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Abstract 
 

Learning in a learning network tends to be 

taxing for tutors, mainly because of the 

heterogeneity of the student group. Moreover, 

online learners tend be ‘lone’ learners with little 

or no social contacts in the network. 

Traditionally, intelligent tutoring systems have 

been used to provide content related support to 

individual students. It is argued that these are 

not a sensible solution for learning networks as 

they are costly to set up and run, and do not 

solve the social isolation issue. An alternative 

solution, peer tutoring in ad hoc communities, is 

discussed. Although perhaps equally costly to 

develop, its running costs should be lower. 

Moreover, an ad hoc community is a first step 

towards better socially connections. And finally, 

peer tutoring is not a mere community chore, 

but a rewarding educational experience. 

 

1. Introduction 
 

Modern learning settings assume that 

students spend some of their time learning 

online. In that respect, they diverge from the 

familiar classroom-based, face-to-face learning 

situations that we are all so familiar with. But 

they tend to differ in more significant ways too. 

The advent of the knowledge economy and the 

individualisation of our society are two leading 

factors that underpin the increasing demand for 

flexibility: students want to be able to study at 

the place, time and pace of their own choosing 

(logistic flexibility); also, students are unwilling 

to submit themselves to pre-planned, rigid 

programmes but want their prior competences 

honoured and their specific study plans catered 

for (subject matter flexibility). To these kinds of 

online learning settings, we will refer as 

learning networks [1,2]. Learning and teaching 

in such a learning network has some unfortunate 

side-effects. First, missing the social structure of 

a class, students easily become socially isolated, 

‘lone’ learners [3]. Second, teachers who help 

students solve content related problems 

(‘tutors’) easily become overloaded [4,5,6,7]. 

Organising tutoring support for learning network 

based learners is problematic for at least three 

different reasons: 

• staff tutors are already busy [8] 

• tutoring online is taxing because the 

economy of scales that works in favour of 

traditional classes is absent: tutors have to 

repeat their explanations several times in 

slightly different variations in the e-mails 

they send; this is also referred to as the 

teacher bandwidth problem [9, 10] 

• online tutoring is also taxing because of the 

heterogeneity of the group; traditional classes 

are homogeneous with respect to age and 

prior competences. The whole point of 

online, networked learning is that these 

restrictions are removed; for a tutor, such 

heterogeneity poses an additional problem as 

he or she cannot reliably assume that a 

student has particular background 

knowledge. 

On the face of it, it seems you either recruit 

more tutors or accept a smaller tutoring effort 

per student. Both options are unattractive. The 

first one rapidly gets too costly and would lead 

to elitist education: only those who can afford to 

pay for a tutor will receive support. The second 

lowers the quality of education as is evidenced 

by an observation Bloom already made 1986: 

the difference between individually tutored 

students and traditionally tutored students is 

about 2 sigmas on any suitable achievement 

scale. It does so too because, as already 

mentioned, online learners are also lone learners. 

Without tutors they are entirely left to their own 

devices. This is detrimental because it reaps a 

student of the feedback he or she normally 

receives from his or her peers. It is also 

detrimental in so far as it runs against the grain 

of modern pedagogical insights, which stress 

collaborative and co-operative learning [11]. 

How to solve this problem, that is, how to 

provide tutoring that is both adequate and 

affordable? 



There are two different solutions we want to 
contrast here. The one, which has been available 
for some time already, suggests the use of a 
computer based tutor; the other, which we are 
currently developing ourselves, seeks to deploy 
peers as tutors. We shall describe both in some 
detail, including their weaknesses and strengths, 
and then provide arguments for why we chose to 
ignore the existing solution. 
 
2. Computer-based tutoring  
 

By computer-based tutoring we mean the 
replacement of the human expert (the tutor) by 
an expert system. Expert systems have been 
available for several decades. They are a class of 
computer systems that are capable of exhibiting 
intelligent behaviour, that is, harbour the ability 
to draw inferences from premises through 
logical argumentation. Expert systems that 
mimic the behaviour of human tutors are called 
intelligent tutoring (IT) systems, they provide 
customised feedback to students. Hartley and 
Sleeman described the requirements of such 
systems for the first time already in 1973 [12]. 
Intelligent tutoring systems rely on three 
different subsystems to compute their feedback: 
the expert model or domain model, the student 
model, and the tutor model.  

The expert or domain model contains a 
description of the behavioural repertoire of an 
expert in a particular knowledge domain. An 
example would be the kind of diagnostic and 
subsequent corrective actions an expert 
technician takes when confronted with a 
malfunctioning thermostat. The student model 
contains descriptions of student behaviour, in 
particular his or her misconceptions and 
knowledge gaps. An apprentice technician might 
for instance believe a thermostat is incapable of 
signalling too high temperatures to a furnace 
(misconception) or might not know about 
thermostats that also gauge the outdoor 
temperature (knowledge gap). A mismatch 
between a student's actual behaviour and the 
expert's presumed behaviour is signalled to the 
tutoring system, which subsequently takes 
corrective action. To be able to do this, it needs 
information about what a human tutor in such 
situations would do: the tutor model. 

An IT system is only as effective as the 
various models it relies on adequately model 
expert, student and tutor behaviour. If the expert 
model lacks behaviours that real experts carry 
out – for example checking for outside 
temperature gauges - it falls short as a domain 
model and the system as a whole is little 
effective as a tutoring device. If the student 
model lacks behaviours that actual students 
carry out, the system cannot provide feedback 

on them, again resulting in sub-optimal 
performance. The same conclusion holds if the 
tutor model provides inadequate or sub-optimal 
feedback. Parenthetically, this could have two 
different reasons. The feedback could not 
address the knowledge mismatch or it could 
address the mismatch but do so in pedagogically 
inadequate ways. In either case, the system ill 
performs. This shows that building an intelligent 
tutoring system needs careful preparation in 
terms of describing the possible behaviours of 
experts, students and tutors. This description, 
furthermore, needs to be done in a formal 
language in order that the computer may process 
the information. After all, it needs to draw 
inferences from these descriptions to produce 
the feedback.  

If the IT system finds some student behaviour 
to match the category ‘misconceptions’, it 
should consult its domain model and somehow 
infer what the correct conception should have 
been. Then, it needs to feed the observed student 
behaviour and correct conception to the tutor 
model and decide what advice to give to the 
erring student. So simply a description is not 
enough, the knowledge contained in the models 
should be structured and linked to an inference 
engine. It is the inference engine that produces 
the actual feedback from the tutor model by 
processing the available information on the 
student's observed behaviour and the student's 
target behaviour as laid out in the expert model. 

The costs to develop such a system are high. 
They consist of the building of the three models 
and the inference engine. Although descriptive 
languages and exemplary inference engines 
exist, actually describing how an expert behaves 
and what he knows, the various courses of 
action a student may take and the subject matter 
related and pedagogical knowledge of a tutor is 
a tall order (but see [13]). Once this has been 
done, the costs of running an intelligent tutoring 
system for some domain may appear relatively 
low. However, typically, user will want 
alterations and extensions to be made, in the 
domain knowledge, in the teaching materials, or 
in pedagogical insights. Such modifications 
require updating the expert, student and tutor 
model. And this is the work of both content and 
software experts, which makes it costly. So the 
costs of running an intelligent tutoring system in 
any realistic situation will be high too. Third, by 
their very nature (Computer-to-Person 
interaction) intelligent tutoring systems do not 
address the problem of the lone learner: they 
provide customised support to a specific user. At 
no stage, other users are involved.  

In summary, intelligent tutoring systems 
address the work overload and teacher 



bandwidth problems, albeit at high costs; but 
they do not  address the lone learner problem. 

 
3. Peer tutoring 
 

An entirely different solution still makes use 
of the computer. However, rather than 
employing it to resolve a student's support issue 
by direct interaction with the student, it will 
work in the background and arrange an online 
meeting of peers - the student who asks the 
question together with some of her fellow 
students - to have them jointly resolve the issue 
(Person-to-Person interaction). The claim is that 
this approach is both pedagogically and 
financially more attractive. 

Suppose some student, call her Ann, during 
her studies stumbles upon a problem she cannot 
solve on her own. Furthermore, suppose a 
computer application points her to a FAQ entry. 
Any technique, it seems, that computes in real-
time the semantic similarity between her 
question and a set of FAQ entries can be used to 
accomplish this. However, one should be careful 
not to use an application that solely relies on key 
word matching. Being a student, Ann is likely 
not versed in the proper use of the domain 
terminology. So there is a fair chance she will 
phrase her question using words that do not 
occur in the FAQ. Algorithms that rely on 
keyword matching only, will not produce a 
match between her question and a FAQ entry 
[14, 15]. 

 However, techniques exist that rely for their 
search on latent semantics rather than the overt 
semantics of keywords. Framing a question 
about thermostats using the terms ‘furnace’ and 
‘temperature gauge’ only, will still lead to 
documents about thermostats provided the terms 
‘thermostat’, ‘furnace’ and ‘temperature gauge’ 
frequently co-occur in documents. As this kind 
of analysis relies on a document's latent 
semantics, the technique is called Latent 
Semantic Analysis (LSA) [15, 16]. So with 
LSA, Ann stands a better change of being 
pointed to a relevant FAQ entry. However, this  
only pushes the design problem one step further: 
where does the FAQ come from in the first 
place? Masterton [14] describes how FAQ 
entries are being (pre)compiled by human tutors 
in reaction to or even in anticipation of students’ 
problems. He also describes the amount of effort 
involved in this. This kind of set-up thus will not 
solve the teacher bandwidth problem. 

Ann might also look to her fellow students 
for help. The larger the learning network 
community, the better chance she has of actually 
finding someone able to help her (‘weak ties’, 
cf. [17, p.147]). But now the question becomes 
how to find these peers. Simply broadcasting a 

question to the learning network at large will not 
do. Learning network users will rapidly be 
swamped with messages and choose to ignore 
them all [18]. Indeed, such an approach might 
actually backfire in that ignorant people provide 
answers, rather than knowledgeable ones [17, p. 
148]. Ann should approach only those peer users 
that are sufficiently competent contentwise to 
answer her question and are indeed available to 
do so (given sensible time-constraints). LSA can 
be used to find such tutors. By matching tutee 
Ann's question to course documents using LSA, 
it becomes clear on what courses, or even 
paragraphs in courses, the analysis scores high. 
Those students who have completed such high 
scoring courses - as is evidenced for instance by 
their e-portfolios - are considered competent 
peer tutors. However, not all peers thus 
identified should be eligible. Due to the 
hierarchical nature of learning materials (to 
study course A you should have completed 
course B and C, and so on and so forth), only 
few users will be competent tutors for many 
courses, and many users will be competent 
tutors for few courses only. In order to avoid 
overloading the few widely competent tutors, 
only those peers are eligible to act as tutors for 
Ann who are incapable of tutoring courses much 
higher up in the content hierarchy [3].  

Furthermore, merely sending Ann's question 
to the thus selected peers would probably not be 
sufficiently pressing or engaging. It would be all 
too easy for them just to ignore the request; after 
all, without any form of social control 
mechanism what do they stand to loose other 
than being considered unkind? This is where the 
notion of an ad hoc transient community comes 
into play. The thus selected tutors will be invited 
to participate in a joint wiki, of which also the 
tutee becomes a member. The original question 
is uploaded to the wiki. Furthermore, the wiki is 
seeded with those paragraphs that exhibited the 
highest similarity with the original question.  

The use of a wiki has several benefits. It 
lowers the threshold for the peers actually to 
contribute to the answer since it suffices to edit 
existing texts, rather than to formulate 
something entirely new from scratch. And as 
wikis have strong version control (a ‘history’), it 
is easy also for the tutors to go back to earlier 
versions, if they so wish. The tutee can, while 
witnessing an answer emerge, even rephrase her 
question slightly. Remember that being a novice, 
she is likely not to use the appropriate 
terminology. Furthermore, since the peers are in 
a collaborative environment, there is an element 
of social control that makes non-participation 
more difficult [3]. 

So this kind of a set up should get many of 
the content related questions students ask, 



answered by their peers. Obviously, there still 
will be questions that only a staff member can 
answer, but nevertheless a significant reduction 
of staff workload can be achieved. And there are 
other benefits on the side. Peer tutoring turns out 
to be an activity from which not only the tutee 
profits but also the peer tutors themselves [19]. 
So providing support to peers is not merely an 
act of altruism. Through the ad hoc community 
that has arisen around the wiki, social ties could 
be forged between the participants. In a learning 
network that consists of many, lone learners this 
matters. The lone learners – tutee and peer tutors 
- now have an incipient social network they can 
turn to in the future. This too makes the act of 
providing peer support less than purely 
altruistic. Both facts make it more likely that 
peer support will indeed be given and a wider 
and prospering online community arises [20]. 

Clearly, developing a system like this 
requires significant investments upfront, 
particularly in creating the software that is 
needed to run it. However, once the system is in 
place, the costs of running it should be low. The 
nature of the LSA tool makes it easy to, change, 
add and remove documents, be they courses or 
student portfolios. Little preparatory work is 
needed and a lot of it can be taken care of by 
helper software [16].  

In conclusion, the use of LSA in the context 
of ad hoc  transient communities has the promise 
to solve the teacher bandwidth and lone learner 
problem, and do so affordably. 
 
4. Conclusions 
 

This paper noticed that learning in learning 
network-like environments, that demand 
flexibility in a logistical and subject matter 
sense, has two unwanted side-effects: students 
easily become lone-learners for whom adequate 
support can be arranged only at unrealistically 
high costs. Two possible solutions were 
suggested: intelligent tutoring (IT) systems and 
peer tutoring in ad hoc transient communities. 
Which one is best able to address the problems 
that arise in a learning network?  

Clearly, an IT system by its very nature 
mediates between an individual student and an 
expert system. Although the expert system 
contains the collective expertise and knowledge 
of many people, in its interaction with the 
student the system reveals none of this. For all 
the student knows, it behaves as kind of search 
engine, be it clever one, that admits questions in 
natural language and churns out answers in 
natural language. Although this may have the 
looks of a person-to-person interaction, students 
should not be led to believe this (and probably 

won't be fooled into believing so either). In 
short, they are lone learners and remain so.  

Assuming that the IT system is well designed 
and built, it will be able to solve students' 
questions. However, the development costs are 
high and so are the exploitation costs in realistic 
situations. The high development costs can only 
be recouped if large numbers of students use the 
system. This limits their applicability to domains 
in popular demand. But the whole point of 
casting education in terms of learning networks 
is that one will have to cater for highly 
heterogeneous demands, that is, for small, varied 
groups, even if the learning network as a whole 
may harbour many people. In line with this, the 
demand is expected to rapidly change over time, 
necessitating quick and costly modifications. So, 
IT systems can only solve the support problem 
in learning networks at a high cost. But that was 
the problem we started with. In conclusion then, 
IT systems when used in the context of a 
learning network cannot solve either problem. 

By its very definition, peer tutoring in ad hoc 
communities works through the invocation of 
fellow learners. Although the interaction 
between the question asking tutee and answer 
providing peer tutor is mediated through 
asynchronous communication means (the wiki), 
some sort of contact has been established. To the 
extent that mediated communication approaches 
the richness of face-to-face contacts, the lone 
learner problem is tackled. So if a tutee-learner 
were to rest content with the communication via 
the wiki, a relatively poor interaction in social 
terms would take place. But now the learner 
‘knows’ some of his peers and there is no reason 
why he couldn't lift the interaction to a higher 
level (unless a peer has indicated to not want 
this and the learning network condones such 
behaviour). So the learner could engage in an e-
mail exchange, or a synchronous audio chat 
session, for example to ask advice on another 
matter. It seems then that the problem of the 
lone learner can be tackled, albeit to the extent 
that both parties to the social interaction consent 
to that. However, this proviso can hardly be seen 
as a limitation of social interactions in the 
context of a learning network, as the same 
restriction applies to ordinary, off-line social 
interactions. 

In summary, then, LSA supported peer 
tutoring in ad hoc communities has much to 
offer, both in terms of what is sets out to do – 
support help seeking students – and in terms of 
sowing the seeds of a social structure in a group 
of lone learners. It should be noted at this 
juncture that this conclusion does not mark our 
final words about peer tutoring. First, having 
adequate domain expertise does not make one a 
good tutor. Near tutors - those who are similar to 



their tutees in expertise level - use more concrete 
statements during their interactions with the 
tutee than distant tutors, who convey more 
abstract and advanced concepts [21]. So what 
constitutes a good tutor also depends on the 
tutee’s learning goals. Second, peer-tutoring 
becomes more effective if it is structured:  
providing the tutors with probing questions, 
review questions, or hints helps them better to 
guide the tutee's learning process [22]. The 
tutors themselves appear to profit from this too 
[23]. Clearly, from a pedagogical point of view, 
setting up an infrastructure to forster peer-
tutoring marks the beginning of a line of 
research, rather than its end-point. In future 
work, we intend to address these and similar 
questions within the context of ad hoc, transient 
communities. 
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