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Abstract - The vast number of different types ofagwina-
tions - together with the considerable broadnesssafen-
tific fields to be covered - presents a strong daage for all
academic institutions. So far, many elLearning enwir-
ments offering electronic examination tools face severe
problem in their acceptance through the academicneo
munity since their evaluation methods are usualle-r
stricted to simple mechanisms such as multiple dwi
short-answer, gap-filling exercises etc. Yet, agher levels
of education, examinations usually contain problems
which require deep analytical thinking. Here, thenawers
are to be given by a freely phrased text, by a detadia-
gram with annotations or by a (mathematical) prowafith
explanatory intermediate steps.

Tablet PCs hold a large potential to overcome these
problems: Their ability to deal with handwritten xés,
sketches, diagrams, and pictures, enables a neve tgp
“hybrid examinations”, combining the advantages dhe
new media with long-established and well proven ewaa-
tion procedures. Within this project, electronic amination
environments are extended, enabling them to netwarid
support both, “simple” problems with automated wvadition
and grading mechanisms as well as “complex” problem
with individual correction through a human expert.

|. INTRODUCTION

As a result of the harmonization of the academic de
gree system, the European higher education systém w
change substantially over the next years. Sinegrnat
tional communication skills and intercultural compe
tences are growing in importance in a globalizeddyo
the goal is to enhance the comparability of théedt
courses and classes in the various countries ier dod
increase the mobility and flexibility of the studen
throughout Europe.

increase dramatically in the near future. Additibna
due to changes in German national law, German uni-
versities are now allowed to select their studerds
only on the basis of their high school diploma (fAb
tur”), but on the basis of more specific criterfasait-
ability, in particular through entrance and aptiud
tests, which again leads to an increase of exaiomat
processes.

To cope with this increasing number of examina-
tions, new concepts for the academic examinatien or
ganization have to be developed [3, 4]. Clearlythat
point electronic examination systems play an ingoart
role [5, 6]. However, up to now most of these syste
(commercial systems as well as open source projects
e.g. Hot Potato, tests in moodle) are mainly based
multiple choice, matching, ordering, gap fillingcet
The “simple” methods of validation mechanisms may
be used for pre-learning scenarios, quizzes etit.ab
European universities they are neither accepted nor
acceptable for final examinations on an academiel le
More sophisticated systems using more advanced
analysis approaches are restricted to very spkeids,

e.g. computer algebra system to verify the coresgn
of mathematical formulae and symbolic manipulations
On an academic level, most teachers demand el&ctron
examination systems which include the possibilay f
extensive textual answers, hand sketches, diagetens
allowing the formulation complex explanations and
extensive lines of argument.

Unfortunately, no system will be available within
the near future that would include handwriting igre
tion and intelligent automatic text analysis. Tliere,
from the point of view of university teachers arad
electronic examination system combines simple, but

Based on the Bologna Declaration of the ministers stable test scenarios with automatic evaluation and
of education from 29 European countries in 1999 More advanced components like computer algebra sys-

[1, 2], the harmonization process requires a “fine-

tems with tools to attach handwritten text, skesche

"modular course system where every single module is?iagra_msn etc. Additionally, in order to improve the
to be completed by an examination. Thus, the number |0distics” of the examination procedure, the exem

of examinations at European universities is going t

tion documents should be available on a centraleser



to support cooperative content development, distrib

uted grading of the results, availability of theuls for
the students and documentation of the complete iexam
nation process for the central examination office.

To support an efficient document handling, all ex-
amination documents are stored on a central exami-
nation server. Thereby, the destination of all -rele
vant examination documents is ensured on a sus-
tainable basis. Most important, different teachers
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Il. GENERAL PROJECTDESCRIPTION IMPACT AND EX-
PECTEDOUTCOMES

Diagrams, utilizing the advantages of Tablet PCs, a

flexible and continuous concept for digital examina
tions on a university level will be realized. Exaiani
tions are carried out in a “hybrid model”, that su-

dents are inserting the answers partly by keyboard,'

partly via handwriting. The project consists of thé
lowing key-components:

Simple tests that can be automatically evaluated (u
to algebraic manipulations that can be validated by
computer algebra systems) are graded by the com-
puter. This automated validation can be overruled
by the teacher if necessary, in particular in aafse
ambiguities or semi-correct solution approaches.
Complex, handwritten documents will only be
evaluated by human teachers. In case of freely
phrased text handwriting recognition programs may
come into place to preprocess the answers.

Examinations

Results (virtual examination office)

Texaminus Server/Archive
Subversion

Content

: Administration :
may be simultaneously involved in the evaluation
process.
After determining the complete examination results,
students are informed by email. Through the central
examination server, the whole examination docu-
ment (including evaluation annotations etc.) is
available in read-only format to allow students to
inspect their results. After a suitable periodiofet
for complaints, the final results will be automati-
cally transferred to the students' records.
The administration of the examinations is handled
by the software component MosesKdnttopen
source software, developed at Berlin University of
Technology [7]). Within Moses, students can regis-
ter for examinations, teachers get access to the st
dents' data, the results from any testing software
be uploaded and stored in a standard format, and,
finally, the students have access to their gradss.
ing the MosesKonto, the examination procedure is
integrated into the central identity management
model of the university. Authentication via LDAP
allows integration of Hybrid Examinations with the

! http:/Aww.moses.tu-berlin.de




central ID-management for user authentication (seethe goal is less to measure their present skill,td
Fig. 1 for a diagram of the intended TeXaminus ar- determine the occupational aptitude of a candiftata
chitecture). Web services shall be used to integrat certain course of study. Therefore, an importanicad
Hybrid Examinations into our existing learning tion research question is how to identify “potefitia
management systértmoodle). instead of “knowledge” by means of hybrid electooni
« Finally, a security concept will be developed to examination environments.
guarantee the integrity of all examination docu- Online-Self-Assessment-Test take the burden oktrav
ments and to reconstruct every examination steping around the country to take different tests frihm@
during the whole process. candidates, making it easy for them to check their
» The project will be realized by integrating the zjui  knowledge and skills from any place at any timeythe
components of the learning management systemSo-called aptitude tests are the adequate todhe¢oke
moodl€ , the examination software Hot Potfato sound knowledge, abilities, skills and personalraba
(both open source projects) and the well known teristics [8]. Therefore psychological tests ariizet
testing system Maple T.Atogether with software in the form of questions, advice situations, peason
components for handwriting recognition, annotation conversations and the generalized in-tray. Thelprob
of documents etc. to this is the time expenditure for the evaluatand
TeXaminus aims at providing all results of the pro- execution of these tests. Hybrid examinations e&e t
ject to non-profit organizations extensively foliiogy remedial action here. Aspects of the personal asave
an “OpenSource, OpenContent, OpenAccess” strategytion and the generalized in-tray could be carried o
All software components will be made available unde Virtually at the computer.
an open source license as far as without causing co Other questions, particularly for technical anaatific
flicts with any software used. The evolving examina courses of studies, can be improved by visualinatio
tion content will also be made available under paro ~ experiments, editable graphic representations, fwhic
content license as far as possible, while of coursecan be processed directly, and the possibility émsn

avoiding any conflicts with prior rights. ure motor functions. Since it is conducted at tbenc
puter anyway, it is natural that the evaluationutio
IIl. EDUCATIONAL RESEARCHQUESTIONS happen automated for the most part. Thus statistica

analyses of the results from different points ofwi

The Texaminus project addresses several educa{student, teacher, assignment, and question) ity ea
tional research questions: First the potentialrofpec- possible. The part which cannot be automatically
tive students shall be measured - before they atart evaluated is prepared and can be already semaytical
course of studies that possibly does not math iser/h enriched for the human proofreader. Thus Hybrid Ex-
skills and needs; secondly the degree of automation aminations make online testing and assessment cost
exercise and examination analysis has to be raised effective and simple to carry out. The automaticall
order to cope with the rising student numbers and f evaluated results are available instantly after she
nally electronic examinations are needed in oraer t dent has completed the assignment and the results ¢
test skills and abilities which cannot (or only hwia displayed graphically and numerically.
great expenditure of time) be checked with pen andMoreover by the online execution of the tests nearl

paper. any handicaps can be considered in order to make th
examinations accessible for handicapped as well as
A. Measuring the potential non-handicapped students and guarantee comparable

conditions in the examination [9].
Today universities all-over Europe face the chaéen Finally a feedback mechanism can be implemented to
of supporting their prospective students in sefect monitor whether the results in the tests correleita
course of study that fits their needs and abilitiesdi- the student’s later achievements to adjust thetigpuss
tionally future students had to take those testschv  in the preliminary tests.
were written examinations, at a fixed place ané dat
When conducting entrance examinations - and due toB. Re-Formulation for automatic validation
the heterogeneous previous knowledge of freshmen -

Due to the large number of examinations, all typkes
2 http:/fwwwisis. tu-berlin.de automated validation mechanisms are of'great.impor-
3 http-//www.moodle.org tance to reduce costs and to allow extensive trgiof
4 http://hotpot.uvic.ca/ the individual learner. The questions arise howbpro
5 http://www.maplesoft.com/products/mapleta/




lems can be re-formulated in order to use automatic
validation mechanisms without reducing the quatity IV. EXCURSUS VIRTUAL LABORATORIES ANDREMOTE
the original problem, and which technologies istbes EXPERIMENTS INONLINE EXAMINATION SCENARIOS
suited to the different examination goals. For any
course requiring mathematics complex, free-fornmyent Experiments play a central role in natural and engi
of equations and intelligent evaluation [10] of wass neering sciences. The integration of new media into
are of crucial importance. Embedded in a web-basedteaching and research has led to two principle kind
system for designing assignments, tests and examinavirtual laboratories and remote experiments. Iratsgt
tions - automatically assessing student performance  into a cooperative knowledge space, they enhance ac
answers — the variety of questions is no longeiteidn cess to experimental setups for all students inuidgret
to multiple choice, fill-in-the-blank, matching, ick- of limitations in time, budget or access to claakic
able image, and numeric with margins of error More- laboratories.
over symbolic and numeric exercises, free-response Virtual laboratories (Karweit, 1997 and Jeschke and
guestions, which can be tested for mathematicgb-pro Richter, 2006) use the metaphor of a “real”, sdiient
erties such as equivalence, open-ended questidhs wi laboratory, thus providing a framework that emidate
infinitely many possible answers and questionsaiont  scientific workplace for hands-on training in atwal
ing 2-D and 3-D plots based on randomized values ca environment. Similar to a real-world laboratory,- de
be implemented. vices and measurement tools are provided that allow
Entangled with virtual laboratories and/or remoke e experiments within a specific field. Virtual labtoees
periments [11] practice problems can be quicklyegen for different fields of mathematics and physicanfcain
ated in order to give students hands-on-experienceimportant contribution to the realization of nevare-
Beyond the enrichment and the simplification of the ing and research scenarios and are therefore tiyrren
realization of examinations students’ collaborative under intense development. For theory-orientedsarea
skills can be activated by requiring them to disciie such as mathematics, theoretical physics and clrgmis
methods the applied to solve their assignmentjusit  they help to bridge the gap between the abstractryh
share the final answer [12, 13]. and the real phenomena. Applications of virtuabtab
tories range from practical support for traditiotexd-
C. Added value of online examination technologies tures (e.g. demonstration), over homework assigtsnen
and practical training for students up to aiding re
The integration of new technologies into the academ searchers in experimentation and visualization.
examination process does not only provoke new chal- Complementary to virtual laboratories, remote ex-
lenges but also provides new options: An important periments are real-world experiments, remotely con-
issue is to investigate the potential of hybrid paoter- trolled from anywhere outside the laboratory, at@dt
supported examinations for the improvement of exami any given time. Remote experiments consist of two
nation procedures beyond the questions of resourcevital parts, namely the experiment itself, whichsig-
and other organizational aspects, but in particidar posed to be conducted remotely, and the remoteatont
respect to different examination goals. For example mechanism. Remote experiments are capable of en-
asking a student to calculate the minimum of thé @fu hancing the access to “real” experimental techrique
a certain vector field in a traditional examinatieads which are often extremely complex or cannot besran
to a long calculation showing that the studentwara ported and are therefore restricted to a ratherlsma
of the underlying algorithm. But asking to seleeét  community of students and researchers.
area of minimum curl of the vector field in an irste- In both scenarios, the experimenter manipulates a
tive applet (by trekking the mouse event) allowsdfye set of parameters controlling the experiment amerin
ing if the student is aware of the geometrical nme@n  acting with it, e.g. by a motor, the magnetic fiedd -

of the concept of “vector field curl”. in case of a virtual laboratory - also by manipulgt
Another example: within a written exam it is mone o the boundary conditions. Additionally, a set of stea
less impossible to test the ability of a studenton- urement tools is provided to collect data from tie-

struct and perform physical, chemical or technadabi  ning experiment, e.g. the temperature, the magmetiz
experiments. However, extending online examination tion, a rotation frequency, the mechanical force, e
tools with virtual laboratories and remote experitse  Thus, the different approaches possess a number of
(for details see chapter 4) allows examining the st similarities, but also enrich each other throughirth
dents' knowledge and his or her “hands-on” capabili differences: remote experiments allow the invesitga
ties. of real objects including hands-on measurement ex-



perience, which obviously does not hold true fotual
laboratories. On the other hand, virtual labora®are

capable of mapping the complete process of cortstruc

ing an experiment, whereas this kind of flexibility
clearly reduced in remote experiments.

Integrated into online examination tools, both; vir
tual laboratories and remote experiments disposanof

important potential to design new examination proce

dures in order to examine different learning goals.

V. IMPACT AND EXPECTEDRESULTS

Impact and expected results can be summarized a

follows: Within the Texaminus project, a “hybrid

Development of its Academic
http://tojde.anadolu.edu.tilast visited: 28.02.2007.

Staff”,

[6] KrauRe, R., and Kdrndle, H. (2005) “TEE: The&tonic
Exercise”. In Jantke, K. P., Fahnrich, K-P., andtiyiW. S.,
editor, Marktplatz Internet: Von e-Learning bis e-Payment,
Lecture Notes in Informatics, pages 281-286. Gastwift fiir
Informatik, 2005.

[7] Grottke, S., Jeschke, S., Lach, G., Luce, Rejffer, O.,
Sablatnig, J. and, Zorn, E. (2006). “MosesKontaudgnt
Management and optimized exercise class assignateFit
Berlin™: Proceedings of the E-Learn 2006. Association for
he Advancement of Computing in Education (AACEJi-E
ors: Reeves, Thomas C. and Yamashita, and SHitles-
sociation for the Advancement of Computing in Ediora

exam” system will be developed, where standard ele- aacE), pp. 2839-2840.

ments of electronic examinations like multiple a®i
matching, ordering, gap filling etc. allowing autated

[8] Albert, D., and Schrepp, M. (1999) “Structuredadesign

validation are complemented by extensive (handwrit- of an intelligent tutorial system based on skikigaments”.

ten) textual answers, hand sketches, diagramsufaem

In D. Albert and J. Lukas, edito&nowledge Spaces- Theo-

etc. that are to be corrected by human teachers. Thries, Empirical Research, and Applications, pages 179-196.
Texaminus project will contribute to increasing the Lawrence Erlbaum Assoc., New Jersey, 1999.

deployment of Tablet PCs as an important basisafor
modern academic education.
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