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Abstract— In this paper, a novel platform for curriculum

development and design used for creating a VirtudUniversity

System is described. The platform has been develapbdased
upon experience of using Web-based Computer Sciencetual

environment. The system consists of Interface, Autoatic
assessment and Tutoring modules, and is used for mymic
creation of new courses, syllabi, and curricula. Te Web-based
technology we applied enables the use of virtual eimonment

for computer science courses in distance learning.
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A curriculum defines learning content of a course o
program of study in terms of knowledge and skills,,
specifies main teaching, learning, and assessmettioais.
Curriculum also indicates learning resources reglito
support the effective delivery of the course. Alaylis
describes the content of a specific program ofysaurdd can
be thought of as a part of curriculum [3].

The elements of a curriculum are: learning outcomes
content, teaching and learning methods, assessmadt,
virtual learning resources. There are a number afefs
dedicated to curriculum development and design,
[51[6][71[8]. None of them offers specific pedagogl
approach based on student profiles and educatioatdrials
retrieved by using specific module, taking into @aout

This paper describes a novel approach to curriculurprevious teaching experience. The curricula areldped

development and design in creating Virtual Univgrsi
System. Most existing educational environments\ligiial
Reality (VR) techniques, which concern the creatiod use
of the Virtual Learning Environment (VLE) [1]. Usd the
VLE at universities requires collaboration and iattion
between the onsite and distant students and ingtsuc
Distance learning is an alternative and a supplénen
traditional classroom instruction. The interactivature of
virtual classroom addresses the main challengesdfdn
distance education, namely student involvement
participation. Virtual classrooms often rely on teafre
simulators of pedagogical computer systems. A nunalbe
software tools targeting teaching and learningnfroductory

and modified dynamically, through monitoring and
evaluating at the end of each semester, when atstsu
compare them with corresponding curricula of thesmo
renowned universities. Starting point for developtmis an
IEEE curriculum standard in which the existing peogs are
dynamically modified or simple changes made toviitlial
lessons [9]. The instructor chooses course magdaded on
his preferences and student feedback.

Creating new curricula is modular, aiming to previd

anthstructors with some of the background theoryteslato

curriculum design and course development, whilegreting
best-practice approaches and recent trends in dempu
science education. Curriculum development is aratite

courses in computer science have been proposed aptbcess in three phases: evaluation, content ncatifin,

developed [2]. Also, dynamic curriculum developméas
been an active area of research [3] [4].

adding new methods and corrections.
Our Virtual University System applies the Problem

Our research goal has been the development of&VirtuBased Learning (PBL) methodology by implementingst
University System based on the experience of apglyi project-based learning [10]. This methodology ergag

online teaching and learning for the last decade. @rtual
learning environment is designed to address théaliions
of existing distance education systems. The resulour
work is practically implemented system for distatezrning
and dynamic creation of curricula, whose noveltythwi
respect to all current educational systems is folee

« Enables integration of virtual and

classrooms;

* Applies a specific pedagogical approach basedontains background and motivation,

on students’ feedback;

students to integrate theory and practice, andtiseebig
picture, rather than only pieces of the problem.

The analysis of system use, together with the elskefact
that students tend to spend much time in virtualitye
justify the choices taken in development of a dttsystem
and orientation towards integrating virtual envirgent with

real reality.

The rest of the work is organized as follows: Sect?
concerns  with
technologies, environments, platforms, and relatestk;

* Allows for dynamic creation of new syllabi and Section 3 describes phases and modules in dynagatian

curricula.
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of curriculum; Section 4 gives a case study examgfle
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Computer Graphics (CG); Section 5 describes thalteesf  and real classrooms, application of specific pedigd
the application and evaluation; and finally, Setti®6 approach based on students’ feedback, and support f
concludes and presents future work. dynamic creation of new syllabi and curricula.

1. BACKGROUND AND MOTIVATION Ill.  DYNAMIC CREATION OF CURRICULUM

There are two essential parameters relevant for Our Virtual University System consists of threetaaire
developing virtual learning environments: the firate  modules (Figure 1):
technologies used for implementation, and the stame

previously implemented virtual environments uponichih * Interface module
new ones can be based. This section gives a shemiew «  Content retrieval module (MSearch)
of 3D technologies and environments related to &t «  Assessment module (MTutor).

A. 3D Technologies

There are many technologies which enable the | o1d curriculum
presentation of 3D data on the Internet; an excedlervey is
given in [11]. The most commonly used are X3D (e%stble .| e
3D) and WebGL (Web-based Graphics Library), both: <
designed for the creation of interactive Web-based
broadcast-based 3D content, and suitable to ineguith
multimedia. WebGL works without installing additan i
software, but only within a compatible Web browser.:
Regardless of the fact that X3D works at much lolegel | P1
and needs installation of an appropriate plugdnworks
within any Web browser, and as scene-graph systemn a'
with XML encoding, it is much better choice for lrmgng :
students. : T studen

learning
modules

B. Environments P2 ,%‘ 1
Learning Management Systems (LMS) dominate in e-
learning; the most prominent examples are Blackb@Ez], i
Moodle [13], ATutor [14], and dotLRN [15]. Theseear New methods
integrated systems which support a wide area daniis | P3 and corrections

learning activities. Platforms are often used inaation and = — 71—  Interfacemodule L
they are commonly divided into commercial and non-;—-- [P PP ey I A
commercial products. For example, Sloodle [16] drages :

Moodle, the open source tool for learning with Setaife,
the most used commercial platform. Both commerarad P
non-commercial platforms lack important functiotiel, MTutor module : : MSearch module
such as cooperativity, real-life experience, andkip
sharing, while offering only average graphics dgyalMost New curriculum
Virtual Universities are based on commercial platfe.

C. Related Work

There are many systems conceptually similar to,dars
none of them offers full range of functionality. particular,
these systems are not extendible. For exampleyitheal
classroom with smart tutor described in [17] is @od)
solution, but only for single courses. There as® alolutions
using X3D for creating virtual learning classrooarsl labs.
EVE [18] is the closest solution to ours, espegialhen it
comes to CG course, but without real-time streamiaper
[19] describes an excellent course for engineestugents,
but without collaboration, text or video chat. Thalution  A. Interface module

[20] .comb.inesl Imgnyb fe?tu&es I?f X3D_b§1|nd dAC“"eX N This module defines the interaction between paxicis
creating virtual lab, but lacks the possibility dynamic i, the process, and serves as the starting point fo

curriculum  creation. Finally, [21] offers an exeelt  jggegsment. Interface module is based on the fofjow
interface with much functionality, but lacks groumk components:

support. With respect to all described educati@yatems,
our approach is superior because of the integratiosrtual

Assessment — Modify content

Figure 1. Three components of dynamic curriculum creatioriecyc

Our platform allows for creating of new syllabi and
curricula based on the previous ones. This prodsss
dynamic; it iteratively uses student profiles amtli@tional
materials retrieved by using specific module.

We will begin by describing separate functionaditief
three different modules, and proceed with an oeevvof
dynamic curriculum creation process.
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« Component which defines student's profile by Indexing of documents is multimodal, i.e., bothttexd
using learning and adaptive modules; image metadata are indexed.
» Component which defines the connection betwee
a student and other group members working on th
same project, teaching assistant and instructor;
e Component which defines the connection betwee
instructors and teaching assistants. v
Interface is not an independent component, bueaubst
incorporates feedback from other modules. Spedificthe
system is able to dynamically change the coursdeots
based on student profile; instructor tracks thengea and e
selectively incorporates them into the syllabusedasn his = W
own judgment. i Szt o

2006 Oral

B. Modeling of virtual environment | piesssmeree
Since most of computer science courses are taught —
computer labs, the necessary component of our abirtu

environment is a virtual model of a real laboratdkyvirtual Figure 2. Text query and choosing learning object.
lab is a component of interface module.
The basic components of any laboratory are virtiiaht Based on the results that MSearch presents, the

computers. The physical interface takes the formaof instructor is able to decide which link to use wmpare
classroom equipped with thin clients. By virtualgiclient  retrieved exam questions with his own (Figure 3heT
computers, important benefits such as flexibilitnda jnstructor can also define new questions or dettidenport
availability are achieved. Virtual machines are moheaper the questions retrieved from the selected link itie
and easier to install/clone than physical onesthamore,  55gessment module. This approach enables instriwtor
they consume less electrical power and space. ABIRUSe  yofine the difficulty level of questions, and byitay into
different labs are executed on core servers atréifit times, account students’ feedback he can balance studeratd’

virtualization allows hardware reuse by switchingivieen : . . :
different virtual machines. The default protocal ézcessing accordingly. At the same time, _the Instructor ipayates
changes of the curricula at universities that hasiters

client virtual machines is VNC, making them platfor . .
independent. Software configuration of each virmachine '€lévant. For example, Figures 2 and 3 illustrate use of

in a lab is different, customized for course reguients. materials from Berkeley, which is among top compute
Other components of the lab include electronicSCIENCE universities.

educational materials (documents, simulators, aatuation

systems) and real-time streams. The laboratory isobailt [ P oS r="

using cluster servers which provide execution atueil o) (o]
machines, configured for educational processes.

S MY & eomn | @ A R e Rt 8

C. Content module

MSearch retrieves educational material (in the farin
pdf, ppt, and html files) from different universi§’ Web
sites based on user query for a text phrase anéry €pr an
image name. MSearch allows personalizing the legrni
process, as well as reusing previous researchteffasults,
and experience. At the end of each semester, tepend
testing materials are compared with other univiessitThis
approach enables instructors to assess the diffitetel of
their lessons and practical work with respect te same
courses at other universities, and to include atistructors’
experience in new syllabi and curricula. Figure 3. Text query results.

MSearch searches Google Web and Google Images, with
a query filtering set for academic domains. DodgetLinks . Assessment module
displays top 10 links for a text query and top ib8d for an
image query (Figure 2). The top three ranked liftksa link
of the user's choice) are passed to the crawlgerdérds,

SopsdCompe e [T ; ComodeGucitsuitin

Appled Cammpoter Gesphics Program Assesumeat -

Sie ey oo The o af -

MTutor, is subsequently used for computer testing
defining appropriate learning steps by applyingdshi-
centered rules during learning and testing. MTsgstem
&IHOWS using textual and multimedia querying withetfalse
and multiple choice questions. Statistical processof
students' results is enabled on class, single stugaestion
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and answer base levels. Besides grading studemise t to use different types of assessments, and adaptive
results are important for other purposes, sucleesgnizing testing.

high-quality questions (that are correlated withera  Phase 3: Objective assessment, using students’
course goals) and eliminating low-quality questidnsthis educational materials, is done as a final exameund
way, course questions pool is iteratively improvaiter the responsibility of a supervisor. Student evédunat
every examination, and as a result overall validityd is based on this assessment. Upon conclusion of the
reliability of grading method used is improved. Amer exam, the supervisor corrects submitted materials
purpose is comparing student groups and classtsebuyl and stores them. The supervisor and/or groups of
using integrated T-test component. This featureblesa students, based on the previous experience, proceed
instructors to measure the impact of curriculumnges that in making changes to learning modules of the old
were applied. Finally, statistical processing otidsnts' syllabus and iteratively change it.

results enables instructors to quantitatively measu Described phases are performed by using resoufcas o
performance of a single student during the course. virtual lab, while the instructor is allowed to ¢l and

eventually alter their execution.

Course design and curriculum development tools are
saved to be reused for subsequent iterations ofstimee
process. The process of creating a dynamic sylldbus
repeated for many courses and is eventually used fo
constructing a new curriculum. We use a pedagogical
approach based on student-virtual system-instructor
feedback. Each module contains an introductioréotopic
along with explanations of concepts, illustraticausgl, where
appropriate, interactive components to visualizgo@thms
related to that topic.

Example: COMPUTER GRAPHICS LAB

We will explain the previously described ideas on a

example in which creating a computer graphics lab i
Figure 4. An example question in MTutor module. assigned as a group project to students.
IEEE curriculum [7] defines modeling, visualizatjand

The process starts and finishes with searchingddous  virtual reality as principal interrelated fields ioterest for a
test types and comparing them with the existingsam&ng  computer graphics course. These three main componen
the automatic search engine and finishes by gathefie  were used for defining a computer graphics grougjept.
selected questions into the system for the finahmex The project is implemented through three subprsject
(MTutor module). assigned to each group; the subprojects are:
¢ Modeling 3D virtual laboratory environment
IV.  PROCESS OF CREATING DYNAMIC CURRICULUM (adding objects such as tables, PCs, routers etc.)
Heterogeneous groups of students are formed based o«  Enabling communication by using predefined chat

students’ learning styles. In general, adaptivetesys for and real-time streaming components, and also

individual learning include modeled entities on g¥hithe connecting components created in the first

decisions on adaptation are based (i.e., user rprafes) subproject

described in [22]. _ _ _ » Integrating the two previously created components
Dynamic curriculum is developed in the followingeh into a Web-based application.

phases (Figure 1):

» Phase 1: Pretesting, using the adaptive system ar
self-assessment to obtain student profiles andgehan
the learning modules. After creating learning [ _
modules tailored to a specific student, heterogeseo ' . —TT1
groups of students are formed. A project is assigne
to each group.

» Phase 2: The three subprojects are merged into t
"big picture”, followed by interactive assessment
(supervised by an instructor) and exams, a firegp st
in which everyone participates. The instructor nsake
final suggestions based on students’ opinions about Figure 5. Implementation of the 3D lab for computer grapltoarse.

the work of others. The results of the second phase ) . . .
are documentation of the final project, with aniept '€ first subproject consists of creating a 3D riatdel
in X3D with objects for computer graphics. Many lfofor
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3D modeling and animation enable exporting in X8Dfat;
students used 3ds Max software for creating a fimadel of
the lab (Figure 5).

The second subproject involves integrating virtlant
computers
interface consists of thin clients. Web interface dient

Applications and Services

The exam was conducted in a controlled environment
(Computer Graphics exam, Figure 5.) with 40 stusleat
which 20 used the physical environment, and thero#®
used the virtual environment. The testing process w

into the graphics laboratory. The physicasupervised by two instructors and two teachingstesis.

The results of the statistical analysis (T-test)fio&l

virtual machines is implemented as an X3D lab, withexam test scores are presented in Table 1.

integrated Virtual Network Connection (VNC) client
software. The idea is that 3D environment shouficate
real laboratory.

Further development of the virtual lab is done iBDX
Edit by adding functionalities, such as interaction
animation, and navigation. Animation involves addin
timers and interpolators to drive continuous events
interaction concerns mouse-based picking and dngggi
while navigation defines user movements, collisiand
visibility detection. It is also necessary to emabl
collaboration (synchronous communication) within DX3
lab. A lab must contain a link to dynamic libraties
described in an XML file. A student must use Flash
connect to Virtual Machines.

V. THE RESULTS OF THE APPLICATION AND EVALUATION

In this section, we present a general evaluatiomusf
virtual educational model and its implementatiomiry two
semesters. Qualitative and quantitative evaluatbnthe

proposed educational approach was conducted. Thg

gualitative evaluation included a number of studamveys
and discussions with instructors. Surveys attempted
determine what students perceived as good eduehtionls
and how they assessed the overall effectivenesthisf

TABLE I. RESULTS OF THE STATISTICAL ANALYSIS OF FINAL EXAM
TEST SCORES ON A SAMPLE O#0 STUDENTS DIVIDED INTO TWO
EQUALLYSIZED GROUPS

Control group Experimental
(physical group (virtual
environment) environment)
No of students 20 20
Mean result (point: 71.5¢ 79.3¢
Standard deviatic 17.7¢ 15.2(
Variance 314.35 232.04

Comparing results with the corresponding valuethi
T-table (for a statistically acceptable p - valuke @05,
calculated on the basis of degrees of freedom fath b
groups) showed no statistically significant diffeces in
results achieved by control and experimental groups

The results of this statistical analysis, combimngith the
observed fact that students tend to spend much timoee
engaged in virtual reality than in using multimedia
instructional materials, further encourage the raeton
wards a completely virtual environment in theufet

The results of our analyses prove the usabilityoof
approach and justify the attempts to dynamicallgpachew
curricula by comparing the results achieved by edéht
generations of students.

approach. Students mainly complained about thepstee

learning curve of the system, and their suggestiave been
implemented in subsequent iterations of our systEBaw

lessons at the beginning of each course were dedida

training students on how to use the system. Alsanuals
and tutorials explaining the toughest steps of qSiftuS

were developed and integrated into the system. klaralso
describe how to use the existing tools in all défé phases
of learning, self testing, group work, and exanirtgk

Students also complained that during preparatiorsdd
testing cannot decide which tools to use. This \aE®
perceived as a difficulty in learning process; asraedy, the
option to choose the right tool based on experieote
previous users (i.e., statistical data on most ueets and
materials) was added. The statistical data are ladgu
updated upon completion of the course and usedrieva
syllabus.

Yet another students’ complaint was the low speked
access to the environment. It had been noticedithdays
before the exam the number of VUS site visitors tuese up
to 80% of students. The problem of the access sfette
environment was solved by using the appropriaténsoé
for load balancing.

We also measured system efficiency by comparing fin
results of students who used the laboratories girathe
virtual and physical interface.

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-200-4

VI. CONCLUSION ANDFUTURE WORK

Our Virtual University System is developed as dattise
education system to enable fully integrated real antual
labs. The labs posses unique characteristics tithess the
limitations of existing distance education systeriew
courses and their syllabi are defined using threfewvare
modules. The new Web-based curricula are created
iteratively, taking into account previous teachégerience.
The results of our experiments are promising enotmh
encourage further integration of Virtual UniversiBystem
with sensors, semantic 3D model retrieval, and 8&¥ching.
In the next development phase, a significant reseaffort
will be put into automating all phases in creatmyirtual
University System by introducing artificial intejénce,
through curriculum sequencing as a way of helpihg t
student to find the best route through the educatio

Omaterial. The plan for future research is to inagystudents’

profiles as input parameters for curriculum seqirgndo
provide personalized learning paths through therseou
content (texts, exercises, examples, and questions)
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