning or clgattin
without further context.

jRapture [24], Playback [20], and others [21] provide com-
plete transcripts of user interface events only. jRaptare r
places an application’s underlying standard Java libsavi¢h
ones that transcribe external interactions with the applic
tion. The Playback application captures interface events b
“intercepting” interaction at the device interface level.

Timewarp [7] and Chimera [14] provide a complete tran-
script only with respect to an enumerated set of task events.
They collect a history of actions within the application by
collecting the interaction with the groupware applicaiioio



a transcript. Chimera uses the transcript as a basis for end-
user programming of macros. Timewarp constructs a history
of changes to a data object, e.g., a document. The user can
then modify a historical data object, and thereby change all
of its descendants. Neither Chimera or Timewarp provide re-
playable transcripts that could be used for ethnographdt an
ysis.

Transitionsor States As the transcript is generated during a ses-

sion of use, it can either recotdansitions between states
or individual states The advantage of a transcript that en-
codes data in terms of state is that it allows the replay tool
to directly access any state; the disadvantage is thatctolle
ing such a transcript is spatially and computationally expe
sive. Storing transitions result in a smaller transcripd an
will be computationally cheaper to collect, but at the cost
of more expensive post processing and playback of the tran-
script. Rewind may be costly if the transitions are not re-
versible. Commonly, the application’s state would need to
be reset and the playback re-run from the start of the tran-
script until it reaches the state the analyst chose to examin

In addition to the two extremes of storing transitions otega

a hybrid approach of storintheckpointss also seen in some
transcription implementations. Checkpointing is theistpr
of occasional states of the application’s execution as asll
transitions between those states. The resulting trarisarip
lows for faster movement between positions in the transcrip
and definitive points of coordination between differenttpar
of a distributed application. Examples of this technique ar
found in the BugNet application [13], as well as Chandy and

analyst to refer to in later analysis sessions, they alsdgeo

additional information for the replay tool to search for and

notes for other analysts use.

The video tape solution provided by Suchman and Trigg [25]
provides the means for annotating a video tape transcript du

ing playback, allowing areas of interest to be clearly mdrke
for future reference.

Precision After the transcript is generated, the analyst can always

annotate the transcript noting events of particular irstetteat
can later be returned to for further analysis. Annotatioa is

time consuming and potentially inaccurate task for the ana-

lyst. Ideally, the analyst can replay an unannotated trgstsc
stopping at, for example, each chat evePtecisionis used
to indicate that a transcript is sufficiently encoded witloin
mation such that the replay application can accuratelediff
entiate between different features of events.

A replay tool is precise with regards to time if the analyst ca
replay the transcript (without annotation) to directlyplésy

an event that occurred at a specific timestamp. A replay tool
is precise with regards to task event if the analyst can yepla

the transcript to display a task event of a certain type.

The playback provided by jRapture and Playback, for exam-
ple, allow for precision based on the type of user interface
event and the timestamp. However, they do not provide pre-
cision based on the task event, since those do not existwithi

the transcript.

Aggregate information Some replay tools allow the analyst to sum-

Lamport’s work [4], and in others [22] [26].

Table 1 summarizes our discussion of prior efforts at trapson
in the terms of the criteria we have developed.

Application | Complete| Info Type | Transitions| Off-line

jRapture ul Ul transitions | none
Playback ul ul transitions | none
TimeWarp | task task transitions | none
Videotape | none N/A states video

Table 1: Transcription Features

3.2 Replay

Ethnographic analysis of online collaboration requires alvility

to replay the transcript of system use. Depending on howréme t

script is collected, different capabilities become avdéato the
replay system. Which capabilities the replay system implets
affects how the analyst can interact and use the transenmpgi,n-
clude:

Search What kinds of events the analyst can use the replay tool to

marize and display quantitative data of system use. For ex-
ample, this data can include a count of window events or a
count of collaboration failures.

Applications such as CollabLogger [19] are specifically de-
signed to allow for the collection of aggregate information
These applications collect transcripts and analyze them to
gather statistics as to how the application was used, how par
ticular participants performed as a measure of their igtera

search for depends on what kinds of events are in the tran-
script. For example, a transcript that only encodes mouse
clicks and key presses will not provide the basis for the an-
alyst to use the replay tool to search for chat events among
users.

Annotation Annotations give the analyst the ability to annotate,

tag, or otherwise mark the transcript as the application ses
sion is replayed. In addition to providing information far a

tion with the application, and other similar measures.

Table 2 summarizes our discussion of prior efforts at plakba
the terms of the criteria we have developed. In particuldme
graphic analysis is best served by search, precision, amtation
capabilities.

4. ENGINEERING TRANSCRIPTION AND
REPLAY

To engineer online ethnographic analysis capabilities ant appli-
cation and its development lifecycle, the appropriatestaption
and replay technologies must be put into practice. Our imple
tation provides the feature set necessary to do the levedpiay
necessary for ethnographic analysis. This section deschibw we
engineered this technology into our groupware applicaftiame-
work.

4.1 Transcription and Replay Requirements
Many of the features of a replay tool depend on the qualityhef t
transcript. Analysis is best supported by a complete trgstsc
where each state of the collaboration can be reconstitittedim-
portant that this transcript be complete for events thatriles in-
teraction with the user interface, such as mouse clicks eardts
that describe interaction with the task environment, suglchat



Application | Search| Precision| Annotation | Aggregate Information
jRapture No time, ui | none none

Playback No time, ui none none

CollabLogger| No none none yes

Videotape No time yes none

Table 2: Playback Features

utterances, as both types of information can be criticalridews-
standing the collaboration process.

The technology we have developed produces a transcriptighat
complete and encodes both task and user interface evert$rarh
script itself is encoded as additive transitions. Our fraom is
based on a message-passing architecture, and colleamatfon
from both user interface and task environment actions blecil
ing messages as they are generated within the applicatiomgdu
run-time.

The replay technology processes the transcript so thatrihlyst
can view the collaborative activity from a perspective $mio that
of the users who generated the transcript. Our replay ttmbalthe
analyst to search an unannotated transcript for the néxetasnt of
a certain type. The analyst can also step through the tiahscre
event at a time. Each of these features depend on the comgéste
and level of information encoded in the transcript.

Because the transcripts encode task events, the traisscaptbe
used to do a quantitative analysis of, for example, how miheit-c
ting the users did. Similar, they can also be used to perfamous

kinds of quantitative analyses on user interface intevaatith the

application.

4.2 Implementation

Our transcription and replay techniques were realized smdom-
plementary software libraries. The firstlibrary, THYMEaiframe-
work for building message-oriented groupware applicatiorA
groupware application constructed using the THYME framdwo
automatically generate transcripts of their use duringaihyelica-
tion’s run-time. These transcript, as described abovec@replete,
encode task and user interface events, and are transitidhaly
contain only online user interaction.

The second framework, SAGE, provides the foundation foerass
bling replay applications. The THYME application that waed

to collect a replayable transcript is the basis for consingche re-

play application. The replay application that is assembpledides

the necessary “over-the-shoulder” perspective as to wWieatiser

was doing when the transcript was collected.

Some implementations of replay, such as jRapture, useputith
modification, the original application to do replay, but atast.
SAGE allows the replay application to better support thdyets
work. For example, a SAGE-produced replay application can i
clude useful features like rewind, filtering, and altervatiiews of
shared representations. Thus, while the most basic SAGE app
cation will look identical to the groupware application ohiah it

is based, the underlying capabilities support the replapefcol-
lected transcript.

4.3 Transcription

A THYME application is defined by a set of components and the
messaging connections between them. Components are groupe
into structures calledodes each of which has its own namespace.
These components communicate via messages, orchestsated b
per-node object called thaessage routerA component sends an
addressed message to the message router. The messagevilbuter
find the component the message is addressed to and deliviari.
details of how THYME works and the types of groupware applica
tions built using THYME can be found in another work [15].

THYME’s message-oriented architecture has several usefige-
guences for collecting a transcript of use:

1. All communication between components happens through
messages, so a THYME application only needs to collect
messages in order to generate a complete transcript.

2. Since all messages go through routing components, oaly th
message routers need to be accessed in order to record all the
messages.

To collect the transcript for an application’s session of,uthe
message routers collect all messages at their point ofrorig-
fined as the first message router that handles the message. Thi
approach ensures that every message is logged once anchegly o
As a router collects messages, it sends the message taathe
script collectorcomponent. This component will store all mes-
sages it receives, thereby building the transcript. Thiapanent
forms a unified interface to the transcription subsysterstrabting
the means by which the transcript is stored and reconsttaid
allowing different transcription formats and strategiesbe used
without changing the application. Figure 3 illustrates itfterac-
tion of a THYME application with the transcription subsyste

Each transcribed event in the THYME framework is stored with
two timestamps, when itis first handled by a router, and aghi&n

it is actually transcribed. The two timestamps gives sufitdata
for clock skew correction to be performed, if necessary. fithes-
tamp is the discrete points in the timeline of the sessiod jsansed

to explicitly order messages as they get injected into thiayeap-
plication.

Within the THYME application, transcripts can be accessaihg
the run-time of the application through a component caheditan-
script emitter. This component provides access to previcars
scribed messages in the current session of use. Transolipt
tion is ended when the session of use is over, and archiveubso t
it includes session summary information (caltedtainformation)

in addition to the transcript of events. Archived sessidnsse can
be loaded into the transcript emitter explicitly. A SAGE hpgtion
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Figure 3: Transcripting messages in a THYME application

makes use of the transcript emitter to playback the messames
tained in the archived transcript, in the order those messagre
generated by the participants in the archived session.

In a THYME application, all changes to the application state
cur through the reception and processing of messagesn#lete
transcript is, therefore, the collection of all messages #ne sent
between components. A transcript is represented as
TRANSCRIPTr¢x,y) and represents the transcript for all mes-
sages betweef/x and My inclusive. TRANSCRIPT(X) is
used for referring to the messadéx that is stored in the transcript.

Given that a transcript is a collection of messages thatistkeough-
out the application, a transcript can be shown to be comfiéte
captures all interaction throughout the application. Téteof mes-
sages captured in a transcript during the runtime of an egjpina

is represented aBRAN SCRI PT,. If each instant of change that
occurred during the runtime afis contained iIl"RANSC RI PT,,
thenTRANSCRIPT, is a complete transcript of the runtime of
a.

The transcript collects into a transcript containing batteiface
events and domain actions. Interface events can be enaggubul
as messages to amterface controllerand thereby are collectable
in the transcript. Because messages between componerga-are
coded in terms of the representation system of the applitathe
information contained in the message includes domain mdtio
formation. For example, a message passed from one clidrdis ¢
room component to another client's chat room componentaiosit
information that the message is a chat message. Thus, dering
play, the analyst can run the replay until it comes tchat mes-
sage Alternately, if users are collaboratively constructinglan

in a shared window, messages between client planning caeng®n
will contain information that enable the precise replay lafinming
actions.

4.4 Replay

Replay of a transcript is enabled by the SAGE framework. The

framework provides access to the collected transcript aatbles

a replay application to rebuild the state of the basis appibo at
a precision level of individual messages. Additionallggh replay
applications can be built relatively cheaply by leverading basis
application, yet still enjoy many of the expected advarsagiea
customized replay application, such as reviewing pasestand
customized views as warranted.

The state of the application is built from the applicationnods-
sages. During a THYME application’s run-time, a messddejs
applied to a componexdt, resulting in a componeid’. Succinctly,
this process is represented@&\ ) = C’. An application consists
of a set of connected componen{§/o, C1,...,Cr}. Therefore,
applying a messagk/ to an applicatiord is representedi (M) =

A’, whichis alsowritten agi(M) = {Co(M),C1(M),...,Cp(M)}.

Given a basis applicatiod and a collected transcrifit of size S
replayingT on A is done by applying the elements of the transcript
on each component in the application. This is done as follows

REPLAY (A, T,0,5) =
(Vi:0<i< S A = A1 +T(4))

Where the statement,—; = A;—;_1 + T'(¢) is expanded to
Ai—in —|—T(’L) = (Vc :C e At:i_lgC = C(T(Z)))

WhereC:—, is the component’ afterT'(z) has been applied. Re-
play to a specific messagg€ is done by applying all positionally
previous events from the transcript, up to and includifg, to the
application.

Technically, SAGE only provides event-leyakcision Time-level
precision within a collected transcript is limited to thetiants of
time that are collected in the transcript. While each mes$eas
an associated timestamp that refers to when it was colletied
granularity is limited to the points in time where the messagere
actually collected. For example, if the time between a ngEssa
M;_1 andM; is 10 minutes, there is no way to display any activity
between those two events. However, if the transcript is detapit

is possible to go to a specific point in time by progressindnédast
message that occurred before the requested timestamm thei
example given, the transcript is complete, it can be dedtiwcho
system activity occurred in the intervening 10 minutes,heod is
no real precision lost. From these conditions, it can be shitat
SAGE emulates time-level precision.

Supporting user interface or task-level precision ocduisugh be-
ing able to search for specific types of events. Given a triptsc
the set of possible event types is represented by thEBet N T-
TYPES(T), which are mined from the transcrifit. The avail-
able set ofEVENT-TY PES is related to the level of task infor-
mation in the transcript. If the transcript only containsévents,
then that level of granularity is available to the analysotigh the
replay tool. However, if the transcript contains events ihastrate
interaction with the task environment, such as chat mességen
the replay tool can use those events to show event boundaties
information would allow the analyst to say “skip to the nekat
utterance”, for example.

4.4.1 Milestoning

The approach of encoding transitions between states isfdotveo
major reasons. Encoding the entire state at each changeaiell
up a large amount of disk and processing resources and eiline



a level of introspection and access to all aspects of thecgtian
that may not be easily available. Instead, encoding triansitis
accomplished through the use of the existing message paissin
frastructure, without needing information about the cones,
their state, and how their state can be captured.

In encoding transitions, the ideal situation would havendeansi-
tion reversible. That isCr—; = Cr=;—1 + M; andCr=,—1 =
Cr—i; — M;. However, messages in our framework, as is true in the
majority of message-passing frameworks, are not desigméx t
reversible, as doing so puts a large burden on the developerck
state and limit actions on the application data. Withouersible
messages, actions such rewinding an application’s stdi#icilt.

A brute force example of rewinding state could consist oéskel
ing the desired point in the transcript, resetting the aggitbn and
applying all messages up to the newly desired timestamply Ear
versions of SAGE provided such a mechanism, which was quickl
deemed unsatisfactory.

Since the data that makes up a THYME application is stored in
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Figure 4: SAGE Playback Controller

consistent state across multiple systems. The milestessitded
here are not used to create a unified system state, althoeglaldh
that as a consequence because of the simple nature of the 8AGE
plication. Instead, milestones are designed to providecaassor

components, to implement a proper rewinding mechanism for a for a set of temporal positions within a single model.

transcript requires each component to be capable of remgnits
state. To accomplish rewind across all types of compon&A§E
provides a set of component wrappers, based on a desigmrpatte
calledmemento§9]. A wrapper’s internal state is actually a collec-
tion of milestones, which are indexed instances of the corapb
it is wrapping. Each index refers to a specific message nuimber
the transcript. Milestones are laid out so that to retrievanatance
that corresponds to a timestamp previous to the currentibige,
only necessary to find the component that is closest to, leutqurs
to, the desired timestamp. That component is then copiecand
messages that exist between the desired timestamp andrtkatcu
component’s timestamp are retrieved and applied. Thisgs®es
shown in Definition 1.

DEFINITION 1. Given a component wrapp€éf that wraps a
component typ€’, upon receiving messagdd , which is position/
in transcriptT’, the following takes place:

1. ifthere is a mileston@/ I in C'W that corresponds t@'r—r,
activate that milestone and exit

2. if there is no such milestone, find the milestdné; that has
the closest index less thdn

. copyM I to a new componer®r—;

3
4. apply every messadd x whereX > J > 110 Cr=;
5. activateCr—;

6

. if a new milestone is desired &f store Cr—; into a mile-
stoneM I

The decision to store milestones depends on the applicatioh
storage needs. Generally, milestones exist increasimguats.

The milestone process is relateddimeckpointing18] a database
to ensure consistency of the database state. Milestonesumay
like checkpoints, change in number and temporal locatioimdu
execution. Global system snapshots [4] [26], a techniqeel urs
distributed debugging, is also similar, in that it looks tlect a

A component can implement its own state mechanisms so that it
can provide its own reverse functionality. The wrapper apph

is a general solution if the component does not have thishiktya
already.

4.4.2 Analysis Interface

Using the replay application, an analyst can perform pecaimly-
sis of the usage of the basis application. The SAGE Playback C
troller (shown in Figure 4) gives the analyst control over filow of
the playback of the transcript. The playback controllerdtasdard
VCR-like controls: play, rewind, fast forward, and stopgskein
the figure). The controller adds two other standard moveemt
trols: step forward and step back, which move one event fatsva
and backwards, respectively. The controller also allowsernent
through the transcript by searching for types of messagesatie
in the transcript's set oFVENT-TY PES (see 3). The list of
types is populated from the transcript at the run-time ofrdpmay
application. (Note that the message displayed in this elaisp
the Shared Browser message, more meaningful event nanles wil
be available in a future version of the replay application.)

The controller also provides the analyst feedback as toevheris

in the session. The information underneath the VCR conf{egle

2) shows the current timestamp of the session, based omike-ti
tamp of the last event replayed. This number may be the sténda
Unix milliseconds-since-epoch, or more a traditional fatnshow-
ing time and date. Next to the time display is the current agss
and the total number of events in the session. Movementmite
session can also be controlled via a slider (see 4), at therbaif
the window. The slider provides feedback as to where in tke se
sion the current timestamp is, with the far left of the slideing
the beginning of the session and the far right being the e T
analyst can manipulate the slider, causing the replay togbtto
the event closest to the timestamp selected.

The controller exposes six types of playback actions. They a

Step Forward Move precisely one event forward in the transcript

Step Backwards Move precisely one event backwards in the tran-
script



Figure 5: The VW-SAGE system

Play Step forward in the transcript until the end of the trandcrip
or the analyst stops the playback

Rewind Step backwards in the transcript until the end of the tran-
script or the analyst stops the playback

Play Until Plays the transcript until a condition is met, such as an
event type or timestamp being reached

Rewind Until Rewinds the transcript until a condition is met

5. APPLICATIONS

The transcription and replay model has been successfigly imsa
number of projects. This section shows two example projtbets
have successfully used this model to analyze their use.

5.1 VesselWorld

The first example of this model of transcript and replay waslém
mented in the VesselWorld group problem solving system18].[
The problem domain encoded in the VesselWorld applicatam h
three participants engage in a computer-mediated probbéving
session. To complete a set of tasks in this simulated envieor,
the participants must communicate and jointly problenwsolhe
only avenue of communication is via the application clieAt-
cess to the environment, and objects in the environmentises a
mediated through representations provided by the softappd-
cation. The problem solving sessions require cooperatioordi-
nation and collaboration.

There have been multiple experiments run with the Vessdt\or
application [1] [8] [11], all of which have leveraged the &isis
capabilities of the application. The replay applicatiosasated
with VesselWorld can be seen in Figure 5. The replay of tnapisc
was used for both redesign tasks and analysis of experiirdatta
Over the course of these experiments VesselWorld has bedh mo
ified several times to support different types of collahigeainter-
actions and different types of analysis. Over two hundrag$of
VesselWorld data has been collected across these versidhs o
VesselWorld application.

5.2 CEDAR

A second application, CEDAR [17], was developed using THYME
as a collaborative WikiWikiWeb editor [6]. It enables mplg

Requirements

Risk Analysis

Towards
Completed
System

Usage
Analysis

Implementation
Deployment

Figure 6: Spiral Lifecycle with Ethnographic Analysis

users to research information on the web and edit Wiki padniew

in communication via both shared web browers and a chat chan-

nel. Additionally, the web site structure is visible to dlktusers,

showing them the links between pages and groupings in the web

site.

CEDAR was used in a class at Brandeis University to studybell
oration in a cooperative task environment. The class usdABE
to collect transcripts of online collaboration; in all, appimately
fifty hours of data were collected. The replay of these traptc
were used to teach analysis methods like conversation sisaly
support discussion on theoretical topics like awareness,as a
basis for student term projects.

6. CONCLUSIONS

This paper discussed our approach to online ethnographlgsas
of groupware applications. In the analysis of groupwardiagp
tions, an “over-the-shoulder” perspective of the usertvig is

given to an analyst, allowing him to draw conclusions by otisg

how the application was used. Contrasted to quantitativibioos,
this perspective allows insights to be drawn that may notthere
wise available, especially in how collaborative breakdswencur.
When paired with quantitative analysis of the transcrigt affter-
execution analysis process can be greatly enhanced [8].

With the availability of complete, replayable transcrip&thno-
graphic analysis can be brought to bear throughout the aodtw
lifecycle of design, development, and deployment. A modifie
version of thespiral software lifecycle [3], as shown in Figure 6,
includes both ethnographic and quantitative stage of aisathat
feed into the risk analysis and requirements stages.

If the development of the replay applications can be reduoed
be a small part of the total development costs of the apphicat
itself then analysis can be realized as part of the groupaseite
ware lifecycle. In another work [15] we discuss some techesq
in place to allow SAGE to generate the majority of the replpy a
plication, based on a well-instrumented THYME applicatidn
order for these techniques to be truly incorporated as pariooip-
ware development, these application generation techsigeed to



be expanded and studied.
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