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Abstract: We present peerISM, a domain-independent collaborative student modelling
system to support two students in critiquing each other's work in distributed and face-to-
face mode. It has an artificial peer to provide additional support, and to enable interaction
to continue with a single learner when one partner 'goes missing'.

1 Introduction

Much ongoing research focuses on the value of human-human collaboration in which one
human peer interacts with another. The value of synchronous and asynchronous forms of
collaboration have been examined with results that need careful interpretation [1]. Another
strand of research applies the notion of collaboration to the issue of building a shared model
of a learner [2,3,4]. Such collaborative student modelling minimally requires that an individ-
ual interacts with a computer system to negotiate the contents of an 'open’' student model.

While there is a plethora of environments notionally designed to support
collaborative work, there are relatively few environments in which the system both supports
and enhances the activities of two human students in critiquing each other's work in a detailed
manner. We describe such a system: peerISM. Peer[SM extends the notion of collaborative
student modelling by seeking to utilise the strengths of human-human collaboration together
with a system designed to support and enhance the quality of the interaction.

This paper explains why peerISM was extended to include an artificial peer. The
work is distinct from many other approaches to incorporating an artificial learning companion
into an environment, for example: research on learning companions sometimes stresses the
scarcity of suitable human resources requested by an individual [S]; or assumes that benefits
of face-to-face communication will automatically transfer to human/artificial learner pairs.
Work with peerISM emphasises human-human interaction, with additional support from an
artificial peer. This artificial peer assumes a more central role when a human peer 'goes
missing'.

2 Rationale

Artificial Learners (AL) have been investigated as a way of helping students by providing a
computational peer with whom a human student may learn. The aim of integrating an AL into
an intelligent learning environment (ILE) is to take advantage of benefits of face-to-face col-
laboration settings, in particular: the potential for encouraging learner reflection, and combin-
ing this with the benefits that an ILE can offer. Early implementations examining the
potential of ALs were described by Chan & Baskin [6], and Dillenbourg & Self [7]. Interest
in ALs continues, as current systems build on previous findings, to try to define the most
efficient kinds of AL to interact with a student. For example, Dillenbourg & Self found that
human learners (HL) became disinterested when their AL could not offer sufficient useful



suggestions. This problem is now being addressed in systems focussing on ALs with
knowledge levels aimed at maximising the effectiveness of interactions for the human student
[8,9].

Inevitably there will be differences between AL-HL, and HL-HL interactions, and
some systems are designed for use purely with collaborating HL pairs [10,11]. Another
possibility is distributed HL pairs [12]. The choice of approach is likely to depend on the
particular learning context. For example, it has been suggested that face-to-face collaboration
might be useful in situations where HLs have already developed mature social skills, and also
possess similar knowledge levels; and distributed HL pairs might be more appropriate for
tasks which require time to reflect [13]. Another issue to consider is the collaboration skills of
HLs interacting in some way via computers [14]. A potential problem for HL-HL pairs is co-
ordinating the presence of two learners—an issue which is irrelevant to AL-HL pairs [5].

It would be useful to develop an approach to computer based, or computer mediated
pair interaction, which could be more widely applicable than most implemented to date.
MIST [11] has the advantage that it is independent from content knowledge, within the task
of learning from texts. This is beneficial not only because it can be used across courses, by
different students, but also is advantageous in that individuals may become accustomed to
using the system repeatedly, in different situations, reducing the need for them to learn a new
program. This is particularly important where students are unaccustomed to computer use.

It is important to maintain the aim of promoting reflection in a domain independent
system, and the literature on self and peer assessment offers a useful direction. Both types of
assessment can benefit learning, and can be usefully employed formatively, in a range of
subjects [15,16,17]. In the case of peer assessment, a time delay is implied between initial
completion of a task and self evaluation by one student, and the evaluation by the other,
allowing the giver of feedback time to reflect. If this feedback is on the same task that the
student performed themselves, they will be interacting with the material for a second time,
and will be likely to obtain greater benefit since they have already considered their own self
evaluation before being confronted with another student's responses to the task. This might
help combat the problem noted by Dillenbourg, that "the availability of reflection tools does
not guarantee that users do indeed reflect on their learning experiences" [18].

Another way to promote learner reflection is to encourage learner/system
collaborative student modelling [2,3,4]. This involves student/system interaction about
student model contents. An accessible student model is in some sense similar to a learning
companion, as expressed by Chan of the AL in Integration-Kid: "...the companion's
behaviour can be viewed as a form of active student model...it interacts explicitly with the
student and reflects to the student an image close to him" [19]. An additional advantage of
collaborative student modelling is that the image reflected to the student is intended to be of
him, rather than close to him. Thus, if this image does not correspond to how the student
evaluates their beliefs, they should recognise the differences between their beliefs and the
contents of their student model, focusing reflection more specifically onto their own
knowledge and misconceptions.

Combining self and peer assessment with collaborative student modelling suggests a
student model with contributions from the student modelled, and from a peer, in addition to
representations of the student's beliefs inferred by the system. Thus the notion of collabo-
rative student modelling is extended beyond student/system negotiation of model contents, to

include information from peers: human (HP) and/or artificial (AP)l. PeerISM is an
Inspectable Student Model comprising representations from the learner modelled, an HP
and/or AP, and the system itself. The aim of promoting learner reflection is maintained.
PeerISM is flexible with regard to its context of use, as it is domain independent. As student
contributions are in the form of 'assessment', different skills are required than for HP-HP
collaboration, where collaboration is often expected to occur from scratch. For example, if
assessment criteria are provided, learners have a focus from which they may develop their
individual and joint interaction, making the question of knowledge level of each member of a
pair less crucial. Face-to-face interaction can then occur, when partners already have a focus



for their discussion [see 10]. The problem of peer availability can be overcome by acting only
with the AP.

3

Promoting reflection with peerISM

PeerISM is designed to help students learn by promoting reflection in the following manner:

by requiring users to provide a self-assessment;

by exposing students to the work of others;

by requiring students to give peer feedback, and evaluate the feedback that they give;

by providing an inspectable student model derived from self evaluation, peer evaluation
(HP and/or AP), and system inference;

by admitting students into their model to offer amendments to representations of their be-
liefs; to comment to a peer about their evaluation; or to comment on the system's remarks;
by giving a starting point for human-human interaction (at or away from the computer).

Three versions of peerlSM have been implemented: one which allows short one-word

answers that can be evaluated by the system [20]; one which permits only text as input; and a
third, a variant of the second, which includes an AP. The second and third versions are the
focus of this paper, and are domain independent. The system is used as follows:

1

Students individually input their textual answers to questions provided by their tutor, into
the edit fields shown in answers and self evaluation in Fig. 1. They then click on a button
to give a quantitative self evaluation for each answer, on a four point scale (very good;
good; variable; problematic). Qualitative evaluations can also be noted.

Students view their partner's work in a separate section (not shown), or on a printout.

Peer assessment is given in the peer feedback section. Qualitative feedback is given in edit
fields, allowing commentary on any aspects of the work the evaluator wishes. A
quantitative evaluation is also provided for each answer, on the same four point scale.
Evaluators also indicate their confidence in their feedback and evaluation (sure or unsure).
Students view their respective student models, created from self, HP and/or AP, and sys-
tem comments (see Fig. 2). The student's own answers are also available. The self and HP
evaluations are taken from the assessments provided by each partner; in the case of the
HP, also taking into account their confidence in their evaluation. AP evaluations are
inferred from the system's checking of the answer edit fields for keywords provided
previously, by the tutor. This may not lead to an accurate assessment: e.g. a student might
use an alternative acceptable word. However, since the AP is giving a peer evaluation, the
recipient of inaccurate comments will be aware of the possibility of inaccuracy. The
model of the learner inferred by the AP is presented as textual feedback. The system eval-
uation is inferred from the combination of quantitative self evaluations and all available
quantitative peer evaluations [see also 21,22]. Again none of the information sources are
guaranteed accurate. If all evaluations are similar, peerISM assumes these to be probably
true. If there are differences, these are noted. The system's model is also presented
textually.

When viewing their student model, students may make comments for themselves, to their
HP and to peerISM. Comments to HPs are designed to remain as HP-HP interactions un-
less a problem cannot be resolved. Such interactions may be on- or off-line. Comments
may also be sent to the tutor. This facility is intended for difficulties that are not resolved
to the learner's satisfaction. Encouraging student written explanations as questions to their
tutor, in cases of disagreement, is designed to promote self explanation of beliefs and do-
main knowledge—which may result in students resolving difficulties for themselves [23].
Viewing paired student models has been suggested to lead to intense face-to-face peer
(HP-HP) interaction, including self- and other-explanation, and spontaneous peer tutoring
[10]. The inspectable student models of peerISM are intended to fulfil a similar function—
learners will have completed the task and reflected on their views before meeting face-to-
face, where intensive interaction may then develop, based around the contents of their



respective models. This should help address the observation of Teasley and Roschelle that
"collaboration does not just happen because individuals are co-present” [24].
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Fig. 1. the peerISM screens

peerSm v, 2.0

11 QUESTION 1 :
£2: May 63 les breton reevaluent et donnent vie a Teur langus
E4: Introdustion d'enseignement bilingue dans les ecales, des ecoles Diwan qui intraduizent des ecales tout en breton.
£5 Le breton est devenu une langue moderne
6 1929 etudes de Ticence de breton aux Universites de Fennes et Brest. Publication de livees en breton.

£7: Le breton souffre d'un mangue de moyens et n'a aucun statut officiel

self evaluatifiipeer evaluation (1) |{3 peer evaluation (2) [{ system evaluation

1: very gqood
2: gqood

3: good

1: gqood
Our answers are similar.

‘fours are often more specific,

whereas | amn more general.

Z: qood

Similar answers except for
patagraphs 5 and 8.

InS, | do not think "15 % par
an" is a time expression.
Ing, I'd put "2 heures par
jour ; & rinutes ; 30 minutes "
under a different time
category , as they do not treat
the chronological evolution of
the breton.

3: very good
‘ou did wery well, most
probably better than Ime.

variable
“what about redizcovering the
language through song?
“what about cultural advantage,
of bilingualism?
‘fou rnentioned breton in
schoals and universities.
‘You mentianed publications &
rmedia
® ‘You seermn to have noted som
of the irnportant points, but no
others.

Z: gqood

what about “aujourd hui®?

® ‘You seermn to have noted mos
of the irnportant points.

unsure of evaluation
‘fou and one of your evaluators
agree that you did well on
question 1.
The other evaluatar thinks you
rmay have had some difficulties.
It ray help to discuss this
further.

2: good
fou and your evaluators agree
that you did well on question 2.

3: gqood

You and your evaluators agree
that you did well on question 3.
The ewvaluators have more
confidence in you, than you da

Fig. 2: the student model showing self, HP, AP and system contributions

This human-human collaborative student modelling may result 'only' in modified
mental models, or may also lead to explicit changes in the peerISM models, if learners choose
to interact with the system again. In the latter case, students may find further changes
occurring in their mental models. The kinds of interaction between students at this stage
should be determined by the students themselves, according to the approaches that they find
useful.

Because the multiple agents involved in peerISM interact about the evaluation of a
piece of work, initially in asynchronous mode, selection amongst available peers based on
student models is not such an issue as in other contexts [e.g. 21,25]. However, if more than
two HPs become involved in the peer feedback context, this must be considered [see 26].



4 An example context of peerISM
4.1 The domain

Halliday states "Talking and writing...are different ways of saying. They are different modes
for expressing linguistic meanings" [27]. Although some of the claims for differences be-
tween oral and written language may be oversimplified [see 28], students do experience diffi-
culties in writing which arise to some extent from gaps in their understanding of the function
of genres. Writers must also appreciate the perspectives of both author and audience as, in
contrast to conversation, the target readership is usually absent during composition [29].

It is suggested that there can be a relationship between the development of effective
reading and writing skills [30]; and the analysis of texts by learners can be a useful way of
facilitating their appreciation of what constitutes a good text, in a certain genre [31]. In accor-
dance with these views, undergraduate students taking a French Language module as part of
an Applied Language degree were encouraged to analyse texts, to empower them to attempt
similar documents themselves. Texts were studied as follows: a general overview was gained
from the title, first and last paragraphs. Students then independently summarised the main
ideas in each paragraph, and highlighted key structuring features, e.g. time phrases and con-
nectors. The use of tense and lexis was considered, with reference to the part played in the
cohesive development of the content. Finally, a summary of the text was produced in pairs.

PeerISM was introduced to promote interaction between pairs of students to help
them develop familiarity with text structure and organisation of content, by having to discuss
their accounts of these aspects of the text with a partner. Such deliberation aims to raise
awareness of document structure, to then serve as an example for the organisation and
structuring of writing. Self and peer evaluations focussed on the independently written
summaries, with the aim of this leading to subsequent face-to-face interaction about the
learners' respective student models. The final co-written summary was a means to link
discussion about the student models with the task of understanding the structure of the text.

A second reason to use peerISM in this context is the feeling of isolation faced by
many, when writing. Introducing peer interaction in reading and summarising was designed
to make it easier to overcome this remoteness amongst students, by getting them accustomed
to working together, and then continuing peer feedback and interaction into the writing
process. A further benefit is that peer discusion of writing can lead to the development of
more effective writing techniques, resulting ultimately in the production of better texts [32].

4.2 PeerISM in use

The use of peerISM described below was undertaken before the AP was available. Hence all
peers were HPs. The group comprised 12 students. All pairs were self-selecting. Students
were assigned the task described above, and shown how to use peerISM. Written instructions
were also distributed. Help is also available from within the peer[SM program.

Only 6 of the 12 students attempted to use peerISM. Of those learners who used it,
there was only one pair who completed all steps as a pair. This was because 4 of the users
were partnered with people who did not attempt to use the system. From their class
participation, it appeared that the non-users did little preparation in any form (i.e. their lack of
participation seemed to be general, rather than directed specifically at the peerlSM
component of the task). The pair who did work together suggested that they would like to use
the system again. Thus they completed their assignment for the following week in the same
manner. They provided useful information about their experiences with peerISM, and on the
basis of this were invited to be co-authors on this paper. Some of their comments are
reproduced in Fig. 3.

As was the case for most of the group, neither KD nor CH were habitual computer
users. Nevertheless, they found peerISM useful for learning. It enabled them to work at a



pace which suited, a feature considered important by each of them. Both students also
described the benefits of reflection facilitated by peerISM. Peer interaction had a positive
effect for both: each made changes after viewing their partner’s work, and each reflected
further on returning to the work a second time. In addition, both felt the need to discuss their
work and the feedback. CH also felt that although conventional (face-to-face) peer work can
be very helpful, with peerISM this can be taken further by providing a focal point for reflec-
tion.

KD felt that peerISM might not be so effective for pairs who are at different levels,
an issue raised also by Jehng et al [13]. It has been suggested that if there are differences
between the cognitive abilities of individuals, a collaborative interaction will change into one
of tutor-tutee [33]. If this occurs with peerISM, this kind of interaction may also be
beneficial: the tutee will receive explanations, and the tutor will be reinforcing their own
knowledge by making it explicit [see 10]. KD was subsequently asked to comment on how
she felt about the potential of peer tutoring in such a situation (see Fig. 3). KD clearly felt that
had she found herself in either role of a peer tutoring situation, it would have been useful for
her own learning. However, she was very sensitive to the possibility that this may not apply
to other learners—some may not wish to assume the role of tutor only. Further investigation is
required to determine the relative benefits of peer tutoring and peer collaboration in the
context of peer[SM, and how much these may vary amongst individuals.

As well as its role of enhancing reflection on the domain, for CH inspection of her
student model served as a trigger to realising how she might further improve, by more
detailed self evaluation. However, she also raised the question of whether more
comprehensive self evaluation might result in less peer interaction. This possibility merits
further consideration. If it is found to be the case for some partners, the benefits gained from
additional self evaluation need to be weighed against effects of reduced peer interaction, for
those pairs. CH felt that in their case, increased self assessment would not have led to reduced
peer discussion.



KD: 1 enjoyed doing the exercise and found it useful.
Many times I have done some work and I have
wondered how good my answers were, and how
someone else would have tackled the questions. I could
have asked of course, but it is not always easy, as some
people lose interest once they have done the work.
Sometimes I felt I would be taking someone's valuable
time, and also it is at times embarrassing to ask 'how
did you write...'

Comparing my own work with someone else's can
help me learn new ways of building constructions, how
to summarise, etc., especially as I cannot ask the tutor
every time I have a question, otherwise he would not
have time left to teach! Learning through a system like
peerISM means that I can learn at my pace without my
partner being present. I can read her answers as many
times as I like. Assessing her work makes me
contribute to her work as well as making me think.

In order to give feedback, I read my partner’s
answers, which I found impressive: a very good
summary, well chosen words, no unnecessary details. 1
then went back to my answers and compared them
with C’s and saw how I could improve my work, but I
felt I had to ask my partner a few questions first. Our
feedback led to a discussion between us, for example,
C had used ‘par rapport a’ and we talked about when to
use the expression. We also talked about how to find
the main idea in a paragraph, etc.

I feel that peerISM has enhanced my learning. For
example, my summaries were too long, too detailed,
and looking at C’s was a good model to follow. If I had
spent the same total time working alone, I would not
have benefitted as much because I could only have
compared my work to what I already know instead of
learning new skills.

My only reservation is that students assessing each
other should be of roughly similar ability.

Response when asked about tutoring:

KD: 1If I had tutored a partner, it would have been
useful to me in more than one way. It would have
allowed me to reflect on my work more than I usually
do so that I could explain it to my partner. It would
encourage communication between us and I would
enjoy helping her. If my partner was the stronger, [
would welcome tutoring, as for me the best way to
learn is by example and comparison. PeerISM allows
me to do just that. But I still feel I should also be able
to help her, as she might otherwise lose interest.

CH: 1 think that pair-work can be very fruitful, yet
often the problem seems to be that the partners do not
get enough time for reflection. There is usually time
pressure. Working with somebody face-to-face one is
also more hesitant with criticism perhaps: whilst one
would not dare to ‘offend’ somebody face-to-face, one
can write a more critical comment on the computer. In
this way peerISM does in my opinion bring down
unhelpful barriers on the one hand (i.e. being too
polite), and contributes towards constructive criticism
on the other. Peer[SM made me type my answers, gave
me time to view my partner's answers when it was
convenient for me, and took away immediate time and
peer pressure. This proved positive. Giving feedback
meant that 1 generally reconsidered the questions,
which consolidated my learning. I also had to evaluate
my own answers at least semi-consciously, compare
them with my partner’s and make a judgement
accordingly. I made amendments to at least one of my
answers on coming back to the work.

To look at somebody else’s work in this formal way
was a good experience. One can, of course, talk to
people about the work, and this is usually done in
conventional pair work. PeerISM seems to give the
starting point of taking an informal discussion a little
further: one has the work on paper first, i.e. everything
is very conscious and ordered, but perhaps not detailed
enough. One can then discuss each other’s work in a
more informed, and at the same time, informal, way. It
really makes one work that bit harder than in
conventional pair work.

I am a strong believer in 'real communication
between humans', and I realise that peerISM in no way
excludes this. K and I both felt the need to discuss our
input, especially where discrepancies arose. We did
this partly formally in front of the computer, and partly
informally over a cup of coffee. I think it was in part
writing the feedback, and partly receiving it, which
triggered our questions.

Working alone would not have been as useful: one
would not spend so much time on the work, i.e. one
would answer the questions once and not go back and
reconsider them. I think having a second opinion is
always helpful, even if only to reconfirm our own.

When I looked at my student model I realised I could
perhaps have used more self evaluation. When I write
an answer which is not a straightforward yes or no
response, and which is intended for someone else’s
consumption, I often want to explain the ‘hows’ and
the ‘whys’. I think this could be contained in a more
detailed self evaluation and might help subsequent
communication between partners. On the other hand, it
might make that very communication superfluous. In
our case, I think more detailed self evaluation would
have helped us make our argument more explicit, and
assisted our partner in giving feedback.

Fig. 3: comments from an HP-HP pair

5 The artificial peer

Chan [34] discusses roles for APs and HPs in combination, in Social Learning Systems.
Because of the situation which occured in the above student group, where four individuals
used peerISM, but their partner did not, an AP as an additional peer evaluator might be useful




to help overcome the peer availability problem. This could, in fact, be described here as an
uncooperative peer problem, since the non-users avoided the work in general: they did not
complete the initial individual stage (even on paper), thus there was no work for their partners
to give feedback on; neither did they provide feedback to their partners, who had done the
initial work. With an AP, the four students with non-user partners may have been able to gain
some benefit from peerISM without the need for a reliable HP.

The problem of non-users remains. It may be the case that some students gain less
from peer interaction, working better independently. The question then arises as to whether
there is any reason to try to enforce HP-HP interaction for such individuals [33]. However,
the 6 non-users in this group did not perform the final task at an adequate level. For such
students it might be helpful to encourage AP-HP interaction, as their motivation may increase
if they are able to benefit from giving and receiving feedback without having to interact with
an HP.

The AP, although less central in this context, may also be useful for HP-HP pairs as
an additional resource. Fig. 2 shows how differences between HP and AP feedback to an

individual might prompt learners to think about different issuesZ2.
6 Discussion and further work

This paper described peerISM, a domain independent system to encourage learner reflection
by collaborative peer modelling and self and peer evaluation. PeerISM may be used with a
human and/or computational peer. The AP differs from APs in most other systems in the
same way that the HP contributions to the student model differ from traditional HP-HP
collaboration: the HP and AP are not trying to collaboratively learn domain content provided
through the system, but are carrying out peer evaluations.

In the empirical work reported here, the student population split into those who
participated as HP-HP pairs and found the experience rewarding; those that were let down
because their partner did not participate; and those who were not highly motivated. From
these observations, we propose further research to investigate both the ways in which the use
of a simple AP affects the HP-HP interaction; the ways in which the AP influences an HP in a
situation where another HP cannot—or will not—participate; and the possible motivational
value of an AP for those who are poorly motivated to do even the off-line work.

An important issue to consider is the minimum necessary functionality of the AP.
The functionality could reasonably include: performing the tasks; commenting on HP perfor-
mance including generation of confidence values; negotiating a new assessment based on HP
response; changing the AP's own solution. The present AP can comment based on keywords
the teacher believes necessary for a successful answer, but this will not permit much negotia-
tion to occur, and such an AP cannot do the task. Current work is investigating the potential
for this additional role, to enable an HP to offer feedback when no HP partner is available.

Notes

1. AP is an artificial peer: it may or may not itself be capable of learning.
Fig. 2 shows the model comprising self, HP, AP and system contributions. It was amended from
one of the models of the successful pair, with AP evaluations added, and system comments
accordingly altered.
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