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In this paper we study the influence on students’ motivation of using wiki-based teaching and learning in academic settings

over a period of several years. The goal is to improve academic motivation and stimulate more effective learning habits by

accumulating knowledge and using the repository of previously accumulated knowledge. With the aim of studying the

effects of several years of wiki-based teaching and learning on university students’ motivation, data are collected and

analysed bymeans of usage logs analyses, survey-questionnaire basedmethod, and final exam results analysis based on the

data taken from faculty archive over three academic years. The case study included students on five Information Systems

related courses, on average 150 per academic year. The results indicate that the adoption of the Wiki Learning System in

teaching and learning process increases students’ motivation.
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1. Introduction

Thewiki idea has first foundwide acceptance within

technical communities, and then also within other

communities, such as the free and open source
software community for example [1]. Wiki has

become particularly popular for communication,

collaboration and online communities, building as

well as knowledge sharing and reusing it [2]. Wiki is

social computing application without predefined

structure. It is adaptable, useful for collaborative

writing, knowledge management, and is open and

free. A wiki can be identified as a set of linked web
pages that are incrementally created by a group of

users that collaborate among themselves. Nowa-

days, we alsowitness thewide acceptance of thewiki

in educational settings, from middle school,

through high schools to academic institutions. Tea-

chers all around the world recognize that wikis have

huge potential for use in educational scenarios as a

support for the teaching and learning process [2–7].
Using wiki as a course delivery tool improves

communication and the students’ involvement on

course topics [5–7]. Further, wiki facilitates enable

easier tracking of the development of new knowl-

edge,more effective content development, andmore

objective knowledge assessment [3, 4]. Course de-

sign and organization is much more responsive

when wiki is used as a teaching tool. Students find
learning easier and much more interesting if the

teacher applies an adequate wiki adoption model.

However, involving wiki in educational settings

does not necessarily guarantee to be success on its

own [3].

We introduced the Wiki Learning System (WLS)
into our teaching practice for the first time in the

2002/2003 academic year with the goal of trying to

improve students’ motivation to continuously learn

and work during the whole semester. The lack of

motivation was indicated by the unsatisfactory low

interest level of students to enrolling for the final

exam at the first term. At the Faculty of Electronic

Engineering, University of Nis, examination the
system is organized around six regular terms as

follows. After attending a course, students are

entitled to apply for the final exam of the course in

any one of the six regular terms. The final exam

usually consists of a written test or/and oral exam-

ination for which students get credit points. Moti-

vation to enrol on final exam in the first exam term

immediately after the course has finished (in con-
trast to postponing it for a later term) clearly

indicates a student’s motivation to learn. Academic

motivation is very important for academic success

and reflects a student’s level of persistence, interest

in the subjectmatter, andoverall academic effort [8].

Hence, we identified the need to adopt innovative

pedagogical methods to improve motivation. Based

on literature research, we found that active learning
techniques [9–13] and constructivist theory- [14–16]

based approaches may result in higher levels of

student engagement. Thus, we decided to include

these techniques in our teaching practice. We based

the decision on published studies showing that

students adopt and like to work with such a system

while, at the same time, their motivation as well as

collaboration skills are improved [3, 7, 17, 18]. We
adopted the concept of blended learning [19] that
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further includes a mix of active learning, computer-

supported collaborative learning and problem-

based learning techniques. In the context of success-

ful adoption of the learning methodologies, the

WLS is of crucial importance as the facilitating

platform for effective collaboration and knowledge
sharing. Such wiki-based teaching and learning is

justified by cognitive constructivism [14] in a sense

that students learn by actively constructing new

knowledge, not by passive digestion of the served

information.We also usedWLS for coursemanage-

ment, educational content accumulation, and

knowledge sharing.

Most of the research published on wiki-based
learning collects students’ engagement data during

a single academic semester. Traditionally, the re-

search method that is adopted is focused on asking

the participating students to fill in a questionnaire

after the semester is finished. Results are positive

when the primary research focus is on the factors

that show wiki adoption among students. We are

aware that wikis have been in use in more than one
semester in a number of institutions, such as Geor-

gia Tech, since 1998 [20] and the University of

Hertfordshire since 2005 [17]. However, to the best

of our knowledge, there are no published research

results where a wiki is progressively used inmultiple

consecutive semesters, over a period of several

years, and engages several different generations of

students, and how multi-semesters of wiki use re-
flects on the students’ motivation to learn. Our

hypothesis is that multiple years of wiki usage leads

to knowledge accumulation within WLS year by

year, which further has positive impact on the

students’ motivation to learn. It should be noted

that we need to adopt an adequate wiki-based

teaching and learning model as well as WLS design

in order to accumulate knowledge. Thus, in this
paper we give an overview of WLS design and the

wiki-based teaching and learning model that we

used and continuously tested in practice.We assume

that the knowledge being accumulated includes

course material developed by teachers, material

developed by students, reviews published within

WLS, sets of tags, sets of literature references, final

exam questions, tutorials, students published pro-
ject and lab exercises. We also assume that the

students’ learning efficiency increases when they

have open access to examples from previous gen-

erations of students and literature, when they can

exchange knowledge between themselves at any

time, and when they have 24/7 teachers support.

We consider motivation as one of the main

factors influencing students’ attitude and learning
behaviour [21].We follow the concept ofmotivation

developed by Deci and Ryan [22], where to be

motivated means to be moved to do something.

Thus, we regard students’ motivation to learn as

students’ engagement to contribute actively toWLS

during the semester, and enrol on the final exam at

the first term.We adopt the combination of face-to-

face and online learning settings in order to improve

intrinsic as well as extrinsic academic motivation
[21]. Within a face-to-face setting the teacher can

provide instruction and feedback, which should

help students who are in need of external regulation

[23]. For such extrinsically motivated students the

lack of the regulation can limit their overall aca-

demic motivation. On the other hand, in the online

setting intrinsically motivated students have the

freedom to choose their own individual learning
path. In the blended learning context, we combine

both motivations, and we are interested in finding

out whether wiki-based teaching and learning influ-

ence students’ motivation to learn in general. A few

studies used the self-report situational motivational

scale developed by Guay et al. [24] in order to

measure learners’ motivation. This method mea-

sures situational intrinsic motivation and extrinsic
forms of motivation by using a seven-point Likert

scale.Further, student engagement canbemeasured

as self-perceptions measured by questionnaires,

interview responses, rating scales used by teachers

and others, and behavioural measures (time spent

on a particular activity, types of activity selected,

persistence in the face of difficulty, intensity of

attention and time-on-task, classroom attendance)
[25].

We base our study on the data collected over

several years of our successful first-hand experience

in teaching five Information Systems related courses

(ISC) at the Faculty of Electronic Engineering,

University of Nis, where the wiki was intensively

used. An integrated multi-method approach was

used in order to examine the impact of multi-
semesters wiki-based teaching and learning, to-

gether with continuous knowledge accumulation

on the students’ motivation for continuous learn-

ing. This multi-method is composed of WLS traffic

analyseswith the data obtained fromweb server and

WLS log files, survey-questionnaire based method,

and final exam results analysis based on the data

taken from the faculty archive. The results obtained
have shown that students’ motivation increases,

together with an improvements in student engage-

ment and an increase in activity over the whole

semester, as well as high motivation to learn for

the final exam in the first term.

2. Background

2.1 Wiki technology

Computer technology has so far experienced expo-

nential growth and the Internet has approximately
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the same growth rate, indicating similar networking

effects between individuals and the overall system.

The fundamental difference is that instead of tran-

sistors connected by a silicon fabric on a chip, the

Internet connects humans on a global social net-

work fabric, andmakes them an inherent part of the
system. Such complex systems in which software

interacts with other software, systems, devices,

sensors and with people are called software-inten-

sive systems [26]. Software-intensive systems based

on Internet and featuring a high level of human

participation are represented by several technolo-

gies and systems recently recognized as Web 2.0.

Wiki is one of the flagship technologies of the Web
2.0, together with other constituents such as RSS,

Social Networks, Ajax, Flex, Tagging, Blogs, Con-

tent sharing, Multimedia sharing, etc. As the list of

Web 2.0 constituents indicates, the distinction be-

tween technology, system, human behaviour, emer-

gent intelligence, communication, social systems,

and networks is not as sharp as it traditionally

used to be. In the rest of the section, we refer to
wiki as a technology, while assuming all different

aspects as already mentioned.

Wiki can be identified as a technology for knowl-

edge management and group collaboration [27]. In

[28], wiki is identified as a set of linked web pages

that are incrementally created by a group of users

who collaborate among themselves. The incremen-

tal nature of wiki results in the creation of a system
storing shared knowledge that comes frommultiple

sources. The on-line encyclopedia Wikipedia (the

most famous wiki project) proves the effectiveness

of the process. On the other hand, we also refer to a

wiki as a website that allows users to add content

that may be editable by other users [29]. The main

characteristics of a wiki can be summarized as

follows [29–32]: 1) rapidness: new content is rapidly
constructed; everyone can easily and quickly create

new pages and add new content; 2) simplicity: a

simple markup scheme for wiki text formatting; 3)

openness: the freedom in changing someone else’s

wiki page [3]; 4) version control: wiki keeps track of

how users modify pages, records page changes and

keeps extensive page histories [2,33]; 5) search: a

wiki search is parameterized, based on page names,
page content, as well as content of the files found as

page attachments. Some of the common wiki fea-

tures are: browser independence, text editing, em-

bedded images, numbered, bulleted and

hierarchical lists, tables, embedded multimedia,

search, emoticons, calendar, RSS, link checking,

drawing tools, equation editor, and many others

that can be embedded into wiki using standard
plugin mechanisms. Wikis are applied in many

different fields and for many different purposes.

Wikis are flexible enough to support a variety of

application domains, including teaching, research,

and academic administration [5].

2.2 Wiki in education

The self-initiatives of teachers in different educa-
tional institutions as well as institution-supported

programmes have resulted in a growing number of

online teaching and learning environments. Tea-

chers often create these environments simply as a

convenient content delivery tool. Theymainly apply

such environments on the courses that are project-

based and problem-solving oriented. The courses

include case studies and assume tools for the stu-
dents’ engagement in collaborative and individual

knowledge building. However, such courses often

impose a teaching process that is much more de-

manding for the teachers.

Wikis are receiving growing attention among

teachers, academics and educators in general as a

teaching process collaboration tool. The most cited

reasons for their growing popularity are [3]: low
setup cost, relative ease of use, and low-cost support

for collaboration. Every wiki user may make an

individual contribution to the shared content and

make it more interesting, readable, comprehensive,

competent, etc. The same content may be shared

between multiple users, while at the same time

providing the content’s persistence for an extended

period of time. Therefore, the state of knowledge
captured within the wiki remains up-to-date and

dynamic.

A number of case studies for using the wiki in

education can be found in the literature, ranging

from conference papers to books. In [7], the authors

present ten case studies for using the wiki in educa-

tion, collected from different teachers in different

educational settings. In [34], the authors give objec-
tives for applying a wiki-based glossary to develop

university course content. A wiki based framework

for blended learning is presented in [17].Most of the

case studies on using wiki in education report

positive results. The positive experiences are re-

ported regarding using wikis throughout the whole

education process, starting from the preparation of

a new wiki based course up to using wiki in analyses
of the course at the end of the education process. It

also includes support and encouragement to stu-

dents to collaborate with other students, the crea-

tion of the study material that would benefit future

generations of students, learning how to work in

collaborative teamwork environments, etc. [18].

However, not all of the reported case studies results

are positive. For example, a failed experiment in
using wiki technology to support student engage-

ment with the subject matter of a course is reported

in [33]. The authors tracked students’ activities

based on the number of posts to the wiki, and they
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found that after five weeks there were no new posts

to it. They give some interesting pedagogical chal-

lenges for teachers and present a series of reflections

to guide teachers who are considering wiki technol-

ogy as a teaching aid. They concluded that poorly

designed and supported integration of a wiki into
existing teaching formats lead to failure. In [30] the

authors present the results of two case studies where

students neither created new articles nor edited

existing articles; they only accessed existing articles,

implying that the use of wiki in education is much

more complicated, and it needs more time to de-

velop a kind of ‘give-and-take’ generation.

2.3 Motivational theory

Motivation is a concept that is regarded as impor-

tant in starting or taking action. Behaviourist the-

ories view motivation as a response to stimuli

limiting motivational research to only that which

is observable [35], while cognitive theories acknowl-

edge the role of an individual’s thoughts, beliefs,
values and emotions in motivation.

Motivation to learn is paramount to students’

success as many studies have explored. Motivation

has an important influence on a learner’s attitude

and learning behaviour [21], and as such it is

alterable and can be positively or negatively affected

by the task, the environment, the teacher and the

student [36]. Academic motivation can be enhanced
through the use of certain instructional strategies

and through course design, social interaction with

other students and faculty, and by positively influ-

encing student belief in the value of academic tasks

and in their ability to complete them successfully [8].

Teachers have a strong influence on the type of

motivation of students. In order to improve stu-

dents’ motivation, teachers need to know their
goals, interests, and values; how students are af-

fected by teachers and other students; and how to

design instruction that teaches and motivates [37].

There are several different motivational frame-

works for online learning environments [21]. Intrin-

sic and extrinsic types of motivation have been

widely studied and the distinction between them

has shed important light on educational practices
[38]. Intrinsic motivational theory has been used to

explore students’ engagement in online environ-

ments [39, 40]. Research findings have shown that

online students are more intrinsically motivated

than students within face-to-face settings [41].

Wide cited self-determination theory [22] is a moti-

vational theory that is built on the fundamental

premise of learner’s autonomy. It concerns support-
ing intrinsic tendencies to behave in effective ways.

Self-determination theory has also been widely

researched and practised. When students are intrin-

sically motivated, there is no need for outside

incentives such as gaining good grades, avoiding

negative consequences, passing a course in order to

earn a degree [41]. In contrast, students that are

extrinsically motivated undertake activities for rea-

sons separate from the activity itself [38]. Studies

that have explored adoption of self-determination
theory into online learning settings focus on intrin-

sic motivation, while particularly more autono-

mous types of extrinsic motivation are ignored [41].

3. Wiki-based teaching and learning

In this section, we present the WLS design that we

use for implementation of the wiki-based teaching

and learning model in our teaching practice.

3.1 Wiki learning system design

We address the need for web based collaborative

systems in education by developing the WLS. It is

aimed at support collaboration, workflow and pro-
cess management, interaction, knowledge sharing

and dissemination, and heterogeneous information

integration. Such dynamic collaboration is of the

crucial importance for attaining uncommon and

extraordinary results among students.

The WLS user interface consists of five common

areas (see Fig. 1). The header (A) consists of the site

title, search and sign-in areas. Content of the menu
bar (B), located on the top of the page just below the

header, can be edited by teachers at any time as any

other wiki page. However, the menu bar represents

the basic navigational structure that reflects the list

of courses and, as such, very rarely changes. Note, if

we want to scale the number of courses to a large

number, the top menu could be easily implemented

in amore dynamic fashion. However, in our current
environment we do not need the dynamic approach.

In addition to the navigation bar on the top, there is

a navigation bar on the left side of the screen (C).

The structure of the left navigation bar is dynamic

and depends on the current wiki page. Teachers

have the right to edit the left navigation bar page. In

this way, teachers are able to change its content

according to a perceived navigational activity for
each individual page. The students have editing

rights in the main area (D) only. Any student may

create a wiki page and consequently can set edit as

well as view rights for the created page. The area (E)

displays the title of the current wiki page. It also

contains icons for functionalities for the current

wiki page content manipulation, such as editing,

printing, adding comments, page history view and
working with attachments on the page. In addition

to the common areas that constitute the structure of

each page, (A)–(E), Fig. 1 shows additional custom

elements that are easily entered as part of wiki page

content. Segment (F) is tag cloud used with the goal
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of improving navigability of the wiki and is imple-

mented following the Collaborative Wiki Tagging

design approach [42]. Section (G) is a short list of

comments and notes that students can leave on any

page in the system. Elements labelled (H) are wiki

widgets for image show, YouTube (www.youtube.-

com) movie view, and wiki page based question
pool, respectively. Note also that the content of

the left menu is context dependent in the sense

that different pages have different menu content.

A detailed description of the wiki widgets function-

ality, usage and implementation details are outside

the scope of this paper.

We have adopted an agile philosophy for soft-

ware development as well as an overall system

design for the WLS. At the software development

level, we use plugin architecture with a slow-chan-

ging core engine and a number of plugins imple-

menting different functionality features. At the

system level, we identify the few core collaborative

mechanisms of the WLS, map the mechanisms into
sets of system features, and implement them using a

constantly evolving base of software plugins. In the

case of WLS, the system represents a constant

‘work-in-progress’: it represents its own documen-

tation such that new features are immediately

deployed and eventually used by end users as well

as designers, system administrators and teachers.
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We identify several collaborative mechanisms as

important for our WLS design. For each of the

proposed mechanisms, we developed set of features

necessary for its implementation, but comprehen-

sive discussion of the implementation of the colla-

borative mechanisms is outside the scope of this
paper. In the rest of the section, we briefly describe a

few of the most important mechanisms and con-

cepts: a) system login and working groups, b)

interaction over content, c) interaction over struc-

ture, andd) interaction over presentation semantics.

The WLS is structured as an open-access system

where any user is allowed to contribute either by

adding new content or by making changes to exist-
ing content. However, it is also very complex and

heterogeneous in usage patterns (students, profes-

sors, system administrators, software developers,

private groups, etc.) as well as in the content types

(text, files, multimedia, services, software, etc.).

Also, there is a constant input flux of spam attempts

as is characteristic for most open systems on Web.

So, we introduced an authentication and authoriza-
tion layer that allowed us to support the complex

requirements and to remain open at the same time.

There are several permission types defined but only

two are commonly used: VIEW page content and

EDIT page content. The permissions are defined in

the same way for individual users and groups of

users. We keep our WLS system open-access. By

default, any guest user is granted VIEW access
rights while logged in users are granted EDIT rights

as well (unless explicit restriction of the access rights

is stated on the specific page). Several users can

interact over the same content andworkon the same

data.

Interaction over structure means that partici-

pants in the WLS may change not only content

but also the link. This concept is currently sup-
ported by the features such as a set of automatically

generated page neighbourhood links (links pointing

to the page and links pointing from the page), page

specific drop-down menus, and context specific

content. Page neighbourhood links are a content

navigation aid but also may be valuable as a simple

semantic navigation tool.

Interaction over presentation semantics is repre-
sented by importing inter- and intra-wiki or any

other web page or a part of its content into some

WLS page content. The user can build the page by

composing parts of some other internal as well as

external pages. We follow non-predefined structure

of the wiki, and it is up to students to structure the

form as well as the content of their pages. At the

same time, we closely followwhat is going onwithin
the system, try to identify actual student needs, and

answer the need by upgrading the system’s features

accordingly. The WLS implements link the struc-

ture based querymechanism in the form of a plugin.

Simple linkpatternsmaybeused as input queries for

the plugin, which further applies the patterns on the

link neighbourhood of the current page. The result

of the query is a set of wiki pages. The pluginmay be

configured to emit the resulting set in different
formats: as a set of links to wiki pages or as a set

of strings of names of wiki pages. In addition, the

plugin can return a concatenation of the content of

pages from the resulting set. This feature is heavily

used throughout the system due to its dynamic

nature and its light but effective semantics. The

query plugin is very powerful on its own and further

discussion is beyond the scope of this paper.
Since the wiki starts with no predefined structure,

the basic constituents of theWLS in our case are the

students’, teachers’ and courses’ home pages. Stu-

dents usually put links to wiki pages that they have

been created, photos, personal information, etc.

They are the owners of their home pages and they

are the creators of templates for their home pages.

The same situation is with teachers, but the teachers
are the owners of the course home pages. The course

home page has links to: the notice board, course

program, lectures, exercises, students’ projects, stu-

dents’ lists (holds a list of students’ names and links

to students home pages if they exist). The links to

course material are provided in the lectures and

exercise course pages. Further discussion on the

WLS patterns is beyond the scope of this paper.

3.2 Wiki-based teaching and learning model

We first introduced the WLS into our teaching

practice in 2003. Since then, we have constantly

been adjusting the WLS as well as our teaching

methodology with the goal of effectively answering

the observed students’ and teachers’ needs. At the
start, WLS represented a simple wiki-oriented web

site with some basic content management features

and mechanisms. We offered students the opportu-

nity of actively participating in content creation and

modification on a collaborative way. The students

adopted new methods of working, and they started

to contribute and use the web site as a light learning

support tool. The scenario used that year gave
positive results with regard to wiki adoption by

the students and the WLS became more important

for our everyday work. In the beginning, there were

as few as 10 active WLS students. In the last three

years, the average number of active WLS students

grew approximately to 150 per academic year.

Based on the experience, we developed and adopted

the wiki-based teaching and learning model that we
describe in more details in the rest of this section.

We could reflect on our pedagogical conceptual

and methodological approach along the lines of

‘anything that involves students in doing things
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and thinking about the things they are doing’ [9].

Students are actively engaged throughout the whole

semester. The course consists of traditional class-

room and laboratory exercises with intensive WLS

use. At the beginning of the semester, the course

program is clearly defined (topics of lectures, dates
of presentations, lab exercises, etc.), and students

are introduced to it. The traditional classroom

exercises provide educators with a resource to in-

troduce the most important problems related to the

topic under consideration They also give basic

points of reference to students so that they are

able to jump quickly into further literature research

and problem discussions. The teachers explicitly
present the core concepts and the most important

methodological steps that will enable students to

start learning through independent research.

The WLS accumulates heterogeneous course re-

lated knowledge because teachers and students are

collaborating together in the content creation. Stu-

dents are welcome to contribute to the WLS and

publish their work. Students are rewarded with
additional credit points for active participation

including any of the voluntary contribution to

WLS, and additional work on assigned projects,

particularly successful presentations, etc. The addi-

tional credit points collected in this way represent

5% of the total course credit points. Teachers

monitor the students’ participation and students

can earn 55% credit points before the final exam.
It should be noted that, due to theWLS, teachers are

in a constant real-time 24/7 interaction with all

active students. Students can create wiki pages

with formatting as a personal or group choice, free

of any outside limitation or constraints in the form

of formatting templates. Students are aware that

any other participant can edit each wiki page (or

contribute to the page) and everyone is welcome to
do so. Note, in the default access rights configura-

tion, we allow a Guest role to view pages but not to

edit them.All registered and authenticated users are

allowed to view as well as edit the pages. The page

creator may change the default access rights to any

other access rights configuration. The contents of

the students’ lab exercises are accumulated andmay

be used by other students as supplementary litera-

ture. All students are welcome to put comments on
the work of others. Students can put projects and

homework on the WLS in the form of wiki page(s)

and/or attached files as concomitant material. In

addition, students augment their work on lab ex-

ercises by encountering other students’ viewpoints.

Figure 2 shows the model that we use in our

teaching and learning environment. This model

represents an iterative process involving a series of
steps for credit points collecting. After a lecture

module is completed (1), teachers publish accom-

panying exercises for students (2). Teachers give

students the freedom to choose one of the published

exercises or devise their own example that fits the

main module’s subject. When students finish their

exercises, they publish it atWLS (3). AllWLS users,

teachers and students, are welcome to review and
give comments on all WLS contributions (4) (espe-

cially to students’ contributions) with the goal of

improving the appropriateness and quality of the

material. In each iteration, students collect credit

points (5). There is a minimum number of credit

points that must be collected as a requirement for

the final exam. The students’ work and activities are

actively monitored during interviews made in la-
boratory classes: each student presents what he/she

has contributed to the last lab exercise. Based on the

quality of the work and the presented student

knowledge, teachers give credit points to the stu-

dents. If the teacher notices some kind of work

anomalies, he or she can track the activities back

to each individual student and check any plagiar-

isms or inaccuracies that may occur in the student’s
work. By using these principles, students work

through several such cycles, their workload is evenly

spread over the whole semester, and they complete
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60%of the exambefore finals. Finally, they go to the

final exam where they should collect at least half of

the remaining 40% of the total credit points.

4. Procedure

In order to assess the pedagogical performance of

the WLS and the wiki-based teaching and learning
model we determine students’ acceptance level of

the WLS based teaching and learning model and

their motivation to learn. This section presents

identified research questions as well as instruments

used for data collecting. Further, a description of

the case study is given.

4.1 Research questions

With the goal of exploring how to improve students’

motivation continuously over multiple years, we

formulated the following questions:

RQ.1. Can wiki-based teaching and learning

continuously increase knowledge accumulation

after several years of usage?

RQ.2. Does accumulated knowledge have a po-

sitive influence on the students’ learning and

motivation to learn?

RQ.3. Does the students’ learning behaviour

change as the level of knowledge accumulated in
the WLS changes?

RQ.4. Does WLS support continuous improve-

ment in the effectiveness of learning over multiple

generations of students?

4.2 Methodology and instruments

The researchmethods adopted to explorewiki usage

in an educational process are traditionally focused
on case studies in the following way: 1) A group of

students is offered the opportunity to use thewiki; 2)

An educational wiki environment is set up to run for

one semester; and 3) the participating students are

asked to fill in a questionnaire after the semester is

over. Since we have several years’ study and ex-

ploration of student motivation, this paper uses a

multi-method approach based on three instru-
ments. The first instrument is based on the data

collections obtained from usage logs (web server

and wiki log files). All log files archived over the

several years of use are collected. We consider

behavioural measure as a method for motivation

measuring [25] and we used WLS attendance as a

measure of students’ extra activities. We used this

instrument for exploring motivation at the whole
student generation level in general. The second

instrument measures student satisfaction and ac-

ceptance level of the wiki-based teaching and learn-

ing environment with the accumulated knowledge

repository, since satisfaction is identified as an

important factor in students’ learning effectiveness

[43]. This instrument uses a survey-questionnaire

based method with five-point Likert scale based

questions and double-choice questions, as used in

several published studies exploring the influence of a

wiki on the educational process [17, 33] and studies
exploring the influence of web-based tools in educa-

tion [44–46]. This survey includes questions con-

cerning the students’ interaction with theWLS. The

third instrument measures the students’ motivation

to learn in other courses that the same group of

students attend during the same academic year by

means of data obtained from the faculty archive

about final exam results.

4.3 Data collection

Using the first instrument, data were collected

during the 2006/2007, 2007/2008 and 2008/2009

academic years. The second instrument was used

to collect data during June 2009. The questionnaire

was anonymous. Using the third instrument, data

were collected during January and June of 2006/

2007, 2007/2008 and 2008/2009 academic years.

4.4 Case study: ‘Information Systems’ related

courses

Information Systems related courses at the Faculty
of Electronic Engineering, University of Nis (Ser-

bia) include five courses. The average number of

students that attend this group of courses is about

150 per academic year. The course with the largest

number of students attending is Information Sys-

tems for the Computer Sciencemajor. This course is

in the 14-week long second semester of the third

year, and comprises 28 lecture hours (one 2-hour
session per week) and 42 laboratory hours (one 3-

hour session per week). The study was carried out

from the beginning of 2006/2007 until the end of the

2008/2009 academic year.

5. Results and discussion

5.1 The first instrument: wiki learning system

structure

We analyse the structure of the WLS by means of

WLS log files andWeb server log files.We extracted

WLSusage data including the data about newusers,

page views, pages created, page edits, revisions and

attachments. We used the principles of descriptive

statistics to represent the collected data in a more

compact form [47]. This approach is common for

describing the basic features of experimental data.
Inside descriptive statistics, we map frequency ta-

bles [48] as appropriate for presenting our data. For

the data representation by descriptive statistics, we

used the SPSS 17.0 tool.

Based on the data presented in Table 1, we can
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notice an increase in the number of registered users

in the year 2007, from 67 up to 210 users, which we

explain by the increase in the number of students

that attend our courses as well as in the change in

teaching methodology towards using the WLS as a

teaching tool. The total number of pages created

since introducing the WLS up to the end of 2008

year is 2545, while the number of created pages since
2006 is 1964. We identify a constant increase in the

number of pages created per year, while a significant

growth is notable for the year 2007 when 728 pages

were created.We explain the growth by the increase

in the number of registered users and the rise in the

students’ motivation to contribute. The continuous

progress throughout the years in page views and

number of revisions is evident from the data in
Table 1. What we mean by ‘revision’ can be ex-

plained in the following way: editing a wiki page

using the plain text editor, as is the case in WLS,

goes in two phases. First, the user is presented with

the wiki text of the page content in the plain text

editor. After completing a change in the text, the

user submits the text and the new page content is

saved in the system. The WLS then saves the new
version of the page as well as the previous version of

the page. The new version of the page is called a

revision. Each wiki page edit with saved changes

produces a new revision. Consequently, the number

of wiki page revisions corresponds to the number of

wiki page editing accesses with changes saved. Edit

access with saved changes represents actual content

contribution.
Users’ activity data is further classified into users’

activity on new content creation (new wiki pages)

and users’ activity on wiki pages revisions (content

modifications). Data about the users’ activity on

new content creation is given in Table 2. We note a

decrease in the average number of wiki pages

created per user in year 2007, while the total number

of users that create new wiki pages is increasing.

Most of the students created new wiki pages in 2007

and 2008, indicating that most of students have

created personal wiki pages as a way of getting

involved in interaction within the WLS.

Users’ activity on wiki pages revisions is pre-

sented in Table 3. A significant decrease in the

average number of revisions per wiki page was
noted in 2008, but more research is needed to

provide an explanation of the students’ behaviour.

Further, approximately half of the students in years

2007 and 2008 actually worked on wiki content and

page revisions.

5.2 The second instrument: survey-based results

In this section, we present data on student satisfac-

tion with the WLS, wiki adoption, and wiki-based

learning, collected using a pool questionnaire dis-

tributed to students attending our classes. The

questionnaire used three questions with a five-point
Likert scale and six double-choice questions to

measure the students’ opinions. The anonymous

survey was conducted within the group of 44 under-

graduate students in their third academic year. The

questionnaire was organized in two parts, where the

first part contained five-point Likert scale based

questions while the second part contained double-

choice questions. Table 4 shows the formulation of
questions from the first part of the questionnaire,

the order in which they were presented, and the
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Table 1.WLS structure. users, new wiki pages, page views, revisions and attachments

Year
Number of
users

Number of new
wiki pages

Number of
page views

Number of
revisions

Uploaded
attachments

2006 67 99 27352 2287 151
2007 201 728 70911 6473 1468
2008 212 1137 104094 8477 1140

Total 480 1964 202357 17237 2759

Table 2.WLS Structure: users’ activity on new content creation

Year

Average number
of created
wiki pages
per user

Number of users
that created
pages

Total number of
users that created
pages in their first
year after registration

% of users who
created pages

2006 6 10 8 44.4%
2007 2 112 99 82.5%
2008 3 148 83 74.8%

Table 3.WLS structure: users’ activity on wiki pages revisions

Year

Average number
of revisions per
wiki page

Number of users
that work on
revisions %

2006 5 23.9%
2007 6 58.7%
2008 3 51.4%



corresponding response scales. Table 5 shows the

results for the questions from Table 4, indicating a

high satisfaction level among students regarding

using WLS. High marks on questions Q2 and Q3
confirm the effectiveness of using the WLS as a

teaching tool. Lower marks on the Q1 question,

relative to the marks on questions Q2 and Q3, is

considered to be an indicator of further potential for

improvement in the teaching and course manage-

ment methodology. Exploitation of the potential

for improvement will be the topic of our future

research.
Table 6 shows the second part of the question-

naire, which holds double-choice questions. Stu-

dents’ answers are very positive based on the given

results. They think that theWLS system helps them

to prepare lab exercises, to work and to find

information on course topics, literature etc. more

easily. In summary,we obtain strongpositive results

on wiki usage from the students.

5.3 The third instrument: faculty archive analysis

As an indicator of student motivation to learn we

analyse the number of students taking thefinal exam

in the first term of the course. We collected research

data at the third year of academic studies about how

many students take the final exam in the first term

for all courses. The collected data are shown in

Table 7. Courses are labelled C1–C9, where C8 is
the course that adopted the WLS based approach.

Data from Table 7 show that C8 (the WLS based

course) comes first among all the courses in the

number of students that took the final exam in the

first term in both the 2006/2007 and 2007/2008

academic years. We conclude that the students’

willingness to learn, measured by the number of

students that took the final exam in the first term, is
higher for the WLS based course than for other

courses in the same year and in the same Depart-

ment.

5.4 Discussion

Data given in this section clearly indicate the growth

of theWLS in terms of the number of new users, the

number of pages created, the number of attached

files and the number of revisions per page. Most of

the students that attended the course registered with
the WLS. The total number of pages created also

shows significant growth. The number of new pages

is nearly doubled between years 2007 and 2008,

while the number ofWLSusers in 2007was approxi-

V. M. Nejkovic and M. Tosic1090

Table 4. Opinion scale questions to rate the WLS system with a range of possible answers

Question Response scale

Q1: How would you rate WLS system used as course management tool? Very bad (1)! Excellent (5)
Q2: How would you rate usability of material used in course for students’ learning? Not usable at all (1)!Highly usable (5)
Q3: How would you rate wiki as idea for using in education? Not god idea at all (1)! Very good idea (5)

Table 5. Descriptive statistics: data statistic for the questions from Table 4

Question N statistic Mean statistic Std error Std deviation

Q1 44 3.34 0.112 0.745
Q2 44 4.02 0.115 0.762
Q3 44 4.11 0.143 0.945

Table 6. Satisfaction with WLS system

Question Yes No

Does WLS content help you to prepare labs exercises more easily? 97.7% 2.3%
Is WLS easy to use? 50% 50%
Does WLS help you to find information and literature about course topics? 75% 25%
Do you like the idea that your contributions to the WLS help other students? 100% 0%
Did the contributions of other students help you in learning and preparing labs exercises? 95.5% 4.5%
Would you suggest WLS to be used on other courses as well? 70.5% 29.5%

Table 7. Number of students that took the final exam in the first
term for courses from academic studies in the third year of the
computer science module (given in percent based on the total
number of students that attend the third year of the computer
science module for a given academic year)

Course
Academic year:
2006/2007

Academic year:
2007/2008

C1 18% 11%
C2 16% 43%
C3 45% 76%
C4 19% 32%
C5 42% 55%
C6 62% 76%
C7 44% 75%
C8 95% 88%
C9 70% 52%



mately the same as in 2008, indicating amuch higher

level of readiness for contribution in 2008. Students

became more interested in using the wiki to publish

their work. Data about the number of page views

andpage edits show thatwiki pages are viewedmore

often than edited. It is not surprising that the
number of wiki page views increases over time. At

the same time, the number of attachments has

grown. Based on the WLS log files data, it can be

concluded that year 2007 students preferred to

attach their content in formats other then wiki

pages, while the year 2008 students, on the contrary,

preferred to contribute their work in the form of a

wiki page. Regardless of the fact that both groups of
students had the same WLS introductory course

presented in the same way, their work pattern was

different, the general behaviour of generations of

students was different. Taking into consideration

the constant increase over the years in new con-

tributions and attachments, we conclude that the

adoption of the wiki-based teaching and learning

model is reflected in the growing accumulation of
knowledge within theWLS over the years, as well as

an increase in student engagement and motivation

to learn throughout the semester. Thus, the positive

response on research questions RQ.1 and RQ.2 is

confirmed (see Section 4.1.).

We have noticed that the students’ work im-

proved after they became aware that the results of

their workwould be used as complementary content
to help future generation of students. After that,

students started to contribute more actively, much

beyond our expectations. Their extra work was not

as a result of any immediate incentive. They con-

tributed to the WLS with the following attitude: ‘I

write projects or labs documents, and someone else

will use it’. Their wiki pages were more readable,

attached files were in more usable formats with nice
names and linked to somewhere else on the page.

Additionally, we noted a significant reduction in

plagiarism as a sort of system’s self-regulation

mechanism as the publishing students’ work was

available to a wide and public audience. Addition-

ally, we noticed an improvement in the quality of

content generated as well as an increase in the

students’ sense of responsibility for what they write,
since their work is available to a wide audience. The

process of knowledge sharing becomes a basic part

of the learning process as students learn to use

materials created in previous academic years and

learn from other’s experiences.

The students assess the usability of material used

in the course highly and 97.7% of students assess

content that they find on WLS as being helpful in
preparing labs exercises. Further, 75% of students

find that the wiki-based teaching and learning

model help them to find information on course

topics more easily, and 95.5% of students assessed

the contributions of the previous generations of

students’ as helpful for learning and preparing lab

exercises and projects. Thus, the accumulated

knowledge of previous years has a positive influence

on student learning, which answers the research
question RQ.2 (see Section 4.1). We noticed from

the several years of practice that progressive gen-

erations of students need less time to prepare their

lab exercises and reports than previous student

generations. Consequently, teachers can proceed

with more advanced assignments for students. The

experience indicates that wiki-based teaching and

learning support a continuous improvement in
learning effectiveness over multiple generations of

students, and their behaviour changes with the level

of knowledge accumulated in the WLS (see RQ.3

and RQ.4 from Section 4.1.). Further, students’

perception of wiki learning after several academic

years has resulted in positive satisfaction with the

WLS and the wiki-based teaching and learning

model, and students assess the wiki approach for
general use in education as being a very good idea.

Results about the students’motivation to take the

exam at the first term are very encouraging and

show that the WLS based course gets the highest

score among all other courses. Based on those

results, we conclude that the adopted wiki-based

teaching and learning model supported by the

appropriate WLS design resulted in an increase in
learning motivation among several generations of

students (see RQ.2 from Section 4.1).

Wiki software is available as a service or as a

stand-alone application either as a commercial or a

free open-source software tools. Wiki as a service is

a software application hosted on the service provi-

der’s server while a stand alone application is

managed and hosted internally by the user’s orga-
nization. In this way, the hosted solution offers a

more user friendly and easy to use approach while

the stand-alone application enables full customiza-

tion at the expense of additional programming and

system administration effort. Since we have all the

necessary software development available within

our group, we are able to adopt continuous devel-

opment of the stand alone WLS hosted internally.
We follow the principles of agile software develop-

ment andwe have implemented a number of plugins

with different features on an as-needed base. The

technical environment for the WLS consists of the

software development environment Eclipse and a

Java based wiki engine. Specialized plugin develop-

ment can be a limitation for educators without

software development skills, but there are many
developed plugins available for use. There are

plugins for forums, blogs, chat, tagging, etc. Also,

individual internet access is necessary, one of the
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basic pre-requisites for the use of any online learn-

ing environment. The approach is applicable to all

academic courses domain independent. Students

should posses basic computer skills and be familiar

with basic online applications and tools. Also, a lab

with computerswith internet access is needed,which
may be a barrier is some cases. It is very important

that theWLS is up and running online all the time to

support the students’ continuous activities.

6. Conclusions and future work

We distinguish wiki from other teaching and learn-
ing environments with respect to the fact that other

tools are built around a given predefined structure,

while the wiki starts with the minimum possible

structure and naturally grows an emergent custom

structure based on how users use it. Each wiki is

unique and customized to the requirements of its

users’ community as well as to the given application

domain. A comparison of the success factors of the
wiki based approach to education and learning with

respect to other learning management systems in

general is interesting research problem on its own,

but is beyond the scope of this paper.

In this paper, we described wiki integration in the

teaching and learning processes by means of the

WLS design and wiki-based teaching and learning

model with the aim of increasing students’ motiva-
tion to learn. We based our research on the experi-

ence in integrating the WLS into teaching five

academic courses. The activities lead to a total

number of 2545 wiki pages created in the period

between 2005 and 2008. We found that the practice

improved student–teacher interaction, student(s)–

student(s) interaction, collaboration skills, higher

level thinking skills, teamwork, attitude towards the
topics and motivation to learn. Statistics based on

the WLS log files data collected since year 2006 are

reported. There was a total number of registered

students of 480, total number of created pages of

2545, total number of page views of 202357, total

number of revisions of 17237, and total number of

attached files of 2759. The documented continuous

growth of WLS indicates a rise in the knowledge
accumulation rate, the system adoption level by the

students, and students’ continuous engagements

within course activities. By means of the research

data presented in this paper we have proved that

multi-semesters usage of wiki-based learning has

yielded strong positive outcomes in the students’

learning processes and a high motivation to learn.

The increasedmotivation to learn and students who
are highly satisfied with the teaching and learning

methods are reflected in the high percentage of

students who take the final exam in the first term.

It is important to note that the results reported are

not due to the new pedagogical approach or the tool

alone, but are due to the appropriate mixture of the

two. Our future research will focus on the still open

questions: ‘Can the model of changes in students’

learning behaviour be identified?’ and ‘Does caus-

ality between the wiki-based learning process that
induces higher student motivation and better final

exam results exist or not?’.

References

1. R. Cerny, Topincswiki—a topicmaps poweredwiki, Scaling
Topic Map, Springer-Verlag Berlin, Heidelberg, 2008,
pp. 57–65.

2. S. Guth, Wikis in education: is public better?, Proceedings of
the 2007 International Symposium on Wikis, New York,
USA, 2007, pp. 61–68.

3. K. Parker and J. Chao, Wiki as a teaching tool, Interdisci-
plinary Journal of Knowledge and Learning Objects, 3, 2007,
pp. 57–72.

4. D. Ben-Zvi, Using wiki to promote collaborative learning in
statistics education, Technology Innovations in Statistics
Education, 1(1), 2007, Article 4, pp. 1–18.

5. A. Bruns and S. Humphreys, Wikis in teaching and assess-
ment: the M/Cyclopedia project. International Wiki Sympo-
sium, San Diego, October 16–18, 2005, pp. 25–32.

6. J.Mindeland and S. Verma,Wikis for teaching and learning,
Communications of the Association for Information Systems,
18, 2006, pp. 1–23.

7. S. Mader, Using Wiki in Education, Wiley, 2006.
8. G. C. Rakes and K. E. Dunn, the impact of online graduate

students’ motivation and self-regulation on academic pro-
crastination, Journal of Interactive Online Learning, 9(1),
2010, pp. 78–93.

9. M. Prince, Does active learning work? A review of the
research, Journal of Engineering Education, 93(3), 2004,
pp. 223–231.

10. E. Grassian and J. R. Kaplowitz, Active learning. Informa-
tion Literacy and Instruction Theory and Practice, Neal-
Schuman, New York, 2001, pp. 116–128.

11. T. E. Jacobson and B. Mark, Teaching in the information
age: active learning techniques to empower students, Refer-
ence Librarian, 51/52, 1995, pp. 105–120.

12. H. Vos, The active learning educational organisation: a case
study of innovation in electrical engineering education,
Symposium IGIP/IEEE/ASEE, Fribourg, Switzerland, Sep-
tember 27–30, 2004.

13. G. Anthony, Active learning in a constructivist framework,
Educational Studies in Mathematics, 31(4), 1996, pp. 349–
369.

14. P. Cobb,Where is the mind? A coordination of sociocultural
and cognitive constructivist perspectives. In C. T. Fosnot
(ed.), Constructivism: Theory, Perspectives, and Practice,
Teachers College Press, New York, 1994, pp. 34–52.

15. J. Bruner, Toward a Theory of Instruction, Harvard Uni-
versity Press, Cambridge, 1966.

16. L. P. Maia, F. B. Machado and Jr. A.C. Pacheco, A
constructivist framework for operating systems education:
a pedagogic proposal using the SOsim, ITiCSE’05,Monte de
Caparica, Portugal, June 27–29, 2005.

17. M. Cubric, Wiki-based process framework for blended
learning, Proceedings of the 2007 international symposium
on Wikis, New York, NY, USA, 2007, pp. 11–24.

18. N. Johanson, Wikis in education: technology enhanced
collaboration, ITUE 10th Symposium, Workshop on Tech-
nology and Learning: E-WAVE on Wikis, June 14, 2007.

19. G.Motteram and P. Sharma, Blending learning in aWeb 2.0
World, International Journal of Emerging Technologies &
Society, 7(2), 2009, pp. 83–96.

20. J. Rick and M. Guzdial, Situating CoWeb: A scholarship of
application, International Journal of Computer-Supported
Collaborative Learning, 1(1), 2006, pp. 89–115.

V. M. Nejkovic and M. Tosic1092



21. B. Rienties, D.Tempelaar, P. V. Bossche, W.Gijselaers, M.
Segers, The role of academic motivation in Computer-
Supported Collaborative Learning, Computers in Human
Behavior, 25, 2009, pp. 1195–1206.

22. E. L. Deci and R. M. Ryan, Intrinsic Motivation and Self-
determination in Human Behavior, Springer, New York,
1985.

23. G. Roth, A. Assor, Y. Kanat-Maymon and H. Kaplan,
Autonomous motivation for teaching: How self-determined
teaching may lead to self-determined learning, Journal of
Educational Psychology, 99(4), 2007, pp. 761–774.

24. F. Guay, R.J. Vallerand and C. Blanchard, On the assess-
ment of situational intrinsic and extrinsic motivation: The
situational motivation scale (SIMS), Motivation and Emo-
tion, 24(3), 2000, pp. 175–213.

25. E. Chapman, Alternative approaches to assessing student
engagement rates. Practical Assessment, Research & Evalua-
tion, 8(13), 2003, http://PAREonline.net/getvn.asp?v=8&n=
13, Accessed 5 September 2010.

26. M. Wirsing and M. Hölzl, Software-intensive systems. Re-
port of the Beyond-the-Horizon WG6, 2007, http://beyond-
the-horizon.ics.forth.gr/, Accessed 15 June 2010.

27. V. Todorov and T. Todorov, Virtual teams:Wikis and other
collaboration tools, Meeting on the Management of Statis-
tical Information Systems (MSIS 2009), Oslo,Norway,May
18–20, 2009, http://www.unece.org/stats/documents/ece/ces/
ge.50/2009/wp.4.e.pdf, Accessed 12 March 2011.

28. C. Wagner, Wiki: A technology for conversational knowl-
edgemanagement and group collaboration,Communications
of the AIS, 13, 2004, pp. 256–289.

29. P. Duffy and A. Bruns, The use of blogs, Wikis and RSS in
education: A conversation of possibilities, Proceedings
Online Learning and Teaching Conference, Brisbane, 31–
38, 2006, http://eprints.qut.edu.au/archive/00005398/01/
5398.pdf, Accessed 10 June 2010.

30. M. Ebner, M. Kickmeier-Rust and A. Holzinger, Utilizing
wiki-systems in higher education classes: a chance for uni-
versal access?, Universal Access in the Information Society,
Springer-Verlag, 7(4), 2008, pp. 199–207.

31. L. Schwartz, S. Clark, M. Cossarin and J. Rudolph, Educa-
tional wikis: features and selection criteria. Technical evalua-
tion review, International Review of Research in Open and
Distance Learning, 5(1), 2004.

32. B. Leuf and W. Cunningham, The Wiki Way: Collaboration
and Sharing on the Internet, Addison-Wesley Professional,
2001, pp. 73–120.

33. M. Cole, Using wiki technology to support student engage-
ment: Lessons from the trenches, Computers & Education,
52(1), 2009, pp. 141–146.

34. B. Jaksch, S. Kepp and C. Womser-Hacker, Integration of a
wiki for collaborative knowledge development in an e-learn-
ing context for university teaching, HCI and Usability for
Education and Work, 5298/2008, Springer-Verlag Berlin,
Heidelberg, 2008, pp. 77–96.

35. J. T. Schmidt, Preparing students for success in blended
learning environments: future oriented motivation & self-
regulation. Ph.D. thesis, 2007.

36. T. A. Angelo, A teacher’s dozen: Fourteen general, research-
based principles for improving higher learning in our class-
rooms, AAHE Bulletin, 45(8), 1993, pp. 3–7.

37. P. R. Pintrich and D. H. Schunk, Motivation in Education:
Theory, Research and Applications (2nd ed.), Prentice-Hall,
Englewood Cliffs, 2002.

38. R. M. Ryan and E. L. Deci, Intrinsic and extrinsic motiva-
tions: Classic definitions and new directions, Contemporary
Educational Psychology, 25(1), 2000, pp. 54–67.

39. R. H. Shroff and D. R. Vogel, Assessing the factors deemed
to support individual student intrinsicmotivation in technol-
ogy supported online and face-to-face discussions, Journal of
Information Technology Education, 8, 2009, pp. 59–85.

40. K. Xie, T. K. DeBacker and C. Ferguson, Extending the
traditional classroom through online discussion: The role of
student motivation, Journal of Educational Computing Re-
search, 34(1), 2006, pp. 67–89.

41. M. Hartnett, Factors undermining motivation in place-
based blended learning, Proceedings ascilite Auckland 2009,
Auckland, 2009, pp. 439–443.

42. M. Tosic and V. Nejkovic, Collaborative wiki tagging,
Networked Knowledge—Networked Media 221 (T. Pelle-
grini, S. Auer, K. Tochtermann, & S. Schaffert (Eds.)),
Series: Studies in Computational Intelligence, Springer, Ber-
lin, Heidelberg, 2009, pp. 141–153.

43. Y. Levy, Comparing dropouts and persistence in e-learning
courses, Computers & Education, 48(2), 2007, pp. 185–204.

44. F. Fu, Y. Wu and H. Ho, An investigation of coopetitive
pedagogic design for knowledge creation in Web-based
learning, Computers & Education, 53(3), 2009, pp. 550–562.

45. W. Wang and C. Wang, An empirical study of instructor
adoption of web-based learning systems, Computers & Edu-
cation, 53(3), 2009, pp. 761–774.

46. S. Huang and C. Yang, Designing a semantic bliki system to
support different types of knowledge and adaptive learning,
Computers & Education, 53(3), 2009, pp. 701–712.

47. J. Rice, Mathematical Statistics and Data Analysis (Statis-
tics, Duxbury Press, 1994.

48. W. Scott, Frequency polygons: theory and application,
Journal of the American Statistical Association, 80, 1985,
pp. 348–54.

ValentinaM.Nejkovic received herM.Sc. inComputer Science at the Faculty of Electronic Engineering,University ofNis.

She is a teaching assistant and researcher at Intelligent Information Systems Lab at the Computer Science Department,

Faculty of Electronic Engineering, University of Nis. Her research interests are related to intelligent information systems

based on web technologies within collaborative processes in education and interactive systems for knowledge accumula-

tion andmanagement domains. She has published research papers at national and international conference proceedings as

well as a chapter of an international book.

Milorad Tosic received his diploma degree (1989) as well as his Ph.D. (1998) in computer engineering from the Faculty of

Electronic Engineering, University of Nis, Serbia. He is currently Associate Professor at the Faculty of Electronic

Engineering,University ofNis, andDirector of Intelligent Information SystemsLaboratory (InfosysLab).Hewas visiting

scientist associated with the PDB group at Rutgers University, NJ, and CTO at the USA based startup Yipee Inc. He has

participated in several international and nationalR&Dprojects and publishedmore than 30 scientific papers. His research

focuses on social computing, semantic computing, parallel and distributed systems, scalable and service oriented software

architectures, bioinformatics, middleware and networks.

Influence of Several Years Use of Wiki on Academic Motivation Improvement 1093


