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Abstract. In this paper we look at the lessons learned from several large-scale real
world deployments of the I-Help agent-based peer-help learning support system.
These lessons divide into two main categories: software engineering lessons and
usage 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
distributed learning support system. In particular accessibility, dependability, and
scalability are critical needs. We have also learned a number of things about how,
why, and even whether students will use a system like -IHelp. There are technical
and social dimensions to the usage issue. The paper briefly overviews I-Help, and
then describes the various deployments. The software engineering and usage lessons
are then elaborated, drawing on data gathered by I-Help itself 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 I-Help context,
but for any AIED researchers who plan to deploy a complex system in a real world
for a large number of users.

1. Introduction
I-Help is a peer-help system designed to assist 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 I-Help project has been ongoing for a number
of years, with descriptions of various aspects appearing in the research literature. The
research has explored a number of interesting AIED research issues, especially in the areas
of learner modelling and agent technology. In the last few years we have moved beyond
research prototypes and have begun to deploy various versions of I-Help in large-scale
experiments involving hundreds and sometimes thousands of learners. This has led to a
whole new set of challenges and lessons learned. The focus of this paper is on these largescale deployments and what we have learned from them.
While on the surface I-Help resembles a simple environment for sharing messages in
public and private discussion areas with the help of a personal agent, underlying I-Help
there is a significant and complex system. There are many personal agents that
communicate with each other and with application 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 models to locate appropriate helpers. It is a huge effort
to build such a complex system and at the same time make it robust, scalable, useable, and
usefully intelligent and adaptive to individual learning needs. The first part of this paper
explores the software engineering lessons that we have learned through several

deployments of I-Help. The second part explores the lessons we have learned from these
deployments about how, why, and whether students use the system. Drawing on
performance data and post-hoc questionnaires we explore students' actual usage of the
system and draw some preliminary conclusions about student use of I-Help. First,
however, we introduce I-Help and describe the various deployments that we have carried
out.

2. The I -Help System
I-Help has two components: public discussion (I-Help Pub) and private discussion (I-Help
1-on-1):
Public Discussion: In I-Help Pub, learners can post questions, comments and
responses to forums. These postings are shared with their peers. Forums are
clustered into groups and group memberships. A person who is a member of a
group can access the forums created for that group. I-Help Pub is used
asynchronously.
Private Discussion: The second I-Help component supports one-on-one private
discussions (or help dialogues) between a learner – the helpee, and a single peer (or
expert) – the helper. These dialogues may be synchronous or asynchronous. The
following illustrates the sequence of events for a help request in I-Help 1-on-1: 1. A
learner contacts their personal agent to issue a help request; 2. The learner's agent
negotiates with the agents of other learners, to locate potential 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 starts a one-on-one interaction with the helpee.
Requests to other potential helpers are cancelled; 5. Upon completion of the
interaction, each learner receives a brief evaluation form through which they
evaluate their partner, for student modelling purposes.
Multiple fragmented student models underlie the 1-on-1 system [1]. Each person
"owns" a personal agent, their representative in the system, and this personal agent keeps a
model of its "owner" as a source of information as it acts on the owner's behalf. These
models are used by personal agents when negotiating help sessions with other users in
order to determine the best helpee-helper matches [2]. User model information is obtained
from the learner (through stated availability and self-assessment of knowledge of different
topics); from the short peer evaluations; from a determination of whether or not the student
is currently or frequently online; and from I-Help's observations of student participation in
both the public and private discussions. The public and private discussions may be used
together, or the two components may be used independently. Whichever is used, the
obvious educational benefit to students is that those requiring help receive assistance at the
time they need it. Furthermore, peers providing help should also benefit from the reflection
necessary to formulate an acceptable explanation.

3. I-Help Deployments
We discuss three deployments of I-Help in classes at the University of Saskatchewan: 1.
Sept.-Dec. 1999; 2. Jan.-Apr. 2000; 3. Sept.-Dec. 2000. In the first two, I-Help Pub and IHelp 1-on-1 were separate systems. They were integrated in deployment 3. Given their

history as distinct sub-systems, we discuss I-Help Pub and 1-on-1 deployments separately
below.
Deployments 1 and 2 of I-Help Pub allowed students to post questions and answers in
threaded forums, having a structured, organised environment as a benefit to the learner.
Deployment 1 had around 600 users. Deployment 2 was available to around 1000 users,
but was actually used by about 750. Since email notification reminders to visit forums can
increase usage, this was introduced for deployment 3. However, rather than emailing
messages with reference to all new postings [e.g. 3], deployment 3 allowed notifications in
reaction to postings of interest (users can request email notification of new postings in a
particular forum, by a particular author, on a particular topic, and responses to a particular
posting), to increase the utility of notifications. The other major innovations for
deployment 3 were addition of: multiple views (users can create their own sets of forums,
each view forming a single perspective through which to access forums); a search facility
(searches can be performed according to topic, keywords or author); choice of English or
French interface. Deployment 3 was available to 1600 students – all undergraduate courses
in the Department of Computer Science, and to 100 students in two courses in Law, also at
the University of Saskatchewan.
Turning to the private discussion component, deployment 1 of I-Help 1-on-1 used a
synchronous chat environment. At that time, I-Help sought the single best helper,
according to their knowledge of the topic. Knowledge was organised in detailed concept
maps. The system was able to support about 50 personal agents, and was offered on a
voluntary basis to 100 students, but there was very little usage. In deployment 2,
synchronous-asynchronous messaging replaced the chat because the previous version was
dependent on the selected helper being online at the time, and willing to engage in the help
session. For the same reason, I-Help located the top five potential helpers to increase the
likelihood of a quick response. Simple topic labels replaced the concept maps, because
students did not want to maintain such a detailed learner model. In addition to knowledge
level – helpfulness (as evaluated by previous helpees) and eagerness (online activity) were
modelled, and this information was used alongside knowledge level in matching partners.
Learners could also create a 'friends' list – people from whom they would particularly like
to receive help, and to whom they would offer a discount in the event that they required
help (I-Help agents and students are motivated to interact through a virtual currency – see
Section 5). Users could similarly construct 'banned' lists – people with whom they did not
wish to interact. Topics could also be banned. The number of personal agents that could be
supported was scaled up to about 200. In deployment 2 I-Help 1-on-1 was offered to 322
first year computer science students for almost three weeks. Of these, 76 individuals
registered to use the system. Among these, some used the 1-on-1 facility extensively;
others used it rarely. There were 86 help requests in total over this three week period. Of
those who were registered for both I-Help 1-on-1 and I-Help Pub at that time, 31% used
the 1-on-1 facility only; 38% used I-Help Pub only; and 31% used both.
Major extensions were produced to the 1-on-1 system for the third deployment. As
stated above, I-Help 1-on-1 and Pub were fully integrated for the first time. Eagerness,
helpfulness and knowledge level were still criteria for matching in I-Help 1-on-1; however
activity in I-Help Pub (number of postings read, replies made, etc.) now also contributed to
the eagerness measure. The friends list had two sections – friends who receive a discount,
and preferred helpers who receive a premium. The banned list was similarly divided –
users could ban individuals as helper, helpee or both. In addition to the previous attributes,
learners were able to provide a greater range of information to their agent, for student
modelling – they could indicate how frequently they were willing to be contacted as
helper; the maximum number of sessions 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

alongside peer evaluations of helpfulness.) For the role of helpee, the learner could indicate
the relative importance of the following in a helper: knowledge level, helpfulness, speed of
response, cognitive style and currency. These attributes 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-Help system (with 1-on-1 and Pub) was made
available to 326 students in 2 courses. As discussed further in section 5, there was very
little usage by the students in one course of either component of I-Help, while usage in the
other course was focussed mainly on I-Help Pub.

4. I-Help: Software Engineering Lessons
In this section we discuss some of the architectural and software engineering issues that
have arisen as one deployment of I-Help has led to the next. We start with design
requirements for I-Help. We then provide an historical overview at the technology level of
the various versions of I-Help, showing how technological challenges 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
have learned.
Through its various versions I-Help has had three basic requirements: to be accessible,
dependable and scalable. To avoid lack of use due to the accessibility problem sometimes
experienced early in a project [e.g. 4], I-Help had to be widely available. Since it is
required to operate in a highly heterogeneous environment, the best solution to the
accessibility problem was to make I-Help available from a simple web-browser. The main
http-clients targeted have been Netscape and Internet Explorer. Dependability is the second
requirement. It has been crucial 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
I-Help is able to scale up to allow more students to use it in a wider variety of contexts.
Even before the large-scale deployments discussed in section 3, there were several
"proof of concept" prototypes of both I-Help Pub and I-Help 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 almost every click required a screen refresh. The early tests
with users resulted in such slow performance that they would not use the system. To
achieve scalability and reasonable system performance, it became clear that a commercial
database with direct web support was required. After several failed attempts to build a
reliable Oracle-based application (due to the steep learning curve associated with Oracle
application development), finally a stable and scalable I-Help Pub was built. This allowed
deployment 1 to proceed.
The first I-Help 1-on-1 "proof of concept" prototype took a single -process server
approach. It was written in Java (jdk1.1) and designed to run on a single PC. The
application consisted of three modules: a simple communication module (ComServer), an
agent host and a module to handle the database connection issues. The agents used in this
implementation were simple Java threads that reacted to incoming messages. Small applets
embedded in the page ensured a connection of the clients with the application. While all
tests indicated a stable system, the first real usage ended in disaster. The sudden load
caused by simultaneous login of over 60 users within a minute, led to a temporary high
demand of processor power by the DB-Connection module. This meant that the agents had
too little power, which led to slow creation of web pages. The reaction of the students to
the decreased performance was a series of logoff-login commands, which lead to an
extremely high load, which, in turn, resulted in total collapse of the application. With this
first disappointing experience in mind the students refused to work with improved versions

that year. We clearly had to do better if we were to go beyond a proof of concept
prototype.
Thus, the version of the I-Help 1-on-1 architecture in deployment 1 attempted to
overcome the problems of resource conflicts by using of RMI to distribute the server-side
application. Each module became an independent process. In addition more complex
agents that were able to communicate via KQML messages were introduced. These
contained simple goal-queues and rudimentary planners. Further, the agents were enabled
to observe the current load and plan their activities accordingly. Using this approach it was
discovered that the use of applets led to serious problems (because of different Java
versions supported by different browsers and hardware platforms). In addition it turned out
that memory leaks (which do happen in Java!) led to crashes of the agent host. Monitoring
the system and restarting it periodically before memory consumption reached critical levels
ensured a minimal degree of stability. Unfortunately, usage of the system peaked on
weekends before assignment-deadlines, which resulted several times in crashes at the time
of greatest need. The students reacted to this instability by avoiding the tool.
The next implementation of the I-Help 1-on-1 architecture (which underpinned both
deployments 2 and 3) represented a complete re-implementation of all parts. CORBA was
adopted as an object sharing protocol, since it promised the best standard and the easiest
way to ensure a scalable system. This version of the system consisted of a database
connection and servlet engine for communication, as well as an agent for each user and a
user host. The servlets ensured the connection of the clients with the other parts of the
implementation and replaced the ComServer. In addition a user host was introduced that
was responsible for handling all user data and also served as a cache for user specific web
pages. Each module was implemented in a way that one main process (master) controlled
various sub-processes. This technique ensured scalability by having several agent hosts and
database connection processes. By spreading the processes over several machines, resource
conflicts were avoided. This was the first stable version, which was able to serve up to 400
users.
Looking at overall software engineering lessons learned in the development of the
various I-Help prototypes, one important decision was to use a database for most system
information, an idea explored first in I-Help Pub. This decision has led to enhanced
dependability and robustness. It is also easy to add new information and to find out
information for a variety of purposes beyond peer matching (for example for our empirical
studies). However, ORACLE has a very steep learning curve, and since it is a proprietary
product, the portability of I-Help is restricted.
Another decision that stands out is to embed I-Help in an agent architecture, ideal for
scalability and many other things. Off-the-shelf agent solutions were explored but most
solutions were too limited, involving one process per agent, thus making scalability to
thousands of agents an impossible goal. We therefore created our own multi-agent
architecture named MAGALE [5], and this has proven to be critical to our success in
getting 400 distinct personal and application agents working at the same time. In fact, the
MAGALE architecture is an important ingredient to our future plans for this system. As we
incorporate more and more I-Help functionality into the multi-agent paradigm, it becomes
easier to modify a particular agent's capability and watch its effects on the system.
There is a down side to agents, however. The nature of emergent behaviour resulting
from large numbers of interacting, semi-autonomous 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 system will scale up without building it first. In fact even after it has
been built and tested with simulated workloads, it is sometimes hard to predict the kind of
workload that real users might apply. Further, simulated workloads that represent realistic
situations with multi-user distributed systems are themselves very time-consuming and

difficult to build. Often the deployment itself is the first real load test, so on the first day,
when hundreds or thousands of students simultaneously log on, there is a real risk of an
unpleasant surprise (the sad story of many "dot coms" whose servers failed to handle the
load on day one of operation).
Another software engineering lesson learned in this project is that a system in constant
evolution must be carefully managed during major deployments. Change management and
version control are important issues. There is a great temptation to apply partially tested
hot-fixes to code in the running environment. This has caused embarrassment to our
developers on many occasions and caused confusion to our users when new features (or
new bugs) or subtle changes began to appear without adequate explanation. One of the
goals of experimental work with deployed systems is to compare functionality by offering
different versions to different sub-groups of users. For example, two different agent
negotiation algorithms were being used in deployment 3 of I-Help 1-on-1. The difference
in behaviour between the two algorithms would be imperceptible to users, but would
provide different candidate helpers for a given situation. Adding this kind of new
functionality is relatively simple if the system is well designed. Clearly, version
management is crucial in all of these situations. An important lesson learned in this area
was to obtain traces of user behaviour and snapshots of learner model states over time so
that post-hoc off-line experiments could be run to simulate real effects.

5. I-Help: Usage Lessons
During the various deployments of I-Help, the main goals were to determine whether or
not: 1. the system helps in supporting student learning; 2. it stimulates more and better
learning interactions among the students; 3. people learn through helping/explaining to
other people. While the final proof that we achieved these goals requires data from many
more deployments, sufficient data has been obtained to support these hypotheses and to
reveal interesting insights on educational and social issues. Various kinds of data have
been collected. In all 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 additional functionality. In addition we distributed questionnaires
after deployments 2 and 3. In deployment 2, we surveyed only the 76 students who
registered for I-Help 1-on-1, receiving 64 responses. As stated previously, the 1-on-1
registrants were fairly evenly split between primarily using I-Help 1-on-1, I-Help Pub and
both. (However, 86% felt that the availability of both components was useful – despite the
lack of integration at this stage.) In deployment 3 we surveyed some of the first and third
year courses to obtain opinions from students at different levels, and from courses with
different usage patterns. Of our 538 responses, 308 came from students who stated they
had sometimes, frequently or very frequently used I-Help (others used it only rarely (141)
or never (89)). The analysis 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
CS 100
CS 111
CS 116
CS 330
CS 370

total
learners
343
348
251
75
135

total
threads
257
796
28
162
260

total
replies
318
1306
27
263
147

total
reads
23601
158112
3402
21809
17043

threads by
learners
173 67%
762 96%
24 86%
149 92%
65 25%

replies by
learners
117 37%
837 64%
18 67%
189 72%
61 41%

reads by
learners
22108 94%
151789 96%
3071 90%
20511 94%
14277 84%

Table 1 shows I-Help Pub usage in the selected 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 I-Help):
CS100 is a service course with an eclectic audience and only some technical depth; CS111
is a first year course for CS majors with an emphasis on programming; CS116 is a first
course in programming but offered exclusively to second year Engineering students.
CS330 and CS370 are key third year courses for CS majors. CS330 has heavy technical
content; CS 370 focuses less on programming. The columns in Table 1 show the number of
new postings (threads) in all 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 instructors, teaching assistants and paid helpers, we have in the last three columns
extracted the amount of student usage alone.
We believe that level of usage can be considered as an important evaluation criterion: if
the system brings value to the students, it will be used; if it is not valuable, students will
abandon it. However, timing of introduction is also important – many learners offered IHelp 1-on-1 in deployment 2 stated that they would have used it, or used it more, had it
been available from the start of term. Implementation delays also resulted in late
introduction of I-Help 1-on-1 in deployment 3 in CS116 and CS330, the two courses in
which it was available. Avoidance in these courses was high. We observed drastically
different levels and patterns of usage of I-Help Pub in different courses, despite its
availability from the outset of all courses. In some it was used extensively, in some it was
barely used at all. For example in deployment 3, I-Help Pub was well used in CS100,
CS111, CS330, and CS370, but rarely in CS116, as illustrated in the access statistics in
Table 1.
Usage patterns across courses were different. CS111, CS116 and CS330 comprised
mostly 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 instructors used I-Help extensively for giving information, making announcements,
offering hints about assignments, etc. In CS370 it was used heavily by instructors for
providing feedback on assignments, and the creation of new threads in an attempt to
stimulate discussion. Neither CS100 nor CS370 contain such technical content where
students run into impasses. These classes dwell less on programming than do CS111,
CS116 and CS330. It appears from the data analysed to date, that technical focus is a
greater predictor of learner participation than is course level. In our computer science
settings this is probably because I-Help 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 general, in courses with lower levels of use, usage increased before assessment
due dates. In courses with higher usage, this tended to be more consistent across time.
Other issues, including the low usage level in CS116, are discussed below.
It is hard to find direct evidence for the effect of the system on students’ learning.
Correlating grades with I-Help usage is one measure, and an analysis of deployment 2 data
suggests there is a correlation between performance in the course and use of I-Help [6].
Further, prestige measures based on frequently read postings suggest that the most widely
read Pub comments have been posted by the highest achievers (although not all high
achievers post). However, it is not clear whether the higher grade comes as a result of the
high usage of I-Help, or it is pre-condition for the high usage.
With reference to I-Help Pub, most students in deployment 3 responded (on a 5 point
scale) that reading postings helped their learning; most found answers received useful;
many found the act of writing their question helped them solve the problem themselves;
many found that answering other people's questions helped in their own learning. The

results in Table 2 are from the questionnaires of students who logged on sometimes,
frequently or very frequently.
Table 2: I-Help Pub questionnaire results, deployment 3

reading postings helped my
learning
answers received were useful
writing out question helped
me solve problem myself
answering other people's
questions helped my learning

very
frequently
21 10%

frequently

sometimes

rarely

never

52 24%

98 46%

35 17%

7 3%

18 12%
7 5%

58 40%
21 14%

51 35%
70 48%

14 10%
40 28%

4 3%
7 5%

2 2%

20 22%

41 45%

20 22%

8 9%

Other reasons for using I-Help, as expressed in deployment 3 responses to an open
ended question, included the ability to access useful information; accessibility 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 similar problems. In contrast, deployment 2
questionnaires indicated different reasons for using I-Help 1-on-1 – mainly the greater
depth of interaction that can occur in a private dialogue.
Table 1 also illustrates the utility of browsing for some students who were not active
posters. Questionnaire results indicate that of those who logged in at least sometimes
(308), 239 (78%) never posted a question. Of these 239, only 11 (0.05%) ever answered a
question. It can be inferred that the remainder were reading postings because they found
them useful. (This also indicates some overlap between those who were answering
questions and those who posted them.)
Since the deployments took place with different groups of users, and used different
versions of the environment, it is important to analyse the complex factors that contributed
to higher level of usage in some courses versus others. There were within-group
differences, as commonly reported [e.g. 7], but our widespread deployments also enabled
identification of three groups of external factors that played a major role in usage levels.
First of all, there are technical factors, concerning the stability of the system and the
interface-organization. Second, there is a “knowledge investment” factor, which accounts
for the amount of initial knowledge and help provided by the instructor and paid tutors in
the form of posting hints, suggestions, additional information and answering student help
requests until students develop trust in the system usefulness and learn how to use it.
Finally, there is a social factor that determines to a large extent the patterns of usage and
generally, the success of such a “social” tool. Below we discuss each of these three groups
of factors in more detail, drawing lessons from all three deployments.
Technical
Technical factors have a large impact on I-Help usage. One of the reasons for the relatively
low level of usage of I-Help 1-on-1 in deployment 1 was the slow response time of the
system, especially off campus, due to slow network connections during this period. It must
be pointed out that the slow response was due to reasons independent of the system (the
local phone company was upgrading the network connection to campus). The coincidence
of this maintenance with the introduction of the system to the course was unfortunate.
Many students tried to log into the system, after endless waiting tried to log-in again, and
when this failed too, they never tried using the system again. The speed of connection is

important, and so is the type / power of computer used. For example, the CS116 students
using I-Help (integrated version) in deployment 3 usually access the system from a lab
where the software required for their course assignments is installed, rather than from their
own computers. Unfortunately, the lab is using very old and slow computers (Pentium I).
Running the programming environment required for the course (Visual C++)
simultaneously with a browser consumes the processor power entirely, which slows down
the performance in both I-Help and the programming environment. These two examples
show the critical importance of such “low level” technical factors for the usage of the
system. There are sometimes unexpected difficulties in implementing complex distributed
multi-agent systems, due to very basic "low-level" problems, completely unrelated to the
proposed technology.
An important factor influencing usage is interface design, which made interaction with
the personal agent somewhat cumbersome in the first two deployments. In those
deployments, different interfaces for I-Help Pub and 1-on-1 were used. A seamless
integration of the two interfaces was difficult, but necessary and it was achieved for
deployment 3. Approximately 70% of development effort on deployment 3 was required
for user interface development.
There is an obvious trade-off between the rich functionality that is provided to students
to, for example, create personal views, subscribe to certain forums, activate a notification
mechanism about a reply to a particular posting or person, search postings etc., in I-Help
Pub, and the need for a simple interface that is seamless and easy to learn. Questionnaire
responses from deployment 3 indicate that 56 users created new views, 48 (86%) of whom
found the views useful. 117 people set notifications, of which 89 (76%) found them useful.
130 tried the search facility; 115 (88%) found it helpful. Some students in deployment 3
(66 in total) had prior experience with WebCT or other forum tools. Of these, 29 preferred
I-Help, 21 preferred other tools, 16 were indifferent. We observed that some students with
more limited use of I-Help preferred other discussion forums (like those provided by
WebCT or newsgroups) for their simplicity. However, students who participated in many
active forums appreciated the value added by I-Help’s functionality.
Knowledge Investment
As also found in other environments [e.g. 8], knowledge investment by the "authorities" in
a course seems to be an important influence on usage. In all three deployments to date, the
participation of the instructor and of paid tutors (who initially contribute learning materials
not available elsewhere, answer questions promptly, and make themselves available) is
critical at the outset of a course to stimulate usage of the system. The relatively minimal
usage of I-Help in CS116 in Table 1 can in part be explained by a lack of such investment,
as can the lack of use of I-Help 1-on-1 which was available to CS116 and CS330 in
deployment 3. (While course authorities were active in I-Help Pub in CS330, they did not
participate in I-Help 1-on-1.) It appears likely also that had the experts been less active in
I-Help 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 also found in general that after I-Help begins to be used more
extensively, a culture of usage develops among the learners in a course. Moreover, such
initial knowledge investment by the paid helpers pays off in more direct ways: it greatly
reduces the number of email requests for help to course authorities, since usually these
requests are about the same problems, and providing answers in a public forum saves the
effort to answer each one individually. An instructor who used I-Help Pub extensively in a
large multi-section course (CS111 in deployments 2 and 3) claimed to have reduced email
interactions with individual students by 90% due to I-Help. The instructor time to deal with

student problems via I-Help was less than half that of prior offerings of the course without
I-Help. A similar result was obtained in a 700-person distance learning course in Taiwan
[9] where the number of paid teaching assistant hours has been reduced by 2/3 due to the
more efficient use of tutor time with their system.
Social
A number of social factors affect I-Help usage. As has been found elsewhere [e.g. 10],
choice of group had a strong influence on the level of use. Although there are uses for IHelp in some small group interaction settings [11], often smaller or more cohesive groups
do not need the system. The first deployment of I-Help 1-on-1 was with 3rd year students
who knew each other well, had established multiple ways of interacting in course and in
the labs, and hence did not find any need to login to the system. The reasons for this choice
were purely pragmatic: time until the beginning of term was short and implementation for
this course required the least adaptation effort, as the domain representation and student
modelling were already developed. A similar effect appeared in CS116 with the integrated
I-Help, with a large group (3 parallel sections) of second year Engineering students. Due to
the culture of the College of Engineering, involving much group work and extra-curricular
activities, students knew each other well and had established knowledge networks. They
shared laboratory space so there was ready access to face-to-face help. 68% of those who
stated in the deployment 3 questionnaires that they had never logged on, were from this
group. (Other reasons for low use were technical – poor computers in their labs, as
mentioned before; and the lack of knowledge investment by course authorities).
Having knowledge-level differences within a group also encourages I-Help usage. If all
the students are at approximately the same level of knowledge, it is less likely that the
selection of competent helpers for I-Help 1-on-1 will be effective. Such uniformity will
also result in a passive audience for I-Help Pub, with students 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-Help forums for several different courses at the same
time. With deployment at this scale, there is the potential for cross-fertilisation among
courses, either in I-Help Pub when students in more than one course adapt responses read
in one course for use in another, or in I-Help 1-on-1 where potential helpers could be
selected from students in other courses. We hope to explore these issues in future
deployments.
Motivation is another social issue of importance. Our effort to motivate students to
offer help led to the introduction of an I-Help economy [2] underlying I-Help 1-on-1 in all
three deployments to date. The main idea is that those who request help have to pay (in IHelp credit units, a virtual currency) and those who give help get paid for the effort. A
special negotiation mechanism [12] among the agents has been incorporated (in
deployment 3) to facilitate the selling and buying of help. The I-Help economy is intended
to create a dynamic help market, which is important not only for encouraging a reasonable
level of help requests and help responses, but also for load-balancing among helpers.
Has the economy worked? In deployments 1 and 3 the amount of use of I-Help 1-on-1
was minimal, suggesting the economy was not particularly motivating. I-Help 1-on-1 was
more extensively used in deployment 2, but it is not clear that the economy was the
motivating factor. Respondents to the questionnaire administered after deployment 2 were
evenly split as to whether they found the virtual currency motivating. Some mentioned that
it would be good to be able to exchange the accumulated help-currency for marks towards
their final grade in the course. Two people were particularly negative, stating that the
currency was stupid! One problem may be that the currency exchange of I-Help credit

units into things of value in the real world is not favourable (minimal prizes have been
given for top helpers). Another problem may be that rewarding students solely on the level
of their bank account does not take into account the quality of the help. It might be
important also to take peer evaluations of helpfulness into account, and to see whether
users have banned helpers. For example, in deployment 2, one student who was involved
in many help sessions in the role of helper (17), left 5 of his helpees with an unanswered
question – i.e. he abandoned these helpees during an ongoing discussion. Finally, perhaps
the currency has to be converted into other things than material goods. Several students
revealed their main motivation for posting answers on the public discussion forum to be
"glory", that through I-Help Pub they became recognised as “authorities” among their
peers. Some students mentioned that they hoped by posting on I-Help Pub to attract the
attention of the instructor, another form of recognition. Perhaps I-Help 1-on-1 needs to
map I-Help currency onto fame and social status, not prizes. In fact, it seems to be
generally recognised that social recognition is an efficient reward system also in many
newsgroups and on the internet for the developers of free software [13]. Though our I-Help
data is inconclusive, we believe that some form of reward is useful to stimulate student
participation. The crucial question is the choice of the real world equivalent. The reward
should be based on the social values of the group.
We do not suggest that I-Help should necessarily be used by all students. It may not be
the most effective method of obtaining help for some. For example, users registered in
deployment 2 of I-Help 1-on-1 who did not make use of I-Help gave the following reasons
as responses to an open-ended question: asked friends; preferred face-to-face interaction;
preferred working in a small group; asked lab assistant; asked teacher; checked
textbook/references; preferred solving own problems; gave help in person; never needed
help. These are all valid reasons for not using I-Help 1-on-1. Similar reasons were given
for not using I-Help Pub or 1-on-1 in deployment 3.

6. Conclusions
We are still analysing the data from deployment 3, and expect to find other interesting
patterns, gleaned from both the quantitative and qualitative information available. We plan
to continue to deploy complete versions of I-Help at an increasingly large scale and in an
ever widening range of contexts, and to learn the real world lessons from this. We are also
involved in new research to extend the capabilities of I-Help. Many graduate student and
other research projects are investigating topics like fragmented learner modelling for
distributed environments, social networking in peer help systems, the development of
computational environments that must work with a massive number of agents, the
extension of distributed environments to be available pervasively and ubiquitously, the
modelling of affect as well as content, the intelligent formation of groups and their
maintenance, the capture and use of cognitive style in selecting appropriate peers, the
impact on privacy of systems like I-Help and how to constrain invasions of privacy,
visualisation of learner models, etc.
The research model underlying the I-Help project is a good one, we believe. Long
term research (often carried out by graduate students) into basic AIED and othe r scientific
issues leads to new ideas and/or "proof of product" prototypes that shed light on important
possible directions for I-Help. These ideas, then, are incorporated into new I-Help subsystems and integrated into the latest about-to-be-deployed full I-Help system. The lessons
learned from the large scale deployment of this system then feed back into the longer term
research effort, providing useful data about what really works and what does not in the

pragmatic brutality of the real world. The cycle continues, with the scientific, engineering,
cognitive and social dimensions feeding off one another to provide greater insight.
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