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Abstract. A growing body of evidence suggests that it is un-
wise to make the a-priori assumption that university students
are ready and eager to embrace modern online technologies
employed to enhance the educational experience. We present
our opinion on employing Wiki, a popular Web 2.0 technol-
ogy, in small student groups, based on a case-study of us-
ing it customized to work as a personal learning environment
(PLE1) (Fiedler and V̈aljataga, 2011) for supporting thesis
research in hydrology. Since inception in 2006, the system
presented has proven to facilitate knowledge construction
and peer-communication within and across groups of stu-
dents of different academic years and to stimulate learning.
Being an open ended and egalitarian system, it was a min-
imal burden to maintain, as all students became content au-
thors and shared responsibility. A number of unintended uses
of the system were also observed, like using it as a backup
medium and mobile storage. We attribute the success and
sustainability of the proposed Web 2.0-based approach to
the fact that the efforts were not limited to the application
of the technology, but comprised the creation of a supporting
environment with educational activities organized around it.
We propose that Wiki-based PLEs are much more suitable
than traditional learning management systems for support-
ing non-classroom education activities like thesis research in
hydrology.

1Here we use the term PLE to refer to the conceptual framework
to make the process of knowledge construction a personalized ex-
perience – rather than to refer to the technology (in this case Wiki)
used to attempt implementing such a system.

1 Introduction

With the rapid-phased entry of information and communica-
tions technology (ICT) into our lives, spearheaded by world
wide web (WWW), the way we communicate, entertain and
educate ourselves has changed dramatically over the last
two decades. Educators assumed that the embracing of ICT
by general public, particularly the young, has profound im-
pacts on how the process of learning happens in formal en-
vironments like universities. Prensky (2001), in his much-
commented article, proposes: “the differences between our
Digital Native students and their Digital Immigrant teachers
lie at the root of a great many of today’s educational prob-
lems”. In the early stages of the “ICT in education” debate,
it was claimed that today’s university students are “... active
experiential learners, proficient in multitasking, and depen-
dent on communications technologies for accessing informa-
tion and for interacting with others” (Oblinger and Oblinger,
2005; Bennett et al., 2008). However, many educators have
questioned the validity of this assumption (Bayne and Ross,
2007; Bennett et al., 2008; among others). For example, the
fact that the age group of 16–18 has been the dominant users
of social networking does not necessarily translate into a
more technology focused learning style at university stage
(JISC, 2007).

In this context, we believe that ICT and WWW technol-
ogy, particularly participatory web (Web 2.0), has to be em-
ployed in education with caution, without pre-conceived as-
sumptions as regards to fitness-for-use in a particular do-
main and with an open empirical approach. In this paper,
we present a case-study during which we applied a Web 2.0
technology (Wiki) to create a personal learning environment
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(PLE) to foster collaboration and learning in students en-
gaged in master’s level research in hydrology. We discuss
the nature of the approach compared with traditional learn-
ing management systems (LMS), its challenges, proven ben-
efits and the issues we encountered during its implementation
over a five year period (2006–2011). We also extrapolate the
findings to suggest other uses of the tested system in educa-
tion.

2 The problem

2.1 Thesis research in hydrology at UNESCO-IHE

Studies on water are a multi-disciplinary problem: it has long
been accepted that the science on which responses to present
and future global water problems must be based does not fall
within the purview of a single discipline but rather is mul-
tidisciplinary and transdisciplinary (Jury and Vaux, 2005).
Most UNESCO-IHE thesis projects focus on problems that
are of immediate practical importance and impact on human
societies and the environment in a multitude of ways. This
nature of our work challenges the students to venture into
new areas not necessarily covered during coursework and to
master them, sometimes even before starting the real appli-
cation work. Taken along with the challenge of finishing the
thesis project within the standard six months period, this im-
parts pressure both on the student and the supervisor and de-
mands innovative didactic approaches.

Every year between 150 and 200 students enter UNESCO-
IHE as candidates of water related master’s degrees. This
is arguably the largest post graduate program on hydrology
(in its broad sense) in the world (http://www.unesco-ihe.org).
Students generally follow taught courses for a year and con-
duct research leading to a master’s thesis during a period
of six months. While the two phases are integral parts of
the same degree programme, the skills needed from the stu-
dents as well as approaches demanded from the faculty are
quite different in each. As an organization UNESCO-IHE
has identified the need of continuously improving the learn-
ing environment it provides to the students (Pathirana et al.,
2012; Uhlenbrook and de Jong, 2012). A need to foster im-
proved supervisory practices in thesis research has been iden-
tified in many graduate schools in the world (Acker et al.,
1994; Aspland et al., 1999) and UNESCO-IHE also contin-
ues to strive to improve the effectiveness of the graduate the-
sis supervision process. The background of our students (see
below) makes it important to pay even more attention to the
process of conducting and supervising thesis research.

The majority of students of UNESCO-IHE are mid-career
professionals who have been working in the sector (indus-
try, government, academia, etc.) for at least two years (of-
ten much longer) after their bachelor’s degree. Some stu-
dents have produced an undergraduate thesis, but for many,
the master’s thesis at UNESCO-IHE is their first encounter

with scientific research. The “distance” of memory of earlier
university days also makes it difficult for some students to re-
adjust to a life of formal learning and research – while a prob-
lem equally valid for coursework, it is felt more severely dur-
ing the thesis period, when the students work on their own in-
dividual research project. Wide variations in competency lev-
els in supporting skills like computer literacy (e.g. program-
ming) within a single batch of students have also been no-
ticed. Identifying this various preparatory activities are rou-
tinely organised (e.g. classes on literature search, computer
programming, technical writing, etc.). However, the fact re-
mains that we need and want to continuously and vigorously
improve the process of thesis supervision process.

2.2 A Theory Y environment

In the sixties, management psychologist McGregor (1960)
identified two styles of management that he coined as The-
ory X: which assumed that the authorities had to actively di-
rect the elements of productive enterprise without which the
employees would be passive and even resistant to organiza-
tional change and Theory Y: which assume the employees
seek and accept responsibility and the satisfaction of doing
a good job is a strong motivation. Biggs and Tang (2007)
proposed that the idea of Theory X and Theory Y climates
transfer readily into the classroom. In this context Theory Y
implies that students do their work best when given free-
dom and space to use their own judgement and that the bu-
reaucratisation of the classroom is counterproductive for ef-
fective learning. This view gained popularity among educa-
tors during the last decade and is quite consistent with the
theory of constructivism (see below) (Dawson, 2010). The-
ory Y approach has been shown to be quite successful in
team building where individuals work is related and depen-
dent upon their peers (e.g. Software engineering, Birkinshaw
and Crainer, 2008). A brief look at the diverse nature of prob-
lems addressed in thesis research in water at UNESCO-IHE
and the inter-linkages among research problems, approaches
and techniques within a group of students suggest that it is
a “Theory Y” environment that is desirable (even more so
than in the classroom education) because such an atmosphere
could stimulate both individual research and teamwork.

2.3 Thesis research and social constructivism

Constructivism, a broadly accepted theory on education
states that humans learn by “constructing” knowledge in cog-
nitive (personal process) and social (interaction with peers
and teachers) domains (Powell and Kalina, 2009). Many
studies have shown the benefit of Web 2.0 in the construc-
tivist framework in classroom and distance education (Parker
and Chao, 2007; Ullrich et al., 2008; Kawka, 2011).

In the context of thesis research, both cognitive and social
constructivism theories can play a supplementing role. The
“typical” thesis research process that includes interpreting
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literature and positioning it in one’s own framework, plan-
ning and executing laboratory or numerical experiments, in-
terpreting results, etc., places it somewhat in the cognitive-
constructivism domain. However, this can be effectively sup-
plemented by activities that favour social constructivism. Ex-
amples are effective peer-communication, accessing others’
knowledge and improving on this and (informal) peer-review.

While Web 2.0 (Sect. 2.4) can help in both these domains
(Conole, 2008), it is the social aspects of the constructivist
learning that can benefit most. The area of social construc-
tivism known as “cooperative-learning” states that learning
emerges through interaction of individuals with other in-
dividuals as individuals exercise, verify, solidify, and im-
prove their mental models through discussion and informa-
tion sharing (Lin and Hsieh, 2001). It is in this context that
Web 2.0 really shines. For example, the participatory web
provides a solid foundation for active participation. Web 2.0
tools also provides building blocks for an environment that
enables multiple forms of support, as it allows people to con-
nect, interact and share ideas effectively (Ozkan and McKen-
zie, 2008).

2.4 A suitable web-based system

The varied nature of thesis projects and skill sets needed
make their activities, elements, milestones and goals quite
unique and non-generic. We wanted to use web-based tools
to activate peer-learning, which has been proven to be one of
the most effective strategies in education (Biggs and Tang,
2007, p. 96, pp. 118–119). The basic requirements of the
web-based system we envisioned for supporting a Theory Y
learning Environment were:

– Could hold most (if not all) documentation (including
multimedia content) related to each thesis project.

– Beginner friendly scheme where (accidental) destruc-
tion of information is virtually impossible.

– Highest possible degree of autonomy for the user.

– Controlled-entry to the system (not open to public) so
that users feel comfortable having “work in progress”
on it.

– Unrestricted access to all work (documents, computer
programs, data, etc.) by peers in the group for the pur-
poses of evaluating, learning from, and adopting for new
purposes.

– A good search system and linking scheme so that the
students can construct knowledge based on existing
knowledge (Biggs and Tang, 2007, pp. 92–93).

Further we wanted to promote the following principles:

– Collaboration and team work which is very important
for good research outcomes as well as an antidote to the
inevitable stress of rapid-phased scientific research.

– Healthy competition among students to excel in their
work.

– Users not being restricted in the way they express them-
selves on the system – so that their creativity is not re-
strained.

We already had access to two LMS systems, namely the in-
house “i-learning environment”, which was the primary LMS
of UNESCO-IHE at that time and a private Moodle instal-
lation used for experimentation. One of the challenges of
adopting LMS for our purpose was to allow for the neces-
sary freedom within the system. By necessity LMS are ver-
tically integrated systems whose collaborative functions are
secondary (e.g. Moodle has the ability to incorporate Wikis
within a course). We decided to look beyond LMS.

2.5 Web 2.0

The term Web 2.0 is an example of a name preceding the def-
inition: the term Web 2.0 started appearing in online sources
largely since 2006, but even a year later, there was a large
disagreement over what it exactly meant (O’Reilly, 2007).
Tim-Barnes Lee, the inventor of WWW called it just a “piece
of jargon”, on the grounds that what it tried to achieve was
exactly the initial objective of the WWW – a collaborative
medium where everyone could “read and write” (Laningham,
2006). However, today the term “Web 2.0” represents an ap-
proach that is user-centric, collaborative, decentralised and
dynamic in knowledge building and sharing. The possibil-
ity for everyone to potentially participate in contributing and
improving content is the key feature of Web 2.0 that we em-
phasize and exploited in the present experiment.

Web 2.0 is widely used in education today. Conole and
Alevizou (2010) provides a detailed review of the practice
in the Higher Education sector of the UK. There are numer-
ous examples of applications of Web 2.0 in different fields of
higher education (Luo, 2010; Kim et al., 2010; among oth-
ers), each of which used one or several of the multitude of
Web 2.0 features. For example Luo (2010) focuses on the
power of Wiki systems in creating validated contents while,
Cochrane and Bateman (2010), describes the use of rich-
content (e.g. multimedia) in mobile media like Smart phones.

In the context of the current article, the focus has been on
a few features of Web 2.0 namely, user centeredness, lack of
hierarchy, dynamism and informal peer-review.

2.6 LMS and Web 2.0

Many universities today have a learning management system
(LMS) that works as the primary content management sys-
tem (CMS) for education (Popular implementations include
Moodle, Blackboard and Chamilo). By nature LMS are verti-
cally integrated and institutionally centralized (Mott, 2010).
They are hierarchically managed, with careful access-control
and have a strong structure. Web 2.0 tools (e.g. Wiki) are, on
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the other hand, loosely connected, highly-dynamic, decen-
tralised systems. There are arguments that flexibility, porta-
bility, adaptability, and openness make Web 2.0 tools far su-
perior to the LMS as a teaching and learning platform. It is
important to understand that the two approaches are essen-
tially two convenient locations on the continuum from steep
hierarchy to user-centeredness.

A good analogy is the difference between a corporate web
site and Wikipedia. By necessity, a corporate web site makes
users essentially readers. This does not mean that users are
not allowed to interact at all. They may be allowed to provide
feedback, participate in (often moderated) blogs and chat
rooms. However, the essence of the design is one of tight-
control and hierarchy. One the other hand, on Wikipedia ev-
ery single user is allowed to create and edit content and par-
ticipate fully and completely in the construction of knowl-
edge. Again, this does not mean that there are no entities
who are “more equal than others”. For example on Wikipedia
there are (volunteer) editors who keep lookout for content
vandalism and there are mechanisms (though not completely
foolproof) to block blacklisted users from editing content.

There are convincing arguments for supplementing LMS
with PLEs. For example: “Although the LMS needs to con-
tinue serving as an enterprise CMS [course/content manage-
ment system], it also needs to be a student-cantered appli-
cation that gives students greater control over content and
learning. Hence, there is continual pressure for the LMS to
utilize and integrate with many of the Web 2.0 tools that stu-
dents already use freely on the Internet and that they expect
to find in this kind of system. Some educators even argue
that the next requirement is a PLE that interoperates with
an LMS” (Agee et al., 2009; as quoted by Mott, 2010).

2.7 The Wiki way

One of the obvious candidates for the web-based system
was a popular Web 2.0 tool – Wiki (Leuf and Cunning-
ham, 2001; Parker and Chao, 2007; Svinicki and McKeachie,
2011, pp. 235–266). Salient features of a Wiki are (a) a Wiki
invites all users to edit any page or to create new pages; (b)
promotes meaningful topic associations by linking content
within the system and with external resources (and; c) ex-
ist comfortably as an on-going process rather than a finished
product.

There have been numerous attempts to employ Wiki’s
in higher education – some successful, others not.
Kawka (2011) reports a four-year long experience in attempt-
ing to introduce Wiki to a first year university course. The au-
thor documents initial problems due to unfamiliarity of both
students and the teacher with the Wiki approach. They em-
phasize the need for providing a good “scaffolding” support
for the students in order for them to not to feel lost. Ebner
et al. (2008) attempted to create a Wiki based on volun-
tary contributions. No student contributed to the Wiki though
many used it passively, and a subsequent survey indicated

that the majority of the students saw it as a complicated, time-
consuming or useless task to contribute to the Wiki. They
concluded that application of the Wiki in an educational set-
ting is much more complicated and “it needs more time to de-
velop a kind of “give-and-take” generation”. Cole (2009) re-
ported a failed attempt to introduce Wiki into the subject mat-
ter of a third year undergraduate module in the Brunel Uni-
versity, UK. One of the interesting findings from this study
is that while students are willing to do passive activities on-
line (viewing, reading), when it comes to active contribution
(writing, uploading) they are reluctant for various reasons.
We discuss our experience on this point later in this paper.

In the recent literature suggestions have been made on us-
ing Wiki as a tool for managing research groups and (student)
research projects (Sauer and Bialek, 2005; Duffy and Bruns,
2006; Parker and Chao, 2007; Li et al., 2010; among others).
However, there is little empirical observation on how these
work in practice in the research group/project context.

By the end of 2006 there had been a proliferation of Wiki
frameworks to choose from. We selected MediaWiki the
open-source software Wikipedia runs on (Wikipedia, 2011;
Barrett, 2008). We already had some experience in using
MediaWiki for non-standard uses (Pathirana, 2006a, b). The
major modifications have been done to prevent content from
being open to the public (password protection) for reading
and editing. Technically this has been a simple objective to
achieve (Pathirana, 2006b; Barrett, 2008). We implemented
the system on a dedicated Linux server hosted in-house. The
technical requirements of maintaining the system have been
minimal. We performed upgrades to the Wiki software and
the LAMP-stack (Linux operating system, Apache HTTP
Server, MySQL database software and PHP language) ap-
proximately once a year, due to security concerns. Other than
that there was no technical burden running the system during
the five year period. Due to the non-public nature of the so-
lution, security concerns are also not nearly as high as public
web services.

3 A five-year experiment

The Web 2.0-based system (see Fig. 1) was first introduced
to the students on 22 December 2006. The selected group of
students were from the department of urban water and sanita-
tion. Every year in September (when the students are about to
start their research) the system was opened to a new group of
students as follows: First, a two-hour tutorial was conducted
to introduce the system and guide the users through the ba-
sic use (reading, searching, editing and content uploading,
internal and external (web) linking). After that each user was
issued a password to access the Wiki. The users were asked
to do the following throughout their thesis period:

– Every student maintains their own user page where pri-
mary information on the thesis project is kept. However,
the user can create any number of other pages if needed.
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Figure 1: The top portion of a user page (A Student from 2007-2008 group).  
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Fig. 1. The top portion of a user page (A Student from 2007–2008
group).

– Before each meeting with the supervisor, each student
should either write down or upload the material for the
discussion (e.g. a computer model for review, a sum-
mary of a research article read or a description of a
case-study). After meetings students were encouraged
to write a summary of the meeting.

– Whenever students make presentations, they upload the
slides to the Wiki.

– Access other students’ pages for reference material and
comment on them.

– Resources like model configurations, computer pro-
grams, data, etc. are kept uploaded in the system.

3.1 A process more than the product

We emphasized the importance of seeing the Wiki as a pro-
cess rather than as an end product. Students have been en-
couraged to create content that describes “products” that are
not yet complete (e.g. Ideas that need further thinking, Mod-
els with problems running, computer programs needing more
improvement, draft versions of presentations). This was a dif-
ficult habit to cultivate and needed frequent reminders. For
example it had been common for students during their first
few months to resist uploading a presentation because “it is
yet to be shown to the supervisor”.

3.2 Linking knowledge

One of the distinct advantages of using a Wiki is the ease with
which related information could be linked. External links can
be created to various WWW resources. Internal links can be
made to other pages or specific locations of those pages. We

employ internal links for three main purposes: (a) linking to
“authoritative sources” (e.g. a tutorial created by a user and
peer reviewed); (b) linking to past work (e.g. a related thesis
project done in a previous year); and (c) organizing informa-
tion in “meta-pages” (e.g. a page listing all the projects of
year 2008).

3.3 A supporting environment

A mere technical framework would not have achieved our
objective-principles of healthy competition and teamwork,
leading to effective learning (Smith 2008, p. 58; Kingston
et al., 2012). The planned regular educational activities re-
volved around the Wiki and reinforced these principles. On
average at biweekly frequency, group meetings have been or-
ganized where all students presented their research progress
and discussed the problems. All students were encouraged to
think about their colleagues’ problems and suggest possible
solutions. In almost every meeting one or two students were
invited to make longer (15–20 min) presentations on their re-
search achievements. All these meetings were organized in a
very informal setting, more like platforms for “thinking out
loud” and exchanging ideas than to deliver formal presen-
tations. More often students presented problems and issues
than solutions and invited peers to suggest solutions.

Most of the students in these groups were involved
in mathematical modelling of urban hydrological/hydraulic
problems. Many of the highly-recurrent issues were of a tech-
nical nature: (a) issues to do with computer programming;
and (b) advanced use of modelling software. Since 2007,
an annual four-day seminar on advanced computer program-
ming (known as “programming boot camp”) has been con-
ducted. The entire learning resource (a self-study tutorial of
around 90 pages and numerous case-studies) of this activity
had been developed on the Wiki system with the collabora-
tion of students. Every year we solicited the contribution of
the students to enlarge and improve this material.

There have been many technical issues related to mod-
elling that were common for many research projects (one
typical example being how to programmatically link an ur-
ban hydrological model to an optimization algorithm and a
simple financial model). In these situations we reaped max-
imum benefits of having a Wiki system. Typically a teacher
helps a student to solve this problem. Then we invite the stu-
dent to author an article on the Wiki on how to solve the
particular problem. The future students were simply guided
to the article and were asked to improve it as they solved their
own (related) problem.

On many occasions a number of master’s research projects
are being planned in sequence: a thesis completed in a given
year may feed in as the starting point of a thesis in the next
year. As an example: the first thesis focuses on the devel-
opment of a coupled 1-D/2-D hydraulic model suitable for
modelling urban flood inundation problems. In the second
year a student would use the model to couple it with an
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optimization algorithm to solve a risk-based urban drainage
design problem. The Wiki provided a natural framework of
continuity for such situations. The second student would start
off by linking the resources from the predecessor to their own
page, reviewing them and understanding how they work (all
these steps are recorded on the Wiki).

The membership of a user is not revoked after the user
leaves the institute. Many graduates continue to access the
Wiki as a resource to refer to their own research work and to
those of the colleagues, which may help solve some current
problem.

There are no restrictions on what a user can do inside the
Wiki. Everyone can edit any page, add new pages or alter any
material. The system is based on trust – everyone respect-
ing the guidelines. However, everything that is being done
on the system has been recorded, so that if a mistake hap-
pens (e.g. deleting a page, uploading the wrong document) it
is extremely easy for others to correct it. We follow the op-
erating principles of Wikipedia. While this may sound like
a risky policy, it becomes a manageable one due to two rea-
sons: the robust version control system in MediaWiki pro-
vides the means for any user to see and restore any version
of a document that is online. For example if student A up-
loads their thesis and student B “overwrites” that by upload-
ing some unrelated document, any user of the system can “re-
cover” the old document just by a few mouse clicks. During
the reported five year period, not a single incident of vandal-
ism happened. There were several unintended incidents of
overwriting documents, but they were immediately corrected
by a user.

3.4 The growth of the system

We have collected statistics on the use and growth of the Wiki
over the five year period (2006–2011). Every year around ten
to fifteen students are being added to the system (see the Sup-
plement), currently we have 89 accounts, including the teach-
ing staff involved. There has been almost a linear growth
of content (see the Supplement) over the period resulting in
around 2500 different pages as of November 2011. As shown
in Fig. 2, the user activity shows a bimodal annual pattern,
which can be explained with the nature of the progress of
a typical thesis project. The first peak (September–October)
signifies the starting period of the thesis where students pre-
pare a proposal, do a literature survey (they upload all their
literature to the Wiki) and defend the proposals. The second
peak (January–March) is the period when many students ob-
tain significant results (which they upload to and discuss in
the Wiki), write the bulk of the thesis (again, they keep all
the work in progress as well as the final copy on the Wiki)
and prepare for the defence. Currently the system achieves
around 2800 files in total size about 24 GB of data (see the
Supplement).
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Fig. 2. Monthly breakdown of new pages and edits (top). Activity
report for a single user (A student from the group 2008–2009) (bot-
tom).

3.5 Evidence for cross referencing

One of the important goals of the Wiki system is to encourage
subsequent users to refer to already completed work. In order
to demonstrate this use of the system, we present the cases of
two students:

Student A did research from September 2008 to
April 2009, on “Optimal Planning of a Water Distribution
Network for the Developing World using Criticality The-
ory”, using a case study fromMinneriya town, Sri Lanka.
Large amounts of data from the study site, which included,
hydraulic properties of the water distribution system and ma-
terial and other asset data (including failure information) of
the network assets, were collected by the student. A new cal-
culation algorithm for improved simulation of drinking water
networks under sub-optimal operating conditions was devel-
oped. Later, a number of students based their thesis work on
these two sources, namely, the data and the new algorithm.

Student B developed a Multi-Objective optimization
framework for her research entitled “Development and Ap-
plication of Urban Flood Risk Management Decision Sup-
port Tool using Multi-Objective Optimization”, by integrat-
ing a 1-D dynamic flood simulation model with an efficient
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multi-objective optimization algorithm (October 2008 to
April 2008). Several students subsequently utilized her
framework as the basis for their own flood related optimiza-
tion work.

Figure 3 shows the number of page and file downloads
from those two user’s pages in the period March 2010 to Jan-
uary 2012. This figure shows one of the important aspects
of the system, namely, how students use their predecessors’
findings as the basis for their own construction of knowledge.

4 Emergent uses of the Wiki

The primary and intended use of the Wiki system has been
to serve as a platform of academic information construction
and sharing. The system increased the efficiency of both the
students and the faculty involved in the supervision. At the
same time, some atypical uses of the system also emerged
over the years.

4.1 A medium of backup

Keeping regular backups of work in progress has been an im-
portant task, often forgotten by computer users. From the be-
ginning it has been observed that some students started using
the Wiki system as a convenient place to keep a backup copy
of their work in progress. Later this was actively encouraged
and some barriers for such use (e.g. limit of maximum up-
load size) have been removed. One of the salient features of
the practice being the fact that making backups became a part
of regular work and communication with their peers (e.g. up-
loading a draft of the thesis serves the dual purpose of sharing
it with your group for comments as well as its safe-keeping).
Recognizing the importance of this role, we started making
off-site automated backups of the entire Wiki, making it one
of the safest places in the institute to store information.

4.2 A permanent archive

Every student has been asked to keep a digital copy of their
draft-thesis and the full set of working data and techniques
on the Wiki during the entire period of finalizing their work.
Without any extra effort, the final snapshot of these materials
is being left on the system when the student leaves the insti-
tute. Very soon the Wiki became the primary source for the
supervisors involved and subsequent students to find reports
and material on past studies.

4.3 A mobile storage

Many users started using the system as a mobile storage.
When they move between computers (e.g. at the campus and
at home) and visits overseas on field data collection missions,
the Wiki helped them to seamlessly access the latest ver-
sion of their work in progress. Graduate students routinely
use the Wiki to access information for later use. Past users
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Fig. 3. Downloads of material from pages of Student A and Stu-
dent B (2008–2009) the period March 2010 to December 2011, by
other students.

commented that they have utilized this function of the sys-
tem when they travel and when they are in need of access to
past work to discuss with a stakeholder or a fellow researcher.

5 Impressions of the students and educators

5.1 Students’ impressions

In the fourth year since the opening the Wiki (year 2010),
we sent a questionnaire on the process of master’s degree
supervision to the group of five students graduated in the
year 2008–2009. This questionnaire included the following
question regarding the Wiki system: “We used a Wiki sys-
tem for storing information and communications within the
group. Did this help you? Was it a distraction? Give your
views”. Overall the students’ comments on the Wiki were
positive (see the Supplement). One respondent said “I believe
that Wiki system made the learning and research processes
very simple. It contains most important software tools, mod-
ule/course work materials and reference publications and
works done by the students and staff members. This allowed
us to exchange thoughts and materials efficiently. It also kept
us on track with what has been done by the other members. In
addition it encourages the spirit of team research work. Sim-
ple ideas are sometimes the most difficult thing that hold-up
the progress on the research work. However, the WIKI sys-
tem gave us the opportunity to know with whom to discuss
whenever we face any challenges during our work”.

While this feedback has not been a part of a scientific sur-
vey, it gave us the indication that the users were satisfied
with the Wiki system and continue to recommend it after they
have finished their studies at UNESCO-IHE.

5.2 Educators’ impressions

Feedback from graduated students indicated that they liked
the employment of Wiki in the thesis research phase. How-
ever, it was very rare that the students liked to use the Wiki
system from the beginning. In fact, in every year most of the
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students appear to start using the Wiki due to persuasion (be-
fore the first peak) of the supervisors. Techniques described
in Sect. 3 have been commonly employed to get the students
to use the system gradually in spite of the natural resistance
shown by many to try an unfamiliar approach. Almost all
students have read articles on Wikipedia – but most were just
“readers” and did not comprehend how it worked as a social
medium of knowledge construction. While the initial train-
ing sessions (Sect. 3) have been helpful to get the students
started on usage, few were convinced of its utility until they
tried it for a month or so. The second peak (February–March)
occurred without encouragement from the supervisor; by this
time the students have become used to the system and have
realized some of its benefits by experience.

Another important aspect of the Wiki system was that it
demanded negligible time-involvement from the supervisors,
beyond the normal supervision activities. In fact, some fea-
tures (e.g. immediate availability of the latest results of a stu-
dent) worked to save time and increase overall efficiency. It
also encouraged peer to peer learning which enabled wider
problem solving and dialogue rather than approaching the
mentor immediately in case of doubts and apprehensions.

6 Discussion

Over the last five years a specialized Wiki has been employed
to manage the process of thesis research in water. This has
been a good point in time to look back and take stock of
the experiences and share the findings with other hydrology
educators.

Embarked upon as an open-ended experiment in 2006, we
are now convinced of the possibility of employing modern
ICT tools, like Web 2.0, in water education. However, we
did not make the a-priori assumption that our students are
from the fabled “Net-generation” and that the use of Web 2.0
tools (Wiki in the present case) is a necessary response to
fill a generational gap between educators and students. Per-
haps the demography of our students (mid-career profession-
als from water organizations of the developing world) pre-
vented us from making that assumption. In this respect, one
of the most important reasons why the proposed Web 2.0-
based approach has been successful is that we never assumed
that the students are well-versed in the art of the collaborative
web. Rather, we strived to create an environment where the
students gradually familiarised themselves with the system
and the benefits of its use. This, in our view has been a key
element for success in introducing innovation in education.

We introduced an open ended and largely egalitarian sys-
tem. The system has not been driven by a few to be “used”
by the rest. By nature, Wikis follow a participatory approach
that has been leveraged in this specific application. Every
user has been allowed to express their own style for content
creation; moreover, the educators have never interfered with
the way students created content.

The above experience confirms the place PLEs could play
in addition to LMS in today’s higher education. While, for
some applications the vertically integrated nature of LMS
is very much needed, we wish to point out that the flexi-
bility that has been needed to allow the students to express
themselves freely has often been lacking in typical LMS sys-
tems, unless they are supplemented by user-centric tools like
Wikis. Managing thesis research in hydrology, the current
case study is an example: We have been dealing with broad
and diverse problems that need transdisciplinary scientific
approaches to solve; the process of education should reflect
this diversity in real-world and the tools employed should be
flexible to support this. Based on our experience during this
study, we stress the appropriateness of Web 2.0 (user-centric)
techniques in this context.

Employment of ICT in water education is an important
means to improve the overall educational experience. How-
ever, mere use of it does not necessarily make education
a more effective and student-centred process. What matters
more are the underlying principles of an educational environ-
ment. In this context technological innovation has been just
one of many aids that helps to implement those principles.
In the present case these were: (1) collaboration; (2) healthy
competition; and (3) freedom of expression within a secure
environment. We have deployed a specialized Wiki system as
a tool to help achieve these objectives. At the same time, we
have organized a number of related activities (e.g. frequent
informal meetings, various tutorials for common problems)
around the existence of the Wiki. It was this integrated en-
vironment that made the concept work, rather than just the
technological approach taken.

The Wiki system encouraged the collaboration among stu-
dents very effectively: The group of students very soon be-
come a community where each person knows what others
do – both scientific research and set of specific skills (e.g.
use of a particular hydrological model) they are developing
to achieve their objectives. First the group meetings intro-
duce them to each others’ worlds. But the presence of a cur-
rent snapshot of everyone’s work on the Wiki solidifies this
understanding. Every year we observe the collaboration nat-
urally arising within this context, with some help from the
educators. For example, students had started asking for help
from each other and discussing their problems on their own
initiative.

6.1 Beyond LMS

What is the need to introduce Wikis in an educational envi-
ronment which may already have a fully-fledged LMS sys-
tem? We already have discussed some of the differences of
Web 2.0 PLEs and LMS in Sect. 2.5 above. There are some
distinct benefits of deploying Wiki-based PLEs in terms of
knowledge construction that became apparent during this
study. LMS systems are generally organized in a course
based structure. While an LMS like Moodle is technically
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capable of hosting Wikis, these are components of specific
courses. However, via the use of both these systems during
the last five years – Wiki for the purpose of thesis research,
Moodle for classroom teaching – we are convinced that Wiki
has several important advantages for the purposes described
in this manuscript, which include:

1. Wiki promotes an egalitarian spirit – everyone is equal
within the system.

2. With features like automatic-version control and log-
ging of all activity, Wikis are more robust to deploy in
an unrestricted context.

3. Wiki facilities in LMS (e.g. Moodle) are components of
a course. They are designed to be deployed over the du-
ration of the course and to be archived upon conclusion
of the course (so that the next duration of the course can
be started afresh).

Clearly none of these “disadvantages” of LMS are impos-
sible to overcome. However, this implies significant cus-
tomization of the system and could lead to a larger admin-
istrative burden. On the other hand, Wikis are designed to
provide these functionalities.

We fully agree that for classroom use and for distance edu-
cation, LMS like Moodle are the appropriate tools. However,
we argue that there are distinct advantages in using Wiki over
LMS for supporting student research groups.

6.2 Social networking and Wiki

Students and teaching staff alike use social networking tools
like Google Docs (file sharing), Facebook (networking) and
Twitter (messaging). An important advantage of using such
off-the-shelf solutions is the low-entry barrier to the students
as many of them are already familiar with such services. It
is indeed possible to provide some of the (technical) facili-
ties provided by the Wiki system using these tools, although
there may not be a single tool that can provide all the impor-
tant roles of the Wiki. However, bigger concerns include the
(perceived and real) issues to do with privacy, difficulty in
providing a coherent access control and the complete lack of
integration. These issues are possible to overcome and there
are already many studies on using social networks for educa-
tion (e.g. Ozkan and McKenzie, 2008; Roblyer et al., 2010).

6.3 Limitations and generalizations

Our application of the Wiki system was done in a very spe-
cific context: While the research problems have been diverse,
most of the students were using modelling tools in their
work. There have been several modelling tools (e.g. hydro-
logical models, network-hydraulic models) and other tech-
niques (e.g. Evolutionary algorithms for optimization) that
have been commonly used by many students. This context

made the system more effective – for example in terms of col-
laboration among students. A question that arises is whether
this approach can be used outside this specific context.

In our opinion another area that can benefit from this work
is research groups focused on laboratory experiment based
research. Whether it is hydraulic/hydrological lab work or
water technology experiments, there are a number of skills
the students need to develop while engaged in lab work.
While the research themes change, many of these skills
change much more slowly making it quite useful to record
past experiences for the benefit of the future users.

Our (limited) experience in using this system for case-
study based research, where the student travels to a remote
location to conduct field work, did not produce encouraging
results. There have been situations where slow internet con-
nections were inadequate to use the system effectively. How-
ever, even in cases where the latter has not been an issue,
we have noticed that the students’ use of the system is often
not sustained throughout a period of long absence from the
group. We attribute this behaviour to the importance of other
ingredients and a total integrated environment (e.g. frequent
meetings where students meet each other face to face).

Can this approach be applied to a group of any size? While
we do not have information to conclusively state, it is our
opinion that the system works only as long as the group is
small enough for the members to know each other personally
(maximum 10–15?). This is quite suitable to manage a typi-
cal “research group” in hydrology with one or two scientists
and a number of graduate students. The best way to deploy
such a system for a typical educational department is to or-
ganize a series of clustered, but completely independent sets
of wikis – one for each group.

From a technical point of view, apart from MediaWiki,
there are many comparable Wiki systems that can be used
for this type of application. In fact, some of them could
be more suitable for “private” Wiki systems like the one
presented. For example DokuWiki or PmWiki provides the
access-control mechanisms (allowing only password-based
access) by default.

7 Conclusions

In this paper we have presented a five-year case-study of
using Web 2.0 technology (Wiki) in the context of thesis
research management in hydrology. Properly supplemented
with suitable supporting activities, this approach can provide
a framework that fosters collaboration, healthy competition
and unrestricted thinking and expression – elements that are
essential for work solving substantial water problems – in the
students. We conclude the following:

1. Employment of Wikis is an excellent way of building
research groups in thesis research in hydrology.

www.hydrol-earth-syst-sci.net/16/2499/2012/ Hydrol. Earth Syst. Sci., 16, 2499–2509, 2012



2508 A. Pathirana et al.: Web 2.0 collaboration tool to support student research in hydrology

2. The deployment of new technology is but one ingredi-
ent to establish an effective learning environment. An
integrated environment of activities geared towards this
objective, that feed and nourish each other is needed to
effectively strive for this goal.

3. PLEs have an important place in hydrology education
in managing graduate research.

Supplementary material related to this article is
available online at:http://www.hydrol-earth-syst-sci.net/
16/2499/2012/hess-16-2499-2012-supplement.zip.
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