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Abdract. In this paper we look a the lessons learned from severd large-scde red
world deployments of the I-Help agent-based peer-help learning support system.
Thee lessons divide into two man caegories software engineering lessons and
usge lessons. In the deployments of I-Help to date we have learned a number of
important things about the technology needed to support widespread use of a
digributed learning support system. In particular accesshility, dependability, and
scalability are criticd needs. We have dso learned a number of things about how,
why, and even whether students will use a system like tHelp. There are technica
and socia dimensions to the usage issue. The paper briefly overviews FHelp, and
then describes the various deployments. The software engineering and usage lessons
ae then daborated, drawing on data gathered by |-Hep itsdf during its various
deployments and on questionnaires handed out to student users at the end of two of
the deployments. These lessons are, we believe, useful not just in the FHelp context,
but for any AIED researchers who plan to deploy a complex system in a red world
for alarge number of users.

1. Introduction

I-Help is a peer-hdp sysgem designed to asSigt learners as they engage in authentic
problem-solving activities. It works by locating resources (both online and human) that are
particularised to a learner's help request. The HHelp project has been ongoing for a number
of years, with descriptions of various aspects agppearing in the research literature. The
research has explored a number of interesting AIED research issues, especidly in the aress
of learner moddling and agent technology. In the last few years we have moved beyond
reseerch prototypes and have begun to deploy various versons of I-Hdp in large-scde
expeaiments involving hundreds and sometimes thousands of learners.  This has led to a
whole new set of chdlenges and lessons learned. The focus of this paper is on these large-
scae deployments and what we have learned from them.

While on the surface I-Help resembles a smple environment for sharing messages in
public and private discusson aress with the hdp of a persond agent, underlying I-Help
there is a dgnificant and complex sysem. There ae many persond agents that
communicate with each other and with gpplication agents of various sorts, there are learner
models that are spread across the many agents in the system; and there are inference
mechanisms to process the learner modds to locate gppropriaie helpers. It is a huge effort
to build such a complex sysem and a the same time make it robust, scaable, useable, and
ussfully inteligent and adaptive to individud learning needs.  The firg part of this paper
explores the oftware engineering lessons that we have learned through severd



deployments of I-Help. The second part explores the lessons we have learned from these
deployments aout how, why, and whether dudents use the sysem. Drawing on
performance data and post-hoc questionnaires we explore students actual usage of the
system and drav some preiminary conclusons about Sudent use of I-Hep. Firg,
however, we introduce I-Help and describe the various deployments that we have carried
out.

2. Thel-Help System

I-Help has two components public discusson (I-Hep Pub) and private discusson (1-Help
1-on-2):

Public Discussion: In I-Hep Pub, learners can post questions, comments and
responses to forums. These postings are shared with their peers. Forums ae
clusered into groups and group memberships. A person who is a member of a
group can access the forums created for that group. I-Hep Pub is usd
asynchronoudy.

Private Discussion: The second I-Hep component supports one-on-one private
discussions (or help didogues) between a learner — the helpee, and a single peer (or
expert) — the hdper. Thee didogues may be synchronous or asynchronous. The
following illugtrates the sequence of events for a help request in FHelp onl: 1. A
learner contacts their persond agent to issue a hep request; 2. The learner's agent
negotiates with the agents of other learners, to locate potentid helpers, 3. The top N
matches are notified that there is a help request waiting; 4. The first of the contacted
helpers to accept the request darts a one-an-ore interaction with the helpee.
Requests to other potentid helpers are cancdled; 5. Upon completion of the
interaction, each learner receives a brief evduaion form through which they
evauate their partner, for sudent modelling purposes.

Multiple fragmented dudent modds undelie the 1-onr1 sysem [1]. Each person
"owns' a persond agent, their representative in the system, and this persona agent keeps a
modd of its "owner" as a source of information as it acts on the owner's behdf. These
models are used by persond agents when negotiating hep sessons with other users in
order to determine the best helpeehdper matches [2]. User modd information is obtained
from the learner (through dated avalability and sdf-assessment of knowledge of different
topics); from the short peer evauations, from a determination of whether or not the student
is currently or frequently onling; and from I-Help's obsarvations of student participaion in
both the public and private discussons The public and private discussons may be used
together, or the two components may be used independently. Whichever is used, the
obvious educationd benefit to students is that those requiring help receive assstance a the
time they need it. Furthermore, peers providing hep should aso benefit from the reflection
necessary to formulate an acceptable explanation.

3.1-Help Deployments

We discuss three deployments of I-Help in classes a the University of Saskatchewan: 1.
Sept.-Dec. 1999; 2. Jan.-Apr. 2000; 3. Sept.-Dec. 2000. In he first two, FHelp Pub and |-
Help 1-onl were separate systems. They were integrated in deployment 3. Given ther



higory as didinct sub-sysems, we discuss |-Hep Pub and 1-onl deployments separady
below.

Deployments 1 and 2 of I-Help Pub dlowed gudents to post questions and answers in
threeded forums, having a dructured, organised environment as a benefit to the learner.
Deployment 1 had around 600 users. Deployment 2 was avalable to around 1000 usars,
but was actudly used by about 750. Since emall notification reminders to vist forums can
increese usage, this was introduced for deployment 3. However, rather than emaling
messages with reference to dl new pogtings [eg. 3], deployment 3 dlowed notifications in
reection to postings of interest (users can request email notification of new postings in a
partticular forum, by a particular author, on a paticular topic, and responses to a particular
poding), to increese the utility of notifications The other mgor innovations for
deployment 3 were addition of: multiple views (usars can cregte ther own sats of forums,
each view forming a single perspective through which to access forums); a search facility
(searches can be peformed according to topic, keywords or author); choice of English or
French interface. Deployment 3 was available to 1600 students — al undergraduate courses
in the Department of Computer Science, and to 100 students in two courses in Law, dso a
the University of Saskatchewan.

Turning to the private discusson component, deployment 1 of I-Hep 1-on-1 used a
synchronous chat environment. At that time |-Hdp sought the dngle best hdper,
according to ther knowledge of the topic. Knowledge was organised in detailed concept
maps. The sysem was able to support about 50 persond agents, and was offered on a
voluntary bass to 100 dudents, but there was very little usage. In deployment 2,
synchronous-asynchronous messaging replaced the chat because the previous verson was
dependent on the sdected helper being online a the tme, and willing to engage in the hep
sesson. For the same reason, |-Hdp located the top five potentid helpers to increase the
likdihood of a quick response. Smple topic labds replaced the concept maps, because
dudents did not want to maintan such a detalled learner modd. In addition to knowledge
level — helpfulness (as evaluated by previous helpees) and eagerness (online activity) were
moddled, and this information was used dongside knowledge level in matching partners.
Learners could aso create a friends lis — people from whom they would particularly like
to receive hdp, ard to whom they would offer a discount in the event that they required
help (I-Hedp agents and students are motivated to interact through a virtua currency — see
Section 5). Users could smilarly condruct 'banned’ liss — people with whom they did not
wish to interact. Topics could adso be banned. The number of persond agents that could be
supported was scaed up to about 200. In deployment 2 FHelp 1-on-1 was offered b 322
fird year computer science dudents for admogt three weeks Of these, 76 individuds
registered to use the system. Among these, some used the 1-on-1 fadlity extensvey;
others used it raredly. There were 86 help requests in tota over this three wesk period. Of
those who were registered for both I-Help 1-on1 and FHelp Pub at that time, 31% usd
the 1-on-1 fadility only; 38% used I-Hep Pub only; and 31% used bath.

Mgor extensons were produced to the 1-onl system for the third deployment. As
stated above, I-Hep l-on-1 and Pub were fully integrated for the firgt time. Eagerness,
helpfulness and knowledge levd were ill criteria for matching in FHelp 1-on-1; however
activity in FHelp Pub (number of pogtings read, replies made, etc.) now adso contributed to
the eagerness measure. The friends list had two sections — friends who receive a discount,
and preferred helpers who recelve a premium. The banned lig was amilarly divided —
users could ban individuds as helper, hepee or both. In addition to the previous attributes
learners were able to provide a greater range of information to their agent, for Student
moddling — they could indicae how frequently they were willing to be contacted as
helper; the maximum number of sessons in which they were prepared to be involved at
one time; the importance of earning currency; and their ability to help. (The latter was used



dongsde peer evduations of hepfulness) For the role of hdpee, the learner could indicate
the reative importance of the following in a helper: knowledge levd, hepfulness, speed of
response, cognitive style and currency. These dtributes were then weighted appropriately
before the initiation of agent negotiations. Deployment 3 had over 400 agents. Due to this
technology limit, the fully integrated I-Hdp system (with 1-onl and Pub) was made
avalable to 326 dudents in 2 courses. As discussed further in section 5, there was very
little usage by the students in one course of either component of FHelp, while usage in the
other course was focussed mainly on I-Help Pub.

4.1-Help: Software Engineering L essons

In this section we discuss some of the architecturd and software engineering issues that
have aisen as one deployment of I-Help has led to the next. We dat with design
requirements for 1-Help. We then provide an historical overview & the technology leve of
the various verdons of I-Hdp, showing how technologicd chdlenges have led to
interesting solutions as I-Help has become ever more sophisticated. We conclude the
section with a brief overview of some of the main software engineering lessons that we
havelearned.

Through its various versons I-Hdp has had three basic requirements. to be accessble,
dependable and scddble. To avoid lack of use due to the accesshility problem sometimes
experienced ealy in a project [eg. 4], I-Hdp had to be widdy avalable Snce it is
required to operae in a highly heterogeneous environment, the best solution to the
accessbility problem was to make FHelp available from a smple web-browser. The main
http-clients targeted have been Netscape and Internet Explorer. Dependability is the second
requirement. It has been crucid to ensure that the services offered to students are available,
reliable, secure and safe, and that the system does not crash. The third requirement is that
[-Help isable to scale up to dlow more students to useit in awider variety of contexts.

Even before the large-scde deployments discussed in section 3, there were severd
"proof of concept” prototypes of both I-Help Pub and I-Hep 1-on-1. Early I-Help Pub
prototypes used a public-domain database, ODBC and Perl-cgi scripts. Every page was
generated by the server and dmost every click required a screen refresh. The early tests
with users resulted in sch dow peformance that they would not use the sysem. To
achieve scaability and reasonable system performance, it became clear that a commercid
database with direct web support was required. After severd faled atempts to build a
relidble Oracle-based application (due to the deep learning curve associated with Oracle
application development), findly a sable and scdable 1-Help Pub was built. This adlowed
deployment 1 to proceed.

The fird I-Hep 1-on-1 "proof of concept” prototype took a dngle-process server
goproach. It was written in Java (jdk1.1) and desgned to run on a sngle PC. The
goplication condged of three modules a Imple communication module (ComServer), an
agent host and a module to handle the database connection issues. The agents used in this
implementation were smple Java threads that reacted to incoming messages. Smdl applets
embedded in the page ensured a connection of the dients with the gpplication. While al
tests indicated a dable sysem, the fird readl usage ended in dissster. The sudden load
causd by smultaneous login of over 60 usars within a minute, led to a temporary high
demand of processor power by the DB-Connection module. This meant thet the agents had
too little power, which led to dow cregtion of web pages. The reection of the students to
the decreased performance was a series of logoff-login commands, which leed to an
extremdy high load, which, in turn, resulted in totd collapse of the gpplication. With this
firg disgopointing experience in mind the students refused to work with improved versons



that year. We dealy had to do better if we were to go beyond a proof of concept
prototype.

Thus, the verson of the I-Hep 1-on-1 architecture in deployment 1 attempted to
overcome the problems of resource conflicts by usng of RMI to didtribute the server-Sde
goplication. Each module became an independent process. In addition more complex
agents that were able to communicate via KOML messages were introduced. These
contained smple goaqueues and rudimentary planners. Further, the agents were enabled
to observe the current load and plan ther activities accordingly. Using this gpproach it was
discovered that the use of agpplets led to serious problems (because of different Java
versons supported by differert browsers and hardware platforms). In addition it turned out
that memory lesks (which do happen in Java) led to crashes of the agent host. Monitoring
the sysem and restarting it periodicdly before memory consumption reached criticd levels
ensured a minima degree of dability. Unfortunately, usage of the system pesked on
weekends before assgnment-deadlines, which resulted severd times in crashes a the time
of greatest need. The students reacted to thisingability by avoiding the tool.

The next imgementation of the I-Help l-on1 architecture (which underpinned both
deployments 2 and 3) represented a complete re-implementation of dl parts. CORBA was
adopted as an object sharing protocol, since it promised the best sandard and the essest
way to ensure a scdable system. This verson of the sysem condsted of a database
connection and serviet engine for communication, as well as an agent for each user and a
usr hogt. The servlets ensured the connection of the clients with the other parts of the
implementation and replaced the ComSarver. In addition a usr host was introduced that
was responsible for handling al user data and aso served as a cache for user specific web
pages. Each module was implemented in a way that one main process (magter) controlled
vaious sub-processes. This technique ensured scaability by having severd agent hosts and
database connection processes. By spreading the processes over several machines, resource
conflicts were avoided. This was the first stable verson, which was able to serve up to 400
users.

Looking a ovedl software engineering lessons learned in the development of the
vaious |-Help prototypes, one important decison was to use a daabase for most system
information, an idea explored firg in I-Help Pub. This decison has led to enhanced
dependability and robusthess. It is dso easy to add new information and to find out
information for a variety of purposes beyond peer matching (for example for our empirica
studies). However, ORACLE has a very steep leaming curve, and snce it is a proprietary
product, the portability of I-Help is restricted.

Another decison that stands out is to embed FHelp in an agent architecture, ided for
scdability and many other things.  Off-the-shdf agent solutions were explored but most
solutions were too limited, involving one process per agent, thus meking scddbility to
thousands of agents an impossble god. We therefore crested our own multi-agent
architecture named MAGALE [5], and this has proven to be criticd to our success in
getting 400 digtinct persond and application agents working a the same time. In fact, the
MAGALE architecture is an important ingredient to our future plans for this sysem. As we
incorporate more and more |-Hdp functiondity into the multi-agent paradigm, it becomes
easer to modify a particular agent's cgpability and watch its effects on the system.

There is a down dde to agents, however. The nature of emergent behaviour resulting
from large numbers of interacting, semiautonomous agents means that any notion of
"correct” behaviour is very difficult to define. This suggests that there may be no way to
predict whether a sysem will scde up without building it fird. In fact even after it has
been built and tested with smulated workloads, it is sometimes hard to predict the kind of
workload that red users might gpply. Further, smulated workloads that represent redidtic
dtudtions with multi-user digributed systems are themsdves very timeconsuming and



difficult to build. Often the deployment itsdf is the firgt red load test, so on the first day,
when hundreds or thousands of sudents Smultaneoudy log on, there is a red risk of an
unplessant surprise (the sad dory of many "dot coms' whose sarvers faled to handle the
load on day ane of operation).

Ancther software engineering lesson learned in this project is that a system in congtant
evolution must be carefully managed during mgor deployments. Change management and
verson control are important issues. There is a great temptation to gpply patidly tested
hot-fixes to code in the running environment. This has caused embarassment to our
developers on many occasions and caused confuson to our users when new fegtures (or
new bugs) or subtle changes began to agppear without adequaie explanaion. One of the
gods of expeimentad work with deployed systems is to compare functiondity by offering
different versons to different sub-groups of users For example, two different agent
negotiation agorithms were being used in deployment 3 of I-Hedp l-onl. The difference
in behaviour between the two dgorithms would be imperceptible to users, but would
provide different candidate helpers for a given dtuation. Adding this kind of new
functiondity is rdaivedy dmple if the sysem is wedl desgned. Clearly, verson
management is crucid in dl of these gdtuations. An important lesson learned in this area
was to obtain traces of user behaviour and snapshots of learner modd dates over time so
that post-hoc off-line experiments could be run to smulate red effects.

5.1-Help: Usage L essons

During the various deployments of [-Help, the main gods were to determine whether or
not: 1. the sysem hdps in supporting student learning; 2. it simulates more and better
learning interactions among the dSudents 3. people lean through heping/explaning to
other people. While the finad proof that we achieved these gods requires data from many
more deployments, sufficient data has been obtained to support these hypotheses and to
reved interesting indghts on educationd and socid issues.  Vaious kinds of data have
been collected. In al deployments trace data has been collected by I-Help as learners
interact.  This data has become increasingly fine-grained from deployment to deployment
as we have traced the additiond functiondity. In addition we didributed quedtionnaires
after deployments 2 and 3. In deployment 2, we surveyed only the 76 dudents who
regigered for I-Help 1-onl, receiving 64 responses. As dated previoudy, the 1-on-l1
registrants were farly evenly split between primarily using I-Help 1-on-1, I-Help Pub and
both. (However, 86% fdt that the availability of both components was useful — despite the
lack of integration at this stage) In deployment 3 we surveyed some of the firgt and third
year courses to obtain opinions from dudents a different levds and from courses with
different usage patterns. Of our 538 responses, 308 came from Students who dsated they
had sometimes, frequently or very frequently used I-Help (others used it only rardy (141)
or never (89)). The andlyss below is based on the trace data in the three deployments to
date, as well as responses to the questionnaires collected in deployments 2 and 3.

Table 1: I-Help Pub usage, deployment 3

Course total total totd total threads by repliesby reads by
learners threads replies reads learners learners learners
CS100 A3 257 318 23601 173 67% 117 37% 22108 %%
Cs111 348 796 1306 158112 762 9%6% 837 64% 151789 96%
CS116 251 28 27 3402 24 86% 18 67% 3071 90%
CS330 & 162 263 21809 149 2% 189 72% 20511 9%
CS370 135 260 147 17043 65 25% 61 41% 14277 84%




Table 1 shows I-Help Pub usage in the sdected courses in deployment 3, taken from
trace data CS100, CS111 and CS116 are first year computer science courses, but have
differences in focus and audience (and, as it turned out, differences in their use of HHep):
CS100 is a service course with an eclectic audience and only some technica depth; CS111
is a fird year course for CS mgors with an emphads on programming; CS116 is a fird
coure in programming but offered exclusvey to second year Enginesring Sudents.
CS330 and CS370 are key third year courses for CS mgors. CS330 has heavy technica
content; CS 370 focuses less on programming. The columns in Table 1 show the number of
new podings (threads) in dl forums during deployment 3; the number of replies and the
number of times any posting or reply was read. Since many of the threads and replies were
made by indructars, teaching assstants and paid helpers, we have in the lagt three columns
extracted the amount of student usage done.

We bdlieve that level of usage can be conddered as an important evauation criterion: if
the sysem brings vaue to the dudents it will be used; if it is not vauable sudents will
abandon it. However, timing of introduction is dso important — many learners offered |-
Help 1-on1 in deployment 2 sated that they would have used it, or used it more, had it
been avalable from the dat of tem. Implementation deays dso resulted in lae
introduction of I-Help 1-on-1 in deployment 3 in CS116 and CS330, the two courses in
which it was avalable. Avoidance in these courses was high. We observed dradticaly
different levels and patens of usage of I-Hep Pub in different courses despite its
avallability from the outset of dl courses. In some it was used extengvely, in some it was
bady used a dl. For example in deployment 3, I-Help Pub was well used in CS100,
CSl111, CS330, and CS3/0, but rady in CS116, as illudraed in the access ddtidics in
Table 1.

Usage patterns across courses were different. CS111, CS116 and CS330 comprised
mogtly learner questions with mainly peer responses, sometimes expert replies. The higher
proportion of expert contributions in CS100 and CS370 are explained as follows. In CS100
the indructors used I-Hep extensvedy for giving information, making announcements,
offering hints aout assgnments, etc. In CS370 it was used heavily by indructors for
providing feedback on assignments, and the credtion of new threads in an atempt to
dimulate discusson. Nether CS100 nor CS370 contain such technicd content where
dudents run into impasses. These classes dwel less on programming then do CS111,
CS116 ad CS330. It appears from the data analysed to date, that technicad focus is a
gregter predictor of learner participation than is course leve. In our computer science
sttings this is probably because FHelp Pub was promoted as a help facility, rather than a
course collaboration tool. (Some of the planned future uses have a more collaborative
focus) In generd, in courses with lower levels of use, usage increased before assessment
due dates. In courses with higher usage, this tended to be more consstent across time.
Other issues, including the low usage leve in CS116, are discussed below.

It is hard to find direct evidence for the effect of the sysem on students learning.
Corrdating grades with I-Help usage is one measure, and an andysis of deployment 2 data
suggests there is a correlation between performance in the course and use of HHelp [6].
Further, prestige measures based on frequently read postings suggest that the most widdy
reed Pub comments have been posed by the highest achievers (dthough not dl high
achievers post). However, it is not clear whether the higher grade comes as a result of the
high usage of 1-Help, or it is pre-condition for the high usage.

With reference to 1-Hep Pub, most students in deployment 3 responded (on a 5 point
scde) that reading pogtings helped their learning; most found answers received useful;
many found the act of writing their question heped them solve the problem themsdves,
many found that answering other peoples quesions heped in ther own leaning. The



results in Table 2 ae from the quedtionnaires of sudents who logged on sometimes,
frequently or very frequently.

Table 2: I-Help Pub questionnaire results, deployment 3

very frequently sometimes rardly never
frequently
reading pogtings helped my 21 10% 52 24% 98 46% 35 1% 7 3%
learning
answers received were useful 18 12% 58 40% 51 35% 14 10% 4 3%
writing out question hel ped 7 5% 21 14% 70 48% 40 28% 7 5%
me solve problem mysdlf
answering other people's 2 2% 20 22% 41 45% 20 2% 8 9%
questions helped my learning

Other reasons for using I-Help, as expressed in deployment 3 responses to an open
ended quedtion, included the ability to access useful informetion; accesshility 24 hours a
day; usefulness as a place to find hints for solving problems the many perspectives
provided in the range of answers to posted comments, the ability to confirm that a student
is on the right track; the chance to compare one's progress to that of peers; the confidence
boost resulting from seeing that others have smilar problems In contrast, deployment 2
guestionnaires indicated different reesons for usng |-Hdp l-onl — manly the greater
depth of interaction that can occur in a private didogue.

Table 1 dso illudrates the utility of browsing for some sudents who were not active
posters. Questionnaire results indicate that of those who logged in & least sometimes
(308), 239 (78%) never posted a question. Of these 239, only 11 (0.05%) ever answered a
quedtion. It can be inferred that the remainder were reading postings because they found
them useful. (This dso indicates some overlap between those who were answering
questions and those who posted them.)

Snce the deployments took place with different groups of users, and used different
vesons of the environment, it is important to andyse the complex factors that contributed
to higher level of usage in some courses versus others.  There were within-group
differences, as commonly reported [eg. 7], but our widespread deployments dso enabled
identification of three groups of externd factors tha played a mgor role in usage leves.
Firga of dl, there ae technicd factors, concerning the dability of the sysem and the
interface-organization. Second, there is a “knowledge invessment” factor, which accounts
for the amount of initid knowledge and hep provided by the indructor and pad tutors in
the form of poding hints suggestions, additiond information and answering sudent help
requests until sudents develop trust in the system usefulness and learn how to use it
Findly, there is a socid factor that determines to a large extent the patterns of usage and
generdly, the success of such a “socid” tool. Bdow we discuss each of these three groups
of factorsin more detail, drawing lessons from dl three deployments.

Technical

Technica factors have a large impact on FHelp usage. One of the reasons for the rdatively
low level of usage of I-Help 1-on1 in deployment 1 was the dow response time of the
system, especidly off campus due to dow network connections during this period. It must
be pointed out that the dow response was due to reasons independent of the system (the
locd phone company was upgrading the network connection to campus). The coincidence
of this maintenance with the introduction of the sysem to the course was unfortunate.
Many dudents tried to log into the system, after endless waiting tried to login agan, and
when this faled too, they never tried usng the sysem again. The speed of connection is




important, and 0 is the type / power of computer used. For example, the CS116 Students
usng I-Help (integrated verson) in deployment 3 usudly access the system from a lab
where the software required for their course assgnments is indaled, rather than from ther
own computers. Unfortunately, the lab is usng very old and dow computers (Pentium 1).
Running the programming environment required for the course (Visud Ctt)
smultaneocudy with a browser consumes the processor power entirdy, which dows down
the performance in both I-Help and the programming environment. These two examples
show the criticd importance of such “low level” technicd factors for the usage of the
sysem. There are sometimes unexpected difficulties in implementing complex digtributed
multi-agent systems, due to very basic "low-levd" problems, completdy unreated to the
proposed technology.

An important factor influencing usage is inteface design, which made interaction with
the persond agent somewhat cumbersome in the fird two deployments. In those
deployments, different interfaces for I-Help Pub and 1l-on-l1 were used. A seamless
integration of the two interfaces was difficult, but necessary and it was achieved for
deployment 3. Approximatedy 70% of development effort on deployment 3 was required
for user interface development.

There is an obvious trade-off between the rich functiondity that is provided to students
to, for example, creste persond views, subscribe to certan forums, activate a notification
mechanism about a reply to a paticular posting or person, search pogings €c., in FHep
Pub, and the need for a smple interface that is seamless and easy to learn. Quedtionnaire
responses from deployment 3 indicate that 56 users created new views, 48 (86%) of whom
found the views useful. 117 people set natifications, of which 89 (76%) found them useful.
130 tried the search fadlity; 115 (88%) found it hepful. Some Sudents in deployment 3
(66 in totd) had prior experience with WebCT or other forum bols. Of these, 29 preferred
I-Help, 21 preferred other tools, 16 were indifferent. We observed that some students with
more limited use of |-Hedp prefared other discusson forums (like those provided by
WebCT or newsgroups) for ther smplicity. However, students who participated in many
active forums gppreciated the vaue added by I-Hep's functiondity.

Knowledge I nvestment

As ds found in other environments [eg. 8], knowledge invesment by the "authorities' in
a course seems to be an important influence on usage. In al three deployments to date, the
paticipation of the indructor and of pad tutors (who initidly contribute learning materids
not avalable dsewhere, answer quedtions promptly, and meke themsdves avalable) is
critical a the outset of a course to dimulate usage of the sysem. The reatively minimd
usage of FHep in CS116 in Table 1 can in pat be explained by a lack of such invesment,
as can the lack of use of I-Help 1-on+1 which wes avalable to CS116 and CS330 in
deployment 3. (While course authorities were active in [-Hdp Pub in CS330, they did not
paticipate in I-Help 1-on1) It appears likely dso that had the experts been less active in
I-Hep Pub in CS370 in particular, usage levels would have quickly dropped. The greater
usage in the other courses was encouraged by serious knowledge investment by the course
authorities. However, we dso found in generd that after I-Hdp begins to be used more
extengvey, a culture of usage develops among the learners in a course. Moreover, such
initid knowledge investment by the paid hepers pays off in more direct ways it grealy
reduces the number of emal requests for hep to course authorities, snce usudly these
requests are about the same problems and providing answers in a public forum saves the
effort to answer each one individudly. An ingructor who used I-Help Pub extensvely in a
large multi-section course (CS111 in deployments 2 and 3) damed to have reduced email
interactions with individud students by 90% due to I-Hedp. The ingructor time to ded with



sudent problems via I-Help was less than haf that of prior offerings of the course without
[-Help. A smilar result was obtained in a 700-person disance learning course in Taiwan
[9] where the number of paid teaching assstant hours has been reduced by 2/3 due to the
more efficient use of tutor time with their system.

Social

A number of socid factors affect I-Help usage. As has been found dsewhere [eg. 10],
choice of group had a grong influence on the level of use. Although there are uses for I
Help in some smdl group interaction settings [11], often smdler or more cohesve groups
do not need the system. The first deployment of FHelp 1-on-1 was with 3 year students
who knew each other wdl, had established multiple ways of interacting in course and in
the labs, and hence did not find any need to login to the sysem. The reasons for this choice
were purdy pragmatic: time until the beginning of term was short and implementation for
this course required the least adgptation effort, as the domain representation and student
moddling were dready developed. A Smilar effect appeared in CS116 with the integrated
[-Help, with a large group (3 parald sections) of second year Engineering students. Due to
the culture of the College of Enginearing, involving much group work and extra-curricular
activities, sudents knew each other wedl and had esablished knowledge networks. They
shared laboratory space s0 there was ready access to face-toface help. 68% of those who
dated in the deployment 3 questionnaires thet they had never logged on, were from this
group. (Other reasons for low use were technicd — poor computers in ther labs as
mentioned before; and the lack of knowledge investment by course authorities).

Having knowledge-leve differences within a group dso encourages |-Help usage. If Al
the students are a approximately the same level of knowledge, it is less likdy that the
section of competent helpers for I-Hep 1-onl will be effective  Such unifamity will
dso result in a passve audience for I-Hep Pub, with sudents mainly reading postings
contributed by the teacher or tutors and contributing little. This occurred to some extent in
the service course (CS100), where only 37% of replies came from students. In deployment
3 some students were able to access I-Hep forums for severd different courses a the same
time. With deployment a this scade there is the potentid for crossfetilisstion among
courses, either in FHelp Pub when sudents in more than one course adapt responses read
in one course for use in another, or in I-Hep 1l-on-1 where potentid helpers could be
sdected from dudents in other coursess We hope to explore these issues in future
deployments.

Mativation is another socid issue of importance. Our effort to motivate students to
offer help led to the introduction of an FHep economy [2] underlying I-Help 1-on-1 in dl
three deployments to date. The main idea is that those who request help have to pay (in I-
Help credit units, a virtud currency) and those who give hdp get pad for the effort. A
goecid negotigion mechanism  [12] among the agents has been incorporated (in
deployment 3) to fadilitate the sdling and buying of help. The I-Hep economy is intended
to create a dynamic hep market, which is important not only for encouraging a reasoneble
level of help requests and help responses, but dso for loadbaancing among helpers.

Has the economy worked? In deployments 1 and 3 the amount of use of FHelp l-on-1
was minimal, suggedting the economy was nhot particularly motivaing. 1-Hep 1-on-1 was
more extensvely used in deployment 2, but it is not cear that the economy was the
motivating factor. Respondents to the questionnaire administered after deployment 2 were
evenly split as to whether they found the virtud currency motiveting. Some mentioned that
it would be good to be adle to exchange the accumulated help-currency for marks towards
ther find grade in the course. Two people were paticulaly negative, dating thet the
currency was supid  One problem may be that the currency exchange of |-Hep credit



units into things of vaue in the red world is not favourable (minimd prizes have been
given for top helpers). Another problem may be that rewarding sudents soldy on the leve
of ther bank account does not take into account the qudity of the hep. It might be
important dso to teke peer evdudions of hepfulness into account, and to see whether
users have banned hepers. For example, in deployment 2, one student who was involved
in many hdp sessons in the role of hdper (17), left 5 of his hdpees with an unanswered
guesion — i.e he abandoned these helpees during an ongoing discusson.  Findly, perhaps
the currency has to be converted into other things than materid goods. Severd Students
reveded ther man motivaion for poging answers on the public discusson forum to be
"glory”, that through I-Help Pub they became recognised as “authorities’ among their
pears. Some students mentioned that they hoped by poging on I-Help Pub to attract the
atention of the ingructor, another form of recognition. Perhgps |-Hep 1-on-1 needs to
map I-Help currency onto fame and socid datus, not prizes. In fact, it seems to be
generdly recognised that socid recognition is an efficient reward sysem dso in many
newsgroups and on the internet for the developers of free software [13]. Though our FHep
data is inconclusve, we beieve that some form of reward is useful to simulate student
paticipation. The crucid quedtion is the choice of the red world equivdent. The rewad
should be based on the socid vaues of the group.

We do not suggest that -Hdp should necessarily be used by dl students. It may not be
the mos effective method of obtaining hdp for some For example, users regisered in
deployment 2 of I-Help 1-on-1 who did not make use of FHelp gave the following reasons
as responses to an openended question: asked friends, preferred faceto-face interaction;
preferred working in a smdl group;, asked lab assstant; asked teacher; checked
textbook/references, preferred solving own problems;, gave hep in person; never needed
help. Thee are dl vdid reasons for not usng I-Hep 1-onl. Smilar reasons were given
for not usng I-Help Pub or 1-on-1 in deployment 3.

6. Conclusions

We ae dill andysng the data from deployment 3, and expect to find other interesting
patterns, gleaned from both the gquantitative and quditative informetion available. We plan
to continue to deploy complete versons of I-Help a an increasngly large scde and in an
ever widening range of contexts, and to learn the real world lessons from this We are dso
involved in new research to extend the cgpabilities of FHelp. Many graduate student and
other research projects are invedtigaing topics like fragmented learner moddling for
digributed environments, socid networking in peer hdp sysems the deveopment of
computationa environments that must work with a massve number of agents the
extengon of didributed environmeis to be avalable pevasvdy and ubiquitoudy, the
moddling of affect as wel as content, the intdligent formation of groups and ther
maintenance, the capture and use of cognitive syle in sdecting appropriste peers, the
impact on privacy of sysems like I-Hep and how to condrain invasons of privacy,
visudisation of learner models, ic.

The research modd underlying the I-Help project is a good one, we bdieve. Long
term research (often carried out by graduate students) into basc AIED and other scientific
issues leads to new ideas and/or "proof of product” prototypes that shed light on important
posshle directions for 1-Help. These idess, then, are incorporated into new |-Help sub-
sysems and integrated into the latest about-to-be-deployed ful 1-Help system. The lessons
learned from the large scde deployment of this system then feed back into the longer term
reseerch effort, providing useful data about what redly works and wha does not in the



pragmatic brutdity of the red world. The cyde continues with the scientific, engineering,
cognitive and socid dimensons feeding off one another to provide grester insght.
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